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TIVISTELMA

Liikennejirjestelmd on kohtaamassa merkittivida muutoksia tulevina vuosina ja vuo-
sikymmenind, kun digitalisaation mahdollistamat liikkumispalvelut (MaaS, Mobility
as a Service) ja automaation mahdollistamat korkean automaatiotason autot tulevat
saataville ja yleistyvit. Ndmi uudet innovaatiot voivat muuttaa litkennejirjestelmin
rakennetta ja ihmisten liikkumistottumuksia merkittdvasti. Tdmin tutkimuksen ta-
voitteena on lisitd tietoa ja tuottaa ymmarrysté siitd, miten valmiita ihmiset ovat ot-
tamaan niitd innovaatioita kdytt6onsa ja miten ne tulevat vaikuttamaan ithmisten liik-
kumiseen ja siten lilkennejirjestelmdin tulevaisuudessa.

Tissid tutkimuksessa tutkimusmenetelminid on kéytetty kahta laajaa kansalaisky-
selyd (Nautomaattiauto=2036 ja NMmaas=1176) ja kahta asiantuntijatyopajaa. Tutkimuksen
perusteella ihmiset ovat suhteellisen valmiita kokeilemaan ja ottamaan kdytt66n niin
MaaS-palveluita kuin automaattiautojakin, kunhan niiden palvelutaso on riittdvin
hyvi ja niiden avulla voidaan saavuttaa esimerkiksi taloudellista hy6tyd. Thmisten
maksuhalukkuus uusista palveluista on kuitenkin suhteellisen vihiistd. Uusien palve-
luiden tulisi pystyd tuomaan taloudellisia etuja kiyttédjilleen tai niiden houkuttele-
vuutta ja ihmisten kokemaa hy6tya tulisi kasvattaa, jotta ne voisivat yleistya.

Automaattiautot ja MaaS-palvelut tulevat vaikuttamaan litkennejirjestelméin ja
thmisten liikkumistottumuksiin merkittivisti tulevaisuudessa. IThmisten autonomis-
tustarve tulee pienentymain ja uusilla innovaatioilla on my6s merkittivid vaikutuksia
kulkutapajakaumaan. Lopulliset vaikutukset kulkutapajakaumaan ovat kuitenkin
vield episelvid. Tdssd tutkimuksessa tunnistettiin ndiden innovaatioiden vaikutusme-
kanismeja, joiden pohjalta kulkutapajakaumat muuttuvat. Yleisesti litkennepoliittisilla
ratkaisuilla tulee olemaan merkittivd rooli siind, millaiseksi automaattiautojen ja
MaaS-palveluiden vaikutukset lopulta muodostuvat. Muutokseen taytyy kuitenkin
varautua ja kehitysti tiytyy ohjata, jotta toivottava tulevaisuuskuva voidaan saavuttaa.



ABSTRACT

The transport system is facing significant changes in the following years and decades
as digitalisation-enabled mobility services (MaaS, Mobility as a Service) and automa-
tisation-enabled high-level automated vehicles become more common and more
widely available. These new innovations can significantly change the structure of the
transport system and affect people's mobility habits. The aim of this study is to in-
crease knowledge and provide an understanding on how ready people are to adopt
these innovations and what kind of effects they will have on people’s current mobil-
ity habits and thus the transport system in the future.

In this study, the research methods used have been two large citizen surveys
(Nautomated_vehicles=2036 and Naras=1176) and two expert workshops. According to
the study, people are relatively willing to try and adopt both MaaS and automated
vehicles, as long as their service level is good enough and they can be used to achieve,
for example, economic benefits. However, people's willingness to pay for new ser-
vices is relatively low. Therefore, new services should be able to bring economic
benefits to their users or their attractiveness, and the perceived benefits by people
should be increased that they can become more widespread.

