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1 Research Probl em
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i mportant because the ECC itshaatn iesmetrhgki anmga | nboadret
of the popul ation. dAl ¢owl ng ebp@@t oengdgemt sa tnoor
accuradsebhseugh tCheosungeflar anoale oil ¢ tyet mi ned b
performance metrics such as t he tHihnoew ista ftea kaensc
comfortabl €l hiet fuirgvietyp stuaslpgt thries by having respol
individual cobhleabl gatame i ¥ @atnida |l ashsktdee pendobogesr
the perfor mance rodsiehatcahwévcaornedibdeec ¢ i plei ofi t hes
participant captisabtdet hhrough the

The third obagraltyxzieng ntvipe vesrvey inputs to ac

mport anitt beelclacuese f or ver,isfugihna@yc ftihegrddamnatia
escribe a rpstethaspacomtapentaéendg. and patter
an bdoused egoriizret opaditfifce rpeamtt scy dlhiestpadnaeaum
sociated wifhihad adtslhwgntoupmpawnactlye aparyi ¢i pa
pamdad e sureveuwtflgpears iomhpwané snot Thnsemaé$ oavd

» O o

ﬂ
> O O»
(%)

interested participantmptovbegremevadcitramy

= ~
nw 9 - O O ® =S5 O =T

(7]

e fourtihs otbhgelcap vean ECC score that can be |
l i cat ed bmnakcokrsenrs fdefca shiwenpg@ddstasntadi | ity to s
di fferent condiptrioiddmegg saaar e abre tavwd eésn Guiné i s 1 (

t routhe soptsi ampostcane becaun$g ubef ul as a

_;
©

o O

tes with diffesecgth asderss ngf amagni toddeg out e
g or routes that Arsecdoeenbabfdéecmat sasc

rt routes having all/l |l ow scores and | ong r

> O oS © o

s
C not beThidsenteduierdes the score to be stand:
a igned are equal or between the smallest ol
real i sti cA boiumplairifi i deed’r e$ 0 p ené it mhiez scoreds abil
transfearrtadditretabatesdo not dweesiclr i dore h éwe rtoaud emu

habeeemmoved from the simplified score.

The score camaksesbsbhbfdECCsEl omglidamicwegrfyl ered st e s
efficiently to take advantage of cycling infr



conflicts wi t h ot her road user s. As menti one

|l ogi stics companies financially incentivize ¢

ess safe and more congestadinguteet bi peehor an
can detract couriers from wuswmigc ht hveo ubl idk erse st
underutilization of the fleet and a poor perc
devel op more ef$i wbaehtd debulvVerynrompeoved st a
a

s an al t emminlaet ilvoegitsot ilcassti n ur ban areas.

14Scogpred Thesis Structure

Thi s riessoenadruccht ed on the York University Keele
icsol |l ected through a field suryvey cvahhgroe cyar tei «
pedadsosi st wmphyapamagdaoad on four routes bet wee
poi nt within the campus. These routes consi s
infrastructure (bike | anesuseshpgsrhowlshe eEQ@C )s a
devel opwe ghrtosm usi ng data cwhiebtedhchodateanh e f
of the ECC acsn wtshHudr gradyuat enshn scitpsatrst iocfi pant cycl i n
and demgmataipaiygccdoifn g pwa mriwa lslee c,ompari sons of t he
of the fTdwer dradwat e s. based on the state of the

signals) of the routes at the time of data co

Thi s rpeesretaaricnhs ewhleye |teod ae ltehcrterdi rceemtda rggpo bti rkien kv.i t
score does not fully refl ecntc |tundev mugseet @odi sottyhl eer

and $sryke bikes with mparctlioslulryesorf dfheltlbyeormatt @
pertain to the use odfd a bceasrlaguos eb itkhee wpiatrht iac ifpual n
t he adaeft avarying physikiatttaeapabihotexrpemanenbadu

—+

experienced hpparrtoiuciepsa laood enroit a | roadwaysabdsese t
| ocation sout hweshorodferand ibnyd unsajraviatl & ratneeraicaylc | ri
i nfrast rau chttiugnveoK awmridég h  hi gph e.p dlSh exkdet ecooens di f f i cul

cycle in and can detr actlThparstcioaiep arottelsse menofd fd ecabt n
o6l dpe to the routes being on flat terrain. T
capacity or battery efficiency dfueupg otwii Hzh k o ue

the ECC able to travel up to 75 km before nee



Threest thfeisdi soeut | i n€ldla p s elfiotPel rioast swelr iec  edaixa asutsisregs
| amitIE€C P r og,raannish et meds c @wrfi ng metri csedeartcrhanam
pl anfi.Mpg ke Biclbeabi |l ity index)arilabl assohdiscunm
attractivemherssEO®d d sautveyi sneitihhg deo daldsk e ey el ¢
partimadal sty f ECCE€Sihmapgten 3 datszusslkbkewthieam met
include theedrecad dhwmueufsers bét ween an amidgi n a
identifying how the variables a€kbapbélt ed4t ddsa
the fieldasdrivew tskeé upPpHP wei ght s andChragputeer cSh c
|l ooks at and discusses the raw survey and i nsi
the created AHPEouwmead ghhtol tacnadMede pr oposes a si m
focused on Lasw®@bkwpteaebil7i tsyummari zes t haendl i mit
applications of the score.



ChaptetlLiTwo ature Review

2.Ell ectric €Car o b@wnclAegas

Three liar ge neimdregi g IBEC programs in North Ameil
reduction efforts by ci(tNASA, t. @ OL2 3@ lodgdrwvanmsc | ai nna
per manenti nprdogfirfaemnse nt vwamr bpan $acrye aasn du tpil lainzn® ng c ¢
North AHEHMRCS care currently being deployed as a
cities. The City of Toront o,vwhigedm oavemi If otr p@grhe
el ectarcgygecd oh almielsel smupat hs acdtegi by Foreete, 2
of Transportatilhee EBQCsarame &2102dwed to travel

km/ h using thOoMi eietctyi of assasspPOCd aitmofhorOnntao
share the biking -omffy abBitcwych emedwd i & tylp@Q@kshinicd re
canqgbe wedhishd-mevi ng ,ieswdltesng in | onger trav
Canadian Cities such hhasvevb@d giall o tasn phcOdtph & ms v
Montreal 6s pr oj ecrtedlsmch e bnuddbirtsreuhcakesu vpee s f or mi
mil e deliveri estrtwc ks saimnde k5swellsdhssvenry SoOper at i ng
by up (@ t4y 0% f MontreaVancdBlgrabyot bi oéZI @E Lot
financiafl upbtad eBl stithdkts soewsn alnl EWL tameas raluls e f
st rsehegtpnd evenwi tvhe nad iGgngryniaf Vaidbeurceguyi rO225CC

used for goods deli wertynt cdawwmed eceatbi be cegri sée

Studies have been profouteavi ng the nECCy padd otSiec
progrhrmamSeattl e, el eichclicdiage BE€ICIscswed tbho ktersav e
and paphwaysied that adrseotelreecsturlitc ians stihset bdi ke
(Morri son, 2020; Washington St atBi kDeesp atr it arte nd x
this speed are not allowed t®Sebadetlueed|l 90 basyt
andlespite the challenges of <c¢cycling up and dc
commutingatcydbB8s0D90 or 29% offSetalhe¢ | @ad Dletp ampton
Transport.Bteiaan,| edB@1dD) ke share fl-asesi di d,dnbtcyg
which would have compensated for the difficul
cycling demand.



Ot henre r Acci atanil s EE€ C pi | ots upcrho garsa nNseawRIdo it Kk a®idt y n 2
(City Yofr kNewv 019; Bi.kd nINRrot2l3a makp p@2d@X®s) wi t h f oL
wheel aréhdfi neswied o mp artehde tpot drwwdmuesl -iamadh 3W8i dt h
maxi MiNlmw Yor k Ci tTlyr dDrepmarttm@Emitesmdl 2o™3) for a si
to be replaced by t wowhEGCCs wofu |hdhri esuxlotmuim esa
of tlolhs pear eyyeare dod BB8dah ke | @ nertHrveas

Il n Western European countri es, ECCs are a mc
transportmitli engdodslThme e menhkorfiaskcaemgidsopt er of EC
for-mi dadet diedaolvlealyor ati on WFeédE¥.edERDDYa s2Pb0e% 8

operating ECCs as partonofaltl heoifr tuhreb anhay toorg gcsotut
counhatvyibtcsonuarli er (LhaPBe.fb@oddEJCcsont i nues to ir
i n Pmirtibs Posteds goal ftreehawd i V&0 % esarblyor2025.
meet IHhdeaz20s Agywhementaigmalos i mit greenhouse
1. 5alA€Cveé npust riyal20Wes5 ¢les NaA i sotnisdy 20yl 5§oni ng
(20463 essed the changes in Parisodé tramupdrtat: i
t hatbipkreo pol i cies have helped t o -mihlaen gake ltihwe rm
Paris from delivery vans to cargo bikes. By
million per year 2eimicssadn® dibegred oviteeyrn 2C0O1 and
(Koning & Kopp, 2014;.CKogentgi &n Ciom wtatye @i0tLlyt) h
to the ado,ptwhinchfr &El@dCwsed 3222 ahaialvyer\aapdircsl e t
anntuahvel ti me( @S P,rAz20da3yrsesomigthmnmnefeits of ad
ECGsncl ude r eednuicsesdi ecoagrnbeomdc and travel congest

A study on the benefi$bowdd EtCCast 1 BCdso nadam, dd
packages per hour than delivery vans or cour i e
such as | imited parking and the wglAkitngr ediTy taav
Academy.Th2028tLtudy concluded that 50 minutes peil
for trucks coampearwe oh gt oh obddsr goraecektaegres t hat can
However, due to the | ower capacity of ECCs, o]

ECC in a single tour before needing to reload



I n the NECGesrrd amdpopul ar mode of transwpdrht f o
cyclriepgeddrtisekgond most commamumddeg aft t3r6dn <
to automolfiBloegerantang5®020; The Netherl|l andsr b &n
areas, this shaAmnss tiemalrderaipe ¢ ot @ 638 Y Botstcer., c 1I2t0yl 4«
ECQsage represents 2% of the totalwpfmoamt sbar e
ownimeEgCCGo mpared to a (Bonwe mahogs Re0r2dda)mei s one o
Ci tiheasveEGCN bi kpr csdwvaarmiver 850 EQCs tav aifl aAbrse er
2024)The city al soes&iCeCws foesifdert < otaranspor
wastredywycling centres to encourage résiodent s
20289 mpared to Europe, Canada i s fiunrftrhaesrt rbuechtit
adoptions iFRnrC&Cg&gadan a simil aeombdei nsagébéanme
European <cities, deci sion markers i neaxhanadi a

infrastructure to encourage ECC adoption.

2.12nf r as-Ba s\eatlruiraeb | e s

European cities often have a higherl pefTacreoantg.s
Canatdhaey cl i ng mm@&d@e c®mprlecendibip where cycling o0\
us aagte 4 Cwty of Toront.do R2O0dPeaRvReiridadRO&LB)pat i
the attractiveness of cycling routes can be i
people tICoyckpmotabl es can horedbadoavaitdeegdonc e di ng
inf r as tbrauscetdu ryveaa filedlsleads vanr d albd haav ivaesruicatd amgso r t
and enjoymentdi sThise d end tthiaasrte d u cytaunri &dd teison 2. 3
di sestbhe dbafsetdy vad athildmssZambeebrel@advivari abl es.

Previous studies have acamiaigtea sveadr ida lfcdfaad e a ¢ t
cyclrioug e t ohdieve|l opVameDyckanOddiecmmas . bui |t envi rc
vari,amlcdsudi ng the presence ofe cygrcdi hbe andmlhve
desti whtiseanma (0C®Msi dered tralflfiiciO®dkméumet adide
included variabl,pseseapelaichg opargkitamewéhcdl st B
pavement (Koraeint id e ab e.n 2 ailbBato & Petrone, 2012)

Tr av el di stvamceabl s bDhet contributes td6t he a
Transport atSuornv eTyo ndt4d &tbens t hbayp sr enshiddee ngs peak pe



had aonmneatyatirdtpance 70.kOnfl ®ers st Heha@i(tAs hobfy., T d2r@oln8t)o
addi 14w nof those trips comprised the use of a
and cyclind.haThioh ofoemantud e faovuenrsiahgbehtaér di St ance
routes with | ower traff iucs ev oplaunmes aonrd dtehdei cparteesd
were prefeiHaed.(aPOl@hmarct-bdsadGt®cl ing study a
in the ci,t ] Camfadl@ieluphd that 37.5% of cyclistos
S horatveesdda s ance route with an ashopaagedthenwcieat iYa
cyclists do not al wawist if oddloyw 1 h.e6 % hofr ttelsd 1 ®
being identical to the shorteatiabbdee.t Aé@i soul

Travel ti majvoasr iaanbolten etrhat can affect route pre
et (2l0aAPal yzed data from cyclistsd average tra
the city otolLVent eHr amcherr i Lnygo ns@sse bbei nkneats h € oM n d
in nor mal conditions among cyclists, the aver
with shorter trips having an average speed of
haalversgppeeeds between 10 km/ h and l15wkehhcdmbi n
with the reduced time to park the vehicle and
e X hi beiqtuialhgwer travel t i me.s Tihne tchoempdead wrtti oovem ear
time of bompal ed t oaemoctooprewgeehe ct eschoose cycl i
of commutet isomrmady econduc(t 2l d)yNiGugpfoe,u n@H itnhaa t
peopl en vaivtehoaag et t mavehat was | ower than 30 min
to use a bicycle oomparageli otimesé owigeh & han
found that the pr &b atbo | ¢ & mp-ind d aclharomu tndgi vaa sbi 2 0
among public transport users than among mot ol
having | ower travel times as it enables them t
it wals tfhoautn 73. 02% of respondewmé¢ st oal alktidng hpoo

as a result of their cycling route patterns ar
cycling routes. This shows that <cy.clists valu
Travellers can have a percei v(eRlo wraH aiseh eoh & tr aavl
A study conducted on Torontobs cycling networ

found that a 1% i ncrwesaes ep adtnhwayes nalntreg tohe nrud



decrease of 4.8% froriLtihe Mauv ersaglieh et&rudsuee |0 2diksttk
assiimitcromobility vehicles such as &m€dLst rcawnelr
di steaxnpceer i ence@dBbgt ¢ hes uMiedr @amo hi 1202y 8)vehi cl es
f cami het wereannsportati a@n sdm@mtniceng&o pes it eohtt tsda pled

j uspayiyng afnesrplouattr &t ipeascatdomgd t o c omp(l Raie & yJ iwaad
2020; Button, Fy.orTehi s& aRé awess ,f 020 2f0a)s t and af
desti natsitoun®nr byt of 20 bpnhd7aaa% adf the public
transportation ®Psenswisthcmae@agetdo el ectric micro
the percei swad idrerpgmviedé& tr emase in trip times for
and electric sthotiemcrsdasecngwaluki hg tiDneet o ar
to human psychol ogi calheeffightes cfpeteidme amelr aep
compar ed t o c ocnovnetnrtiobourtedele irlaickd sy eness as an al
trandeopitotbes etrthvemel s avi ngd nbesiomeGiloiasiemahn, 2022

The type of urban infrastructure can affect ¢ttt
of cycling facilities such as bicycle parking
vol ume -s& eteidg,it o @ad f i cpads (bpwedot umbef i&c) oand t
facilities for metoeev€packbggsothasasroaoature

three broad ocatcd g orgi desdfi rcagsctérduncgt U raensees pantdh smu |

Il n Camaednmyoc Iti ng | odtr agmalypyuwdevandeselrle cycl isbdbs ar e
bi ke except for hi.gIhwa e shraaveddi sgetx P @ esvstov acyhis

signi fhiigaretr| y han whatantdheEE€EQommowa damegleireewe f or
sharCa ty of TorSohngtwdn,joeds0 ln3)e s har ed Jaaree i marl kuidreg
withhe no cycling infragdthruat drae kc atfe gsoerpya r ad d
mot or yjaeshyadleegneant t o al erstt rinedettwei v@ hs ltdreesd t i
(US Feder al Hi g hwa yl hfedsnei rntiyspteesa toifo or ,oba@ds0 9¢ d wh
vefemwoads with cyclingohefmashruouottuE20B&) asen:

a similar conclusion from their analysis of c¢
model . 't was found rtdshdo| €9 wk d gtosa dmwrietehe raa égir d
preference if the cycling facilities separat e

streets that all owkd 6G®9e ohratirelt pamwhkinmg.no



combination with frequent bus public transit
(20288Budied ECC courier travel patterns in Se
| ocated on major bus routes were frequently a

antdhe dwell time waiting for the bus to move.

Dedi cat eidn fcryacsltirngggtau me eidn dli ke -slepmae aat & cdhbalbt& rer il
are constructed i n atnhder ec umabr kleaneondfy d ot use
mi cr omobi |I(iDeye gvaentAi c2y&ld8i)ng survey con¢aooeéeyd by
found that 60. 3% of streets usgdthyy leyoHii sthe v
used streets withibrctvudl egf éc kkiet gppeag shpvagysse mtrlhi

al so noted that cycling commuters tend to cho
cycling facilitieS€opdebehB80fRd pomdp.ati lmatedo bbti &k e |
were used |-seepathtbaedbbanesrdue to the narrown:e
of connections between | anes omoadd ftead etnd e stt hr

sepand athedi ch were wider tdslacgemmdddotteprime E

conventional ©bicycl es.

Mu l-uusie @pathswi de pat hst rseegptagsmded tfa olme shared
pedes(bebhaBsey, ParkhuHebd é&20MbBiphe @OWHA) user
prefesaeanecredi ng to three typeusseofbickyec Ipiand si,n fbriz
sharrows. The results showed {tfhodtl oowecdl ibsyt sb i pkre
due to their alignment with desseéenpati s Ank &
was thaarwaydliingtg«d o make travel distance detou
routes with sych i ags ehaded til hist i.cers  rhu lktei 1 amieasl| I
|l ooking at the effect of c yc IMi ma e ikt aKstirzueckt L
(20D6und that bihlke pls2s®myn ce apfpedde s Mgt ¢ ot kg ch d d
16. 3 minuteshatfstorfebevieslenutpiaign sntien otihnecr ease i n tr
of 5. 2.Amhiscolido @es b hgdroout es wiitdhe tasrekedenwgh aits val u
despite an additional 8. 9 smir@btineesg ad fi vter a ved la t ti
wi tmhn lutsit r ai | s itsr aiules trounrmieng t hrough resident
through greenuspgpadehstysnd mobhave | ower wnatded ack |

destinations close to the path.



Topography is another vari aWMygomnh&t ecaml af (O
t he changgearien dbemaend across hilly areas i n See
the slope. The study showed that for Queen An]
the city cenarert eebihhigl IMatduabedVal |l ey,s hao werdi mar
bi ke demand decreased when the shapeéeiabwbdeswegg!l
a bBkbhBreaft2O0@Qtthducted a study of electric peo
Brighton, UK. The study showed that 75% to 9(
s| opresaahenwi8t%h al most all study participants r
commut esbiukgeishhgke route choice modelr camdouaca e:
ciwiyth steepotuoapgoghaphyeyyclists would ride for
el evation gain oWVKHood, sSolrit,er.& didsrdkailnicedi s 2OV
topography has a significant <correl atbaosnedwi t h
pur poBaskin, Wardmarm,ei & Bagay 2068) found that
el evation resulted in a 10%Ptacd ki ®n% mRedweygt i &n J

There are diifrferr@yntcrewscciaum et fodearr d oaobdl eelst y pgs coef t
vehiclRosut e choice f otrr afadrssedf ovcaurseasb |l rmsr @ nonrn oc
congestion on -trroauftfeisc dvuorliunnge hpi€gahd o & s Z h.a nTghhee 2 @ 1
travel ti meadse hti @ htelme floocgenp atr eaarwdth wh &ktegnea
the I mpact a delay would have on the tfavel 1

relaaedadn eisntfhl eu ecnhcoedo o £ e d oibdntedr eisnspuocrht aanst t he s

of the cyclist, visible sight |Iines, and a di
of the cycling path network (Calvey et al ., 2
tonmmi ze interaction with motor vehicl es, bu

maintained and wegelbhbdvesyg. aRd edciek etsh eti ecred sf otro Ef
finding the safest and most acces,wilwvlheg iradbutees
previously mentioned that affechiedesoh@Q@emel lodn
2023bi k&es are |l ess physicallytduailamal nQgi kes o
all owing for hisgh&etstubeapnefiespeee for using
the route remains to have safer interactions
efficiency can also affect the route attatkeerny as

more when relying on electric assist compared

M p



| nfrashased uvtaraitabclaens af f ectarcey ctlirianvge Ir otuitmee ,c hto
and t he tvyipnef roafs tcryuechtruirgebulsedsth easree t he t hesi s. Th
a predeter mi nedist raawvebwditgs gehcdeduse an affect
preferencdeo®raiveVadinémel.es that are not consider ¢
sl ope of the routesathed | tagantiiee rcaltindgt ar@md we
route as the study i s beiwhgeracondhuec tveedatmeetrh i cnc

favourable for mcycllowgpneair m twatait dire) .

2. 3 ®BWafsetdy Vari abl es
Road saefated variables can &l sohefdxmrxdr iceyrcd @ s«
or s eteriaafgflidad rsiaamneamnfclainct nfl uencela ecayncaltiisvted sr

to prevent i tAtfrradmlifcesdsefoimmadngs an event wher
wi t h amatpheerrs on, or obj €otl dRPedrnafiemermll I.i, si2drR
record databéaaskeBOAbdsl hafedh, 2017; Tdhesto Po
databases mostly record cyclist collisions wh
wheasevere injury or fatality occurs.orClyicne st
dat abases wher ecalylcil § ismirss straen gséubmg nteve $ h t he | ¢
the i hoi deftcrynt ldtIhhesrse experiences are subjec

seldported by the persomoi mwdl vad dvaiyrs trhed | iemmd i
cyclist would eXXpmenl oemagedn & heicracyt € 020)

A field surveyfoondoemmer oif at hcatgo cyclists i
surveyed a wide range of cargo cyshaststanees
moving companies and grocery delivery (Lachap:
of the participants declared that they experi
Nine of those participanésoexpkei pobedThesave
these injuries included car doors opening witd.l
too close to the cyclist due to the need to s
surveyedhmttygnwiosteethe appr,ovprcht dasafastsy seqdi |
possi ble deaths or-rempoetsrygenearnmussesti Sett

technique f-mnirssygstl udigesnneamd has | ed to a great



and safety measures (Jestico et al., 2016). Y

i naccurate representati o(nDwzZz a y& | Wesrtn egkreo,u p2sO 1a4

Cyclist visiviairlitiahbgtei af fammottthleadbeg e ad eclyi st S ke x|
study conductadd Ky 0Qi9K\aalvra daitehde sacto ntthrd-bhellt #tde d o

coll beitween bikes, pass ereda.rc IMdeeh i sctl ledsy amat edde |
used ocal ravaod d tcongds choylcddkseed visibility or
infrasHrgbaualki¢expepsr wenéeeoedad mpamaed eto@dbvhi ch

al |l ocwecd i st visibility or shearrlay i alhlef famabt b
from i mpacts to t he ehithpbpd ihshgee d &k acft tpheotleeadkd
As cycling safety equipment ff ocuoswepreedst hbanhe
resul t-thhneat émnifeg i njury for the cyclist desp
shows that cyxilgrsiffaiccdantbi hi tedusiag collision:
of infrastructure in reducing these accidents
Cyclists in urban areas of high vehicle motor
at mi x&fdf i c i ntersections than motor vehicle

1000 accidents involvin@Qua o¥ycthet h®Bpi mad b ze:
(Vel o Quebebc) % 20f05t)hese accis®MntdMpdenar &afNosa
2011)A multivariate modMelredevebdamed kbpyoMetand
collision data from Montreal. The results of t

fl ow and cyespesci avlollyu mmelrsen conduwittingam iigrhdr & a

1.65% in potenti al injuri,ewbfi thomad a0%r eateea
turns (1.01% increase per 10% increase) and
i ncrease). |l ncreases in bicycle volume did no
cyicdt would most | ikely want to awaeihd cdsei ngra
movements or where cyclist visibility is poor
can |l ead to changes i n t hemocryec|siisgtundrsh ércoauntte tcuhr

armeor e dathngeuoaerst han routes with fewer turns

with a motor vehicl e.

While the visibility of the cegsdeaetsdti @admosnigd eot, h
ability for the cyclist t o,amad ei ncflreaasrt rsu ogithatla r



as it allows road wusers to have full awar enes
(AustraroadAs,staidly0O)conduct ed( 2bOyf ®huinsdc otctkat& alJfatt
devel opment of a clear sightline for cycl i st
Mel bour ne, Austrodlliiesg otnbsaserdmb€t eaf i ghtline
behaviour. It was also found thamorcd kalrystighsl
down due to bicymdrea kebhyfto ahdwldo@&émpared o
to 44. 9% sl owing down at intersecti aresrwiatsleou
t hreitravel timéeBspgdssowppigmigsd weeas welst swiitrh cl ear
being more favourable as part of a cycling rol
cyclist and pedestrian traffic are an exampl e
and motorivehmakeasagwht easier to predict each
(Cumming, 2012)

Clear sightlines cadoalbBngredugsterud cate pva rslki rodh.
by Cun(n2iOnfigg ynd atrdati ng i n the ci tfoyr olf0 %led fb ocuyrcn
col Isi.siCoyncl i sts would neesd gthagdilhéaneea cat ble¢ veenlt
and the door zone of the parked ¢ar at doall ow
Thijihsowemegates the advantage of being able to
weaving in betawse eint pfaorrkceeds ctahres cycl i st to tr a\
presence of vegetation and obstructions such
sightline distance. A fiGemdzs&uUEWLOPkawc tagd tH
changes in sightline distance due to obstruct
vegetation next to crossing areas hindered cy
beyond an avemagenbh@Wiayt amoen ¢the5crosswal k comp
no vegwehiathoal |l owed an avermfger st igdtyi eledior g 41
with obstructriooutissidoens reesilntablne to cyclists

reduce their speerdesaunldt ibneg monr ea claountg eoru st,r av e |

Collisions between trucks and vuksepeabhéel yodd
the peak periods siomeud e st arterasc k Tdhriisverss not
spots when p(eNifeoward hmgert u& Mesesg@, c2005 ki ons typi

areas when a truck is turning rjwhhtchf mremud tfsu

My



cyclist ocaduektiongt héihghecpgtbbmbé®€anphan & .Prato,
Routes with physicall y stehpeasrea tceodb Iuti ysci toénesl sae@ar

too close to the turning | anes, an increased I
A study conducted2bR2@Qdadséeha& Vamektadrivers w
their blind spots for cyclists when | anes wer
presaesmtwel | as zebra or protected crossings.
bill boards, and vegetation to a |l esser degree
in -olbbstructed areas. Routes wimihsl aweo fphampb:

checks by truck drivewsltneraph ceqpcltehicso @t avres )
in the blind spot. These trends can i mpact th
road users have hei ght,e wdtdacehwWae aedh etsas a fs aoft ehre r¢
navigating the intersection, especially on ro

t ursnusch as-mwi eéhdéhbsvery routes.

The number of passi ncganv eahfifehcessa tdaficdyt peges i sit an
the ¢(Hufltl & O" H&€Ehbhéeaway, 28aplt an, M elisgenn,fi&al
vol ume oWweaeihnmhgdnrd out of-stcrue dt rl gaanuelisti trages coync | |
space being,iemctmregasx@le hloiok of Alhi ghol pedéesnhri an
vol ume wleeries tahehi gherr ammcdoownr rneonvceemetnt rso ubgyh ptehde
cycdispace can ad sdhoiomcrodA sag tcuodiyg idsahhoraisend r @u te t
al(.20bhay paritn cOpbaway alCaatael aon t hearngerbhoeus s cC :
passi nigseetvweenetn a bicycle ansuamoadveac amedeswrli a
The wtasdwsed to devel opwhi fpdusnsd htghradtd st aeads wbD
street parking had the most passing events &
dangerous than on Avisdteudlyardtye? 0 a8l y. m dhaad hrauynsb. e r

of passingmoedislgmi twlhsa dtaared wlmuwdsd ee aisti er t o
overtake other <cycl aséswhialdm utolme rnaocfr owassi2ng

decreased as traffic volume increased.

A near missan ssveafti nehde noosh | wggebi at vabmobbj epéer
budtoes not eoscicayggh ywh iclaéd | (yS aumndsecrastelaad®@ $ 53 at a i nvo

cyclists is primarily .con@wesoendcdd odmatsauromycy

M ¢



and near misses sachvas!| BbkeMephh e e mpaguih eetcdri evoged i
seldport the colBriasAGadhn es e.eaAlant s®RY (Wi ng cCr
cyclim ssearata for 9 Canadian cities found t
dangerous passing by a motor vehictera@m@mmgver:t
and failing to stop or yield to the bike bein
near misseélLabepeet.evebly., 2021)

Atsudgnducted by (HoO0ndr )dt h& Bcuirtnys,| oofo kPehdo eanti xt,h eU 9 A
of near misses and their effect on a cyclisto
affected routketcwascetodepdi shanhs22% of respond
they had an accident along their current comm
in an accident. Most of the respondwhmitch frdédul
in a | ower preference t o ccchuarn geel.Brimogu tsahse thmi fa | a na ns
of the survey data and GI'S data of the cityods
roui@sed on a combinati oaandofa sdifreacyt, rowt & rtaw
This shows that near misses and aonad ddarst fdeaerc

i mpwhetaherroute is safely bikeable for them.

Trac&kyobniesatrs mi sses acalajneat iswe lhyey. HaN6R@aYel byed
a benchmark for cycling neafi nmiMed do ufr.meTnrh eAuud ¢
benchmark defines a near miss whembtehereni a8
vehicle and bicycle on roads with spemdnl i mit
roads with speedThimiiseiawiovie ©I0e k @iatsys i onfg T oarw
which requires vehmail tsan we kleetpwedn |telaesms el vie
(City of TAdrmhorst onet @23 )can al sbywad chenfgomrmedr
cyclingwhbohade coomesuhoianngeeswitdye anal ysi s. Comp
strategies can usevwi de awmaloywaimiet ddilksy ftolre ca moy
and i mage processingast hweetl | caans breequo md gt endu |
i ntersection t oi ceerstuirfei @ thbec achornd ®)rcy & limmjt ti $o n
sensors are another way «&fartakadgok OmldS @ra dneort i noins s
senasr wel | a st oa aguytroonsactoep et he dbyecatiog af moae:

dynamicadlIcliuy aaenear miss occurred instead of



howewean record unc,emmbnasanebveysle riding ov

as a near mi,asdwréeguireshitcaening the model t

Saf-eayged variables that canthéfeaomba&ry cinii 1g9e s 04
col |l i si ons, gthlod i myadlriasstt&dsuct ur eviasidbioltihtey ¢ fo atd
to otheramdatdhaserumber of pasghegevedariveslads ean
i n thd&hthasies of a moedelsetsd sisdlenoif fy heesndope o
t he met hroedp oorft isnred fnear mi sses i-mi sufdadtca emhi lee
mi ni mal i naccuracy due t o twoe |dateax pheerii negn cfer. o ni
t he whceoslilsect ed o nf cau osuniael sl eirn sac Arteeiag(lr e wrl H g o ch)e
and col laircealolne dima@adauwad i mg e mitoirfii kcea tvii@adweonidaeetde d

to confirm gerptoirdii magntamn'd delnii dsretsi. fy addition

24BehaviRowrt &l Attractiveness Variabl es

Behawvalo v areipemnldeess slomdw|l e d g&naltutsiatguedaeo it joencatr do r
acti(vQuayl triitbese02d)i ables are more chall eng
compared tobasédastbrarebomfEacesaaneéd qualitatively
guestisovnndi val ues astbhgdrectitsahquyanrtoiOffy Wu, Ea
202P9r example, a survEed0co2ydpuwartretdi rogy sSd anlgd etta
datnacg clwehismhger e 1 repmgasenvteedh enpbewalgloand 7
represented aPrpeovsiiotuisv es tiundpiaecst have ctomasti deared
affect cycling route chhaced \a&mipelbalde svtaab dahbd v
have been | ess commonlHarmukeé@We8mnsibdd&read hé o infyo i
bi keabi whtiAlred InNlde(xka0O@6é h il dered both comfort and
route t hr oaupgphe ailt sanvdi stuhael cycl i Sbineg Bamidi ear hay
able to collect these variabl es Q@tuhrerl ys tqwdindg g
included vayicawdlgbi, sgamgas ao x iaentdyefttheec hgo ECLe a
cyclingSusaglget on P. A. 2019; Di vase, Devshet
Appl eyar d &.Sroemer esilthucd ic2alsdb/ianat i cunabfabehianioast
based v@mea achdmlsiohdimdermrast ructure data usndig 1 n:
beharvdalo das ar wesy ngés pensaedt heruseoemédi satven ta

respongreup@andycl i sts i nted rcatyedad migkpetnd ,0e DOygalac:



Titze, 2015; Arel |l ana, Sal t ar iTnh,e Lcaornrdaintaigoen, s

nfrastructure can strongly impact the deci si

mak eess sietnd ia@adnsisdemprey elrienntces, comfort, and en

ECC scores

Comfort iI's defined as aztEdgi SVEgmngrietxp@a&w phbhec

affecaredi hygnment al, biobvagisahAYy ®@amid, pByrcdywy, o i E
201A/comfortabl e cyar® 3 @ndenxppdenreinetn coef icsheosopsea cniga It I«
foxperiencgdatyclki sted al ., 2013; Fowlrern, dBeg
comfortable environments for cyclingemnsi tcihwail 1"
tecomfort in the(Garnreared,vi Hamdnethote.e \Da rl,| ,r e0elar)
conducted over tgemeerhadv ec osnifoowdi titsatiemitd htaympceesd

nfrassucktase

l.lncr eagdmamhincl e and pedestrian traffic vol
l ower ¢BmebiDef | & 2016, Epperson, 1994, L a
Level A 1s9t9uKiryi ek & 2ROBafmdom t hei r rtehgarte s si
t he annual a veatahgee ndoasitl gsitgantti fsbttiexzhapd adhGat or y
vari debeadafl|l uendi s1sgo mfhoer t ecxypcd ri itsdd isc ec¢dint lyy o
Mi nneaptBAs

2.An incrleamsee wiidt h arhde <de&kei nagl | foowrs f or an

(Buehler &L ®Dndilg 120 &FHIR] opedsipnn@lt @i pant <co
angafety respoinsts( AnitheeBBDSswcmad et hat over a
increased begxtB3dBsdvamn hnptdhantge dt B9k et Heanei ty

offampa Bay, USA

3.The twyphbcayocfl i ng infrastructure influences t
separation granted by the infrastShactaowe 1t
hat he | owesshecembBemuptat hs have (tMoen sgerreea t ees
al ., 2014; Cl ar k, Mok ht.€f aak(, 204 dlkred lItah at& t
avercogd ortof epeali micaoiemaretds when the cycling

a road was changedudea epnaRsdiraw hco wsaenttésamo lutr i o
bi kheasd h e¢iormf ori né¢ee@8e 6f ommt cof4. 7 out of 5



partiwhwant#asvionur ofhaddartshealrsacomfo@2fodtevel
ob 3 ®/uth of

Yenhot al | ur ban areas can provide the most c
Chall enges arise f-makeawhanspaskati 6o geovsidenc
infrastructur e. Thpsealchabbeesgassoochtudd with
infrastructur e, negative I mpaatmgilobnt moaloroped
from stakehol demak#&nmd |dt,hevtc Nkadi,siGomddard, & |
et al. ,A2pue3s)ti onnaire (padske¢eaddcyyl Cat vyetyoetid

i mporntnantd e&ateoyr sval ue when chhuadc2ibfgpgoaeptibci®bhag r
results showed that the comfort and eriveimeal
than the sl ope of the route and the presence
pr ef ecraenn caeh fsfoe dteed by the type and quality of
(Rybarcyk . &ghWwu)] e2@10)pf the vibrations experi el

alsefl ects thes(eGirwhlitleatpa ed eR etnrceerse, 2012)

The | evel of wvibration infwiuttlhcmaer ¢ hei b atei @ro
l ess ¢O®Omment R, &aM(2eddBFHg.t ed a Dynamic Cycl in
to quantify cycling comfort on urban roads ba

that cyclists percei vedyvtehhd drai altei ars @) @ aindslo al reastlsil
than . 6rBodersat el y comf ddance b2 £0nbde mureceonmflo.r8tla bm/
t haev e raccee | e ma ttehoam i25 2Dhen/ savement surface con
the expected comfort of(20&a8kloaadteed odattdheormys
bicycles on different pavement surfaces at di
concrete surfaces result i n |l ower magni,cudes
and gAvaevealpesedanfrom 10 Kkm/ihnctrog ak0e dkkm/olms si gni
on stone bricks. c@Ompsaurefda ceos awipthhaldr acked pav
increase in vibraticomswaye rl eebstsi ctéhaabnic &ébssb ud tt oset e |
having routes with better condition asphalt o
them reduce the | evel of wvalblrawiimg ftdrata woarl &
ride on aphvewelm# acEhaa ¢ myvist iipsrnesditcda t heir exp
the amdtal |l ow them to (deélbéeezmine28@lll¢rnate rout



For bmpawemregd electric vehicles (BEVs), the fe
el ectric pedalar atahbaltetc yicsl iasntos heaoul d have to co
This i s known, anshitr¢aen gfee aarn xti heaty t he vehicle ma
or fuel capacity to reacwlkhatdemiiedathod& ¥Yord e

2010)The maj earnixtiye toyf srtaundgiees are associated wi't

electric bikes, but the behaviours experienc:e
especially coaoanversingowemmende fuwuehi cles to BEV:
analyzed b(y20rhth)y hatowmkespondents' ansdvets whawne
a pessimistic bias model than an optimistic
def eatttiistude about the ,obechtiragurasgenwrahge8
their routeulcmo?@n2s3ubmeetresyv ivoer e abl e to purchas:
rangde0 0 MO0t km on a( Bd migrTe G2y mheies event i n 2
after thi sf oeuvnedntt hiant 24428 of respondentwhiwdre mw
incréaemd29% i n 2t0h2e2 .woAsr iae sr scsfa brt adnegcer kiBedxei et y
range iL.mpgpromvéasor urban delivery, these servi
per day, which exispowgr 8&EVdel suehy asambmataedy
condAlcz023 survey conducted by the Ispaxs et s e
about BEVs was about the price first,wicthlargin
range anxiety droppifygpsosth@Oo2B3Hhth most worr

The concept applbwts tthhe EICLs afs twred | battery tc
powered pedalling wouldnomearsttrlhadetdhascydbli s
pedal |l ed or pushkawe wehtghvenrog d gheetheshbaetsatiatiaad | e

make it challengingr &os Behdhrudigry padgnpdaic &g ewhof
var i ousbywed yidtitiism gb&ntoornee snot i ceabl e factor in wu
st eep Thleo peess.i mat e dt hbaxdtt tadsend ndbiyraa teimmore r a cd o u nt

the payl,asadtweéisgkktan vary with cargo density.

50 kg of cartghee creamxadwuergadse fe by 25% when rid
flat ,whialveegssl opes over t80e cmalkxadmtuweanreyadessder bm 7 (
& Poyrazogl u, 202 2; Di vase, Devs heltha ,s Dleaw aelac
battery I ife canpobéesnlttal hysheweerpaokages de
faitoreelu veer t deE§CCsn ateinodn st o h a vdeu es htoor ttehre tnruit

H N



of packages that,bawan nmoe tc arormineed chyalbiykeavail at
averagebf@aaimbge&k nofon a (Uirrbglne Faohleargchde Lab, 2020;
2023; Mycl As 20R8sul becoamngigmaonnkteardsdgnb ivear i ous
routesstéapl/daargel godebheery E@G€ensive for

Battery |Iife for ECCs also depends BOGCosf h @€ nl e v ¢
have an option that allows cyclists to change
Cyclwhbsase more comfortable with thevwedl echhe i c
max i muhmtECtChaen p(Dei da | glesi dahist iamlcrea2e@el8n
decrsbaséery range at tdthée(BHUY hte yo,f .elte sasl .p, e d2al

Cycling is beneficial tiog upaebotpilyee absy ien scuarni rhge lp
ment al nhaeian tt@C cigesdr a, C2O LR jweigdetar imogn f orm (| es s
joints) of exercise compar edrtsoan@isaini ngt @aodk ¢
buil ding confidence( Wha,n etonalu.c,t ed0 I o;utS medltyar
2007; Hansson, Mattisson, Bjoamrek , c y@d tmarggraaire,d e&y
enj oyment andSphgheboanhn&sG@ltiufdtyorcdazi@ie®)2€tl Byl

interviewedi 20 Syamnteiyke fparad saefrd aycl ing for 2 h
12 weAddbs.the participants rated enj oyvwetnh as
participants saying that it allows them to en
cycling offermiotAfttlee itmteerswiuedlwer s continued

work and daily routines.

Ri ssell 26thdsilound that focusing on enjoyment as
hel p eencmoarreatgp eobpob esRicdesdelldsled t he Sydney Tr ansy
Stuydfii ch surveyed 675 participaretcefi ma@ahweti rt he
commute to ,abobkgowi shuttheir mode of transport
information. The enjoyment was adjustsadt hbased
the perception of their neigthdhsuwkbbbdabeithg
being rushed. The results found that cyclists
and moresath@Bnorcapubl atO%r ansit users

A survey cSonndgu(cetOefidd ybnyd t hat wal king and cycl in

of physical and ment al-bdie@dgearbanljpley mentl was orvet

HpP



greater among wal king anmotcyr | wahjihcleanp ay ené nt o :
cyclists having a higher scor g atgdi afneawadl K ionwge.r F
rati mpad,rekgul ti ngni sompoktiengsal |y being | ess e
due to the I imited separdteoheaf oyctratéiand
cyclist or result(Applcodpages&tbet helwi, tri @tihées
feeling of beiimga d seesisnh toseer caucrt eh otslkarnanger s or be
(Singleton &iWagndg,t oh0Ifdund t hbayh paeopieuvulaar m
transit solution basgdwbmclredaseng otysned@d oMmpt

Thislecsa@anapply to cycling route choi pa,t hwhdroe
i mprove the cycling experience can increase ¢
and indhreesad ety and enjoyment of cyclists.

Behawvalo var i adfl feesctt haytclciamgl udat eomhorte enj oy
anxiety. The comféstroatidhabugtht ptoloe qgquallii gty i
physical and mental discomfort a¥hae llrieosuit@s rcd oti hce
througmouhmhe of motivation andltfeaanthadsot haeft
use ofase@Qs alternative mode for worlknxshtdpypi
behaviorally haf fcegoattinss alvew foamr atn ECC before wa
battery.cdmssdmfhersti sa n db eemarvananrei n& b baesgemnd i t i on

i s also cdeperddbedoabmt or tRasmgeerainexnedad. i s omi-t
l ong rEahQyse, oafnd t he short diswhinchk wowltde sr arsseld

anxiety not experienced during the field suryv

25Bi keabiland Amali xcteyscRRd ode £g ar c h

Existing bikeability andoetisnagr ebilled&kleidlr iatEy Cion
werceedtto make it easier for pefopryel i olgdet t & p
Bi ke ScoreE ReaeVveéelnoped tthy nbaskte add nsned nyl injic euwkssd

est(aWael k Sc olrhee, BXk2X)E uses components that ca
ECCparticularly destination accessilbti ludgegs by
100 scorkfobmasequahly weaip@hined gthdmpa memtdss

1.Bi kanxlsose to the | ocation.

2. Thteopography .of the |l ocation



3. Access to destinationgi &romavébélk dostbanoa O
intersection density

4 Access-stharhbhinlgeservices from the | ocation

Anot her score used to rank bike routes is the
System. The classificati omedpymitgpem o amfkesr tbh i skeee

considers vari abl es such avso r t d a sascp otrot a ame n i

infrastructur e, vegetati o Al amiav @ Go dli @aunta,mic &
Vietinghof€Comf2®dr2t4) i s <cl assified as the inver
bi keways having |l ow traffic sttrreafsfiandst mavs £ .01

makes assumptions such as the usetef sareead, b
avoid bad surfaces, and the cyclist can trave
accessibility as the sole contributor to comf
may influence thehaycbiustds cpmyoircawhem mmsing
system uses satellite imagery and tagging thr
not take into consideration the geometric des
resulnt egdaps and incongiEBateaeflt, eat ial t he2024)tas

The Hi ghway Ciapalal dBiscMacnluealL ev el of Service (E
performance of road segm@mentpat hisntuesrn aigctki omd i a
(Transportati on ReBle@S cithh dBétaarade, c200nld7i)t itaons ar
accommodate addi amaBhL®dDIS oycliFhenbesanBbebwadaed,
cyclists are mboenfli ket ywibbcemehabt Bsrused t
BLOS are primabiakbpgpdi nvBhreaaBiL ®8t toe road segmen
bicycle midsegmeomi B eeshencdididdleeeye | T hsBpLeQeSd f o r

i ntersections considers theercae@daaywindt df, tvleehi
fl owanmntdhpee esence refet.dpar BLO&% for sharkeduplay hs
demand of the mode, the aver agmo de esermqud omdfn ttelre
bet ween traffic in the opposance tdhe eecfufimeocetri vee
trave.Fol auicelswprad thfrse BlaG@S umed based on the numb
meeti ng secvoenet shhe Bp®O®ShaoThé&d BLOS8 is a tool us e

performance of individual r ocaaqnr o & g Mentvsa,l uviamt e



to transportation planners and engineers to
infrastructure to reduce travel beontgoesitdemt.i fH
routes ECGCGsBHaGS font éheections, agegneonrt si nadn dv

|l ocati ons.

A bikeabof icogmbivmesrad| esiemdex awi t h a weighted
on the I mpelat ataob éceyod| itrhgt Haod ut e& cRiiocihcaer d, 2010;
& Sallis, 2005; Eme Ay bi RKeadpeve&Yy Blpasl oy 08 3 )

weighted ninevdrfhbtaeasedcyol i@t mopelef endrEg e
segmentvsarusaibntggetut ten@r esence and size of cycli:i
l'imiecycling parking facillitusees hdpdsumentnfla
the desirability bastedr minndg heoltummel kiamidh lspsamrek i n
adjustment factors scal e bashidgmerr pleowreliw etdr
and | ower time betweemntdr ogak e anAlsptbantkeed | mmroeaft earc

survey i nvalhwiwsg r @dadltitvethesnat ypd of banwchretsand

Abi keabndweaxs ydevel oped by Van Dyck etvailiallRed?2
such as proximity to destinatiaonds ,easeceods ftind
par ki ng near sihnodpepxi nsdh aavedddcsd.nsT wek @ ta moen ga tti hoen s
countrieisnalse@bnsgd dABs tamaldi 8,eil rgituhmea nsdu rtvheayt n C
gendrerousstpreyci fi c adif ettteceiRgbme cyK 2QHd48uel oped a
bi keability i1index incorporating Fetder plavemghtv
Admini Sst-pbat nbnsurface cqowhebeos taei e dthecton!
condition rating rseynsatienm nigs fhuaRsEePd nodnmtehmdmé@ mii o gl
struct u(REBI gpler@sodde r a | Hi ghway .Adedi RFRPtrattbae, ¢
time (in years) from the | ast data coll ection
on ride qualitylThamd tdhkied hrod sling tsahnechep.avamdeft e o
affects the ride quallhiet yRSaPn di ss atf(heetnys yhafa mredgsahce t ui

| ast data <collection to whenThistitdsesheldhe
underl ying damage i n t hTeh ep aivnedmeexn tw awsi |d e vceal uospee d
|l i ke traffic volume and | ane width.



Wi nt er(s2 0glt@gaolr.por acoemd b@hSicédtrast coaoadiutoegeftahaetru r
with survey results to develop a bikeasgded ity

where clhetfitnemgr hies ci ty ofThwaunrcvoeuyv efro u nCda ntahdaat. b i
topography, traffic, trip distancocycamdsaised at i
The i ndex scwmmaddieatrende & ovia roiwabnlge isfpil iaeeai dlyt it heg

cycling route density, rofireendpgar atireet scomit
destingilTge deoring ocaocopecdepansnawel@da In®&i cati ng
the most bTheabwéiegltriemgs aae roepionbitoani nseudr vieryo ma n d
i nteMhieew.es$ gWwern emgvi suali zed u<ipmgsAmd @IdS roaftte

10 m wide and 10 m |l ong cell within the study

A similar index wats(#d6&blopediicg e edangofe eanvai l
and aquatic spadveceasi atnh @ascldlete dnby oWImd ev &r ied b lae
adaptedai bcihmdigc actyccrl i @fg i,nhetr a sottradc tlueregt h of
i nfrasdlrarcd uaned dtulseeance between two cygol ang i
rowthen the route has to useKreadsmwnthons tihat
ot hei keabil itiyt irmaduwcpdudssthbhkalt s estt oifma ehret anot e s
i nfl uencing cyTchliisnglrl couwse tdnhewidkdnd ke a bii ¢ e 4 yf o md

ot her roan else andgleod)rtag auwrsgeelril mreamal | er

Having a high bikeability index score along :
instead of ot hehuds raosfpiontalmojdreisecdleiase g o he
(HardinghauBA leowalbhi kesdRrlayge st sd é Blag s g hee giomud h
c ho.i cler el I(2r0a& €g/te | olp.ed a bi keability index for
and found that the routes with a |l ow index are
associ at efTdhec osldrivseayonrsesponses that were used t

a secuwas rtoheer éenvoasctefbolbrl e¢e hose that cycle as thei

Theari abd eseitshedddisk eabi | i ty pirrediii maus $sttemmad toinsse dar
i MabllTehe t abadce mpg ematssi wd t he different bikea
represents a sampl e ofvadriifafbelreesnta nidntdii htee smaatnedo
|l argely r emai nierdc Icwodhess smetntadsThswch as wusing

as well as using a regression model. The vari
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Arel (20@&eyelnoaptende maadd elads t o eefsfteicma ttdefr itthhee e s o n

anot her .

Anottheahni que of det eroni dewgl oimredaewks cigshtt Hheg @ s n
analghiier ar c (yAHPr)ac elfshse t echni que-ma&i ngednf ar w
vari ettty keh a sddedcri-ma koiang uataingmnsg from governmen
busi(hnResmsi wati , 2017 ;AdbPatsadc deglf @l 6 d2aGde®dInts st uhiatte d
an estabadmemgdagoatktgaeal @afat ed bet weelMhiassies odbdn
by conducting p.a@inr wixaenpl egpmsietinggoa shgpakbbeti ca
choose the mo$heseahtheyplod Alédackeandat i vesnatneeloghoos
Tonbi cakn,d Hrahreresyet er nat i vecsr ihtavreicad ngteitemy of ex
educ athiaonasishaTahgee cr i teria are compauvéedtewi weiga
i dent icfoymphaoovampwoelt ant they are in cholphséimmg t h
criteria are compared dmenguttite mehi se tdalet prem &

weighted resul't

Choose the Most
Suitable Leader

/\

Criteria: Experience Education Charisma

W%

Alternatives: Dick Harry

Goal:

Fi glbAaalayiiea éPr cobEsampl e
Adapted f¢(Bamndenyrc2010)

Each item|l ededi gnantoedce carsSiieri a nodes are compa

based on how i mportanthehalyt armat ot dabwietclgotlee |



i's weighuedoi ntFfoav geaxaagdnxppleeriji seinfoeeri d bcat he most s
| eadetrhd hatnher three criteria, then i f Harry

the | eader woul d we Pagihr waii asmepfaagiuoeusiriairegfn & d ar rtyo.

stakehlhalcdberds ng to t he tAHR afl wnud aaneeh htehles cwdadgen tss
t owbibthei ng of equal i mefbr haaue e ioakgxa nrigempeb et pac e
among tolfe npo&liest y T.Fol. ,exBmp0)e, et r @ oy it eamde
compared ctaohiacmrv,al ue of ni ne woulAdHPb eh aass sriagrnee dy
used i nredyacleidngresearch but imakcogmoml|l vt rasiesg
planning and Pmantgemkunktchai & Saengkhao, 2003
2010; Mahmoud. & Hine, 2013)

AHP aabimitatigomrawkeer ¢ hemea@athbesenifa) that are
more complex the pairwi(slegmeadaodlce s& aNGndreyc t ¢2ol
the preference dat a waapo nwgobuldéda kteghkaelqdieomdgrefgo ra d a
survey compwheitcchoncan meetr act potenti al stake
accommodate t Isisslbilstatrafathdlleseo antpm@®tmh si mi |l ar | i
filngre mostvamiptod lteagatl uat e within the smgvey t
the |l essenri@bomsand! oAl ot almi,t i2@dt7re t he effe
judgemercibbsnsi stcameypehtokmed atcch @ mauersep dimhesets s
consistent amongwitthte man e | xh a&n eMM@¥%t ¢ o NSsaiasttye n ¢
T. L., 1980)

The weightings for t he ApaA rovars eb e o mp:iphiues @ @ ©
ei genmeft matdhgee o me t rmect moethne e i g e rdwea dtveers mehteh @d i
or weightsolgsti ons of the eigenval (Uu®aatbyt aT.neld
198Dheriori ayevdettdsmiugdd aei giegqerevcdlone decompos
matrix using the normalized eigenvector assoc
matriceshitght i haygesihsetnencriaenssposing the matr.
becomes recipr omaalrs aldBypithhicen ho rciagni ncaal unsnet edri pf rf e tciunl
the priofdohwnyahuedBei neThe& gWaonnget ri1 7 9mMean me
nor mali zati on factomhtiicdhhs cherei wes etdhe o esti mat e
(Crawford & Wi lIliams, 1A 85t uBKyudndasrc (&1 8@abrpehsdh , 1



that the geomemore méaataqpbddHlodwibstde compar ed |
met hboudt, bot h were able to give si nlihlearg epormeotrriit
mean met hod maintains the reandrobel vaheprpst bé
the maximum | i kelihood ,ewbiicimata¢s ows i hetpriber
with higher (Wntbnaimst &nc€raswford, 1980)

One | i mbobahi 6echniques is that iIf the respons
consitdm eertr or swhciacnh soroecstiuhlet i nf or mati on being | €
el enmesTomashevskHOwmi2n@IrtT)or s stultdd consi stency r
than or equal hiocealdi ebiealalld orwerdki mwg t o be obt
(Saaft97Muyr ali dhaeab8egndat hat for resblt ssee@int h
0. 10at2de results can be used idwitthhed nc 09n0f% doern oge
The eigenvector method 1| spamoma cesomp aiee t o
geometr,i ewhmectho |lheiagdhser st andar d wvleivg HHttMiagwsr ek Vv
et al., 2021)

AHP produces a pairwise conmpareisspoon smea tTroiext hfeo ry
responses need t os det hmgtg rtelgeatveai dglotgiendhserar e r ¢
sur v.eykdr AHP, thanadggadeeg att wadn met hods: aggr e
priomaindi easggr egati onemeti{ Bionrdmndame rd&uvad t.ilj,udlig9 @ 8 u a |
priocompalbe arithmeti ¢ e mpdscdd mctaviea egehdthsx di vi du a
judgemembesacke s p dsdbenptar i sons as a weighted geo
mat ralxdudda using the approximate eigwaivghlt Dr

| ndi vpirdiuoaalrbeeisets when the group issasbBumedpbbi ¢
stakehlelcdali g on an ,whesuwneasuchdasidehfajeaedgen

group is assumsedchoaactwhes dewldlipéodditcgrecdr pas:

For t he AtHHWesssiesd, ttohedet er mi ne t he weightings fo
to decide the bestThceycrhdatnhgo dr oaultleo wisorf oBECCogsu al i
variables to be weighted using the judg@ge@ment s
determine the variables wjudgemenhsgbést heepa
andamheck i f the outputs are con€hapept Wit Bece
4. 2, ECEx pclmdwest he AHP i s applied among the

00



weightings for the TBEC geomred rf aramealn ht me owet . h
AHP resel ttso its | ower wvariance and its abil:]
correctly whenetheomatfheenbdevyhdgh!| issege ment
aggregate the rbeescppogsdegant st onadevelesp a wei ght e

appl i edsiwintihfoiiccaunetnce from certain groups of p

26Cycling Route Choice Surveys

The two most commonly used types of surveys i
and revealed preference (RP). RP cycling sur
previously &experienced cycling thopse R&vesub
conducted in studi ¢202uRBRhp@@azeBhphagelChezey al
an@uo dt204dl7)hese types of swarvliedy so basreer wvditimedine de
may contain an insufficient number of wvariabl
l acking suffi ainadntl owe pfrda saeermtadKt. i®Rn 2002¢ys ar e
previous obs-epov htitehwmastn onbacyo enacete ¢hhdy|l ed by t he r
l eading to potencalalledtneRiPcdHatbaaegst i dbetheed t o
new policy or recentl y,sadcdptasdd E€Cthafcamiolfir amistp)

and sampgbtwewerze.t hese inaccuracies can be mini

SP cycling subaxgd amltlreetprdeaftar ences of r espc
experiewoetddreal hypot hoeutiec ad ptsicoemsarf e eoif a &a c
Srinivasainhi $89v8rludes swuideysaswhpare oyclihet s
respondent 6s recent experience. SP surveys rel
studies such( 28,1 3rnetlel(agnOad Be)ita Gaulp.2 .1 7R .al so al |
for the collection of -tobnsee revxgsal roimeadsedsait he a ucea |
cyclistbés experiefKeowebeld& SheiCapntuhd 988 M the s d

' i mitation of SP to be addressed. This |imita
bias or justification bias) or inascuhagymay or
choose the option when f(aBeldi wa t& Mdrei kskdvaasa r 1
usually occurs when respondents are unable to
observational dat a, all owing participants to
potenti al bias and inaccuracy of responses.