Automated vehicles and MaaS will have a significant impact on the transport sys-
tem and people's mobility habits in the future. People's need for car ownership will
decrease and new innovations will also have significant effects on the modal split.
However, the final implications for the modal split are still unclear. This study iden-
tified the impact mechanisms of these innovations on the basis of which the modal
split will change. In general, transport policy will play a significant role in what the
effects of automated vehicles and Maa$ services will eventually be. However, there
is a need for preparing for the changes and the development must be influenced in
order to achieve the desired future.
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1 JOHDANTO

1.1 Tutkimuksen tausta ja motiivit

Liikenne on hyvinvoinnin ja kasvun perusta. Liitkenne on johdettua kysyntdd, joka
palvelee thmisten ja elinkeinoelimin sosiaalista ja taloudellista hyvinvointia. (LVM
2012.) Nykyisessd muodossa litkenne aiheuttaa kuitenkin my6s merkittdvid negatiivi-
sia ulkoisvaikutuksia liikenneonnettomuuksien, padstéjen ja muiden ymparistovaiku-
tusten muodossa (Borger & Proost 2013). Niiden ongelmien ratkaisemiseksi litken-
teen uudistamisen tarve on ilmeinen.

Digitalisaatio ja automaatio globaaleina megatrendeini tarjoavat liikenteen uudis-
tamiseen merkittivid ty6kaluja, joiden avulla lilkenteestd on tehtdvissid turvallisem-
paa, ympdristoystavillisempdd ja tehokkaampaa. Digitalisaatio mahdollistaa litken-
teen tarjoamisen uudenlaisen palvelukonseptin avulla. Litkkuminen palveluna, eli
MaaS (Mobility as a Service) -konseptia voidaankin kuvata yhdeksi litkenteen nouse-
vaksi trendiksi (Liimatainen & Mladenovic 2018). Konseptin tarkoituksena on kehit-
tad litkennejirjestelmad kayttdji- ja palveluldhtoisesti tarjoten ihmisille kokonaisval-
taista palvelua kytkemalld yksittidisia litkennepalveluita saumattomasti yhdeksi koko-
naisuudeksi (Utriainen & Pollinen 2018).

Vastaavasti my0s liikkenteen automaation mahdollistamat automaattiautot, eli kan-
sankielelld robottiautot, ovat viime vuosina olleet paljon esilld niin liikennesektorin
teollisuuden, lehdiston kuin tutkijoidenkin parissa. Lihes kaikilla suurilla autonval-
mistajilla sekd my6s monilla teknologia-alojen toimijoilla on omat automaattiautojen
kehitysprojektinsa (Navigant Research 2020) ja automaattiautoja kehittivit myos
monet pienemmit toimijat (CB Insights 2020). Automaattiautojen odotetaan erityi-
sesti parantavan litkenneturvallisuutta, mutta niiden avulla liikenteestd voidaan tehda
my0s ymparistoystavallisempia ja tehokkaampaa (Gruel & Stanford 2016). Useat au-
tonvalmistajat ovat esittdneet tuovansa korkean automaatiotason autoja markkinoille
2020-luvulla (Faggella 2020).

Liikenteen digitalisaatiota ja automaatiota on tutkittu jonkin verran ja tutkimusty6
atheen parissa onkin kiihtynyt viime vuosina merkittavasti. Tutkimus on kuitenkin

varsinkin  alkuvaiheessa  painottunut  enimmaikseen  teknisiin  seikkoihin
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kdyttdjanakokulman jaddessd vihiiselle huomiolle, joskin viimeisen kolmen vuoden
aitkana tutkimus my6s kayttdjakulmasta on lisddntynyt. Kiayttdjien valmius uusiin in-
novaatioihin ja innovaatioiden vaikutukset kdyttijien litkkumistottumuksiin ovat kui-
tenkin ensiarvoisen tirkeitd selvittdd, jotta litkennejirjestelmdn muutoksiin voidaan
varautua. Tdmin viitostutkimuksen tavoitteena on lihestyi aihetta kayttdjainikokul-
masta ja tuottaa merkittivda uutta tietoa tielitkenteen automaation ja palveluistumi-

sen vaikutuksista ihmisten liikkumistottumuksiin tulevaisuudessa.