Another | imitation of SRyds uAsvkeiyrsg ia Itaireg ed umruuamt
can |l ead to respondent fatigue( laind, aSrhiikglhken't

Miller, & Shhhabhe 2008pxt of cycling surveys,
number of questions or from cycling on too ph
fatigue. This results in the data haanvpilneg stioz eb

to maintain accurate responses within the dat

Asurvey requires accurate surveyvaerisalplhesand

realistically affect ECCs in a chosen study
Furthermore, surweeryisiamfhleaste nfcocnugs coync Itihneg r out e
access to cyclingroefaclidwetri eismpaonrdt ahniclel ianneosnsg cy
cycling rout ew aacgdmpdaraesd st ma dtilrerct route to re

whi ch i s cocnrsiitdmeoraebd cnyocrlei st s ;CAMi weergGeal at . 20

al ., FOO1SstAhh.sur vey, it is ideal to have a phys
hi gher response rate as uwell tohe madaimptl &itmiomg
(Kawamur a, 2000; Zhou, Bur i siasruB atkéeat, i&n v@®d ivs
responddaale@C, the survey has to be completed

on their experience and mihemteendpast @atuieon om
surveyobdotels a test ride and an interview, the
should be minimized to prevent survey fatigue

the number of scenarios would havestponbesmwhi

still being abl e uwerlieataosruirheadl 1 eled f ed t st odi ¢ & el
to 10 varnablSeskukenthiran, Miller, & Shal aby
2013; Arellana, Saltarin, Larranage, GIohnezal ez

study conduct (a0 th8y) rloiwe de td oawln. ¥ &rei.shilrleee ys utrov e:
devel oped by2Wild8¢tassedebnatyclingi ghatf r,aabl €gct ul
Arel |l ap2a0®agleavvear i ,ablde Supp2 @i dehlyglatr i.abl es

Monetary-mandtnacraeynt i vi zati on tools can be wutil
engaged through( B&KIviade eaSwudr lvseyyr @ényc@)nt i ve t oc
instant payboeuti nwhtilceh fcarnm of a gi ft certifica

associ ataedpoelmanstbsd i s ystem ftdhratea@gochhnteesmponearits of

op
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complagt ecdan be redeaamaddtefioes riemtad dad rmamdom
em of a hi §Qumdnelil aBhyeR®RRM@ol s have | imitati
warrdafffdre ent rriuessh,i npga it thhjpr Corufganm ty 2ty h ® cionmhghlee t

reeyrectly due to onWhi twarmthiom@ht heegs ncantiii
spondent participation and maintain engagem
mpromi sed dependihagmonihmntheen thiewoeu ntoudfd cause

swWhi $§ e prowalimg ianthemgtheassecparti cigtatntadtur i

re pamwthioairgahtss about t(Ha nmwerrp &s € odifpietsh € 29D
surleéspioonses to questions to be incoasishent
rticipants

cl i ngs osnteutd imeessn tuisree tchiet y for their study are
account for a wider variety ods iwdlrlasas uag't
utes that -coheregt dasthiimgati ons f Homustlder
cling studies tenrd atfof ifco gisunsic dorng eccewit ean sn  tnri Kek
affic is high or in downtown areas where cyc
udies that focus bobghwvli snés | i e gsdoniotchy oetiltshteer
il dings, gpawot | bogagmalge or dense vegetation th
er s

evious cycling surveys tend to have simila
ner al demographic questions ,swuth gseagepnge
bi ke usage, previous experience and travel
nk or prioritize a-blaiswedr iofWiiensferrasstatucdlur e 32
rveys rankedi abg asndabd et ruandr af fgiaabb-hygw
serwaabilseb ¢t lemédé®rt and path attractiveness (Ar
cludeddegdenwbpohsesend to discuss collision

teracting with the buliHotwaemyv i& oBiumrems, o210 Otlh
r p eLnathieerrg e, Clouti.erRowt eRamagreki,ng@ 0WRdyg rar el
rvey questions duevadaroiratbnéei sgudioedepel opi thbii
ightings or to exaftaahblceyhcd iinngportance of a



The number of participants can affect the sam

can i mprove the accuracy of the average dat a
error. 't also all ows f cers tthheateldiominmat ischrmo wo fan
have conflicting responses to be removed fror

margin Qhterirve. field research typi nagtlayi uees
field reseabadhe duaerrddceodpt esaits wer s bei ng more cl
(Mahmutovi cPhrexdd2)s studies of cycling route
mi x-feidel d Brugawieylss cycling surveys h@ldowarndve&n
Burns, 2001; Hardinghaus, Nieland, Lehnd@he& W
participants wepreolsabielcitteyl meti mgdsowi a volunt e
cyclists within their respective <cities. Thi
finished in shorter timeSStwatil et resdulemgdbicls®
studies such(281W%)nt €asvely &R2015) and Lachape
and 34 ,rceyscpleicsttisveetl yal Wiprn¢i 20 E3h)e pool into four
on their cyCédlipgodiéequienedy cyclists, upm@édgewor d
flyers targeting cycl iaxctcse pate da tuhmoisvee rws itthy scua mj
to participate. A further 20 of the 7H50asdmpl e
cyclaingei ntneaxXpeoemwi ng t memetronidaeidsacielrsn i n change s
environmentet LaaCqtap(@d02elp)eci fically targeted c

to their reliance on cycling as part of their
a marceurate representation of <cargo cyclists
makes it chall enging to assess the quality o

noncoverageveragpedbras since onidipgopl eowiten!t
bicycle oaraecaregd etdr itloe pabtakiesi ncs h€asaday 20

Previous c¢ywelrien g omnuwruacd eisdn i asst esreeldf questi onnair
conducting mnrdasadmi ai stedgd survey questionn
& Bu(rynxsi0n)t he ci ty,loofo kPehdo eanti xt,heUSMAMf |l uence of
on a cyclistbés perception of a safe cycling r
They surveyedcolldectciyncgl i désogr aphic dat a (ag:e
ownership), safety data (accident i nvol vement

percept i onl hoef stuhrev eryo utaes. spl waa i nd mb it wah ipamg cf

oT



guestions onragsacdl acgontnytdtl etveadnr® t he se@aand sur
seriepemided gqdesctciiolmi ng the r outTeh et hseuyr vies e dw:
di stributed via advertisements -rienl altoecda | mepeuthbilnic
evedhe. survey wa s ew sat dspearsi e sn pauft rtooua reasltyazma ng
spatial andairnfabaetsr egiclh i sd sipre lroobust icensg

Singlkevtdad)veyed 70G0rod@grhunadenggest itomnmnder st ar
commut etbse'i ngelbly measuring di fferent travel

enjoymenParsatepahts would rate theiromost re
S e vpemisictaMig h opti onst atoeme sttt S Nngu ol has shhapprpy ar
di stributed online memduwaes tlheeckvVaricamokpmlutbn e

travel

Wi n teetr (s106 8hducted an opinion survey and a f o

devel op a bikeaminfirtays tirnadbefwia clgegansveidr on ment al vV a
survey was admiliitesxtteirvead aomd i et et i all cycl i st
66% of the @ghbepgottiecns awermeot i vat ornwhialnad fAAAer r e
guestweporeesl ated to thePabui tt p atmives r\wamokradid.re so fi n
i mportanmaekwhewas assaghke@ % a2popaosisnstgsnwalrisd r an
assigneai nt. This was added amow@ralalbl garn ti ¢ ih
3 cholihceesf ocus group interview was <conducted
environmenst oc onatkn inlyu taenV aa ri edah laktis kceoaulol lede it baek € h e

scope of munijscuicphala sl ezgoinsi Inagtwaarme wmipdra sp lzerdn it g
Four grdupe DO pvaritnceldipdashd & hogareo i p ® mstheey

respoaddmaur t h geryocu pi nfgr caammmaicaa ¢y e s

Since ECCs are an emerlgikitegmpdet oti ppahspomaya:
ECC orsaytl eiElBa kieapt.Rlvs o, utshpdglr tofair@gadothdge ECC

for an extdarhegacdur atelwn, recall their experi el
i mmedi atel yAafd emred lhlespt Wre®@Psande$P due to t he
ECC mode amonags pwealtli caspatnhtes abi |l ity to coll ect
i naccuracies from parti el panrt\wsey svuoaugiitadbedrga st h e |
the | ia ebraltaurcece tt he effect ofa saufvfeiycifeanti gamo w

oy



to be coll ected Tthot wistavmbad et ahg wecC g harsev et, a kbeunt

to prevent, daltlaowixmp@ sfuo rg i avcecnu rbayt & hdea tr ae stpoo nbdee n

The mini mum sampl e sciazna bnee evceald ffrom tt the mCtewnd y a
It is a statistical theory that is wused i n ma
parameters whdnsthedpoppharwmeyl,t 20s2n2uslee t hesi
estimate from a swaampil aeblod WELCICg hutsiemrgs tflAcri st he |
t heosrteant essarmmlti ndhredi stri bution of anmnsadavermbade o
regardl pepubiétcit me@d s dpiasttereirbhuan go nas tshuef fsiacmpel net |
| ar(gBeost on University Schiohil $ eodir &@Rw bgluimcth € KEdhanlets h
requi re a 3rdaitianuanb sOebrrv attbied mishigdimd r y Uni ver sity
Mascha & VeHotweerv,er20la8)vari able with high vari
interval Wi Bbmplbgeir van madeéi t i on, t he sampl i ng
invol ve random s asotpH dtnh gt hod i ¢ faie o raeadyp bt ikhdaasgnp t 6 e

should be as | arge as possi blAl It o egeptondlemnd esr
surveyed using the mamemamgeodtf oquBBit pawksli wi phAs

the sampling technique aligns with the requir

27Rout e Mdhoalclei ng Techniques

Route choice moaelay edilmrtéocs fberheaocvda sotur under di
theemactions and predict future traffil®Praacamdit
200®) fferent t echrreiag lee sa ekatsasetto ofonaldtesi madi

prefesectess shortest path duration or shorte

that takes in a | arge set of physical rout es
with a | abel indicating theiThehbhabhelkedspath
an opti mal path based on a set of par dmeters
l abell i ng apwramaahget alkesmu]stuicphl easl itnrka vaetlt rtiibm

di s ttao cperfoudnucctel ons t o mini mi zeealtt envaxa(mBee radut

Akiva et.Lahk, el98&4nhation is another technique
the shortest path by removing the shortest pa
opti mal routes (Azevedo et al ., dl9i9Mi)eatiéanl ir
it incorporates alpekhaltthwntf dcoonr af pr evsiomg a-t

o



of the previous shortest rspuwtaahfairichet ¢ raicg toirc < at
the qualisychdf asheapamment eonlddiot3,)d. o slrhfeDe mea hB

Ssimulati on, produces alternative paths by <cre
probabil i t(yPrdaitsot r& bBuetkihoonr, 200 6)
Previous studies of model ling route choice f

di fferent route chmodehemeshodsesthapath meidt h oa
obseshedt ecBe lpladadAksi Be,n & Rammi ng, 2006; .Broact
Br oaecth(2l0L@dked at 164 commuter cycniitSadtest e
to develop a | abelling algorithm that identif
rel atviaveathoeresas urban infrastrA cstumaes yctoynpdeu cotfe
during the ride thatdemddreaptidc d,atay cluicrhg atsr a\

beharviwi t h GPS, weat hédrhrardttercihpmi wreso swee r tea tex.
shortesi mphaéamd pmout.e Roaubted Ilianlgel | i ng was abl e
real i sbynaxpani s ng o peoniofuitoei gcpraigthesr itahat di d noc

-

eturn to the samewleormreddotrhenudttherd et ¢ d meisque
nreal i s3kiePve tpaeart haen2 0elt& eadl .1 i nk | abelling to g:c¢
| t er nat i vperse ffedreetmacremat e hedf avi t h2 6GP St diapg |. | t

he technique predicted oevxepreedd0 % oanwtset ilocHearita et ae
t o abhscer wetde Ach oviacned. &( HO @ebvyed tbrpaut e choi ce mod
used the | abelling techniqgque combined with a |
the shortest rodthes duloowes th edcntde kig edygStaphi ¢ i n-
(travel di aries and geotagdgeadsphotfod)abaedt a ngo
modegdnehagbddy consi st enlti mke spudntasl tryelaand vliei ntko e

~ o

t hat wtee €t @ad s o

Adatdtai ven approadlk c¢hobiyTcoen ne(d 6delkjph gat edkt he
el imination anldi dy omlke | radautTlddei cidgtoucdnd ecnoiglr apthe ad s
road ney wloirkg rfigpc i(kiisteammedl) and GPS data withi
Net her | Tnond < | resultd avbeowe chipa thppp riotmed di ver se
than | ink whl céaminmita onhhe obusebe¢ed ebeldawei a o 1t h

di fferent ,r cadtleo wo mtgi of nosr better roepebhdauct 0o ohe



produicem | abel $ paatgii mgang fdol | ow t ha&f fdicremda d lminn o

net widowkwever, due to optimizing for eambreari a
signiffoircante routes compared to elimination.
Route choice modelling has its | imitdgqtPranes., T

2009)The overl|l apvhpsnewbe reanl oa lctwevrenral tai pv-ewlietohu it reesd r
patThhse over | aipmpporotba netwmhteas a dodurteesss are gener at ed
not from pRoeset chouvwwrmalsamwidiedist a decrease in a

numberveafl appt g (i Qlacsrceeatsteas & PRAlpiod a, & 2Bi0er; | Bierne

This is due to a correction term known,as a ¢
which reduces wutility depemnlde n o(rRorwattdnn wUuaddidmi)tl ya
reducti on does not occur i n S ome correlati ol

alternatives is cobampaemabét dHopog20@%pr n

Onmet mdd routsan chro egged AmModeldersedusedi tor vari
hawawer discal e of meazdh@memsatatl e f(MoCLI t adt, 198
all ows f or omdreegeetdghcams etovmop € i 0 8 6lch ea sncoadmydeurt cso. me

t hneaich al ltehmagtdlsorgniotd e | ss ufcahceas t astdetheri adiepr nd
irrelevanwhal eeahbhowveg for ordered rankings
(Train K. , 2009)

A |imitation of tthree ouslienr gelfde d uotgiiltic aryee diaulntd tisieo n .
|l oss of information because the model may not
(Wi Il ams,THRRiOsl 6i)s more prevalent i f the relati
cat eglolre emadel assumes that the relationship
sanmeVNi | | i ams R.f ,tshd B2 4 )siheado mo d e | may not be an
t he Mastiangl e uti dlides ulutn citbieatmogmamedeall | engi ng t
to predi dtWi ¢ b taenglnmee Uks@) o f a single utility f
overly restri atsiswenph e omau 0d afs i(inWiendkeerd staanmt &t hBr
20Q05)Thi s can | i mit it s f |prxe drbdatsveeadn itaob | eesst i wroal
have on the probabilities.

Thi s usheessipr eset waouwritabts @wcoc oorvdeerrleadp s ogdéenmbftieeé
t he prnefcehrnriggdue to analyze the data to identif

nmm
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ourntdeds canobeecawasdeakpe anldiMixist y of t he studies us
ol l ect their dat a tAhsr opurgehv i souursulaegynss eaBn@dC i tper sptg rra
n Europesaoonmeecuti €@s, companiE€CLamaae giatdiogpd e t a v ¢
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ecored,ycyelwi ngnsdt bdkes mislei tbow lmidvdviacreesabl es i n t
n combination with-ba®édayiarTuheialeessb aande nga&fse ti
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anthélyawnaglar i @Hadrelsey, 1998; Ahelrldanaxetstalng, L
dices were designed for conventional bi cycl
l ectric asvdhiertl ednadobhrgerati on wileiscillhhtessan r e
haracteristics can not sared bsdraokuet lea rdgoe ii mopa roisvhee
heir experience.

ourth, whilter mma kiercrg spomcesses such as AHP a
esearch fields includingr atriedmysspeadr tiant edoyac | @idnagn
eseWhmiclhhe the use of dummy variables to repres
orms of qualitative datapemddkataesc hgeansd etrh ea nddi -
easomaet foycling on a route, d@hlestbebduomimpen
ariabl e wown denohbatdeprteo nat e ope mdd$veaw | . AblIPe s
amonsi der both types of wvariables using pair
udgemebhhsut the | oss of i nformation because
onverted i nt ol hae diunmimyc evsa ra raeb | ael nsaok essél ti &snt gai nndga r

or t he ei nuseexd tboy -noatkheerrs duesciinsgi aoth @ii f fateati B @t
enerate wunrealistic results such as routes |
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ChapterDdbhacee:
3.Sltudy Area

3.1.1 Oversiew of Route

The study area is | ocated wiitnhiTno rtohnet oYo rfGiaxldarai :
origin and ddexchonanciomde@ ol mé¢ aBlelr gAerrboonr edreuhnt rlea n
190 Al bany Rdé&Faduakke2bo lhaorsea h et ootreedac lavietshf f er ent
cycling infrastmwhatl er ennsand ngaatahgitli époaes rtail doi upt aens

wi t hian |Itoh dletd itsi mexpected that participants col
with an expected time of.Téh emiumswet eosfa Itflom waso nifpa wet t

better understanding odoncdgctlaissntwed e haavs olwow i inl

c hanagcerso s s rdoiuftfeesr,.enfthe study area includes maj
cycling infrastructur e, mul tiple traffic mode
mi cmobi |l ity vehicles, and event,sutclhatascdamamiss d

making stolprse omodsallniguwestrdyc| es | oading and wunl oa

Legend
.
/P ' 11 Arboretum Lane
' 190 Albany Road
Infrastructure
Types

m— Multi-use Pathway

=== Sharrows

O
&

01 02 0.4 Kilometers
e TR — . i — )

FigaBeke I nfrastructure within the Study



The study area features differeai bt kge d amfe sc ya
mu hutsie pat hs. Sharrows or shared | ane mar ki ng:¢
with a painted double chevron with a (lbaaycl e

Francisco Municipal T.r ahlsiporemaco womadPfgencycl 29

portion of the |l ane to travel on while assist
moving vebBtcket Op@okedgr al Hi ghwayP aAidrti e st r a
|l anes are marked bike |l anes with a painted s;¢

entering the spa(cleeeganm, MacGed)gatihe daddeoend dat e
movement of both p(eDdeelsatnreiya n sP aarnkdh ucryptbltios&t sie h i
traff incu lotspeatthiesy piicead tiyi ct ed t o mai ntenance vert
i's pr qUiSbiFteededr al Hi ghway @Gdmvemnstomal ostr @0y
the study area. These streets do not feature
vehiklteshi kes are plehremd tetdr € eot su sadr \gphdeaxtarl e eatng

t he ,varieah have a | ower tr adlflicwivirod utmee m htacn kg t
cycling route options in ar eFasgutibtihg 3pboboaw or n
the types of cycli.ng infrastructure discussed

[ a3harrow [ b9eparated Bi ke |



[ cMu l-Usie Path [ dUnmar bed R
Figg&cCgcling Infrastructure in Study Area
Sour ce@o byl e Maps, 2024)

Four differ entt woo utoecsaehboebtevee etnh et hset udy t o compa
a rowowuéd have ontprafidiemeexcgs mrpg | mindastru
pavememd.iEtaicdoni tsee qui r e dnatxo uawreag@e travel ti me
mi nutteesmi ni mi ze . Blue vegutfeas i yuehi n t hae Isdwdly

t opogwiatplhyan averRagre rsd fogme medact, % etchaame hal | enge
for even experienced cyclists afder&katseciysginngtc
Earth Pro to assess, ashes &eonpudirgadi adp hAyp poefn dtihxe r ou

Each of therfeswerntreaduti e d hree mreexs e rste ca Fwagruireet y
4t Bi glsrheo wr @ Intees @mre gtmemy welp inh g a st rwictthu rceh etcykppeo i
separating the cRawnge hiemwshimastemusbdries crea
the | east numbaet i loif zitnur nrso avdhsi | w&i rt eéd d micn b ma ke d
intéereosa@a®out eL o2w iTsr atfulteec and uviseoadeaaderd pat hs w
number of motor vehiclTss cypal eesnuds esatnrde ep e daess t

mu lutsie paths with some paths Rawitmreg Flhiotsttleeh et o

Di stramwctee and i smagteadierdedto rbeuttédhebet ween t he
4 is the Longeswadriedtand et a owttiel iamed sharr ows
expense of a |l onger route.



3. Roat-Pow Junctions
Thleowunctriouyatdeso kRowmesas hbBwgd4treaturestaavaber :

ti mé¢ 6 minutes and aniaveoampemustetdip®path 1b 86 tow
checkp&2innttserlacti ng pwidtehs tayicalaniessit sBh& B dgoirotus e?2
consistsnofnagictitto atdr amiklu ¢ $Hwue e tahlean gnowilotrk vehi
route has twaoPpidmnbbsesabvbédi atethsestintersection

Lanentdends to have a high pedestrian traffic v

per iPod .nt B is |l ocated at t he Booleadnadb drRud u nbdeetrws
Roader ounddbsugn | mcksr momeundalladwts edbsiagn mar
crosswayikel dangdt op | i nes. This can be a potent

mot omr &t 10t required to yield fsampveéirclmasow
traThecroute featurjesnd,twedheasst tlmumgshea ntdufr n  wi
heading towards 190 Al bany Road

Legend

\Vd/F @ 11 Arboretum Lane

@ 190 Albany Road
Infrastructure
- Road
== Multi-use Path

-

Checkpoint
Il Bergeron Centre
\ lan Macdonald Bvld
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Bl 190 Albany Rd
Points of Interest
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‘ Library Ln

“ lan Macdonald Bvid
e @ Founders Rd
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t
R, nd R
et e
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&S
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Figameéde Low Junctions Route



3. Rodit-bo® Tr aff

Thleotwr af fjad sroo kiR® wiassad hbwghfreat ures

ob minutes

1 &t4chesk@ obnntter acti ng

bet ween

i C

Wi

space to

t h

an

and 2a.nlY%.¢ elcta qip r & buespee pbaftah nbuelttwie e n
.c3lldd 0 stod n s@indtogaad
checkpoiinmttse rda céha tnoga nwi ee Bhh & | Bapeod orf h a s

i nterpetnti A, i dvéhn tcihcrad u tteol Hieh ato pfee f nequinge $ i gh

atheckspan dltuebess tr amse tp atnh barldveteme t

route fendtsur ed gtimliudnpe a o, wi Gihef t t3urnmghtandirns
t owalr9®$ bany Road.
X Legend
‘VJ/F @ 11 Arboretum Lane
: a @ 190 Albany Road
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Garmin, SafeGraph, GecTechnologies, Inc,

cine RS B

Bl 190 Albany Rd

“ Ottawa Rd @
Lumbers Building

McLaughlin Rd @
lan MacDonald Bvld]|
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“‘ Library Ln
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3. Rodt-Bh8rtest Distance
The slostrasusiées o kRowtaesa3®S hbwg@freeat ures an aver
time of 4 minutes andiancampragesasloppeahaiuée 2 w
checkpoints 1 & 7 and a fTbedrbetwebaschbackpop
Point A is identical toabhhgledwestprawi ousaffoat
the intersection of Campus Wallko caantde dt-lmeey Laa san
crescent as part of Vanier Lane at Campus Wal
oncomi ngahdatmhe ¢mparnt hi s there a pedesdtritdrerer o:
neatbwck | oathicyh zemgeires cyclistsanaorbei agut
trucks as-laneiThead ohinepfl tdh at@rrimgshtandur ns t owar ds
Road
‘\‘ Legend
7\? @ 11 Arboretum Lane
: @ 190 Albany Road
Checkpoint
et pet IEl Bergeron Centre
IEl 190 Albany Rd
1d Blvd
o Campus Walk @
A Vanier Ln
Infrastructure
=== Road
= Multi-use Path
Points of Interest
e
3, (o Walk @
Lo} Laaé';?ﬁie B?uﬂd\'ng
Y o Vanier Ln at
% R D | ‘Campus Walk
4 i
. e AnS Rd
:
%o‘ 01 02 0.4 Kilometers Riﬁ:;’: o o : ‘ ‘
o BT Ontario, Yark R GS,
| ) EPA‘@US US Census Buregy; USPATNRCHp, Parks Canada, Esri Canada

FigaBbortest Distance Route



3. Royut-BEodgest
The
ti meB ofi

| @ ng E&raohyet kes o

nut es

checkpoints 1 &
checkpoi nfthe 8 o&t 8.

unmar ked, unpai

all ow cyclists

to navigate

Di

and

stance

kRowieesad4s hbBwgufreat ur es
averagepsi s-pde opatdhh moe t W

an
8 and 10
has
nted speed

t o

vehicl es
control |l

51l ef t

alondgitghavamwvelolr

an aver
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3.

1.6

Summar.y

of Route Attributes

Tabl e
summari zes
seenTaibhlda nA Ap pre@Qlile xkpoi nt s

2

nfrastructure

summari zes amhde t ihmrefbrda sateraunccteuf eb kipyop®n t s

the poi ntAs deft aiifteaer elets cfrarpta aomh orf o

ar e | ocati ons on t

type-ucslampadsh 4 wch oasst .ef rPamic rart & | ot

along theegatieetypabhfesgsucd abohecgh traffic
t urSrosme routes may share the same checkpoints
or | et treegs pgesc tuiswedl y.
TabZ2ZROuCeeckpoints
Route Name Start ID End ID Infrastructure Distance (km)
Type
Low Junctions 1 2 Multi-Use Path 0.57
2 3 Road 1.09
Low Traffic 1 4 Multi-Use Path 0.58
4 5 Road 0.50
5 6 Multi-Use Path 0.16
6 3 Road 040
Shortest 1 7 Multi-Use Path 0.61
Distance 7 3 Road 0.74
1 8 Multi-Use Path 0.45
8 9 Sharrow 0.38
Longest Distance 9 10 Road 0.75
10 11 Multi-Use Path 0.11
11 3 Road 0.31
Tab3tRoUuRoé mtnst er e st
Point ID | Route ID Location Description
A 1,23 Campus Walk @ Library Ln High Pedestrian Traffic
B 1 lan Macdonald Blvd. @ Founders f Roundabout with no Yielding
C 4 Severn Road Unmarked Speed Bumps
D 3 Campus Walk @ Lassonde Buildin High Pedestrian Traffic
E 3 Vanier Ln @Campus Walk Oneway crescent road
Tabdseummari zes the characteristicssesafi maacehd 1fal
Googl eeaMapming a constant speed of 16 km/ h ar
signals or traffi c( Wuon& eHsotcihomaTdnleo n2g) &0we 1t 0 untee
Maps iIis referred te as t.fiee mdoaasddraeid) d wsa vieH e t Gl

Tor ont ocolsa sRsoiafdi c(aGiitoyn osfy sTtoerno nt o,

2018)



TabstROutChearacteristics

Characteristics Route 1 Route 2 Route 3 Route4
Mgasureqr ravel 6 5 4 3
Time (minutes)
Measuredrravel 1.8 15 14 2.1
Distance km)
Average Slope (%) 1.9 2.1 2.2 1.7
Road Classification(s Local Local Local Minor Arterial,
Local
. Multi-use path, Multi-use path| Multi-use path| Multi-usepath,
Cycling Infrastructure Street Street Street Sharrow,Street
Number ofStopand
Traffic Light- N
Controlled 3(3) 4(4) 6(5) 8(9)
Intersections
Number of Left Turns 5(1) 6(3) 5(3) 5(4)
Number of Right 1(5) 3(6) 4(6) 3(5)

Turns

*The frst number represestravel to190AlbanyRd, andthe second number in parentsisrepreserg travel to11 Arboretum Road

Thehosenrepueempt of the most cycled pat
gl obal aseastéeagd r St haatmap data | scopddadtf
from over FO0mM usdrlsd meadmtrvd O f Bsibrb |. n Zh@eka’t)
shows that the roartesr arealry tthreadelslt e ch ali

near the origin.



Fig&Cgcling Activity Heat map
Adaptedufe8B8tmrava I nc., 2024)

3.ata Collection

3. 1Xar i @eflieni ti ons

Tabisarmmar i zes t he ivnartihaeb |leistaedsigsecoursésieeds v wé w c h

are incl udéelrdh ei rd etcd lesei tohne@a tiosmgpasriyabl es t hat- are m
oriented including comfort and cycling enjoy
participant feels using ctahteegboG@psTlad| eysclriesat
cyc'lhieshta wiuctdirhas é6gembgt aphic, their previous e
and ECC and their travel ti methée€he &xpeel ehces
infl heemc dsaast or sdyyowd e fiteh e &reotuitoefsppast gusupr e c
variabl es that ar e ut pignfcrad 4 tyr Weetpternad.anT h eo nt rt ehwe
condition, slopa,fraesdmdatt ud eocvmbEengefs¢e¢anicone

turns) are dependant on how tiheoturibmal udded adu

routes for the study area primarily wusing fl a
affect the cyclistds safety on the routes incl
fnnaglr oup is related to the battery performance

consi der e d obuetceasu sceh otsheen swhei cohf sdsoh onrotti dast hynwceée

PH



battery. This would resul tanidn tman tri diefharvtioumo
influenced by the battery | ife as a result.
Tabbleiterature Review Variables
. . Included
Category Variables Literature Examples in Thesis
Decision Holzel (2012) Calvey et al. (2015) Harkey
Maker Comfort (1998) Yes
Decision Cvelin Kreen et al. (2015) Singleton & Clifton (2017
Maker En')c/) mgnt Arellana et al. (2020) Rissel et al. (2016) Yes
1oy Singleton (2019) Zander et £2013)
Cyclist Cyclist Risel et al(2016)Howard & Burng(2001) Yes
Characteristic§ Demographic Broach et al(2010)Ton et al.(2018)
Cyclist Cyclist Van Dyck et al. (2012) Calvey et al. (2015 Yes
Characteristics Experience Lachapelle et al2021)
Cyclist Travel Time Li et al. (2017) AultmarHall et al. (1997) Yes
Characteristics Calvey et al. (2015Krizek (2006)
Infrastructure Travel Jensen et al. (2010) Guo et al. (2017) Calve Yes
Distance al. (2015)
Infrastructure Pavement | Rybarcyk & Wu, (2010) Giubilato & Petrone Yes
Condition (2012)
Calvey et al. (2015) Kreen et al. (2015) Wint
Infrastructure Slope et al. (2013) No
. Van Dyck et al. (2012) Kreen et al. (2015)
Infrastructure Dg d(':(lzi"r’:ted Winters et al. (2013) Arellana et al. (2020) Yes
Infraﬁtrué’ture Howard & Burns(2001)Hood et al. (2011)
Krizek (2006)
Obi ec Arellana et al. (2020) Vandenbulcke et al.
Infrastructure Ju nJ cti (2014)Jansen & Varotto (2022Yliranda Yes
Moreno et al. (2011) Van Dyck et al. (2012
Collision Van Dyck et al(2012) Arellana et al. (2020)
Safety Risk Howard & Burns (2001)Lachapelle et al. Yes
(2021) Osama et al. (2020)
Obiect Chataway et a(2014) Hul | & (
Safety Fre Juenc (2014)Apasnor(e 0gdt7rdh ao Yes
quency (2013)
Cyclist Van Dyck et al. (2012) Arellana et al. (2020
Safety Visibility Oikawa et. al(2019) ves
. Battery Devshete et al. (201®avrum & Poyrazoglu,
Equipment |~ acity (2022)Yang et al(2016) No
Comfort iI's definadtumdttedi ¢f t hleys isecfalsc wohlda mge nt
per 6bal zel , TRI0O42)s al su ak n o wnefaans tabfefhedcvi osabt 6es

preference when the route i.s Qyheylsiincga |elnyj ooyrmenmet

po



as t he acbteunaelfoirsttiiigei mdg pl Qismuglee ti onE®j.col imegn 22 0 :
can afofmdmdrctaus e p o seixtpiewewdfreeneldiiymagdihrag t he cycl
comf ol Saabt &, Harri sdrhe &cBruypdntcomI®¥X4) and enj

Cycli st demograpbigesn dearc| ane 4 de, t heir cycli
currentr edyadleidngpr ef er enclelso.w Tfhoer dceantoeggroarpihziicnsg
similar patterns and to understand the differ
eacyhclcaségary Phe oohdserzesd travel timeasupedi e
and averaged among al l riders mdt talsadtdhri su ties.
travel time expewhiealk eids wu nalregaolt i bdi trkieed fofipaerr aat icn g
traffic periods. cThhoes eanv efraarg et hhinss\deh evgliiidsadbya csaru s
route choice gt2dlided. t hensaerratgealt ravel ti me
of downtown cyclists compared to downtown <car
ti me savi ngwh eenx pterraiveeniclei ng i rlese h ¢ lwehthh e oasrea a .a
day, the aver agte B3 eslend/ilgini dy claindtimsg x d mimespeed
a0 kwhihch is wunder conditions closer to free

repr gsheentmajfortihten €er e@s t he maexiamumdittriaovnesl rtepr

10% of all trips made. This means that measur |
travel time would not represent the majority
The observed maavede tlhes ttamtcal di stance travell
specified for the thesis. The four routes hav

beisigmi | ar among the participants but can be
significantly from the rout e due t o i ntern
mi scommunication or due t o eIxhtee rpmavlie nfeanctt ocrosn dsi
i measuwarsed he numbmeps odnd atrlyge mwmbEhe ol amnersal |
identified by .ThHwailruevsi btrhaditu rdipy phdaclagitese dthhee p av e me

resultsdheembeonof pavadmeolntl eevent s Ths s i s def.i
serfeatol east 3. oTihsihsmrse nvabmoateisemnsser i es of i nt
results in t hreoteiveaemab Ildee s 8 9 mMmo r(eOrmog ztiq &d/ampe He o

Nyakas, & VanThers ameatsi0f200r) t het hdhesti sdy uar ¢ @
|l ocated omhél ayct engiasionflreacstterduucstpuariggo at tgnt age

pn



cycling infrastruct urlusigsyptei plr edvatoarsdfy tdred i mae:

wel | as the travel d iSS tma rit chee | dnautjreb ecft mmMs up @ dt |
as the actual number of ioft etrusrencst i penrsf oacrrmesds.e d
Theol | i siipoena sdaiissekt he act ual number of <collisio
mi sses. Thaameat omoolnseetsrcewb e hicowunt edmiancicnournd i n g

spacing for yCdltiystosd IiTEyDODdNitiettddAD&@&®BY!l ected t hr
the sumskyng participants to recabbkeanvptpoobl
t he vi deol hree codbrjceicignéd acquedcygs t heelaictcuas pams
the ECC and ipreg@edbervaehscpasbas to be travellir
l ane while the tpadedtlrningn altao stso ohe onThédre si
batteryi £ apeaccsiur ed f.dhet he®ut ke sdiws tahriens htalhree sotf L
di sthaesest han @&hkwdhwlad hc ovvasyu me a s marnalx ifnruarct i
rangienchee ter,thenbastétgtcapacity i sThiiost reexspuelctt
in the ef éapxgt stmpddleingiglkel e.

3. Da2a Measurement s

Tabblsee mmat heeapproaelhl eecstidn gTolreh ei nvsatrr wrbhd retss u s €
the data arei WheciB&ledarmied mlwa su aari e0 use dwsawrmesd C
i s through stat edaeisetragtaensc et hwhoeurgeh tthhee sur ve

response. The comfort, cycling enj,oytmeavel ctyic
travel distance collision risk and cyclist vi
i s through t hedaoathasTlhmesasdumwned acthuwalgh an i nstru

variable during the s,tudady.el Talhad s tpamieanreta,t etcroanvde
measured throughhetheyobsaegvedfdasaructure 1is

t teot al tdriasvtealnlceed on a cycling infrastructure

Theariabé ecsolcleedtaddh.adshhae tgpesnuous dwdadlaudasy pe
t hat have a range ofobsescsobtier meatsuwaeellent s me T
andycling infrastructure used are collected a
provide a meaningful order to variables that
t hceycleinp@yment are measulrheed dulsmmyy vaa rriaantkl e atry m
variable used to represent the data as one or

pp



The cyclisandemyggl a mceenw re duiemimyd e afrri canb [tehse s ur \
res.adlhtes screte variable type is used when t hel
recordpavemédret condition, collision risk, 0bj
di screte variabl es.

Tabh6t\ar i @b Il eeMetti hoond s

Vari abl Coll ect Measur emen Data T
Comfor| Gyroscopg Observed, Sta Conti,n
Recording Rank
Cycling I Survey Stated EXxpe Rank
Cycli s Survey Stated EXpe Dummy
Demogr a|
Cy c |Eixmpge r Survey St ated EXpe Du mmy
Travel Strava, Observed, Sta Contin
Travel D Strava, Observed, Sta Contin
Pavemern Gyr oscopse Observed Di scr ¢

Condi til Recording
Dedi cate(Googl e Ea|Percentage of Contin

| nfrast.| type

Object J Googl e E ObseCylemnt Di scr ¢

Collisiq¢ Video Rec Observed Cou Di scr ¢
Survey Experienc

Object F| Video Re Observed C Di scr ¢

Cycli st Survey ObsecCoedt, § Di scr ¢

Experienc

Straataa

GPS ,datcd udabnsgertoheede of t he EGQ |d uercitaegdn tubsei nnegt d
and -&G®P®nected smartphone running Sttrlaesrar ouwat ef
travell ed as well as the tr(a&Svelavtai rien eamapsgtOr2adv)
accur ateacaksuinegged to coll ect prrtehlei npiontaernyt iiandf o
t he berftoie IHh@KRS . coodadtian aitse out puttebabastadei ha
| ongcbaoaddi nat o i mé sothlrdaetd adaan be used i n mappin
t hreo U takTeme tr dawelgitvielme as t he tot al time el aps
recordi mgw uthesa vi stulad Itooomdt iton scefe t Hilki par $i th
same for thagitvrravehhd&inslpmwa®i she awne kamg éweslple e
as the maximum speed achieved by the partici

spreadsheet from the recorded route.



Ki nematic Dat a

Ki nematiincc |lduadaiancge Itehreat i,b@eobfFethedECEi ng a Wit |
The gyroscope communicates to a smartphone vi
fiopti®sed for gat herriendgu ctelse tdeaet aa mnoiumade oift e q
all ows for easy recor dlimeg @ynrdo sscyormpecei nrgecoofr dis h ¢
di mensions, as well as the angu( Wirt vMd toicon,)y, 2
These parnrecmeitlerasted for the sensor betfhi3@ e dat
axasccel esanhspileFacxch.scel esatopbpded for each poin:
conducted byThé eidapsaendt itcoi pcaonmip.ut e t he dbgveheof
cyclnicgpguamt i tatively aid in identif yTihneg dtahtea pias
outputted as a text file that <can be importe:q
s ecofhd umimsnus esomidlsl:i saelcomgilswi t h the accé&l erat.i
The -ddeaddnd ad@raged out wiitstectome fdal laowionqthal
resiuht se@tomelrs. data recorded includes the rotat
of the device and t he tténimaraasteetse iwd eatnlye ode vi
resahmnalnsaes y s

Video Route Dat a
A Go Pro HeroilIctVivded oy iGdeeseorrad g @ go ff drh ee &ECIC rra u
travéhked bafsad e neexsptraensppsBeodumriaasus €ecsoembédded i n t

fidmdgssed to qualitatively aid in iadéastiveylngs
have recorded footage of any potentmaVinganopr mi

stat iobn &reywse hi cl e, p eTdheist aneani,n eAdobhe Premier

editing tool that all ows us t o Tsheee fforoatnmaeg eb yc ai
manually matched with thhe gpaess caarge mpeadesItrriaa
manual | yf rooarunttheed f oot age.

Spati al Dat a
Spati anl tdhaet ar ooad and cycling i nfrasitgalclteuatee dal

for the numhewdhefpjienencenand amount of dedi cza
the .MThhet en unmbuenrc iaaforss mpl e count of t hiee ancuhmber

direction. This i necusuedepsatihnst ecrosnencetcitoinnsg otno noutl ht

pT



entranctlewaym pluestiend Googl e rMappesr saosn wrea Il k aosf at h
confirm toHe tfurenlseumber of i deteamméneéedghttlhiteur n
number of ,whthr sbetnomber of turns representi
the m™Moueeturns may be wused by the participan
obstructions.Thleomperickeent agaet of cysletegminédap
mapping the routiedddyditirag fwhoint hStséreabneaasst urruicntgu r teh
di stamaedi viding it by the total di stance of

3. Dal a Processing

The input data from the instruments and surve
anal ylse sprdee rseqwieryes converting descriptive r
each resp,ouscen amptledamfdorl nfanfrorf etmad egeNtdbade r es
participants did not Thesonrd| awg octhlkeenvagemadé ek
choi ceamdteH e ,aAsHePi tt hoeorli nttoeorlp rceatn Fext-fi@es@Poinsgs,
thaweonvert-e@0%opO&babilities ForAthews jogittlee ch
respamseescoinwvto t mdtrreipcreess etnhtatbot h the i mportan
partiodpweeat itahbadte t he participant found most i
t wo optni omy eiresseedvatlouei ndi cate that t(wetpartici
originahdivadwuienght bei ber mernt.h sher APk qpre nERe S .
AHP weight sacvegn partieair panidhse nc iwirarpee r tit ldee c e
valaudg acent to .t HFercitrhel saedr itibolE@onnkvienrgt ed t o ma

but do not need an I mportance value written n

Each route recqrudamnkesahr 8t t avian tod & hseprdead dast h enegt
ot he experienced travel time, average speed a
For the  tghyeg osufogonet e d ¢ th er out ei Smporetacch ipratrd i i
to calculate the comfort va.l uforantdhda hwi chasuanbca
count of the wambelre 0 fa peh spsa didpai tstiesldamdai ned wi t
therpde sur vy raatdi aigh eismi@pnvtetyhe rout e choi ce mo

Py



Chapt erMeRohuord:ol ogy
4 Flield Survey

The ¢hawt Fiigsurisepit9 tfi ve sections: Preparation,
Variables and whei B6CeScbanee DPleen discussed i
43di scubeseemet hodol ogyTlhd pgrhep aErC&t iSocnrorseect i on |
compl beétdbhe fiedwWchhuavyeyecruitment andareest abl
coll.dbeedat aseotientéewpl ains how the E&LmCeri de
carried out. The data recording section expl a
i nstrument asi déef vami arceod 8 etctheeyd. duriag t he
establ i shed Some Setutritviery 63 .adeesotpeelritiiselsed The Sect
survey is a hybr iTdh eRF uvarnvde yS i esguatkwevwerys i@ dtl reasvc e Ip a
time, travel distance, pavement, cycling infr
visibility, sight !l imiesib e coomf osrhto wesnnie heanoj dooyhmpet net t

process

The neixdo srte@r ui i gaSien dNppgesnfidswe a f |l ow chart
taken to prepare and conduct the ECC ride and
hawe mi ni @ mpafticipants to have a sufficient
consisted of the York University Keele Campus
the ECC ride had to be approved byreéehaccampuus
foand participant data is coll ected, aamrdd uwerdd ¢
ofmout h adavreeseidsitmg r ecr utihte pgaprpidiy@dipmpaws st ieoeret h
certificate incl uMimagnaédthar y eicmaie ntmewnd ddryseirst i
partichpas®éd to increase recruitment and com
participasi qomr.ovilies to the patrthiecirpiadnet sanadf t s
Parti artphaenit scont acted tondrcahgect hegarnetl iy magi
contact information and acy@lsisntge reaxpdrviee nncaep. OF

rogwlkeishotwse various checkpoint sAsana rceycuiirnegmedr

receiving et ipiac sairaeppmaovald to fil]l out and sig
that outlines the benefiitasvaandabrlieskiso otfh et hpears
anidsummari zed by the facilitator at the start

P
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Preparation

[ | VAN / A / N\
variables to ! ey ) ™ Participants / ™ Participants /
collect %, Questions \ /
N / \ / \ /
L . / . S hN J

— !

Data Collection

Electric Cargo
Cycle Trips

Survey

S Data Recording
/ Setup

\

Video ;
Strava Gyroscope r Spatial
( I Y P ‘ [ Recording 1 L P
Variables
J
¥ Y lri vr Y ¥ Y
) [ ) 7 )/ ) [ )/ )/ )/ ) [ F S /
/ [ ' {] i/ [/ [ A A AU A [/ Numberof / | Dedicated |
[ Quserved /. /| Observed | / ! [ Paverent | [Nearmisst/ | Cyclist [ [/ Cycling | [Demographic/ [, oo o fop Dedicated
[ Travel [ /GPS Route/ [Travel Time, [ Comfort / conditon / [ Conflict / [ Visibility | [Enjoyment/ /& Experience/ | Intersections { / Cycling /
| Distance [ / [ [ I/ I I/ Yy /o oy [ |/ and Turns / /Infrastructure/
/ . I, [ ‘ I [ [ o J ol /ol /
\ ECC Score
o N

\ - . - J
—  » Variable Analysis and Selection

!

Variable Weighting

!

Bikeabhility Index

Fi g Fé Cwafrodbrevel pipegCniSc or e

The fieldplurvegto two compbhentSsr.VMékgeaer E€¢I t r

< o =

uestaremveden paper to avoi dT hdei gsiiutsavlid gcsa ngmleidc att
ompl et ed wi twiiitnh 140 mminnuutteess s pent by the part
ackground and demographic and 6 minutes spen
iding (ThesuECEyYy i Bencgtelassded rmor e (g use snypil dirgs t he
evel opment of the ECC score. This all owed f
ariasvl esl | as the pairwise rawéar ngloiogs ulhteed o
n a sublkbygeye swlihtemsl.engt h isfnctrleasedr bgyyad® manwyt
essarghaoedr -htohuer 1Ibl ock by\ dmifneut emibnuuftfeesr. t i me

onsecutive sessswmes tlke pflaninleidt atoor can pr ep:



participant arrives and to accouhoufther ssueg yiyo
guestionnaire is dAppdgdcdsihxomwtso tthier sauTlvegf iqueests.
S e ¢ tkinoonw n #s-Ritdeee c trieoqup aretsi ci pant s to fill ou
i nformati on aibrmoalta dtidmegmsgeé vesr and ageswal sd,
guestions related to their cycling ,sxumgeér iaesn c e
weat her or i nfrastructure and -wWheeltetlamrl cwacl
guestarfemrsmatted either as omula i(@ltto choscal e.ch’
arcconducted onlinesbefowudyey sdesipantboei pbautihe be

Theecontdhirdpantdsswriadcgoeaducted after the ECC
to collect RP dexpefiremceairnicyphengeadobdgnt h
known Rwsuttehe& Vard adtl iegmiat e ngparticipants to r
10 how wel | \warcihiadoif eegahceh noifn e hd hriauwt ess crtii dbdhe ni.s
Wei ghts and Rout e iRalnkhatgebs . o R g tctiveaaritg peabntt ese

i mportantort ce atcthemp ai r wiasre advdlneldsiorwa t imearo r dam te
them using the AHP i mpoirgrmnadebgcahdi Etabmngdg ne
var iiatbsloeit mm c eT hviadlounee. t o simplify the i1iThpaut f o
route rankings section ispaifrmitapantos tdied AM®
i mportance of choosing a var iThlbsfeoal taomg It dhlea lp a
ranki whgich is used toAMBrwéihlgdtheo ECICh ss®ctei an
short garessverotnlte pa'st saf panpntexperience and opi
an ECC-niiolre ldaeslti v etrhye prehritsi aibghagois! i si odsnbrf ne
they experienced on the routes amadetheriapiped
anal yzGongPrtdaei dlie®ocus sed®@.i4n secti on

The gyroscope, S ma r & pabtotnaec haendd tvoi dae oB acbabnoeer aPr o
with a 900 L cargo trurBabbamrekiThdg?2iE)CC tpwoo vfirde
25 km/ h of electric pedal a,swdii,wth ewi tclo mpri e @t v
peda,allilmgvs for speeds up to 32 km/ h, t he max

(Ministry of Transpdhea€EC&€nh@stgeno, shA0R22) ng
gear shift can be adjusted when riding to red
rout e. For the fi elddefsawr veywiot hsettaenédeagtdar ¢ s b §



| owestFi g@asEhhows the instrument setup on the E
di fferent physical fitness | evel s, cycils ng e:
depl oyed with a 0 kg payload weight, which on

not include observed cargo.

Route 1 to Bergeron Centre Garmin GPS and —; ke

" |  Smartphone with [ ¢
u /// ) | Strava grarss

o 7 Go Pro Camera
Ft ’
[ AN
[Ty
| ( \ \
| | : \
| \

- ———— — .
‘ \\ ==
\

Babboe Pro Trike XL ECC

Wit Motion
Gyroscope
1 /-

Yo

Fi gldlenst rSiemewnp

The gyroscope is mounted on the frame of the
than t hwhifcrchhamean eschggevadatitdhes the cyclist
smartphone i s mouthnd erde ®or d hreo intaen dtl redwperI® vdi adtea v
route navi gatA oGo tPo ot hHeirmy dhbl@iugtttaendd r@an t he fr on
video of the riAd&Gaakmim t58 0a GPEs hsam.l so attach
the route travel data anhdri sesyhcedttonSofavah
The paritgii vuemdido mi npunt &ct itiod er E€Ci@nogmed cloenf or t ab |
usi ngormiynut es i s all ocat ed ehoittteudiomngy esnt tolfe
routesant ake8 amienwtfes to completeisadahdomrded ©
identify if the order of the rrishet etswoafdfecttlse t
toward the destinati on ahhle tihresroatnhuestbtggyod tecavwah

rourtequi ring the starting and stopping of dat



Parti argfafndrsed a sanitized hel met to wmisgedur.i
behind thenparyhdeeanrtpiacnatl e E€&rfeo | tl lnewi ng aihdkci mgput
during the ride.