1.2 Tutkimustavoitteet ja -kysymykset seka tutkimuksen rajaus

Viitostutkimuksen pédtavoitteena on selvittid, miten tieliikenteen automaatio ja di-
gitalisaation mahdollistama litkkumisen palveluistuminen (MaaS) muuttavat ihmisten
litkkumistottumuksia ja siten koko litkennejirjestelmai tulevaisuudessa. Viitostutki-
muksen tavoitteeseen ja tutkimusongelmaan vastataan neljin padtutkimuskysymyk-

sen avulla. Pditutkimuskysymykset ovat:

1) Owatko ihmiset valmiita ottamaan kiytt6on automaattiautoja ja MaaS-palve-
luita?

2)  Miten automaattiautot ja MaaS-palvelut vaikuttavat kulkutapajakaumaan tu-
levaisuudessa?

3) Miten automaattiautot ja MaaS-palvelut vaikuttavat ihmisten autonomistuk-
seen tulevaisuudessa?

4)  Millaisia eroja eri kdyttdjaryhmilld on valmiudessa ottaa automaattiautoja ja
MaaS-palveluita kiytt66n ja millaisia kiyttdjaryhmien viliset erot ovat naiden
teknologioiden vaikutuksissa ihmisten liikkumistottumuksiin ja siten koko

litkennejirjestelmain?

Tutkimuskysymyksen 1 tarkoituksena on selvittdd, ovatko ihmiset valmiita ottamaan
kaytt6on MaaS-palveluita ja tielitkenteen automaatioratkaisuja. Tutkimuskysymys on
merkityksellinen erityisesti sen vuoksi, etti voidaan arvioida, miten automaatiota ja
MaaS-palveluita otetaan kiyttoon, eli miten nopeasti ne voivat yleistya ja miten nii-
den aitheuttamat muutokset etenevit. Mikili esimerkiksi ihmiset eivit olisi lainkaan
valmiita uusille litkenteen palveluille, ei niitd otettaisi kayttoon eikid niilld siten olisi
vaikutuksia litkennejirjestelmédn. Tulevaisuuden vaikutusarvioiden kannalta tiytyy

ymmirtad, miten ihmiset ottavat uuden teknologian kiytt66n.
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Tutkimuskysymykset 2 ja 3 liittyvit tulevaisuuden vaikutuksiin ja sithen, miten
litkennejarjestelma ja liikkumistottumukset kdytinnossd muuttuvat esitettyjen muu-
tostekijoiden seurauksena. Tieliikenteen automaatio ja palveluistuminen voivat vai-
kuttaa merkittavasti ihmisten liikkumistottumuksiin, miké taas vaikuttaa laajasti koko
litkennejirjestelmidn dynamiikkaan. Muutokset voivat lisitd tai vihentid litkenteen
ulkoisvaikutuksia ja siten muutosten etupainotteinen ymmartiminen on tiarkeds, jotta
muutoksiin osataan varautua. Kuten tulevaisuudentutkimukselle on ominaista, tule-
vaisuuden vaikutuksia arvioiviin tutkimuskysymyksiin 2 ja 3 ei ole mahdollista vastata
yksiselitteisesti. Tulevaisuus ei ole ennustettavissa, vaan siitd muodostetaan kisitys
mahdollisesta tai vaihtoehtoisista tulevaisuuksista.

Tutkimuskysymys 4 liittyy vahvasti kaikkiin muihin tutkimuskysymyksiin. Vaiku-
tukset eri alueilla ja eri kdyttdjaryhmilld voivat olla hyvin erilaisia. Taman vuoksi on
tirked ymmirtdd, miten vaikutukset ja valmius muuttuvat kéyttdjiryhmien valilld.
Tutkimuskysymyksiin vastaamalla voidaan muodostaa kokonaiskuva siitd, miten au-
tomaattiautot ja MaaS-palvelut vaikuttavat ihmisten liitkkumiseen. Néin muutoksiin
osataan varautua ja niitd voidaan ohjata kohti toivottavaa tulevaisuuskuvaa.