4. 2 Survey Updates

Thr oughfoiustt dtdhyehanngaedse t o thhedscae velg.e Riirnset ,s pdeune
t hreul t-atpdiece posur beyloegn gttthe er t han the verbal
guest icoonnsd vuaommeadd mlf y er t he ri de t @ mecncsuurraet etlhyatr e
their experienctehse itn ntee tfaoirl .paSeacioccndp,antiss t o tr
reduced from 10 minutes to 4stmimmitreg wittt tahe
to its requirement of wider turThing gawiparctoing
adjust to thenaC@ rien docersfsi dennte .iTr,itsotgaertthienrg wiht
Part 1 of the survey being filled out online

of studi es bei mghocurmpdTrdti ke dlg avtipshhén t o poor pav
performance along the routé¢ 8Bhai ,ghespacoomae dirhaen
of thieprowilé&edor i gidneasli grnoaytdeedd & sh e4 Bh d Awlbe rae c h

the participdamnt pwsis|l d heo ptarkkudemgurat |l ehtVani ¢ a
Boul evhae dp aritsiaadiepaanmtar e of these brahabielki aatdo
which branch t hebyefwanntheads dti ds e dsyBoi wgnli b a

Rout eséd4d Adi |l ar tsou chhd htbeatd Ba v e | d iisatl amocset & fudtetnhtel cr
al Isfodvre vteurr n s alnidnrdoamsteggemeviht € h may all ow for hig
to be achi euvusdigdwehnitliec abh otchy c.l i Fhogu ritnhf,r atshhe ufca wir
someti mes request to overtake the participant
pavemensasdiwdlrlesas parts of the route being |
vehiclTidmosst comnRontal RBuged 3.
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Fi gbliRoutBa alhches

The fi eilaomdifodesede,k 8 om M&y 2048 J LR 6 2ftkrdom Monday
to Fbedwawy ®&WMaOn d OMMT he weat hearpmomdirtiilynsunny
with temperatures between 20 C Oand 27h,eC dade
partienpanseere @, whe ggtrhlbenpt ed a cancell ation or
t he A itdoa.gplardfi cdPpants paBOioddpabhedcomphbébedt atk
four trhoeutreisthsesr aeyl. viAoweabweé te,sas cycl idnigsiantt ear el so
in completing vhe sbédBgaweaeehkeeromal arrriwwoi ng | a
of the foeumgr outdestsipii dad pact ssd agpmasnwer applicabl
of theTmlRiorwteey . & VarseaedbtitoRheiissogis vaefyf 2cd ede i t he
t fel s st of qtuhees wAeHDPgs$etcatifliad f. Poofu tteh e& Vars eddtlieomRat
and a quAH®Mern gboeftcsgtihoen r el at iamrgea b loe r owetdeeedruaem & i n
to the questions requindllepgaralilalf ocuormprloeutti eosn st od
partisabbpamty to receive the moinediac gt esncemati v

not have to ctompe.&nme itthe routes



Dué¢ o ptahret i ci pants cycl ibh@ o hefsaedhei dns oarnt e s
rouAmsgddi ti onal 11 had doniessshgudang hcasmpeéebenbasa
i n t hedepmlmetriange mod connection I ssues between
the devheatiirnmagv e rwelahteheab s enc e afoff etcthlei dsn udndbtea o]
obser watrieeamo® ns eskRitdee tsheeevREyeempd fettehe gyroscope
we par trieaddrygdiedd nloat rakbrdnd, 4 video rdomording
the partial gyroscope recordings, since the m
arkeept . For observations whaem® sdialwe rifee maonv encui | t |
which rdswhbtsedvianowhsofr eanbvetdaé maif ndB8gc a&BM obs
b&kept as IiBH@AQtscdroa. t he

43Anal yti cal Hi erarchy Process

AHP i s used to generate wePpbavisiokeabivlairti ya bil reci
regression models to determine their weighting
model to develop the weights has some advant
outcomes need to beepwvadi atbé e sf.r Frarq amatl i tt att i

as dummy variables in a regression model can
the stability and in{&apmenat POAiddfsthbheenoehnf
bi keability indices where almost all of the v,

comfort converted to a dummy variab( Kammenguant
2014)AHP can handle both types of data effect

pairwise comparisons which can be challenging
the AHP for the score is to aserstizeddéether mo
user s.

Thwwei gahrtdset er mi ned by applying the geometric
responses to the ptahe wiAddiRpshatoamipair h esTds\s rrfegs\gpm n s e
requireocéowmmirnvpdbideosst | mportant and rating it
1 tBHadh pamres gocmpsnevta rsa emhawiintithov a a cflrbolne t he AHP su
guestbbsosbdbwglLadaBhe varpeoes !l ated in the rlicdver tr
value with a negative sign indicates the part

a positive sign indicates t he plrahret idci oapgaoentaclpr e

cp



matrexpisessed dowks wirtlmnghe r epr esaesntsienegn tihne

Fi gur.e Tdh2ebterri aonfgltehe matri x i s transpoaéedes$ron

i nvetrcs erde fplaeg d ti'sotptpeassdIteect i on i nashehowpernt Fi gno
Theinf t he Ipaaptoiscitparet valtulee i mepmheb et | ihfadt ey
negati vet valismembearced with its inVersei @exphews

Figure 12d.

Travel| Travel Cycling Pavement . Risk of | Object ol L . o
124 Time |Distance |Infrastructure | Condition Junctions Collision |Frequency Visibility| Sightiines) Comfort Enjoyment
Travel Time -
Travel 6 )
Distance
Cycling 2 ]
Infrastructure
Pavement
- 1 -1 -3 -
Condition
Junctions -1 -1 1 -2 -
Risk of
e -4 -3 -3 -4 -3 -
Collision
ject
Objee 3 2 2 2 3 4 -
Frequency
Visibility -2 -2 -4 -3 -3 3 -2
Sightlines -3 -2 -2 -3 -3 4 -3 -
Comfort 1 3 1 -2 3 3 -2 3 -2 -
Enjoyment 2 -2 -2 1 3 3 -2 3 3 -3 -
[aMat wi Phirwi se Comparisons
Travel Time 1
Travel
Distance 6 .
Cycling
Infrastructure 2 -1 !
Pavement
Condition : -1 & )
Junctions -1 -1 1 -2 1
Risk of
2 3 E . 3
Collision 4 3 3 . .
Object 3 2 3 2 3 4 1
Frequency
Visibility -2 -2 -4 -3 -3 3! -2 1
Sightlines -3 -2 -2 -3 -3 4 -3 2 1
Comfort 1 3 1 -2 3 3 -2 3 -2 1
Enjovment 2 -2 -2 1 3 3 -2 3 3 -3 1

[ bPi ag®epl wicteld 1s



1 =] -4 3 =2 -3 1 2
1 -1 =1 -1 -3 2 =2 -2
2 -1 1 3 1 -3 2 -4 -2 1 -2
1 =) 3 1 2 -4 2 -3 -3 -2 1
-1 -1 1 -2 -3 3 -3 -3 3
-4 -3 -3 -4 -3 1 4+ 3 4 3 3
3 2 2 2 4 1 -2 -3 -2 -2
-2 -2 -4 -3 -3 3 -2 1 2 3 3
-3 -2 -2 -3 -3 4 -3 2 1 -2 3
1 3 1 -2 3 3 -2 3 =2 1 =3
2 -2 -2 1 3 3 -2 3 3 -3 1

[ cNegaValvees Assigned

1.00 6.00 2.00 1.00 1.00 0.25 3.00 0.50 0.33 1.00 2.00
6.00 1.00 1.00 1.00 1.00 0.33 2.00 0.50 0.50 3.00 0.50
2.00 1.00 1.00 3.00 1.00 0.33 2.00 0.25 0.50 1.00 0.50
1.00 1.00 3.00 1.00 0.50 0.25 2.00 0.33 0.33 0.50 1.00
1.00 1.00 1.00 0.50 1.00 0.33 3.00 0.33 0.33 3.00 3.00
0.25 0.33 0.33 0.25 0.33 1.00 4.00 3.00 4.00 3.00 3.00
3.00 2.00 2.00 2.00 3.00 4.00 1.00 0.50 0.33 0.50 0.50
0.50 0.50 0.25 0.33 0.33 3.00 0.50 1.00 2.00 3.00 3.00
0.33 0.50 0.50 0.33 0.33 4.00 0.33 2.00 1.00 0.50 3.00
1.00 3.00 1.00 0.50 3.00 3.00 0.50 3.00 0.50 1.00 0.33
2.00 0.50 0.50 1.00 3.00 3.00 0.50 3.00 3.00 0.33 1.00
[ dNegaVdlviees I nversed

FiglPRai rWvée smC€ponaveEsampl e

The wei ghtseldaruesicng an AHP calcul at{ ®&mi seff o gviac
202Phe reaemmalintual 'y repl i catterd tporyolcheasasthpaifoh ec @ n f i
weights wusing the averadeolhoweal ibzE ks pagegem dittomge
use Bxfceadn sprecaadnelpéetcatwei ts sample calcul ati c

Thendi vpiadrutailci pante wéieqdhtasggr egated together t
wei gBash partici paanagsgrAdRt edi ghotget her usi ng
individual | wdgimenthe mgeTHmeedge occmenterainc mean i s
t he weight edeqsuvafi)iaosn seen i n

CAT T AORDEIR 620 @)

Wh e xies vtalrdaanwdi s he AHP wei gh associated with



Thlevelcoosi shenaygyh spepbnesepmméemi shecked to id
respanceoenss iasnoergt t he oiff fvar e RiH€paisrisst mathodat i
issed tot kb ud @n s i Ltliesnhceyn icndsepxintge G pa c esd@dm@iicn

equa@®j omo chad ciuncaaresitst eegya@abino as seen 1n
3
#) — @)
€ p
Whenies t he di menxainains otfh & hper imactirpal ei genval ue
T D 3
)IAIIOE@OE—ZI—)AU
Wher e CI i s the consriasndenmbya siehddxoxn arnadn dRolmiizse dt

res.ul ts

The number of var i asbolne st htelweaft gdrfaelsntahi en ndoedpeeln da n
i nconsi s.tTehnec YE OC4 tosrcooe &c h svad rciua dnlt ee ds t avred ggrhd i z e
depending on the relationship between a vari a
hi gher trreswelt 3t |l mevenascoueewlwetd a hmhieghudrnt spav
a higher score. The former useswiciotleee taitteri o
benefit criterion sTob7liesg sas heedorimul aquatidon
for eachhwarwiaablad.l es atrheats ttahehdyeabomzedd t Lu A0 a |
standardi zed val ues 4drhe sapripioaud dissag gyeadh dmgd u toe
inputs to avoid very | arge numbemheinr wmi gulge wi
smal | numbese boundaries can be tailored to

variabl e among the r olhsacoraen df cars eahceh |roometset iv

sum of the individual ascoseen téhfehnie spwaplrlieaswsse dt hoe
to be compladr esdurtwey hreesQul ts including the over
W w 4
o @
W W

Whewés the score dboiseabtle gaeiabdlebse value of t

wis the weiigshtt haendl,owest value of the variabl e

O ()

cy



Whewés the score ddoiseabevagareabseset he variabl

wi s wteheght, i s the | owest value of the variabl e

Tab?t eCriterifovarkamrmhelsa

Vari abl e Name Criterion Typ
Travel Ti me Cost
Travel Di st an Cost
Cycling Infrastru Benefilt
Pavement Condi ti Benefit
Junctions Cost
Safety Rating Benefilt
Object Freqguer Cost
Visibility Ra Benefit
Sightlines Ralt Benefit
Comfort Ratin Benefilt
Enjoyment Rati Benefit
06 Yweéi Q wzpm (6)

Whewneis t he arotténeunnnuibnebre rofi npartisabl es

44Rout e Choice Model

The route choice noarederoegd r éAmo ebs edretreedd bHyogi t
commounsleyd transportatdonapl aohonogoebomircme | aurdd ntgr
behaviofnevti ndidemns o2024rd | ogi thanwa erhornnes axyled
powteo explain variations of the dependmamsit vari
i's expl atimetdatussitgnnge @lif c @aohteput s oA hheghewondsl at i
signififndawlkeg@test hosenvarbabbtesthel hfedHPt itso unfad |l m
provmalxplaaocanaoaegti on between the vaei glhees t h
ordered | ogit addresses this by providing a
vari hlbgdwer age overall route attracitn vielmies st mha:
Toget her wihtihs tahlelioAnesH tisfayt ear i abl e shoul d r ema
havimiggla AHPRP rwesihgohutl d be removed if It has a
wei ghted

The ordered | ogutti Imotdye | & iplsetsii drnl sl(a@lry tae mn Kt. i v e 2

I n this thesi s, the alternatives are based on

c o



O to 10 with O indicating a veryTheoordeuted h

mod el i s estimated using NLogit software.
The obserVvfeodr uetaiiclhiomwuwtted fromarheaedil edl owwdual
6 r 28 28 E g 28 (7)

Wheffeis a consnt ainst ttheer m,ot al n threb efro | d fo wvifenrgi aphalr ¢
determine the influence TthreatutX |hasy drms trhed adlkesd

each alternative based on threshol dHvoalkewves ,t h.

an exception is the zero threshold which is f
this thesis, the probability ofa&olbaowe: recei
.. . Aob
—_— 8
OOlTDA\p N (8)

The priodsshiclsiedad d er hao m9@etsit loi ze t hcraens hbod dc avlad wle

as foll ows
...~ A@DP Aob .
. . 9
0 Ol&A 5 ADD > ADD b & (9)
Where: n represents Ohie@ ad e presaentvet |
The final alternative rating of 10
foll ows:
- Aob 1D
00IpAT P T Rgp

An expected rating value for eachhreowte wiatnh bte
hi ghest expectedersatfimog tBe€e(sr ebsaesna &sT & &h etribsd el n p L
basemtihe indepesfdramRowtrd a&l ¥ari ablod Rdatei mgusr vs
i ncl udiiQwvge rtahlel Route Abdbtractiveness Rating

The mosleéstuismatigedNLogi t 6, a tool t hat i,s used
incl odidegedbuéd otgodo t c hahel ednagteas cwoiltlhectt i oaea L1 A8t r ul
resafm ssi fgodnat e sanmadveyrepbated in the datas

vallure addition, the data is treated as a panel

TN



compl eted route. This is an unbalanced panel
while other participants Andegl BEgmpeeatddt wo g
partici pantAs ffioxredt hed fppacrtesl panel s utilized f
variabhebcpamitti The results in the fixed effec

di fferences between routes.

Ther der embdiedgused i mdtemits ftyhe f1ies vtiao i abl es t ha
signifibahps dttherwamieabl es t o dkeep opsRHdR he omBC
weigbsul ts.



ChapFkievFd el d Reéswdly s
The folubBewitsdg sTuss the results from EICEL fiel

scowei ghhese survey results are discussed i n se
di scussed in section 5. 2. Section 5.2.2 intrc
their speed and cycling experience.

5.Slurvey Resul ts

The squestyionnaire is dAppdadEdihxwsg ot hdreer seyxt
The firsitsdgd see®RPiden s eclTthiiossnr egqaoaires partinci pan
sociodemographic infammasiwen gbesti omEmeel ats
e X perhbefnacree . Tthhnee sreicdoen g e @ thodfo ritdhieadeseondey t ed aft e
ECCr iTthe. seeoihdon he Route & Vograirahlceasp hRdltai ngs
scale from O tvarl(0abh oew mvesfilaTdomcdihelf iord secti on
i's the ABHRdweibghgeu ersan kin,g $heguAld®Pgq wiansg hpartic
tanswer for each pvaairrivaibglbeisc b mbafrn talbd eceisw@f | mpor
to them andt theavr iiasigploatthemt usi ng the AHP i mport

The r outqeuersaanrkeinnsg mi | ar except the i mportance

5.1.-Ri keeSurvey
This section discusseBrRihdee rSElmedaysiptode samaed f

t he same or derargeh ateon tthhee qpaasrstsiecei npsai@Gl sA p(pheanpdti exr
5. 2h2esults from these questions are used to ¢
A tot pleopfl e3partici paeleld tanmbowbmumi gobdl souudy0 ¢
Figumei gusdbdow the demographic results from P
consbét@d underg,Bgdadtuat eandidlediemt st udents and
par ti arspuabnstesguent liyntooattengocerei zaeg@e?2 (grreopurpess e nAtg etsh e
undergraduat e s2tbu dreenft measgderytp iagals @raadiéat g eat sd
represedetr GCaudul ttshose RBreneydded as malled whi | «
identified as female.



Other
Older Adult (25+) 0%
10% Female
23%

Graduate Student
(23-25)
21%

Undergraduate
Student (18-22)
69%

Male
77%

FiglBeParticipant Age FiglbdeParticipant

Fi gl baotwsadf t he parti cirpoaand sbitcyypc lcea |l @ayt dre udte ea
and 17 of tuhsad Ipwar ttirdagipla nbtiGo 2plee pi esthaae. ri dder
and 4 par tuscecpoaanvtesnbtihyaawiestl h el eEt gl GdhasvbhB t .

of the participaldtay @y odesdt ifcoyrpblets8d atydsagh
partici panrMda paewelekd. dbestmop &r t idaispantforaeny olfe e x e
ei,swirtfltewgartici pants i aydflood&atyd gp urhppads etsh esyuc h
commuting or |Igtooidss ft&wma mptofirati. pants recorded t |
i de ,3r ebceorddat t hey rarely witkbbhedbe kpanti ail pa
ndiitgntat hbegydbe due te Il ack ofi cshegenvesindaTh
hEeCC r i ke paasr teihgebpagt si gni ficantl gxpl pamtead y har
o ftahcei tihaat o hey di d mpart iwaihg ettiorcgg o ht nfgawwm 1 ¢
roufesl |, the majwareiotmmiodtoeplplr ei chganhe study &
best of whehrombyPardyotti plh@ats .cycling on 2 ro
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I don't normally bike

BMX/Racing

Multi passenger or Cargo Bike with electric assist
Multi passenger or Cargo Bike with no electric assist
Trail Bike (Thick Tires) with electric assist

Trail Bike (Thick Tires) with no electric assist

Road bike (Thin Tires) with electric assist

Road bike (Thin Tires) with no electric assist

0 5 10 15 20 25

Number of Respondants

Figubbycling Equi pment Responses

| don't ride a bike regularly
Exercise
Competitive/Sport
Shopping/Goods Transport

Commute to Work/School _

Leisure/Fun

0 5 10 15 20 25 30

Number of Respondants

Fi gl6Ri de Purpose Responses

Fi guerA8i A Appendiusaltihzee resul ts related to the p
t he weat her conditidhse parwhysibaabhefyi tcyld® i s
for those t-Bafoar ehbess sbthnfeowh atth ofsiet tahnadt 4ar e
except for 2 of the participant,swittéat ad telvems e
bet weenWeaehewoaoceadtietgioornisz ed as,wdrtyh, tRhaei nt eampde r
conditions categorized as @kO0yYy Co,) dCddlesar t hal
G25 C) and Hot Vegrye aftegwa ptialsatnt ¢2&9 & mt@hsen p tvh e r



with resanmldrfdspfecl ®veliys.i miihliasr pfaotrt, wthhee et €mpaenrda
participants rated thatespegticyelg. in cold te

A queisgiivwean to understand the main asteeernis
Figumw nter weather is the main deterr,eent ht hat
30 participants selectingas twelTlhead ad&s toif natyicd
ar e salgsnodetcearnrtent s f rwint hc ylc8 ianmgd nto2 esel.ect i on
Figu&dows ttohp types of cycl iprag tii rdfihmaatti ddcl tuudrees
participanhe sayvdEd@drigti ci paret § oaddiidisegdi ng b
sepabakedl anes, 6 avoi dirnrgo wsa ianntde d7 -ba \ekoeip d itatmge .sn

Not interested in Cycling [l
Limited Physical Capabilities
Lack of Shower/Changing Facilities [
Lack of Bicycle Parking [N
Destinations are too far [N
Lack of Dedicated Cycling Infrastructure [ N D
Winter Weather |

0 5 10 15 20 25 30 35

Number of Respondants

Figubv@ycling Deterrent Responses



Sidewalk

Multi-Use Path

Barrier Protected Bikelane

Painted Bike Lane or Sharrow

Road

(=]

10

15 20

25

Number of Respondants

30

Figu8eCycling Deatf e Bsaptonocse@s e

Figbh@eki gRGBdow

thespaftaimcilpamti ty twhavdheel edt r i

Iwe lils f a

conven

bi keexscl uding tri dlyerl e saff eotri2e hpialrdtriecni.pant-s ar e
wheel ed bikes ,wilhteg ied®p amrfrtlitycrii pcaynctl se sar e
found pgaratti Qi7pant s ar e-awsrsfi amiel|dv hdd B peayictl irecsiep &rctt g
wel | famil i ari nweil futdyedsIividshtasv € headseeadsrsii st e d
bicycles -bhéeehed éeéheeeric bikes.
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5. Roait\war& abl e Ratings

The foll owing figurtle dRa©assectiVideo r ®lsipdhese st o
t he raartei ncgpsnduct ed aft efrhreruimbieng otf h ed aBEr@Qidfenu tse d
noutni form because saom®tofabtl ke t pa rctoinphlege daevt esrlalg ef
rating is used to-pedéot imi y getahweaurbidashd Redsmbdo wso r s t

the travel time and travEdb8dhoswsa ntclee rradti inmg
ParticiprReotd®nr atveddabe thae tenmesof . twimeh and ¢
averragd ngwhoebréed uteen avesaiged t he saoRdudses for
rated the sh,anthdeaetrradgarn gds sa fa n&c.e6. F arnadu45eath dr €8s p e
t hiesxpected assedthet a olud etsh e ,rl eosnpgeecstt R vaardtdgh £ hFoorrt €
shorter itduevetlo ttihmee hi gher cwnoeé anly cmpwehleilcsh pau t
despite havingnaalel angewo Rthietted Boveen terms of tr

f M — D Route 1
O Route 2
& . O Route 3
X 5 [ Route 4
% i
X
. X
FigRteTr av[eledTimav el [DRisRathlceqgs
Tab8Ter aVietaen™r av el Di stance Summary Statistic
Route | Count Minimu Media Aver al] Maxi mu
TravelRaTiim

1 35 0 6. 0 5.6 10

2 39 0 5 0 4. 8 10

3 39 0 6. 0 55 10




4 | 34 | 0 | 3.5 | 44 | 10

Travel Distance Rating
1 35 0 5. 0 5.2 10
2 39 0 5. 0 51 10
3 39 0 6. O 58 10
4 34 0 2.5 33 10

Figazbdows the pavement comhiiTlad®ieédhoawsi hhe 6Eonat
Rou2 earnodt enad | owér 5r &@tdiamgls 6. 8ecti ons of the
poorly maintained pavement , boddt iwdn s . Tleceopfeesw o f 1
veppor spots of preeeneomgmt fonr ridwtaeavarragéer atin
which had more poor spots along the route. Thi

2compared,twhrobtbad mini muemst es milandt®. t hos:c

10

D Route 1
[ Route 2
D Route 3

4

[ Route

0 o B o

FigRleePavement Condition Ratings



TabdtRavem@emidi ti on Rating Summary Statistic:

Rout e Coun Mi ni mu| Medi a Aver a Ma x i mu
1 35 0 7 6.5 10
2 39 0 7 5.9 10
3 39 2 7 65 10
4 34 0 7 6. 2 10

Fig&dows the object visibil,wthyTasxlde hsoawse ttyh er &
stat.i sRouteespd te having that h8lsdo avaes agbe viwer §
safetywtrdbta9ntgo i ts high traffic vBbumes2ahddpt
| owest avemagd®uelitso btihde ayt evegee avfi on and bl i
buil dingasl.sRbhetdhi Zhest awerdygel tsafietts Irawaea m gt |
and | ower aw@cmp aorfe dr otaod stRloeal toabti Hgehr preoduetsetsr.i an t r
pushed its mini mumudlaggkespyteahiangngl oshe hoghes
and its average not being far off from route

L1

7 X V2 X [ Route 1
X [ Route 2
6 [ Route 3
] Route 4

[ Route 1

4 [ Route 2

[ Route 3

3 - = - [ Route 4

FigRBeVi gliLbeefhidt HaRieRRlaytt | ng s



TabllOe Vi sibility and Safety Rating
Route| Count| Mini mu Media Averal Maxi mu
Visibility Rating
1 35 0 8 75 10
2 39 0 8 7.1 10
3 39 3 8 78 10
4 34 2 8 8.0 10
Safety Rating
1 35 0 I 7.0 10
2 39 0 7 71 10
3 38 0 7.5 68 10
4 34 0 6 59 10
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comf es t 1 raath deh.§3, cd nods e6
| mawedbt.efatve riatge kiogni emr tt
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of ver

| ed
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8

7 [ Route 1
X e X
X O Route 2
X X X
6 [ Route 3
X

] Route 4
D Route 1
4 [ Route 2
[ Route 3
3 [] Route 4

0 4 4 4 4 - --

FigRdeComfLeand En|j Ry mdarttt ngs

Tabllle Comfort and Enjoyment Rating Summary S

Route| Coun| Mini mu/l Media Averal Maxi mu
Comfort Rating
1 36 0 7 63 10
2 39 0 7 64 10
3 39 0 7 6. 2 10
4 34 0 6 5.7 10
Enjoyment Rating
1 34 1 7 6. 8 10
2 39 0 7 6. 6 10
3 39 1 7 68 10
4 34 0 8 6.9 10
Fig2assdhnows the overall ,iwduTasblla&shtorwasc tti hvee nedtdast irsa
guestion all owed respondents tovaraiteb i ksa treodut

t hr outghhe ent i rael tsdmea vietyl dbtendonta yheaevre measured i n t
Route 3 had the highest aveatgféoldlvewead hey dut e



7 ,8i t hskr ocaurtce 2 having tlse alt o\6erdd samede ticiahgieed ycaatni n
due to the | ack of adseosutdiemsatdi dmMmpazlschbguimbde cranu:
of establishments such as mall s, stores and

compar edcglt amdacthe have a | ower Thhhimbemalbés eshab
more attractive to use despite tvhaeriiraibadheasslylean g ¢

These estabsosheeatit we |l | from the use of an
drop off goods to and from these establishmen
) —I_ -|_ -|_
9
8
. X
7 ~
X

6

[ Route 1

DR()um)
0 D Route 3

DR()uwﬂ

0 a —+ 4

FigRBRout e Attractiveness Rating

Tabll2®Ro uAtet racti veness Rating Summary Statis

Rout e Count Mi ni mu Medi a|l Aver alMaxi m
1 35 0 7 6. 9 10
2 39 0 7 6. 7 10
3 39 2 8 7. 4 10
4 34 0 8 73 10




Roul ehad t he mowdrraches o orsaavbed eptaivieane ntn .d adrddi t i o
the | east favourabRoettor aay ohevmeoada higreg d roa
safendomfamd the | easerréagie ;mmewa bfhoernt condi ti on,
enjoyment and.Robbéeovdehald thevemwadea htghseo Gtoradbu el
di staanndc et he o vidatoatl It hreoulteeast f av o uRoallee 4f (nradan
most f aavernrraadgié envgiss ifhonrdln jt yyaeactt he | easer dgaeou
rati ngsavfedr ti me, travel distance, safety and
5.1. SR®Rokit eg s

The previous rating results discussed the par

var i ablflhd s section di scusses t he resul t,s wher

additional pairwise quegsarobbBtaskepartesupant
|l ater in champtieci parndt Heéde to choose which one
a particubarBtlbiyeliimygol ves pairwise compari son:

rouwes h the participant only completing the |
rankings for the routes are determined by com
the numbereofr otuit me xsoeul | eficrtbeaiv e hbeereaut e ranking
t he surivseoyu.ntTehdivsh oiruaskelade t o r arsk stehhee m@utveesy qu e
i Appercdi x

TabllZhstwhe route ranking reaswnuil ask é@dsierd tome t sheer
proportions are based ign ctklteal arf wandbdhret lnd tt o tmaels
of times that route waul.d BRHoavtee ble eins priacnkkeedd ftoh
of wvtahreilapl @assignificant margi nbeRXoouwmia@ut3edi ofr ar
variladileg rankeudt s edvoingh tAhaarfidathh de s cb ntdh irrodut e 4
t he worwitsleweairda abhked | ast. Route 2 ranked |
visibijluncyd uasennds o t he use o Mmulbluesrer opva tahnd wd a nhg essot
mai ntained as well as the high number of turn:
to the intersections on the route. Route 3 ra
tight, shtarmakerins hadrder to see oncoming ped
varidbéeso the route being set as the | ongest

vehicle traffic volume along a significant | e



Tabll3®oute Chosen Proportion

Vari abl e Routdg Rout e Rout e|] Rout e
Travel Ti m 6 3% 49 % 49 % 38%
Tr avel Di st 6 7% 4 3 % 48 % 41 %
Pavement 6 3% 45 % 55 % 37 %
Bi ke I nfrasi 6 0% 43 % 53 % 4 4 %
Junctions 6 9 % 40 % 47 % 4 4 %
Collision | 70 % 49 % 4 2 % 39%
Obj ect Freq 71% 45 % 51% 33 %
Visibilit.y 6 3% 4 3 % 4 3% 51 %
Sightlinesg 6 8 % 43 % 42 % 48 %
Di scomfor't 61% 42 % 56 % 41 %
Enj oyment 6 7% 43 % 53 % 38 %
Overall, while Route 1 is ranked the best i n

best in 2 cateeigohfeirets® @fn dt tpd afccewdr rout eEhé or tF

device ouardfeuscusesabtsn the next section to se

52 Device Output

The device output results i ncl uldhee GIPSS draotuat,e G\
aroebt ained frowm &@ heo@Bm*avadapmart phone and thr
Theat processeAdr cQirdhRgrhg.yr oscope data is obtail
Gyroscdmpag oxredsed in an excel spreadsheet. The
Camer a pamdceissed through Adonbaet chhreedmiweirteh Ptrhoe a

gyroscope output.

5. LPS

Te GPSi eladch as tihoepbseéeasveémage travel ti me, di st
participantanddhee asphe erdo wctad egor yilgis®@gporovohepsi b
number of turns conduct epds atmte themlpeerr cefint g e
infrastructure traveFligadépeowosrbtclerer 2R | ed ¢ med irn
i n mifnoaraeb partici pRoant tomawealc ht irmes,t ea h-i gher

perfor miTadpll4ebotwwe. t he summary s itTdtema&t k csepoes et
the melkilae the | ine acr oss tRweutheo x4p Ihoatd rtehper d soe
ti mewhil e Route 3 thah.tshei shleargteecsdtteRiorua wel3 1 s
shortest of the fourwhioah eiss ciompameed ttoo Robalt &

routes. This aligns with the expectnefdhbd reavel

yn



Despite being designed as tlReusecbdbntiehdngest e
travel ti me®seompadredp ietac® telheeabpp gt he second sho

with an averageRbubheel time similar to
18
o
16
14 @
o
< T O Route 1
£
o o [J Route 2
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= D Route 3
&
= X [[] Route 4
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x l
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FigRab@bsefMvadel Ti me Results

Tablldadr avel MTin@emmnmadx at i sti cs

Rout gCou| Mini mgyMedi |Aver (Maxi mSt anddamnvd a
1 36 6.0 8. 8 9.0 13. 1 1.8
2 39 6. 3 94 9. 8 16. 2 2.0
3 39 61 8.0 8. 4 14. 1.9
4 34 8. 4 10. 10. 14. 5 16

The travel dFsgBmedablesshowsthieatdi st ances tr ave
participant are c¢l os &ottroadtidde, a oac iehgii gnhad r rvoault vee |

poo-perfor miTrhg smrout d . ongest distance to shortes

yp



Rout@omBpared to the tr,awelh tainmeavereeagwlet D, st @aunmtc
bei ng s hPRhoulee 7kinyanel ded an aver ageRoturt &av4l atti e
mi nutes compared to 8.8 minutesfeRtewrtres 1n édade.
to be made ,awhowrcdp trtlkReurcedt ¢ he ti me spent stopp
t wowhich had shorter straight segmBemice drme mon
have a fixed aari dgihre dmdvdddtdiaxdpteica e di ¢ hfait x ¢ ch e
doodi fsfieggni f i c anarceps e¥etwhetrleen i &i g@duwrorwesd .a RO
| ower eaflékermudrespi te the r awntde thei mMmaj|jdrli tkmolf
having oifKsltOaOnvdmeswi h@PS dat anpdr o thSo wRrdo t hat t
participant took a shortdameér madlonigecdhdomnsii rmggt fe ohri
shoritsgiuscussed i nasa dleastpert es ebcetiinogn t he only pa
noticeabtbéesheasoning does come up. a couple o

2.2

2.1

o

D Route 1

o
D Route 2
o
T [ Route 3
J_ Route 4
1.6

Distance (km)
=

1.3 i

FigR7r@GbsefMvadel Masulatns e



Tabll58r avel DimaA maeeé sti cs

Routeg CounMinimMedi |[Aver | Maxi m|{Standar d
1 36 1.6 17 17 1. 8 0.04
2 39 1. 4 1.6 1. 6 1. 7 0. 05
3 39 13 1. 3 1.3 1. 4 0.03
4 34 16 2.0 2.0 21 0.09

Ther eakdownouotfe tihneb gparsotprourdtitisidrreanlc e fiog h cevarc hi mm o
Fi gurFeotrb 8. rmfut &srt g ywltausl eower v al upe rifnadri nciant g sr @
The i nfr asetnowncsftaraegtleds h di r ect iromrug eaf Tthreav elg ua
that theghktaghehses r out e pirnofpreadsttpreunadti nrge on t he d
the route thKHawdwerbeitnhge ucsvpalroap dr eimafiormassit srtuecrt tu
regardl ess of directuisen.paRtst @ he Uueadtt bhat mall
portion of Dbike fleemegrsnar Kieldeirmg@sub e d®cwtngp ak ed
which used unmayjakeaed itcady etrlad Imbsthe [owvesstrR
2 andBt dhiad e nitn fcrad sprraupcd,miriebn KRouttevv2chawvwingsg of m
use pdtwoweanhdonwhidRbetead8 had lusecpatom afmd mll $
roads sé&eghamki gépreevi ousl y.



Percentage of Total Infrastructure Travelled
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H%road M %sharrow M %path

FigRB8eRoute I nfrasbhy uRdwtre @maopbirrnte otni on

The propor tdacgecesmpuowtred owsieng a wei ghd eadl aerematy
r ouftresime f i.A1l dwsfi udy pants made det oMarns eal dmg et
parki,ag $bbiwg2a9 aPar tairgesi pantshe option to eithe
peri métehe | ot or enter the parking | ot and <c
travel ,dndcdttameeisnfrastructure pavLpoFéeguaimMs Ai d
i Appemlkixxcept for the case previously brought
l ess on route 4. Theisavoiud ea alramugqa pdhret ip@am ko fr
and to go dt headtnl,wsobaedeknobhy the straight dark
corner offFitghikleh i AgppPrenhsibatvdast thelrng i nfdrastruc
b&9% road and e3,dp®Wwarhdl hg the sharrow emdéosdel y.
and otweesytt | i ng i aodmpavedctodir ehe predeter mined

yy



FigReRarti Ropdmtsotuhlydani er Lane Parking Lot

5.2.2 Speed

For average speed, a -pewéepor malrhhgee raveetf @& éstpeae «
showhi gd@ed summaablzeEdow nt hat @Rauteard paretls adan
hi gher aver a@m/flsop e eodRecdidskllyBght | vy 6kkend ihnd Tdtesk2 .t
routes priemafr idtyr e&ioghsti sstegments of road or sheé
more space to cwictlhe laas sa ihnitgehr ascpteieddro uwiet I8 phed
| owest avellakfme/flop ¢ ®@edveat blyl . Rodkind H20 atthe-useuse ¢
patwhsi ch are shar,eaflf ct hng ed bashtiplaimatinys cti @ asnaf el y
cyclindghepbedheRouspeddieonwhy it took particip

route coRopared® tdespite both having similar tr

y @
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o D Route 3
» J . % [] Route 4
10
8
6
Fi gB0leverygeed Resul ts
Tabllé6Aver ageumBmaSdyht i sti cs
Rout gCoufMini mMMedi|Aver (| Maxi m|Standard
1 36 9. 2 12. 13. ( 16. 8 2.0
2 39 7.1 11. 11. 7 14.9 18
3 39 6.7 11. 11. 0 13.5 19
4 34 8. 7 13. 0 13. 16. 8 19
One way of categorizing participants is to as
only their average speed on the routes but al
ent husiast class cycliats$owsdfbei sata ¢t¢rFrassat
be considered, developing an overal/l picture
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direction, and taking the avemadderofuteach Foa:
cat egortywss ppenedda,r d a dsewh tartraectneddt i ng i n a speed r
than 10. 1 kmmeh.i uFmddijohve @netyadm g ar di sduebvtiraatcitoend w
a range of bet vi€2ekrin/ hQ . 1T hikam/gik dia(imgend cabegory
standard devivaittilo na ardadreglkOmie ti@®&kent b3 . Last | vy, t
categoarwwtlmad ard deviations added 9kom/ ht Wi ghr a
29a tsobw2S%tdhe route propor twiotnh oRo uetaecsh 1s paenedd A4c
more sigmoporcainon -Bi gh hamddekRidg mh,avtheg @eraise KRout e
and 3 caovoprei sssupasbpoattabn of -Mehdd ulmo v pared lcaw e
Fi gulneslb3s3how the speed cate@Quoey poOwpoftioba pa
on rout badlgandvier ag ec osnppeacdfodc @fftpetghdal Y r panhes on
2 ands3. than 22% of the participandesmpéhnadut e
over 32% of rpoaurtteiscH2praamtdsi oannt s wi t h 2 or mor e
t he -hmegdh or high categori esswdrempearstsi ginpantas wir

more rout es-lwiwt i eldmevy cneetdegor i es arse assignec

At the moderate speed |l evels, assagi ntged hes ip!
clustering chart that groups parasciipanassignmn
becomes more subjecTheecdtogagomoides awec spseiearsadc h
in Microsbobti Pewer By t he psatvteerrang eb estpweeeedn atnhde t
route attr actlthwesnteesrs chaaritn gme aemts p wihe @ mu sl h @ wa
fasi mple interpretati ®@Quamft HulbWwo rdOaRett) efrigg w2 & 21 41 )
All n ApRAesrhdbiws the cluster chart using the ov
independent wvariable and the average speed wh
dependent variable. Two cl ust ersspewehdi cchatveigsou a lel
credltheed ust erhiwgippdeeadt @ ory represents the ent ht
that thewpantedi phrtsoutes with a higher rati:H
whearsehe cl usth esp egeadt ter y h®h o ws twhhaota tpeadr ttihcei praonutts
a |l ower rating had a | ower aivserlagcea tsépde eadia o uTmge:
fr®dmadg. Thwhseries t hreouwatveer agei serd®gs s etaathd erdp uttoe f ¢
bet weEleea.values innOb¢glecet!l WOt ¢ prleaveusaly Part.i

tmmodi fy the assi gmmentofofa hpeagrotmibceispant s t o
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mlow =low-med = med-high = high ®low =low-med = med-high = high

[ aRoutsepeled proporti [ bRoutsepeed propol

= low = low-med = med-high = high

S

ulow = low-med = med-high = high

[ cCRoutsepe3ed proporti [ dRoutsepeded propol
FigBteSpeed Category Proportion

523Gy roscope

The comfdédriomr édhelatgpgsepedo@maes di s,ovdhrefrcer tt hree shu lgths
value, the more di sdomf amhtei Tplpe tt hes phaimd rored C@ 0 |
t heex3 s accelequwatifomhlu@&vwi@nglz 631 about mechani c

shock.

W 0 ®wL W0 WO 1y

Wherei sawt he cycli®hgawnidbawtiaamwe itrhem/asc c @lxaérsat i o
y-axi s ,axainsd, zr espectively.
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This eqguation computes one instamnmmedfasytchaen
di scomfort Aoftowarchcyoluieg vibration indicate
comfortable touthe shape of the gyroscope anc
mounted, tihmeoygrnytredcwpriaghts wioti hytphigearatit bde of
Zaxi sandopvn) wiatxh st he@ionh hef-axihed@i)dend -akResyin

t he tfobaonk diresbbiuomme dfheée ss aneo rorail dntpatritdamci pan

The reBuydBmeTdaabl Bhow Rohtae 4 hhgtheetmage di scomf
753m/38sf ol |l ovRedt &by 2 na/ts Thée. Wi sReameordt iesn due t c
instances of,whpiooh mpaveimeead i ntMhxgygbker vdbsaodmt
wh earsehe di scoouRiesmpl|l ohi ed by a f ewdnsee cetyiaompsl eal o
included a participant riding uphil/ over man
which resultedSomehpgheh'eypddiniggu @ hatowatl e o

i nf |l utehnkciegdh di Bocomé o8thad the | omvésso mpda rsecdo nwiotr
route 1 ,winthea weiesncm/idVoit eof o664. 1 had sever al

-

esults similar to route 4, i tss wd werra g eo adliss cam
number of moving,adadhowpagkedhevelrrelies pant to f
and in their ability to navigate around paven
dirsetea$ s o, the rpatve mént e ohdeetd etimnc wtehdai ntt ,evi 4 h

di stremaesn!| yhatetarhreedcurb of thhkeeghoathEhaae nnet
variability smoffet seé Joe $abllaecasuosnpear t i arepiatnh esr

uncomfortable or unfamiliar wheh tlyghiiggg ot e
to stay closer to the curtbhawhetrhee tcheen tdars tafe stsr
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Tabll7®i e mf Be $ Blutmsnary Statistics

Rout e Count Mi ni mu Medi a Aver al] Maxi mu
1 29 215. 9 534. 664. 1523
2 35 116. 3 622. 74 4. 2651
3 31 388. 2 516. 578. 1230
4 28 518. 9 652. 75 3. 1687

By plotting the gyroscope data and comparing

ti mesi sepdcdhect ed, it Iis possible to assign one
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or more distress(efproexampeéeti anpatiitaloéd o udh
b unsph oavsvi br at i on erheyagdhi nmagnpwiitthudae hwherf e®eas aasha
of the route wisthhoaeslsleirg eetso coefa balaxypk h ft gindeers e
extepdedde@. vi bration r esalreesc ofrrdoemd tfhoer geyvreorsyc
whereas the wairféero daverexcosesond. -Fheomdiex agalt
computed to convert the ¢gyreboapd et aoiedt € he
softwareds iiSntmemmdlesclbedhk nd t hevh@agMmrcoe dc avind rha &
rewdr | d tiismoen stihdaetr ed when Tae cbanhggdimhisd xefeadre s
ref eerbreerdbuangms e based on the aAmpdndg ualel otf hd hree s
ampl ittruadweeslsleicntg tones radhed tevse ¢ @ ., @i B8h t he axi s pr e
by the gyrisheopgpi cal range or amphipteaéeewhen
di st rTehses ecsa.t egor i asberoofk ethh eu pb ugnmpese il ggts 8 hi lo@e at
i nt eadfvalF®gmhaluimp dwesul d ame | dthade i s 6tb@Stowe Ea 20 .

1. 4. Laragreeo bumps i fgtbhatempt haodé. 4 or | ess

FigdbakKi gdsdawmwe number of small and | arge bun
al ong tThaebll &eoWa Bll.%u mmar i ze Ash@rrees wlutssy ment i ol
chall enges with the gyr osocdoaptea rneostu Ibtee dn gi nr edc oor
Routtehamhoshesitgmaiveirage number,wbéa ®onualeldt3b ehnap s

| owest average numiFenmr dfhes malrfyeb deiptsad itr Priitfei c
average numbe,ywhaedrsed atr g e3 blhhangp st he | owest aver a
at RGut es atsdainglht2l vy l4a 6t s 1 2Vhaanayc hoofu tteh e arutmipfsi d inal
depressi oms cfovemssewhese covers sank into the
the paveawmeesoimmanty see-msenpéadlbavapsd.dcdhhe rtawtta |
pavement at muhuesppanhtd ohi Rbamet iRda ati larles ¢t htae d i 1

sever al bumps being recorded by the gyroscope
when it comes into contact, Vi br atTeav 12eméA ECC
Appemrdias a | ocation of pavementardeestproerss éd eall

causi ngigenvdirilaciaanthiconusd-mademékeatchr esute has a f
wi rleadsingrsi fmoaan tsluyp b & atnyt phrad a gQteh eo f r eTahdiisn gcsan be
attributed to how the pardtircdipghmtpanmocigpgednt |
cersachions lotf itdhef o wmud @ttbhaet rtehseu lotudol fwlieBrdsp ar t i
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exper i en,ceanayocl |l di nwge aithéd cerrd i@ dd @ogyecs
Al so,r attlkealy t he
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07Che08Baiminga rOt8L . had
cdheger ae @t [Baimitfp a5n th e

r outhees mesb cMreadagmMzartrayg et h e

thatoubhpaetri coplmeées | ocations of

spesedi ch

resulongeriTmmi br emetahnes sd untalti er s

averagehisglkeds

ent husi ast

signiati ¢da mgth

a high speed over the distr emsrs svdgoiwoutvhent e mgt
t he di s-0o lPeasts chivbaadk p s r aleingreelr nummadeomi bumpsé
to take measures to avoid ordicsdfuacre t he
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Fi g8 BNeumboefr Small Bumps
Tabll8 maBu mpusmngat gt Esti cs
Rou Count Mi ni mu Medi a Averal Maxi mu
1 29 0 4 4 4 8 120
2 35 2 35 4 2 129
3 31 6 26 31 99
4 28 27 4 2 51 159
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Fi g8 #4Nu mboefr Large Bumps

Tabll9% arBjuemBe mm&t gt i stics

Rout e Count Mi ni mu Medi a Aver al] Maxi mu
1 29 0 10 12 33
2 35 0 10 12 36
3 31 1 7 7 22
4 28 4 11 13 30

The bamgso categorized into pavepmseuncth daiss tarl dsi sg
crackangcause multipodkeowastampkesTblisesdhi ghsbown
Fi g8meadummain nadBO®Pr evi ous st udifeosr hnaovteo rf ovuenhd ctl
ti me that a person egpenbandde amndeeér €as@ticsad th @
|l denti fication (understanding(ex &owoit e mg r( drRICE
ti méowa Department of Transportation Office o
on Uniform Traffic Clohsitst dile Deé mec eve,ed2@0G)r tF
vehicle to reaxtectuds et dleceveéminsanad avoid faildi
event. An example is a sinkhole with signs anct
falling into the sinkhole. The PIEV time is t
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signs and can have a minimum time of 1.6 sec:«
mot orsipetedisht&inme t o execute a deci si onHalulc h) .a sW.s
1990; Nati onal Committee on UmfihfeorPm EWVr & fi fmec i C
di fferamtleyw iiissn aissheidtd enmeit m if pmum t i mef etehl ast aan dc yrcelaid
a bump when riT@disgmoni ammE€CCme i s used to det
vi br a@tapa@anstrestunat in the series of points to b
is mehepaaddwedvehicle that deceiferratae 8 Qatk md hr
Due to the el ectrbickednetet eobhtehat E@B8e aslyeams 0d 1 |
vehitchlee, mi ni mum PuUEBE¥ECQdsmdheovdsmrmpeni ngt anennsdu e
the strength of winhr artrieohs mi¢letd by @yarpias msim
to mot orwhvehhi cnheeasriPd EVhdati mehevoulodE & U $oewe sf or
datapoints for t heevgeyrryosk.oBfpses aaa cer diaelotp,r dfoar b ea
considered an evernthyroetehmarpe nthastsa beatitr égiaster
alternate between | ess than 0.8 and greater t
hi gher than 1. 2 hoeelmogmp itdidasa Or. 8 Hdasaou sceo nssa mies r
these distresses occur in areas where the par:
on t he,whiiscthr eseosusied t he accel eratioe beyadrdctile
typi cal vi Dhaet iresul gppag@ hewpbahas on rmaudte 4 ¢
signtfnember of pav,evmemt adi sWwheearpeg e¢ wEnNHa nt s o
3 experienced the | east nummbtheranofavVppawagee tf s tRa
to the maxi mum number of events experienced o
t he event s r eaptehaet eldd cyaitdicdnl@erneAds g paintdiixs seen t
few par,pact paunlwadirelxypetrhesreed a high euwmbms of
al soa hlaadr ge number of events significantly gr e
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Fi g8 5NumboePravementEWWea stty es s

Tab20®Pavemérstt r e sSsunbwv&tnattsi st i cs

Rout e Count Mi ni mu| Medi a Avera| Maxim

1 29 0 2 4 4 2

2 35 0 1 4 47

3 31 0 2 2 34

4 28 0 1 5 58
The methoddesedmine the quality of the paveme
pavemenal Powataeas to know how many cr d8bks, isut

simil ar rteomahionw ntghef uncpremabupéyi ddscREBed i n
i's det.erFoirnddne \WRdé&HW, cbeehat hedbipatardasesn éanprliede

gualitafsarweapodwever, the bBubgpeagnda Vteey e@&RR v ey
vaamong dpddgseatr#dbal tse o©b aogyeoscdpea on
i's objective wmadeowmsulsd eheadesalts when the E

ident ie@a& h|ITyghiemenet h e tsiodseeldy on tdh ec avninborta tiidoennst iafny
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type of distress without visual i nstruments s

pavemeadwddyl d not be regi $heregyr bycivsh el ignyirtioesds €

its ability towhetscadnianleondhsei R Palsdaiusitder gbgl n
ride quality survey results.
524Vi deo

The video results consist of ohjeedtotahdaoqumbey
total number of ndéamamiusdfe secaaonhtl praorl tlii csii panrst. 6 s
i gser foremdd ntad e the totals. Forpedhesgpreadans ed an:
i f ammeeyar thetB@E@swleent he pedpeastthrniaayn aadmji d hemt o
sidewal k cl gesegar diuhecdtdhearflSeEC&@rgi Nng or movi ng. F
that passed the EOAe e@umnwteideohv iinngc | vuedhedcilaelgsl i el
t he same or app ashigthee CdZierhe cctlieossn i maldudbed ecsar aa,s
as bicycleandmmiorbmkeées)] ity vehicl es. This al

uni ver sity gtroo ymadisit aismmagtah & ac ani hg machi ner y.

The <col |l i sapoaacst urad c acriodhel dBasuigdcasnemarreerpor t ed by

participant orwitthhee saweaiyg o baegg Cc | piesdaetsobrr i pnoperty

nvdlhwe papotitaidgyainlti t at Nrear hémseslese pansi st pdnD

(7))

eldporting of near miarxcehe ctkleayi wfiedolhto ft htehye ihra dr.

—+

he reported area to conf armantuhaelilry rceopuonrtte.d A

articipantwiftonwr seaaeht erdo ste@g ment s not counted t

> O

ear misses included alnyorv elheiscsl eo fort hpee dEeCsC.r i a

Fi gB@emTbDabldlshow t he pedfesn rrecaufileer. pabsedumber of
vehicles and pedestri ansp,era ohringhregrt reoadmhwesatd ntdh e
signifiavamage numbetr dlo5 (e dedtsmitgayesteo faci | it i

ncluding a shopping centre, food court, I i br

-

0 URoceudaenRb utleaBBémeo st sitgaveir &g eRoluare t3g t he rout

—+

hr oughmisxeesfea @il,i nti edi ng a subway sRautieonl amad
the | owest averagaet dluimbeéemwo of spaddestocSicgoeneés
there is Il-upgtdevdloommermtuidndgar by. RRowtt e 8 WKadk 4
i tmd x-esle ,amedxuuding reswhHeRohuitael 3bulidocdkendg.s Rout e



educationwmhi dlmachdvdiaemns incoming and outgoing n
of ,daysing the numbevaoy pegdsebsteannk seen to
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Fi gBbfRedesPabsand
Tab2l®edesPasaad Summary Statistics
Rout e Count| Mini mu Medi a Aver a Maxi mu
1 367 3 10 11 27
2 490 3 12 13 43
3 549 3 13 15 32
4 47 2 2 16 15 26
The number of wehhei cElCeCs iEsh gsiheopEsk@i@aRlout e 4 had t
most sitagwmearhagdhaersad fdu@® t o i ttsr aufsfei cofv chliwgrhe r o0 a«
t heer omiheesfeadieddidng t he route mean that vehicl
onehi ch alhs &b srecsma daway but iRso ulReesasn dd e3v ehl aodp etdh. e

average
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FigBr7rePassing Vehicles

Tab22 Passing Vehicles Summary Statistics

Rout e Count| Mini my Medi a Aver a Maxi mu
1 261 2 7 8 27
2 143 0 4 4 13
3 141 0 3 4 9
4 502 5 17 16 27

Thteot al fmwembermicses and Fd gld3asn coen sti @ methwdwa d |

in 4 weeks, the numbere xopfe rciodn @esgh eonts& damtdo mkee r
number of collisions and the numberpeorff onrenairngm
roultaeb23¥t s the colli Aibotahaobob6oopbkHddwi bhs al l
seldpar t2edmi nor injury <collisions, 2 -wiissiibbllee |

property damagaeNoeHUdst nomrdadeenolflriosni ohe Go Pr
Routes 2 amads#®d dswbgmiuinbean of e inglatovh nibsustveasl saot

havi ngostthesumsmiaent i at tchorteban si 92Apsnogteaft ynd g mage
typel | asadoiearsj ury tyReutceol 3 iiss osleiveednat ymil s sves

t wool lisions. Al three routes had a high amo



t hr augehas wiusle miawheidciht iienscr eased the possibilidt
or a cRdudUtuesiena | arge porbubshhef | eamar kedbeoa
near ai, 38 «@® | | asseeoenns or elxhpee rviiesnched.i ty and wid

route may have contrad dmgarded ot o tish d stwtelr b ch ubnd et
that due to the | ow sample size of collision:t
| owehr-arpected vehicle and pedestriraom bterea fafl il c

safety may nototbhei sf.urldsyulrtef | ecti ve

,
K
- | —
T 7
% m Number of Collisons
o
o Number of Near Mi
5 _3 ; ®m Number of Near Misses
. 0
I -
0 2 4 6 8 10
FigBB8kol |l ResbnPer Rout e
Tab23€ol | Dei anl s
Rout e Collision Det Type of ( Cause
2 Sharp Right Tur. No Dama Speed
2 Fel l of f ECC whi l l njury, Speed
on hpeat h Damage
2 Wi de Turid tteldatt he No Dama Tur ni
3 Bumpedaciomico et e No Dama Tur ni
3 Rear Ended faci.l No Dama Speed
getting off t
4 ECC wheel alwemde o I njRBrgpe| Pavemg
causing it topw Damage Condi {