Tutkimuksen vaikutusarvioinnit rajataan koskemaan tulevaisuudessa olevaa tilan-
netta, jossa MaaS-palveluita ja korkean automaatiotason autoja on laajasti saatavilla.
Todellisuudessa varsinkin aluksi automaattiautojen ja MaaS-palveluiden saatavuu-
dessa ja kiyttoympiristoissd voi olla paljon alueellisia eroja. Lisaksi ensimmiiset kor-
kean automaatiotason autot toiminevat aluksi hyvin rajatussa ymparistossd. Tassé
tutkimuksessa termilld ”automaattiauto” viitataan korkean automaatiotason (SAE
2018 mukaiset automaatiotasot 4 ja 5) autoihin, ellei erikseen muuta mainita. Tutki-
muksessa tarkastellaan MaaS-palveluita ja automaattiautoja padsiaantoisesti erillisend
ilmiond, silld niiden yleistymisen aikataulu voi olla erilainen.

Tutkimus on suunnattu erityisesti litkennepoliittisen keskustelun ja litkennejirjes-
telmdsuunnittelun tueksi sen kaikille tasoille. Tutkimus auttaa ymmartimaan liiken-
nejirjestelmin tulevaisuuden muutostekijoitd ja tuo siten lisdarvoa liikennejirjestel-
masuunnitteluun. Litketoimintanidkokulma rajataan tutkimuksen ulkopuolelle, mutta
myos litkkumispalveluiden tuottajat ja automaattiautojen kehittdjit voivat tutkimuk-
sen tulosten avulla esimerkiksi segmentoida asiakaskuntaa ja arvioida siten liiketoi-

mintapotentiaalia.
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1.3 Tutkimusfilosofia ja -menetelmat

Viitéstutkimuksessa hyédynnetdin menetelmatriangulaatiota, eli tutkimusaineiston
hankinnassa kéytetddn useita tiedonhankintamenetelmid (Eskola & Suoranta 1998).
Tutkimuksen filosofista ldhestymistapaa voidaan tarkastella my6s Saunders et al.
(2019) esittimin tutkimussipulin (research onion) avulla. Tutkimussipulin uloim-
malla kerroksella kuvataan tutkimuksen filosofista lihestymistapaa, eli sitd, millainen
luonne tiedolla ja todellisuudella on. Seuraavalla tasolla kuvataan teoreettista lihesty-
mistapaa tiedon luonnissa, eli tieteellisen péattelyn luonnetta. Sipulin kolmannella ta-
solla tehdéddn tutkimuksen menetelmisuuntaus laadullisen ja mairillisen tutkimusta-
van vililtd tai niitd yhdistelemalld. Neljannelld tasolla valitaan tutkimuksen strategia,
mika vaikuttaa kaytettdviin tiedonkeruutapoihin. Seuraavalla tasolla médritetddn tut-
kimuksen aikahorisontti pitkittdisen ja poikittaisen tutkimuksen vililtd. Lopuksi tut-
kimussipulin ytimessd on varsinainen tiedonkeruu ja analysointitavat. (Saunders et al.
2009)

Viitostutkimuksen tutkimusongelman ollessa tulevaisuuskeskeinen, viitostutki-
mus rakentuu tulevaisuudentutkimuksen menetelmien varaan. Tulevaisuudentutki-
mus on tieteidenvilinen ja poikkitieteellinen tiedonala, jonka tarkoituksena on tuoda
esille, mikd on mahdollista, todennikdistd ja toisaalta toivottavaa tai ei-toivottavaa
tulevaisuudessa (Rubin 2004).