Basetthendisfefcadifeomtishe sur vey and otuhtee iln sitsr urnmaennkte
best route but tihsearnee aofe fIchoen t Xx&RiU ke &§ gpopimtss and

the route choice model i nmotrhee poareekctiossee € ® h toina Is |
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cyclviamg abhesaffect ECCs and th&é&heotutasgselmosim

d
t
t
b
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r

i stance rankings show that ©participants rank
han rouit®he8& whorcthest route according to part
he route. However, the travel time results f

et ween routes 1 and 3 differed by nagp pRroasxtiemalt

O km/ h greater 3thahisnn®&ticeabl e increase i
oute feeling shorter as the participants kep
oute 1. Route 3 has more junctions ando pede:
educe their speed, resulting in the route bei

unctions and pedestrian traffic which would
ave to reduce their smp@gedRouTlri 4 measthts shor il
ompared to-l1Routad ih.gsThhd @ he routes in the tr.
rom section 5.1 also showed that routes 1 an

er c eopft itohne tr avel ti me and travel di stance di

t wo categamnesedse tn the average speed of pa



Chapter Si x: Mo del Resul ts

6 .AIHP Wei ght s

The section discus?Pwesi flntes @ &atc do methu bdh d hled AlHe |
t hatp aorntei diafg arott 6 sus erde mairnitrhge anal ysi s due to
incompl gd&8d owanrAHPheed gmp st e da § g o efrghhbh erdenshu |l tes
Tabl3e APpermMdsihrows t he aggregated response matr
aggr eAgtaR ewdeii .2 bel ow the upper recommended ¢
indithat e$ hhewheas algjpsreeg atoeScb met eht t Hse npaatrrtiicce sp ahr
consi stesicynirfaitdant | ywigtalfeelteeyr o ntdh atnh €0, v@h itcoh 1 r
i ndeghdt t hese resul tTshiasr e sse odeuea dtr@dH ietseint fadr &
mat r,i teBecomes more challenging to reach a co
ofvari amldescombi nati ons t hat Noh abveer t b @\t [RuBYL €)o n s i
Sakhar danha@®R &)ndabst.mahte mat r i6x Gbasti eho rbae ctomers mo

chall enging to reach a consistency ratio of O

The AHP results had parntSiectisp aorfd aorgu armvdhssakl® sa.r Yle rc
number of <criteria mays benteaefrfpecethead,addyn ethif entpieer
cause inconsiThi e ntdoie eshel asregceombdd ble hs man natur e
data collection procedure. Since the study re
in North Amerijima, udamy pgeéeaepltear getardegmbgsesaphno
having kemmoovd gldge abowel It haes nmohdee daaf f abbbBbst hgpe
wolud have experi Eheedaoni ¢ihpanmtous&@ampl e al so d
couwhwepbpul d be more experiienn caerde dilark euds bsncgeantabr € soe
t oonvermrctidcosntedn tahnedEh ead ¢ pesseésear ch rel ating to t
a project,sof snoehtehsbatsy pe@ed from conventional bi
effefcan vVECC Soemeeanchineoitpapnotssi ti vel y p,artiichi pat
could have resudathed hilry rnexxparss s@hedniragwiutl B se asdio
participants weighted the rnnwiskhoé& podt t2¢5s.15a% e
foll owed by visibility at 13.0% and pavement

The <consi sdresocryt edatfiroosm | east to greatest an

consi stency devesatheas f hucdqaerd t grderosat &d e2nvahrii coh
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computed t hAeHPagmeo ethsttsead nsi dering participants
|l ess t,aplicdOnIPpolomwmsi densngtency rabScesarveifoebréss s t
t hfal | r s p.olehsees etewo sections where the consi s
signi fTihdasntwmow.l d remove the PAMHEFPr wecechggmgses evsi tamal
t heFm g8 & e s usd INAelz R wefi ayrh tregascphesacteinvda b lda nBa b 15e A

i Apperdsihxotwh ei r reegsgoreecgatveed r Ebporoevas insfteernxy r
Scens2andarle. 028@. 0,2@®% p e cTthiev @leyno v a | of more inc
l ed to a moetAHPLO wsiwdithemt i s tdhbes dxgeatbédant
chanhfge consifgtoarh arieer paotanitsdeu X , t h e AHR ew esiddihfttt de a

sl i giBtcleyntawaanod evehceanksidied m e Sabknhasrhfoorvahaabl es
such as pavement and infrastruct urvearsiadvw tisensal |
not significant |liys dcehnatrigrean 3Whoeoc dmismaoart i comanges t
AHP wewighh st he AdrPd eweb eggihnttsh e SertinbAa loat petsoul t ,
its domwsirst ency arSdc enia@®o bpadirsv dileueeds AtsP fweniaght s
Thi s metamess khat col | i si var iaarbotnbge tnmoes tp airmpi ocritpaan
by visibiliop]epgpavémegueang

Two additi canecel estcedaba®sed on the groupiarsg of

previ ousl:y Editdoeslgissstie | 9 ceedn gaaish @ Udeyicslresebe |l | ed as
ScenakKdro tShese scenarciadse,qamrhess velrla gef stphee dr ou
complartes@d to divide the participant pool i n
parti arleoaorktesd atr & oi ssdeiev id tfe abheet ween ent husi ast
Most of dande rtecemdgs det er mi nweidt f rao mf @ vi,e maeisrull yt ¢
di scodémoirved fr dmbiBheBakiseuAfgpmeMdihow t he br eakc

and overal/l trend of Ptahret itsweop apnaarsteidc ii pnatnot tchaet ee
a emore physically fi t4,+ cdyacylse)d ncoyrce erde giunl awelty a
conditions, had a | ower number of safet,y even

but dihsecdotnof blrggdhee t o the faster speeds requiri
amplifies discomfort over poiobepavemenitcallnwe:
|l ess often i n | eissso raed vceornsfeo rweaabtlhee rd,ueantdo cycl i
bei ng defrecqtuedditli®lscul d DH%e% emft Bdsitdat cyclists
attreaeds vrating graefd8ewrlefilsame7.cycwhete had a

Mnac



rating greater than 7.0. This means that enth

routes compared to | eisure cyclists.

Separating the participant pbooogh ounptso otfh ecsyec Itiv
higher consi gtesrudyt i mgtiions rel abutvebyillesbelcow
recommerbc@tnialtvando a4 consi st,eviheSc emathia® @&f cO.NG4 St
ratio ohRBAP O0O®®ireeglmtkdown al so sligbtkeywhEbanged
Scenarhe risk of coAHHA swedmgdatreséd seids whi, | ietryakel s
ti maed paAldPheweiimghrtdsaoSednafrlrea sk of coll i si on,

ti me and di st armae e dnenccir ecaassibeds ,cwoldndlaeea s e d . This n
sense sAHPeweadrg&aelsased on mwohrtee ncdaesdu atlo coyycd li es t s
more | eompasEgnhBwheore sightlines and travel t

cycling atf ora stosremd p ppd d 8 S
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Tab24€onsi stesncy Ratio

Scenario 1 2 3 4 5
Consistency Rati( 0.0252 0.0231 0.0202 0.0490 0.0330

TheRHP weiigddamsarruesed for the ECC score due to t
i ncorporating phet ilmdiHBRayttay s wiIfAHRMgewethlgdtt shave
sufficient data to acsupiRait$daen areisac r3 boen ltyh ei rmpcc
of t he cdartpaa rpeodo It ,VBelientariioo 21 i ghtly | ower thar

but removes the most i nconsi stent i ndi vidual

Comparing tharobddeedodbnthbeir weightings to of
review, Vaf(O2Dhkekeabi bity index which outputt e:t
found t hastthes anfoestty i mportant with a probabilit
aest het Vas( 2MYycdk) 45. 4% and cycling infrastruct
are higher than their equivalent AHP weight c:
t he wdrhicab|l @ddi ti on t o beamnigpgabelne i mo stth ei mpyvor tmeor
is a |l arger gap bet ween rthhei se nmaoyy mee t a twteri ighkhtt ti
|l ocation of the routes and the c¢htohrcceu gehp wvpkuad
compl ete streets compared toTmendmadfkeyemaenta
weightings could be due to theiptredpyr amedaoand
traffic vol ume rhowtheaf ¢ o op awsadneionr o\waend ¢Diys k 6 s
could also be duebdgidnagmh é i par twii ¢ ihp &ECtCss rmcotmp ar

bi cyscol etsheir enjoyment | eiveeH sagnay wnwdl ihsatv et haast
ECC.

Arell afa080kebbjl ity index |vakicibilaetswdh ec antoesg «
of cyi¢rieguent and i nfrequent cyclists. We <can

5 respecti veupy iwhiscihmidriae | sceatmedgelr i esund t hat f
that commute to wor k, pavement <condistaifen yi atw
34.8f0d visibility oFort hienfcryecgluiesntt acty cZzh.ex%. co
weightings are the daome tahe ttlog ftrheewe we i gwdliin
of wehiegh®ce@egari o 4 had safety, visi bScleintayr iaond
had safety, pavementr eandvevigditiss | liSécesnasii mihldart o:



notave pavement condition in the top three whi
than the frequen3cecnyacrliios t5 si sc astiengiolreyastte€dgsot ynei n
terms of tweightenhgshfehyg I sScweaghvoed mdi ¢ ei f
anwudi si @i & i wWgi gihhteesde l|deafrsfee rneonceass | arge compar ed
andoul d be attr incuwtcdwihsdtasmmihtee ftooc uBorok compar e
cyclwihstidg her cycled tssehopmmngeor fbei spoetpur pc
cyclciosntssi deri ng their cycling frequencayr eyi el c
categorized based on their experience and rid
categori zi ndi fcfyecrleinsetssglritormtpos n valhamdé i hi zbd a
useful to targeitsta t&reoruttadisn moyrpee aotft rdycdtifi esree rfto r
cl assessaafe coyecpluiisotg dt i dief esrently. For municip
wide range of cyclists that wuse the routes in
variabltlse routes are to be addressed within t
a cyclistbés route preferences as well as deve
there are any patterns bepea@&rinng hien prherti opet
di fferent. cVkil $ sal iIngwe sndadedi 8 mpihe ment measures
make the routes mor e dtotwread tnigvtdemfdorylysaa& Imlg eayg ¢ li v

transport ag iloinf @ it yleeop.l e

620rdered Logi't

The | ogiistuimotd ewbewnedshe variables that correl a
variabl e agwiet mdtdee Ifowesdst correlation variabl
that minimizes issues with variable correlati
each other, the mostkeipmpaant thhle onotdedf tFhe Ewa
travel di stance have a high correlation with

from the input data for the model

The i npuotrsd efroerd tlahoegn a | ynmedde by computing the Sp
for eaclhhiisefpost med t o iwernité bof yenswthdi eerhd@tnidn gtsh e

i nstrunaernet hdiagtha v cov aei abhtodwe wiutchhn btthheeyn ce t he
choi cer emiletis denti fy which coheelweaiigbhetdealkrei
AHP pairwiplotvlne dlweesiT g htiesd caovrep uatgeca r ifwabtl hed anc it h e
pairwise comprafredon| aadl mporygalewe e stthdto ¢ dhrer es

M N



variable |Iisted second in the pair are conver:

to the variabl e | isptoesd Thiwreptoi nh st hheppasent e mt
chosen as the more i mportant among the pairwi
relative importamds seéngubhZeaApppenie xkee

rel atbenhsvkeep avnadr itathdiers | mmomti i ea av anllameAsl R0 4)
result, the Speaemasetnmmtdu exhoirlrietlyatticoonassess th
the variables when the relationship is nonlin

| t soutnhdadr i asbtlesas the number of big pavement

as wel |l as the rosd, paharpadvcenpbgenaj tel ati on
t he ot hwehri cihnpwotusl d i nfl uence the resauhletghltywar
correlated with each other as well as fodr the

t hienpfudrs t he r ou & eceocntbainceed nbood enkagtocrhA EtBhecd g ht 8 e
Thi & c siurdtee g g adgtahde, rsharrow and path percentage
i nstead opfavbeunmepnst faosr t hey are derived from t he
such as near mosisenbeandodbanalelpedie®@®ss i ans and s
one ilimpound that these combinedwinpuoshet i Var
c

such as infrastructure pPeliceht agavebhvidngtance

A scenari o that remoygee@at erirbkdhakng ddné&t rotf h evra rii ca
correlations between variables withaoDéevitdhe in
Out paurti avbl esrwi ahi oshsbongs wi taet heendmpendantj wu
the percentage oé&ntdlye | d mjge dTirhfefaraesdaltbdirecssyjuo bt ai ne
devicearsaitr pimtg due to how simple they are to o
measurfEememtt he Rout es,& tVhae ivadrliealrlaes nwgi t h r el a
include the comfort rating, enjoymeanuirsatbiing,ty
ratTmgse Route & Variabtberasarngblasenstr beign:
eff ecs etshearitat answwe uld dothea & e p ar triaktiiifpoeginihdad we r

rat anagsss oci ahtiegdth evsictoinf gheavebhitghmer, number of |
evemahsgher number od msiaofbhgeeycte faetgauelmmcgher di s
relationship is | ess co0®threetlean tif aniisatao pt st éh eo tRoaur



& Vari abl et hraatt ilnogweerasreeati aged with | diwgrhetrr av

di scorndgftoirntgs, | ower enj wryareinng s aan dh glsowd ro wea v es

However, thebBset wedmttiloensdx plsanat ory vameoabl es
as strong as expecteddwdtfhomrwminke ema peetl sattri omg &

wouddr rell ateThteeeNlower corr eplaarttii @ amausisd dieea |

—

hree|l at iodngéiepabl es when answaes iwgl It haes rlbaaii mg |
f theimwhriedhpon®eslesponses that havemua twepakeer r
ari.abhl esoul d al stohvelae i d bckoelsloe chhcevd dsuchgashehe
avement events derdaed ¢ dlinetd thiedpajcdms c @se
ompared to t hwehiocdmfroartte dr anoismogdself v ¢ #feo rotoauht |ees
roénoutdedpiltte t hephvgmentutmbekbedblhe case of

® O T < O

—

he vibrations experiencedbocatled magydhabar e

compared to the vibrations from the seat. The
as it iesf uprashietri obnac k f r onc otnhpea r ferdo ntto @ hhiet¢ hhea Nkl
expervi@&nati ®anesl [ ing from the front trunk more
fastened to the trunk body.

The i nput s afneoditfhiee dnoSpeesleerdmaom dadser el aali i & nis

AppemrdThkebsetvadeltr adimet anawerasapgdeed vmaviebé es
rel ahigbl g owirted ah amtolhuenrd SiNOc & 5t he travel di st a
four irmufesed distancesembe®esedamviehp dti Bi@mncehe
infrasheiuecg ua ecombinati on of the tiBtee tygkdnt
each ,wiotuhh edev-i atti ensobfé&d&mounting to noticeabl e

omitted from the model

The resMbidsl ftomandeMetdelvn2i n Tabl e 25, based
from the paMbideikmamwts mnindegs.the di sasomfloypti walr
signtfpeaamevewi9OOB a negative relationship to

indicates that a trip exhibiting higherediscol

experience for the rider. However, the | ack o
suggests that the model its2lfsishenef ar @ oogt
backward stepwise elimination to remove the |



variables remaining in the final result, incl
The object freqguency has a negative statisti c:
4 variable has a positiewe asbtoavtei s9t5i%.a lllty sshiogunlioc
Route 4 variable was added to the model s after
that the attractiveness of Route 4 wamshimdt ap
|l ed t oi atlhemoidneilt 1 and 2 refShétovbeahlg kackt e
significance suggests that the measured vari a
perception of the wusers, theref omoedelllse AWHB| ec
wei ghts assBfm % fwei pibtf defpehdeggenayt he scenc

haoff the other variables weighted.

Tab250r dercegdit Model s Based on Measured Vari a

Mo d e | 1 Mo d e | 2
Vari abl e Parameg tstati|] Paramg tstat.
Di scomf o -0. 00 4 1. 717
Tr avel Ti 0. 1137 0. 41
Average S 0. 158 0.51
Pavement I -0. 06 ¢ 1. 20
Safety EVv 0. 408 0. 84
Il nter sect 0. 01 7 0. 03
Tur ns -0. 00 0.00
Obj ect Fr e -0. 04 1,17 -0. 06 ¢ -1. 86*
Route 4 1. 7945 0.75 1. 74HF5 2.57*
Threshol ds
0 0. 00( N/ A 0. 00( N/ A
1 0. 281 1.01 0. 2217 1.01
2 0. 521 1. 44 0. 427 1. 44
3 1.474 2. 76*% 1. 174 2. 76*H%
4 1.775 3.15* 1. 407 3.13*H4
5 2.66717 4. 29* 2. 147 4 . 31* 4
6 3.624 5. 44¢+* 2.94 5. 54* 4
7 5.063 6.99* 4, 33¢ 7. 31*%
8 6. 625 8. 38* 5. 833 8. 74* %
9 8.014q 9. 35+ 7.121 9. 69 * 4
Mc Fadden 2P 0.23 0.270
Number of C 110 110
*** 090900% statistical significance, ** 95% stati

The resulMosdefhir@mbtalsed on the ratiTagdZepewvi dec
that the variables that are the most satf &ttiyst i



rati nghhevigthhe st statifsdlilc@awe e&n jgonyrfedifdtdhijc et e 4

dummy variabl e, anfbdesbefousi baliapl eatahlh exh
with the overall at t rTahcet isvaefneetsys rraattiinngg aonfd tvhies
two of the top three most weHngjhotyende nvtarhiaasb | ae sl c
in the AHP weights which is inconsMhstent hwi tchor

wi t h enjcooyrnreenctt itso what participlabntbBerexyperialbl

enj oyisnelodts s i mdoaelangdepresents the results of
process to remove parameters that exhibit | ow
variables as previously mentioned, bbbt etshdédyor
statistical significance. The enjoyment rati ng
i n Model 4, followed by the visibility rating
Overall, safety andiporsabitl ftpymatbaeratddr mdr &
wedg ht s .

Tab26©Or delrcegdit Model Based on Participant Rat

Mo d e | 3 Mo d e | 4

Vari abl e Parameg tstati|] Paramg tstat.i
Tr avel Ti m -0. 02 -0.19
Tr avel Di st 0. 014 0.10
Comfort R 0. 17¢ 1. 23

Enj oyment 0. 423 2.%% 0.58%7 4.10*

Safety RS2 0.411 2.%*8* 0. 383 2.56*
Pavement [ 0. 14¢4 1.00

Vi sibilit)] 0. 355 2.** 0.45§4 3.02*

Rout e 4 1. 447 2 .*3%9 1. 1585 2. 13*

Threshol ds

0 0. 00¢( N/ A 0. 00¢( N/ A

1 0. 321 1.02 0. 3271 1.02

2 0. 635 1. 48 0. 626 1. 47

3 1. 749 2.9%0* 1.70¢ 2.90*

4 2.104 3.%x%* 2.034 3.34*~

5 3.294 4 **RQ* 3.182 4. 71*

6 4.544 6.%0** 4.407%7 6.04*

7 6. 764 7.*%M*8* 6. 554 7.53*

8 8.834 8.%"8* 8.561 8. 74*

9 10. 52 9.%0* 10. 26/ 9.51*

Mc Fadden 2P 0.411 0403
Number of C 110 110
*** 990% statistical significance, ** 95% st at



6. 3 ThSec oF &C

One of oHevgbapsng the ECC score is to provid
by -makée delivery compaakerss atna odé¢ther midree i tsh o nt
within theiThea8Brsyi ggeraseape used to collsect t
one of many that can be used. Howewam,athectplt
magnitude of the vibrati gPisacrirnggohietemdi gl ¢ hef i
can yield differenhe vh aamddt.a qairssscti magn i dl ads ere cttd
The ECCnusthuddy had no way to mountrtpbwidyyyoosco
causing false readi ngs-t ¥ pe mnsbitnectesncevaecrhe npta rafi cfi
di fferentplseaitngreiitghtnder the seat would not
combined due to the position of theAl sse,trdmen
to the way howxpbei pPumas bhadyedicemiport sexp dmiac
may di ffer .beAsweae nr epsewlptl,e a si mpli fied ECC sco
to ensure that the scormomge meadsodpil Digegsnd ydhab e
coll ected subjectivelgowli,sbcbdashigp®rdlysnentte® mo\
as the participantds ratings vary Thepenabhegso
t haarree moavredl si bol I t ggioghhtrliisrkes, comtoshoahd éerj
that the coll i sdaomm kre sdke taenrdmishiagdmatfl rionheeso bp e bt B |
requires a | arger dtad aceltc ulhatne tfheer oeeac Ir eicrotr @r

Fi gd®d owdAHtPhaevefigrhttshe si mplusifScgedhabBG @daktaset .
consistency ratio f0o.r02t3h e ssiimBpalaimtiB eéow cteheast® inoefn o
t hvear i abreeensdy et he AHP iwecirgehatssdbdheacviehacequansy f o
33%50f the AP cweiigshttshe mostomi ghef f.BoohthE€CKa!
the time and distance were Kkept in the simpl.i
each other because their correlations between

0.42 as seen i n AabQoemfAolrOt iins Acporernedliaxt ed hi ghe

with a value of O0.50. Unli ke a motor vehicle,
additional factors such as the amount of phys
correlated with the travel time and speed.
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Fi gd0eHRVei ghts For ECBeoSiempl i fied
The ECC score for aTlalblfed @n7gr avitt dds tihe shawr ian

from the survewsamd tthe Bt esiixmpfloirf i ed EC
ranksB8aes the ,bebl oReUWERBOWILENRO UG e This is ident
full E CvCh isccho rrea rakms r idaesr t thiee ss i mgll b & ii te dla itsgclodrieg h t
rati ngf oRmuduels2 3amcdhd | RowmedreCofmoprar i ng t he score
attractiveness of each route rated by the par
scowleeRoeutdies ranked| biResll RoyuBe aRod 2 €omputi ng th
ECC sc6creenafroilceqhaamad 5 bot h haavned tshiemislaanré hveaol uut
scor & efnarnTih@ma | | partombpaed wooh the presence
the route at tmaagc tldWesncetsesd rtalhd n@groReut ed¥%4 @ fhex r o
partiscpabhdsroute aompamead Rodut®eD% BonL6®w @n and
10% Romt ah8. | arge 9irrgompioffrit ¢c @amttloyhglsi gloemb maktd wi
sample size may hatvde rracdulvteenc sisn rtalie ngo etxe@ er i
biaBus resulting iInt ai $ii Bdwtael ed lalweed ar tailt moghlgionv e 6 1

the 11 variables in the ful whischreontnrcil hbdi &d
ECC sTlheesame ratings should have resulted in
|l ess attractive route. A | arger participant p.
ratings as sampling bi aslies(sVieesdd eaiod u ,c eBadrl ree twt

Young,. 2018)



Since the route attractiveness rating is a br
there may be other varmeabitesndgadhaitnwehe s0tve
i nfl uencedntehissucrhatviamg.abl e t hat was measured
survey wahsi sspdeiefdi.er ence i nt loeg dear tcsamp pheh Gart @ owa &
cycle at higher speeds omheoavesaWwltholbbowenatt
needs to be more specific tion pwehrastu cthhpea sttedr enf ionvi
as a cumul ative rating ogdr &vhen pianpdasgvtifdcocuoad ivnatreil

the variable to include variables not rated o

Il n addition, the participant powhwdaéed bet moo
' i kel yex pe miaereicreai dceynctli infnrgpimx ede dulatfifmg i n t hen
routes with highuoRbag deeiignsiueeraascstdieabhr i ng and v
and pedestrian®fomnmat brddtnigc itrhge tbheesth route f or I
t he AHP wei ght s, makes sense since it has the
combined wvehicle and Omed edsrtarwbaancfkr ponie rata lelit & goimsot
perspestitthearntae lioswer numbemmeesinalkalribyhmewes wh ¢
deliveries can &% imtadiestpr iamar iflryoma resi dent.
facidamp eRe d3 tdoo udvwei t h cmonmmeesi abl i shments all o\

usageaeedy veaout e
Tab2A7ACo mp ar IELCdne oorfe s

Rou|Si mplEGC eR¢ FuECC Ro uAtet r a c tRiauv af rmegsn
| D Scor e Survey

1 66 64 7.2

2 7.5 68 6.6

3 7.5 7.2 7.0

4 3.4 53 7.5

A simpleicandust edy tsa mpdEIGIGi ysdidr & hoean accur at e
route far dE@Gx® um bwnt énwai sehmehhaidtf lechemar & @ u
extenasdvemwalrutdyapse s of cyclsiuncgh ians elmasdatied am e

sepabakedalnadnemslet ifdateh sdat a useids fobt aihned sftruodny
Maps and anded tienrgmei ned from a combi nagaeromomft rsa we
along therrogtedhe PWVheeadudheassieomd t o have a

characteristics that obj e,cstuicvhe lays a&dffed cetryedntientdy



infrastructure and the number @dr tjauinnc tairmentse st h
unrealistically |l ong or ampeosts ctomrscsudgehh etdaso rmaurt
utilize 80% cyclairtrewi cafthetdustaneebatitdet i me
objeeguemcgestcmantedof umbeexgertiheenaadne of trav

Tablld AKase StAupdpye Wldailt xetwls e d aftoar utsheed. Tchaes eai rsit gui dny
set to be a major tranati t1300tkglni nwlatinhl écvyechl eiel
destiinmadti otno b ea @ac d sasuighbadomorpkpe nagt c2;ht Wees t Dme Ro a
four rout esi Rirgulrad 1sBudap pezmedioxr t he Ra@awsl eisst utdhye
shortest trRoutleitsi mener dwtngg,est but utiandes tl}
Rou3 ei s sRoniltbeat wot hadnidde@ve r.Rb udomsl ymapgpes r oad

with mini mal cycling infrastructure.

Fi gaasbotwlse shewbef dmtpamatfset odompuwtted iimt @anwei ¢
Excel sshpeuteianlg t he s.i mphe fexxamploadewsae slabthet, he av
process i s si milSarepfhoer tortahveerl vtairmea bfloers each r
respecti Vet esppb2e eAHP. wei ght for the variabl e i s
The four cells below are used to st amnsdalrhdeiszee t
valauaise the | owest and highest vaflruoens oftrhoenmt trheel
projTlelhcwesi.ght s are set so t hnaetg atéhned eltohwee shti gwheeisgt h
canngt ele ér Dt dpovBa,r i abl es that use (thheeabeaef it
are under the standag Weadstiker vahueabbkamhhaheus:
such as travel time are EWuaderlin onhd2caechmoevst ¢ dhev

st andarndiri e btl lee

O 6 (bzg 2 (1P
Whewes the standar diszed ewaicghutali svalhee |l ofwetsh e v
the varisasbtbdeg highest wailsudtchoee st he o s stirhbead | @ a
standardi zewi yarhabhieglest possi bl e.l \ntadsped of
t veal arrereu | t ibptlhiee JAHPt oved ggrhpgut e t hlentasp] bdged dvewe i ¢
are summed f or allln espt héeh ewevirgihttest) laerge L8 etdo e x p |

wei glibteitmwgenTlOetoodtDe with the highest weighti

MMT



Weight of |Standardized |Correction for Cost |Adjusted|Sum of Variable |Rating
Route ID|Time (min) [Variable [Value Criterion Variables |Weight |[Weights (0to 10)
Step1l | Step2 Step 3 Step 4 Step 5 Step 6
1 25.00 9.00% 0.00 1.00 9.00% 0.69 6.90
2 27.00 9.00% 1.00 0.00 0.00% 0.77 7.69
3 26.00 9.00% 0.50 0.50 4.50% 0.32 3.23
4 25.00 9.00% 0.00 1.00 9.00% 0.42 4.24
Lowest
Value 25.00
Highest
Value 27.00
Step2
Lowest
Weight 0.00
Highest
Weight 1.00
Fi gdieex ampfl eCo mp WHIPn yveld it g Case St udy
The sfcroonest heacasadhmath2i@yr d Siotund t hatt Roatsec@r e
7.0lut 06 1bhe belsit o Redlyeiyt h a 6s,RBoukwiotfh a score
42an Rouvei t h a 3s.Qore of
Tabh28 Case Study ECC Scores
Rout e Rout e Name ECC Scor
1 Shortest Ti me 6.9
2 Most Cycling I n 7.7
3 Hi gh Traffic V 3.2
4 Low Cycling I nf 4 . 2
The variations are more noticeable due to the
st uTldhyi,.s i s rRhadesabl enasof the poomaeBiutpeavad |
ut il i zeussea (pttihet oMBase@08d4) heefoatra,routes havce
travelr etsiuhegs ng in the quality of themooete e
signiifnifclaunet®cme of t he weniogtWwetsog b awerbiceamldg uss e d

t he
t he |

object

owest Sscor e

junctions

too

heavily whreonBttdhas e |

Ricewstpdlt eémide i2nhg ss i mihlea rmitnad mu m

MMy
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S case

t ar e r

the stwodladdhawaei bo Ipe oscethake@er v alame s
Iclhyh @&tsomienriantuem o bj A onts tjRuasRlo tnifen8 hBEBDg
estimated t Rat? eicn violh @ mer jwhihmcal | st
| arge portion of c¢cycling infrastru

Raolug ®i sBi mheast udryoad e awiatsh igoart ipaw

study shows udhiatf ementscotr edy aar dae a
eflecti ve demofhredm aaiepl acromtdm ati ptahsis P

re pacgarc tbhsead Ityo i deant wfowkewhihave to be 1 mpro

e them

rasttuc

mor e ,Swealsimgpd evpg oage tBhéCets condi ti on or
thworud .d $Hee aniaftueck a f maty t the accuracy

d,uscuecdh as radwtsémamei almd di stance but wi t h

ctions, object frequency and cycling infra
m the | owest route value tootbkbethrghessti O1
the weights instead of wusing the | owest
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7.Slummary

Ths ressatohdaveml op a new type of bike score

users and courier compantnesl eusliongg sBEGQQssi &sl epeatr
devel oped to collect data aensbnpussgbestaonik&
ideopresgri bed routes of differiesmtl | eyxdleidnd
venti onal cyclindavarnirebliadEcdisd cvamrit oltladnd e

a

-

con
I nstrumehtasdangdPlS Stravd&yAppcope and aarGoPr o
mounted wheael edr E€C used to collect quantitat
by taking the pairwise comparison responses

det er mi nieg PAtHP.Uutwe chio$ ces imo ohat eod duesriendg | ogi t

Theurdayased to categorize participants into
based on their demographics and prevwxiycads ngxp

performance. The aggfeeygmd edo ARRRvevenglttonsi st e
indicating that the reSahty 4@qididdBATE etpitaatb | par ta
wei ghtre@d k of collisiomarafmdtlllkrewmdsbyi mpolriantv

and the pavement Acvonmdert ednli é¢v t hepldeadtlulties .yno s t
statistically signifiTbantnyaymabltegsatirom ket
significant viiagl batye dgalfyeatyehmmdy t heAcoimmplritf i ed |
score is developed to i pelreceadpgleveif taoafmeastrr
t he ,maunber tafoannstuhred j ect flmargqgnbbem c yo f passing \
pedestr i abhass epdasosne dt)he si Rpdtid i 2di €CChescbest r
foll oRedtld8gnd 4.

7.2 mitations

This research identifies three key |l imitati ol
students and faculty unfamilicat egiomhh caeklathusc:
| evaenld I-leewaylté i st s based on their cycling ha

demomn ghtirgah er speeds and better pavement di st
demonsowatrespeeds and comfort .Spdowevempantlise w

fr@d®mskedand dleimmigtreaephi ¢ dihveempatiysowead&emmpbke, n



i ncidents are r &aDp¢é abncecalirr agnscedess Wihti Ip sadh it dhtel i ght
need for a | arger and mor e varThed paet iodi p
profekecowoonaarétri ci panthehpaowd duofufledrent |l y from t he
participant pools because professional cyclis
wel | as to adjust the gears on tpher fbokmarnaoe r
rout es wictom dditfifoenrde naRrcd fi s4 ssi @i & 0 4 fhiodaew efroarg el o n
wor k week) wh etnr atvhed e b fmbeoftas@adbre@cwtme mor e not i

compared to riding the ECC for a couple of hol
perform deliveri es tdaerji enogt pferagkqg u a necxyp ke(rtpreanficfei dcs

professional atgatpingt estiherhirglad Sseregsaredi @aé¢deg:
during thesa pelrli bodsowhwoulbdeiunegabl € ta tbompke
t ourOv,et al § expect edobtjheactt tthoeenftonedhvceyl fl @t ynen,cr e a ¢

Anot her l i mitatiomtiusly wsthouvutegases etdi ameand
i mose constraints. Particid®amitooucaewdied o wmuve sl
|l eaving insufficient time for exploring |l onge
expressed willingness to tackle more extended
Additionas$  bghcléamattcer,s battery efficienarwe car
excluded due to time and envir omneneartatled onrsd r
bi kanes further | imited the studyds scope, b a
f ggtuie. Future surveys -taosued rnowtoe poelad @t ieord ua ra
to better reflectldiwvkeesei mpkifingdsseone) oshe
due to their | ower correlations compared to of
alternative replacement to time and distance |
which can affect the travel time of an ECC dt

uphi |l c oampedrledn gt od otwn hi | |
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overconfidence on the route which caflinhncmeas
201Mdgst participants had famil wari sy udietnh st lae t
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perceptrootef.the
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safety enttaddcementl ocycling facilitieslfsuah a
street is being chopagayabi agroetwof &r bubhehmani

and a poor safety experience iamenghaexéestonhgec
in those categories or identify wenhdatwesi ot i o
safety andeTftheafECC wvddraansd semr albdher wur ban areas
are usiAg EC&€siously seen icamaadt heri atealeyi $tyudyh,e
route -wWwbeetbdaBCOani mr ea wi thhi dhoenrg atnrda fofuit de sa ceu
types of <cyclTihneg sienpfarraasttirounc toufr ep acdn ch @ aapg B! i @
ot kearuduéebhat a partiacatammgdauedcaRobeexampl e,
pri mar iblyggntulswesicdsitst s t han | eirseucroemnoeynal insetass uy
i mpr ove btalseetdh@wuntc@dar act er i steinctsh usfioltigggehdlyoetse t
The met hodolfoqgry tdieevmrs tnamreglener al i zed to devel or
configuradiifolesepnbhes examptere for comaleent i on a
devel oped that would have different weights t

The oute choboebmodsled by tr ansfpobrutrad etoen @H @inm
forecasmbungs with the potTemits adar oirnwdlgwe EICCo
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but cotftpeearfsor myahationuiirng mul t.iSplme tmriips tmagye tth
| arge proportion of the tour since avadlyghtreidp
var icabnl eébe i mtartacchudeérck tpog oportion with a.corres
For exhaenpéranpe edotama@pan be mul tipl iOdd, by it :
sum this tenmp ftdrene a@adalvieder pvyefldb hteiantebt &k i ps
B o066
B o
Future reseiamprhowien gattelde tcEnCnCd uscotoerdmprcawe bet s u
TheCC design used af orlwhdeaetl ae dc, o | mMoedcetrdaotmet Iryo dsuiczeedd
' i mitations in general i zaboirl ifvtyee|lReds UECEs may

(13

di fferenceswheelledi B@CsFoafferi ngrortekcitieeolngt al
prioritize variables | ike pavement condition
maneuverability. Addr essi ng tohuegshe blriomidteart i panrs
pool s, more varied routes, expanded variabl es
insights into ECC usageTwandsiimiflrarst waledal e @Iiéd
flatbed style EC@dh eafmhaldlaynoe hEICG S ecda ns thoyelr ed e v el o
identify the best |romuktoeash ef osrc otrheessi e ihmignkgees dvdhriedn e
t yp&E CCA scdoerveel oped using agabaepsimaal |l gy ¢ iome
createdg thi dasc dihe sfaosr| d doewesrt con bteo odfediremidvlpe d

| ogicsotmpcasni es or hawvebasdiopéesenwrthat intereste
mil e | dlgistscere canmbee ea e m&Stevt&s cAgQg | mpr ov
statistical significance of the variabl es as

The | arger datsacsceitosd ecnwoglrdatpidithcaloa thbe e x g ehrmidg nc e s
af ftedaCG coarnlhoul d be | ookedyatdweamplair eds ¢loe ¢ th
(g encderi,ghb osuarfheotdyd g H to wait $ii b iuldiet v owayads BEnedsl bays

objebtased vamirmedtl ecsonshiadered in this score.

Théinal ECC score resul astappeiasepessndatdibpgt s
respondaichentrsanki ngs of the r ouéaeenfrtohne trheev eartster &
the rankings from the ECC score. For exampl e,
the most attr adtoidwed Wy odartthiec iopradnetrse.d | ogi t d
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Model 4 tell wus that respondents highly favourt
adequately captured bWyheohRR eq ya ndtuinimeyt |iwsee dvaaarkie:
pl acehol der for theggmeiodustienggl iisf oirtbnesetaidoans y s abl e
be i mproved if each rating question answered

guantitative variable and vice versa.

Vari abl es which are broader and | e ssshodndapdlei ci t
a clear pdefviidietdi am twhheat p afirotviecriapiandt nmefans s o

similarly i ntarsprwhtast tthhee wlaercii ash Tobnir ®rsavkletrs wonu |-
variable becoming a more reliable indFoator
example, the overal/l route attractiveness r1 at
i ndividualgsvafrarabdteclhrragomver al | d tot rpaaa taiswd rpeasn:

only consiindd rwiadgi &ldhiee d

ECCs are an emerging mode ,withr ané$ps@roipatbhgoa mig
tdecslhet mhke BECmadrnyemrmttolnowedke | anefsormanucciinegs s
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t opiEcCCsf by devel oping a standar didendtisfcyriti meg
route for an ECC bwareida Wlrei sso svettrioed fif swres tg Bs eealr i n
created specwheelaétl yE€CGs adfrdoer enhi eningr | leuasskte If iowr e rpi
dense urban areas. ThAgtbBP osrcotrh engc rse/asttieadmiudli | ti hze

arseel dom used idespcltenberageaseld Tihne torbaj nescptoirvt
outlined at the start of otutilpertoh escits Wdawe dbddre
metrics 1 natreeavnisepwed atta oindenti fy what hmad to |

ECC samtdhee f i ecladns spuasrvteiycapaastbhenqual ity and r a
four baosugadkson their expeeikiheledusumngey hal E€®e c
l earn abouthcER@stecizs@idpamstar eargo bi kes as an al
vehi.tThes data colfloectterderfadlshe wdedt ween tthiee c o mf
pavement anandiot icaan egori ze partiTheae tasrodmgse d
with the outputs of¥art iisa bshEPn aweliogahatdse faonrd tthhee cr
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AppeAdiAXkddi ti onal Figures and Results
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Graph: Min, Avg

FigureRAute 1 Elevation Profile

Graph: Min, Avg
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Figux eRAute 2 Elevation Profile

FigureRAute 3 Elevation Profile
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levation: 194, 198, 201 m
Jistance: 1.97 km EI»-' Galn/lloss: 20 m, -14.2 m IMax Slope: 8 8%, -5.6% Avg Slope: 1.7%, -1.5%

198 m

195 m

194 m

Figuit e RAute 4 Elevation Profile

Route Description

Tabll:&RoAte Directions

Rout Route Description Route Description

| D Centre) Road)

1 1. From the rearl off 1. Turmngogm®®Abbany Roa4
onto Library Lan follow the road.
2.Cont $ nuaol @amt Mta c ¢ 2. Turm@mt o Chi mne\y
Boul evard. 3. Turn along | an ©M
3.Turn right along and cont i nYoer ks tLr
Boul evard and co Stadium Crossing
Chi mneystack Roa4d 4 . Tudmft at the cr
4 . Turn |l eft onto ( pat h.
5.Turn | eft at AlD 5.Continue straigh
continue straigh 6. Turn right at th
6. Turn Iltehfea Al @ roy continue around
Parking Lot 7.Bergeron Centre

2 1. From the rear of 1. Turn right onto
and continue str follow the road.
Campus Wal k 2.Tur n omitgphtt he pat
2. Turn right onto Chi mneystack Roa4
continue sheaPgh 3.Cross |l an Macdon
Buil ding. turn right to co
3. Turn |l eft and f o 4 Turn right from
bl oc k. road.
4 . Turn right and c 5. Turn |l eft at Ott
t he-hlaefdt si de. 6. Turn right into
5.Merge onto the r continuing strai
Ottawa Road. 7.Foll ow the path
6. Turn right at th Buil ding
7. Turn |l eft at the 8. Turn | eft and fo
straight wuntil d bl ock.
8. Turn |l eft and cr 9. Turn right onto
Road to the ot he¢ 10Turn | eft after
9. Turn | eft onto A continue straigh
10Turn |l eft at 190 l11Bergeron Centre
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om the rearl off 1. Turn right onto
to Library Lan follow the road.
mmghtCamptus Wal 2. Tudmerdnt o Chi mney
rge onto Vani e 3. Turmght onto Van
ight at the end continue until t
rn |l eft at | an crescent
ul evard, 4 . Turn right on Ca
rn right at Ch continue until L
rn |l eft at AIlDb 5. Turn |leifbhr amy oL a
rn |left into 1 6. Turn right at th
rking Lot continue around
7.Bergeron Centre
.From the eaear, of 1. Tudemft onto Seve
then right onto 2.Continue straigh
continue straigh Vanier Lane
.Turn right at Sc 3.Continue straigh
continue straigh unt iMacddmnal d Bo
rn | éefotndatRotalle 4 . Turn left onto |
ntinue straigh Boul evard
ul evard 5.Continue straigh
rn |left at | an the Pond Road.
ul evard and ocag 6.Continue straigh
rk Boul evard Sentinel Road.
rn right at Yo 7.Turn | eft onto §
ep | eft. continue straigh
rn left into t 8. Keep |l eft at the
rn right befor Li brary Lane.
ntinue straigh 9. Turn | eft onto L
vern Road right.
8 . ntinue straigh 10Bergeron Centre
9. rn right into
rking Lot
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Tabl2e lLAocati ons

Pavement

Di stress

Rou|Destinn LocatiLongi| Latit|] Pavem( Det ai
| D Di str
Type
1 Al barn York L 43.77 -79.50DepregMdnt er
St adi hol e
Sout h
1 Berge Il an 43. 77 -79.50 Allig
Macdon Cr ack
Boul e\ Rut ti
North
Bus S
1 Berge I an 43.77 -79.50 Allig
Macdon Cr ack
Boul ev Rut ti
Founde
East
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Rd at Pavem
Hal |
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Type
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AHP We& Ghtsgor.i

zed

Resul

TabBe SFAcenario 1

t s

Aggregated

Response

Time Distance |Infrastructure | Pavement| Junctions |Risk of Collision| Object Frequency| Visibility | Sightlines | Comfort | Enjoyment
Time 1.00 2.27 0.42 0.43 1.04 0.20 0.81 0.39 0.68 0.52 1.18
Distance 0.44 1.00 0.51 0.40 1.01 0.29 0.89 0.51 0.99 0.79 1.24
Infrastructure 2.40 1.95 1.00 0.65 1.40 0.21 0.71 0.45 0.67 1.18 1.28
Pavement 2.35 2.50 1.53 1.00 2.47 0.36 1.04 0.54 0.92 1.73 1.61
Junctions 0.96 0.99 0.71 0.40 1.00 0.26 0.44 0.35 0.74 0.86 1.18
Risk of Collision| 5.08 3.41 4.68 2.76 3.86 1.00 3.31 2.58 3.08 4.15 4.35
Object Frequenc 1.24 1.12 141 0.96 2.30 0.30 1.00 0.89 1.14 1.76 1.72
Visibility 2.58 1.98 2.20 1.85 2.83 0.39 1.13 1.00 1.98 2.25 2.04
Sightlines 1.47 1.01 1.50 1.09 1.36 0.32 0.87 0.50 1.00 1.28 1.51
Comfort 1.91 1.26 0.85 0.58 1.16 0.24 0.57 0.44 0.78 1.00 1.04
Enjoyment 0.85 0.81 0.78 0.62 0.85 0.23 0.58 0.49 0.66 0.97 1.00

TabWe SAcenari o 2 Aggregated Response

Time | Distance | Infrastructure | Pavement| Junctions |Risk of Collision| Object Frequency| Visibility | Sightlines| Comfort |Enjoyment
Time 1.00 2.46 0.33 0.43 0.91 0.20 0.58 0.31 0.64 0.58 1.12
Distance 0.41 1.00 0.34 0.36 0.84 0.30 0.62 0.43 0.80 0.58 0.80
Infrastructure 3.07 2.91 1.00 0.86 1.83 0.29 0.88 0.45 0.84 1.08 1.11
Pavement 2.32 2.80 1.16 1.00 3.06 0.42 1.46 0.58 1.10 1.58 1.24
Junctions 1.10 1.19 0.55 0.33 1.00 0.28 0.67 0.36 0.91 0.85 0.94
Risk of Collision 5.04 3.38 3.45 2.37 3.62 1.00 3.86 3.00 3.65 3.93 4.13
Object Frequency| 1.73 1.62 1.14 0.68 1.50 0.26 1.00 0.98 1.40 2.01 2.09
Visibility 3.23 2.32 2.24 1.73 2.75 0.33 1.02 1.00 1.74 1.80 2.34
Sightlines 1.57 1.25 1.19 0.91 1.10 0.27 0.71 0.58 1.00 1.28 1.68
Comfort 1.72 1.73 0.93 0.63 1.18 0.25 0.50 0.55 0.78 1.00 1.30
Enjoyment 0.89 1.24 0.90 0.80 1.06 0.24 0.48 0.43 0.59 0.77 1.00

Tabbe Acenari o 3 Aggregated Response

Time Distance | Infrastructure | Pavement | Junctions| Risk of Collision | Object Frequency| Visibility | Sightlines| Comfort | Enjoyment
Time 1.00 2.27 0.42 0.43 1.04 0.20 0.81 0.39 0.68 0.52 1.18
Distance 0.44 1.00 0.51 0.40 1.01 0.29 0.89 0.51 0.99 0.79 1.24
Infrastructure 2.40 1.95 1.00 0.65 1.40 0.21 0.71 0.45 0.67 1.18 1.28
Pavement 2.35 2.50 1.53 1.00 2.47 0.36 1.04 0.54 0.92 1.73 1.61
Junctions 0.96 0.99 0.71 0.40 1.00 0.26 0.44 0.35 0.74 0.86 1.18
Risk of Collision 5.08 3.41 4.68 2.76 3.86 1.00 3.31 2.58 3.08 4.15 4.35
Object Frequency 1.24 1.12 1.41 0.96 2.30 0.30 1.00 0.89 1.14 1.76 1.72
Visibility 2.58 1.98 2.20 1.85 2.83 0.39 1.13 1.00 1.98 2.25 2.04
Sightlines 1.47 1.01 1.50 1.09 1.36 0.32 0.87 0.50 1.00 1.28 1.51
Comfort 1.91 1.26 0.85 0.58 1.16 0.24 0.57 0.44 0.78 1.00 1.04
Enjoyment 0.85 0.81 0.78 0.62 0.85 0.23 0.58 0.49 0.66 0.97 1.00
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Tablée BScenario

4 Aggregated

Response

Time Distance | Infrastructure Pavement | Junctions | Risk of Collision | Object Frequency| Visibility | Sightlines | Comfort | Enjoyment
Time 1.00 1.48 0.42 0.19 0.57 0.17 0.48 0.46 0.64 0.26 1.07
Distance 0.68 1.00 0.41 0.21 0.50 0.22 0.59 0.31 0.57 0.28 0.67
Infrastructure 2.35 2.46 1.00 0.84 1.73 0.25 1.03 0.62 1.05 0.66 1.28
Pavement 5.20 4.83 1.18 1.00 2.10 0.35 1.70 0.72 2.66 1.50 1.36
Junctions 1.77 2.00 0.58 0.48 1.00 0.35 0.62 0.64 1.43 0.56 0.75
Risk of Collision 5.78 4.46 3.99 2.88 2.85 1.00 3.23 2.74 3.05 3.39 4.70
Object Frequenc 2.06 1.71 0.97 0.59 1.61 0.31 1.00 0.89 2.02 2.02 1.97
Visibility 2.20 3.21 1.62 1.39 1.56 0.36 1.12 1.00 1.36 2.17 2.66
Sightlines 1.57 1.74 0.95 0.38 0.70 0.33 0.50 0.74 1.00 1.61 2.05
Comfort 3.90 3.60 1.51 0.67 1.79 0.30 0.50 0.46 0.62 1.00 2.49
Enjoyment 0.93 1.50 0.78 0.74 1.34 0.21 0.51 0.38 0.49 0.40 1.00
TablZie A\cenari o 5 Aggregated Response
Time Distance | Infrastructure | Pavement | Junctions |Risk of Collision| Object Frequency | Visibility Sightlines | Comfort | Enjoyment
Time 1.00 3.10 0.36 0.87 0.85 0.34 1.37 0.53 0.82 0.71 0.92
Distance 0.32 1.00 0.43 0.43 0.62 0.30 1.48 0.56 1.29 0.74 0.84
Infrastructure 2.79 2.32 1.00 0.68 1.45 0.25 0.92 0.57 0.50 1.25 1.05
Pavement 1.15 2.31 1.47 1.00 3.71 0.56 1.24 0.82 0.44 1.84 1.38
Junctions 1.17 1.61 0.69 0.27 1.00 0.31 0.80 0.29 0.68 0.95 0.88
Risk of Collision 2.98 3.30 4.01 1.79 3.21 1.00 4.36 4.68 3.07 4.37 3.52
Object Frequenc! 0.73 0.68 1.09 0.80 1.26 0.23 1.00 0.60 0.68 2.06 1.73
Visibility 1.90 1.78 1.76 1.23 3.47 0.21 1.68 1.00 1.39 1.88 1.66
Sightlines 1.22 0.78 1.99 2.26 1.47 0.33 1.47 0.72 1.00 1.72 2.40
Comfort 1.40 1.35 0.80 0.54 1.05 0.23 0.49 0.53 0.58 1.00 1.21
Enjoyment 1.09 1.19 0.96 0.72 1.13 0.28 0.58 0.60 0.42 0.83 1.00
TabiBe EAnt husiast Cyclist Results

Variables Value

Average Number dPavement Events 6.33

Average Number of Safety Events 0.16

Average of Travel Time Rating 4.96

Average Travel Distance Rating 4.80

Average Comfort Rating 5.95

Average Enjoyment Rating 7.23

Average Safety Rating 7.25

Average Pavement Conditidating 6.44

Average Visibility Rating 7.75

Max of Reason for Biking 6.00

Max of Temperature Biked 4.00

Max of Weather Conditions Biked 7.00

Max of Fitness Category 16.00

Max of Number of Days in a Week Bike 12.00

Max of Stops you fronaycling 2.00

Max of Cycling Infrastructure avoided 0.00

Mat ri
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TabRéeeAsyrcd i st results

Variables Value
Average Number of Pavement Events 0.69
Average Number of Safety Events 0.38
Average of Travel Time Rating 4.85
Average Travel Distance Rating 4.44
Average Comfort Rating 6.38
Average Enjoyment Rating 6.50
Average Safety Rating 6.25
Average Pavement Condition Rating 5.91
Average Visibility Rating 6.75
Max of Reason for Biking 12.00
Max of Temperatures Biked 1.00
Max of Weather Conditions Biked 3.00
Max of Fitness Category 14.00
Max of Number of Days in a Week Biked 10.00
Max of Stops you from cycling 2.00
Max of Cycling Infrastructure avoided 2.00
9
8
7
6
5
4
3 [}
g,
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= 0
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Tabllépsar man Rank CoVareilahlieosns f or The
Travel |Travel Average Travel |Travel Pavement Overall Route
Time |Distance |Speed |Pavement |Safety Object Time |Distance |Comfort |Enjoy Safety | Conditi Visibility |Attractiveness
Comfort |(min) |(km) (km/h) |Events Events (Junctions |Frequency |Rating [Rating |Rating |Rating Rating|Rating Rating Rating
Comfort 023 -020 023 0.10 014 -008 -005 -0.05 =023 -0.17 -0.02 -0.13 -0.14]
Travel Time
(min) -025 0.14 0.16 025 0.07 -0.06 0.00 -0.03 -0.11 -0.05 0.00 -0.10f
Travel
Distance (km) 0.23 0.21 -0.08 0.09 -0.03 0.01 0.10 0.09 0.04 0.17 0.13
Average
Speed (km/h) -0.20 -0.17 -0.08 -0.02  -0.07 -0.15 -0.05 0.06 0.12 0.07 0.15 0.21
Pavement
Events 023 -0.25 0.21 0.01 -0.19 -0.18 -0.09 -0.05 0.06 -0.09 0.13 0.08 -0.05 0.06
Safety Events 0.14 -0.08 -0.17 0.01 0.06 -0.04 0.04 0.14 0.04 0.02 -0.07 0.04 -0.23 -0.05]
Junctions 0.10 0.16 0.09 -0.08 -0.19 0.06 -0.10 -0.18 -0.08 0.01 -0.10 -0.02 0.07 0.12]
Object
Frequency 0.14 -0.02 -0.18 -0.04 -0.13 -0.09 -0.09 0.07 -0.13]
Travel Time
Rating -0.08 -0.07 -0.09 0.04 -0.10 -0.13 0.18 0.18]
Travel
Distance
Rating -0.05 -0.15 -0.05 0.14 -0.18 -0.09 0.16 -0.01  0.13 0.13 -0.11 0.02]
Comfort
Rating -0.05 0.00 0.01 -0.05 0.06 0.04 -0.08 0.16
Enjoyment
Rating -0.23  -0.03 0.10 0.06 -0.09 0.02 0.01 -0.01
Safety Rating -0.17  -0.11 0.09 0.12 0.13  -0.07 -0.10 0.13
Pavement
Condition
Rating -0.02  -0.05 0.04 0.07 0.08 0.04 -0.02 0.13
Visibility
Rating -0.13 0.00 0.17 0.15 -0.05  -0.23 0.07 0.07 0.18 -0.11
Overall Route
Attractiveness
Rating -0.14  -0.10 0.13 021 0.06 -0.05 0.12 -0.13 0.18 0.02
Case Study
Tabllé Kase Study Dat a
Route ID 1 2 3 4
Eglinton
Glenholme EglintonCemetery Eglinton Eglinton
RogersOld RogersOld Glenholme KeeleRogers
RouteSegments Used| Weston St Clair| Weston St Clair | RogersWeston Weston
Cycling Infrastructure
Distance (km) 2.02 2.40 2.00 0.11
Stop/Traffic control
Intersections 18 16 23 22
Number of Turns 9 10 5 3
Time (min) 25 27 26 25
Distance (km) 5.5 5.9 6.4 6.1
Cycling Infrastructure 9 37% 41% 31% 2%
Junctions 27 26 28 25
Final Score 6.90 7.69 3.23 4.24
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