Tulevaisuudentutkimuksessa voidaan hahmottaa kolme filosofista lihestymista-
paa: ekstrapolaatio, nikemyksellinen ajattelutapa ja visiointi. Ekstrapolaatiossa kes-
keistd on tarve ymmairtdd nopeaa muutosta ja pyrkimys selvittad sitd, minne maailma
on menossa. Lihestymistavassa menneestd kehityksesti ja nykyhetken tilanteesta py-
ritddn tekemidin johtopadtoksid tulevaisuuden kehityksestd. Lihestymistavan keski-
Ossi ovatkin erilaiset kvantitatiiviset ennustemenetelmit, kuten aikasarja-analyysi.
Toinen filosofinen lihestymistapa eli nikemyksellinen ajattelutapa siséltid ajatuksen
siitd, mitd tulevaisuudessa toivotaan tapahtuvan. My0s tdssa lihestymistavassa etsi-
tadn mahdollisia ja todennikéisid tulevaisuuskuvia, mutta lihestymistapaan liittyy
olennaisena osana myds toivottavan tulevaisuuskuvan tarkastelu. Lihestymistavan
keskiossa ovatkin kvalitatiiviset tutkimusmenetelmit, kuten Delfoi-tutkimus. Kol-
mas filosofinen lihestymistapa, eli visiointi, on kahden edelld mainitun yhdistelma.
Lihestymistavan ytimessi on se, ettd ihminen muuttaa todellisuutta ja vaikuttaa tule-
vaisuuteen omilla valinnoillaan. Thmisten valintoja ohjaavat seki erilaiset visiot tule-
vaisuudesta ettd menneisyydesti ekstrapoloitavat trendit. Lihestymistavan ytimessa

on seki kvalitatiivisia ettd kvantitatiivisia menetelmii ja tyypillisesti lihestymistavassa
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kiytetddn esimerkiksi perinteisid haastattelu- ja kyselymenetelmii seki trendiennus-

teita ja skenaariomenetelmid. (Masini 1993, Rubin 2004 mukaan.)
Tulevaisuudentutkimuksen menetelmikirjo on hyvin laaja. Popper (2008) jaotteli

tulevaisuuden tutkimuksen menetelmia kuvassa 1 esitetylld niin kutsutulla "Popperin

timantilla”.

Creativity

Wild Cards
Science fictioning

Simulation Gaming
Essays/Scenarios

Genius forecast Acting/Role play
Backcasting SWOT Brainstorming
Relevance trees/Logic diagrams Futures workshops
Roadmapping Delphi Surveys Citizen Panels
Expert Panels Morphological Analysis Conferences/Workshops

uoioeIau|

Key/Critical technologies Multi-criteria Voting/Polling
Quantitative Scenarios/SMIC Stakeholders Analysis

Expertise

Interviews Cross-impact/Structural Analysis

Indicators/TSA Patent A
Bibliometrics Benchm:
Extrapolation =~ Scanning
Literature review
Modelling

rking

Qualitative (15)
Semi-Quantitative (6)
Quantitative (3)

Other methods | Evidence

Kuva1. Tulevaisuudentutkimuksen menetelmia (Popper 2008).

Tissd vaitostutkimuksessa tulevaisuudentutkimuksen filosofinen lihestymistapa on
visiointi ja tutkimuksessa hyodynnetdin seki kvantitatiivisia ettd kvalitatiivisia mene-
telmid. Tutkimusongelmaa lihestytiin kolmen kuvassa 1 esitetyn menetelmin avulla:
kirjallisuuskatsaus, kansalaiskyselyt ja asiantuntijatyopajat. Kirjallisuuskatsaus luo pe-
rustan koko tutkimukselle. Kirjallisuuskatsausta tiydennetdin kansalaiskyselyilla.
Kansalaiskyselyilld voidaan keratd ihmisten nikemyksid ja ajatuksia tulevaisuuden in-
novaatioista ja niiden kayttimisestd. Kansalaiskyselyt toteutetaan laajalla populaatiota
edustavalla otoksella, jolloin tulokset heijastelevat koko populaation nikemyksia.
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Niin voidaan selvittdd ithmisten valmiutta innovaatioiden kiyttéonotolle ja saadaan
tietoa myOs innovaatioiden mahdollisista vaikutuksista. Kansalaiskyselyn avulla ei
voida kuitenkaan muodostaa tarkkaa kisitystd tulevaisuuden innovaatioiden vaiku-
tuksista thmisten kiyttidytymiseen, joten kyselyn tuloksia ja analyysid tiydennetiin
kvalitatiivisilla asiantuntijamenetelmilld. Téssd tutkimuksessa asiantuntijamenetel-
mind hyédynnetdin tyGpajatyoskentelyd, joka soveltuu hyvin tulevaisuuden innovaa-
tioiden vaikutusarvioiden tekemiseen. (Popper 2008.) Tyopajatyéskentelyd kuvataan
tulevaisuudentutkimuksen menetelmissi myos tulevaisuusverstaana. Tulevaisuus-
verstaassa joukko asiantuntijoita tai joissain tapauksissa my0s ”tavallisia ihmisid” ko-
koontuu pohtimaan yhteisesti ja demokraattisesti tiettyd tulevaisuuteen liittyvaa tee-
maa. (Talvela & Stenman 2012.) Koska tutkimusongelma sisiltid kaksi osittain eri-
laista muutostekijdd, eli MaaS-palvelut ja tieliikenteen automaatio, niin tutkimuson-
gelmaa lihestytddn kahdesta eri ndkékulmasta ja kummankin muutostekijin vaiku-
tuksista keritdin erilliset tutkimusaineistot.

Tissd tutkimuksessa hyodynnettivien menetelmikokonaisuuksien eli mairillisten
kyselytutkimusten ja laadullisten asiantuntijatyopajojen tieteenfilosofiset lihestymis-
tavat poikkeavat toisistaan. Joissain tapauksissa kyselytutkimusten voidaan katsoa
olevan epistemologisilta lihtokohdiltaan positivistisia, eli tieto on mitattavissa ja siitd
voidaan tehdi yleistyksid. Toisaalta on kuitenkin huomioitava, ettd vaikka kyselytut-
kimusten vastaukset ovat mitattavissa, voidaan my6s pohtia, ovatko kansalaisten vas-
taukset objektiivisesti tosia ja yleistettivissi olevia, jolloin tiedon mitattavuus ei ole
yksiselitteistd. Erityisesti tissd vaitOstutkimuksessa tulevaisuudentutkimuksen mene-
telmini toteutettu kyselytutkimus sisaltda paljon tulkinnallisuutta. Asiantuntijamene-
telmien avulla jalostettava tieto on epistemologisilta ldht6kohdiltaan niin ikddn tul-
kinnallista ja siten perinteisena tutkimusfilosofiana vaitostutkimuksessa on interpre-
tivismi. Tédssa tutkimuksessa tiedon luonnin teoreettisena lihestymistapana kiytetidn
padsddntoisesti induktiivista padttelyd, eli yksittdisistd havaintojoukoista pyritidn te-
kemdin yleistyksid. Menetelmitriangulaation my6ti tutkimuksen menetelmésuun-
tauksena yhdistetddn maarallistd ja laadullista tutkimustapaa. Tutkimusstrategiana
ovat kyselytutkimukset ja asiantuntijamenetelmit ja tutkimus on toteutettu poikit-
taistutkimuksena. (Saunders et al. 2019.)

1.4 Tutkimusprosessi ja tutkimuksen rakenne

Viitostutkimuksen perustana on kirjallisuuskatsaus kaikkien tutkimuskysymysten

ympirilld niin automaation kuin MaaS-palveluiden osalta. Aiemman tutkimuksen

16



pohjalta havaittua tutkimusaukkoa tdydennettiin laajoilla populaatiota edustavilla
kansalaiskyselyilld. Lisiksi kirjallisuuskatsauksen ja kansalaiskyselyiden tuloksia kisi-
teltiin asiantuntijatyépajoissa. Kuvassa 2 on esitetty tutkimuksen rakenne.

I Miten tieliikenteen automaatio ja Tl
’ palveluistuminen (Maa$S) muuttavat ihmisten .
N liilkkumistottumuksia ja siten koko .
“~-.___ liikennejérjestelmaé tulevaisuudessa? ___--

_|
~ =
-+
Kansalaiskyselytutkimus Kansalaiskyselytutkimus g
Maa$s automaatio s
- 3
' v}
Asiantuntijatydpaja Asiantuntijatydpaja E
Maas automaatio [,
Artikkeli 1 || Artikkeli2 || Artikkeli3 || Artikkeli4 || Artikkeli5
— 7y 'Y T P
ok || K2 IR
I I I
| TK 4 |

Johtopadatokset tutkimusongelmaan vastaamiseksi
Viéitoskirjan yhteenveto

Kuva 2. Vaitostutkimuksen rakenne

Kuvan 2 mukaisesti viitostutkimuksen aineistoa analysoidaan viidessd tieteellisessd
artikkelissa. Tutkimuskysymykseen yksi vastataan artikkeleissa 1, 2 ja 4. Artikkelissa
1 selvitetddn, miten uusia teknologioita yleisesti otetaan kiyttoon ja miten thmiset
suhtautuvat automaattiautoihin. Artikkelissa 2 tutkitaan, ovatko ihmiset kiinnostu-
neita kayttimain MaaS-palveluita ja mitka ovat potentiaalisimmat MaaS-palveluiden
kdyttajiryhmit. Artikkelissa 4 MaaS-palveluiden potentiaalia tarkastellaan maksuha-
lukkuuden nidkokulmasta, eli selvitetddn, miten paljon ihmiset olisivat valmiita mak-
samaan kaikki litkkumistarpeet tayttavistd MaaS-palvelusta.

Tutkimuskysymykseen kaksi vastataan artikkelissa 3. Artikkelissa selvitetddn, mi-
ten automaattiautot vaikuttavat kulkutapajakaumaan tulevaisuudessa. Tutkimuskysy-
mykseen kolme vastataan artikkelissa 5. Artikkelissa tarkastellaan sekid automaattiau-

tojen ettd MaaS-palveluiden vaikutuksia ihmisten autonomistukseen tulevaisuudessa.
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Tutkimuskysymys 4 liittyy olennaisesti kaikkiin muihin tutkimuskysymyksiin ja siten
sithen vastataan jokaisessa artikkelissa tarkastelemalla kayttdjairyhmien valisid eroja
kunkin artikkelin aihepiirissa.

Lopuksi viitoskirjan yhteenvedossa tutkimuksen tulokset kootaan yhteen ja esi-
tetddn johtopditokset tutkimusongelmaan vastaamiseksi. Tutkimus siséltdd seka laa-
dullista ettd mairillistd tutkimusta, painottuen kuitenkin kansalaiskyselyaineistojen
mairilliseen analyysiin. Tutkimusmenetelmien soveltamista ja aineistoa kuvataan tar-

kemmin luvussa 3.
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2 TUTKIMUKSEN VIITEKEHYS JA
KIRJALLISUUSKATSAUS

Tissd luvussa esitellddn tutkimuksen viitekehys ja kirjallisuuskatsausten keskeiset tu-
lokset tutkimusongelmaan vastaamiseksi. Aluksi alaluvuissa 2.1 ja 2.2 esitetddn auto-
maattiautojen ja MaaS-palveluiden kiytto6nottoon ja vaikutuksiin liittyvai tietoa ylei-
sesti uusien teknologioiden kdytt6onotosta ja yleisesti liikkumistottumuksiin vaikut-
tavista tekijoistd. Tama jilkeen alaluvuissa 2.3 ja 2.4 tarkastellaan viitekehysti ja kir-

jallisuutta erikseen tielitkenteen automaation ja MaaS-palveluiden nikékulmasta.

2.1 Uusien teknologioiden kayttodnotto

Yleisesti teknologioiden yleistymista selittdvissa malleissa teknologian koettu hyodyl-
lisyys, helppokayttoisyys, kustannukset ja ihmisten asenteet kyseistid teknologiaa koh-
taan nousevat tirkeiksi yleistymiseen vaikuttaviksi tekijoiksi. Yleinen suhtautuminen
uusiin teknologioihin vaikuttaakin merkittdvisti sithen, miten nopeasti ihminen ottaa
uuden teknologian kiytto6nsi. (Patel & Connolly 2007.) Adams et al. (2017) mukaan
kotitalouksissa erityisesti teknologian yhteensopivuus elimintapaan ja teknologian
koettu edullisuus vaikuttavat uusien innovaatioiden kiyttéonottoon. Elimintavan
yhteensopivuudella tarkoitetaan sitd, missd mairin innovaation koetaan olevan joh-
donmukainen kotitalouksien nykyisten tarpeiden kanssa. (Adams et al. 2017.)

Rogers (2003) on esittinyt diffuusioteorian uusien innovaatioiden omaksumi-
sesta. Teorian mukaan uusien innovaatioiden ja teknologioiden yleistymisessi on ha-
vaittu tiettyjd usein toistuvia ominaispiirteitd, joiden perusteella thmiset voidaan jakaa
viiteen ryhmain. Ryhmat ovat innovaattorit, aikaiset omaksujat, aikainen enemmisto,
myohiinen enemmisto ja vitkastelijat. Alussa harvat ihmiset, innovaattorit ja aikaiset
omaksujat, omaksuvat uuden innovaation kaytt6on. Tétd seuraa uuden innovaation
varsinainen yleistyminen, kun aikainen ja myohiinen enemmisté omaksuvat inno-
vaatiota kayttoon. Lopulta viimeisind innovaatiota ottavat kidytt66n vitkastelijat. Tl-
16in innovaatiot levidvit S-kdyrin mukaisesti kuvan 3 osoittamalla tavalla. (Rogers
2003.)

19



100
S-Kayra
b
3
e
5
50 §
g
=S
25
L
T
| 0
Innovaattorit  Aikaiset Aikainen Myohidinen Vitkastelijat
2,5% omaksujat enemmistod enemmistd 16 %
13,5 % 34% 34%

Kuva 3. Rogersin diffuusioteoria innovaatioiden omaksujaryhmisté ja yleistymisesté (suomennettu
l&hteestad Rogers 2003).

Innovaatioilla voidaan tarkoittaa esimerkiksi erilaisia teknologioita (esim. automaat-
tiautot) tai niilld voidaan tarkoittaa my0s erilaisia sosiaalisia tapoja tai toimintatapoja
(esim. MaaS-palveluiden yleistyminen) (Péllinen et al. 2014). Kuvassa 100 % omak-
sumisasteella voidaan viitata my6s innovaation lopulta kidytt66n ottavien henkiliden
osuuteen tai tiettyyn ryhmaiin, eikd valttimattd koko populaatioon. Voi esimerkiksi
olla my6s innovaatioita, joita omaksutaan kiytto6n vain tietyissd ryhmissd, kuten eri-
laisissa kéyttédjd- tai ammattiryhmissa. (Rogers 2003.)

Rogersin (2003) mukaan innovaatioiden eri omaksujaryhmiin kuuluvilla on tyy-
pillisesti monia yhteisia piirteitd. Tyypillisesti aikaisemmat omaksujat ovat korkeam-
min koulutettuja, rationaalisempia ja heidin ”sosiaalinen statuksensa” on korkeampi.
Tutkimuksessa sosiaaliseen statukseen katsottiin kuuluvaksi esimerkiksi henkilén tu-
lot, varallisuus, elintaso, ammatillinen arvostus yms. tekijit. Lisdksi aikaisilla omak-
sujilla on tyypillisesti myonteisempi suhtautuminen muutokseen kuin myéhemmin
omaksuvilla. Yleisesti idlld ei ole havaittu olevan selkedi korrelaatiota uusien inno-
vaatioiden omaksumisessa. On kuitenkin huomioitava, ettd eri innovaatioiden koh-
dalla eri omaksujaryhmiin kuuluvien ihmisten taustatiedot voivat vaihdella paljon ja
on my0s sellaisia innovaatioita, joissa mm. ikd on vaikuttanut merkittavisti innovaa-

tion kdyttéonottoon. (Rogers 2003.)
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Tyypillisesti suuri osa aikaiseen ja my6hiiseen enemmisté6n kuuluvista henki-
16istd kuuluu samoihin ryhmiin ldhes kaikkien uusien innovaatioiden kohdalla. Eri-
tyisesti asteikon ddripdidssd olevat innovaattorit ja vitkastelijat kuitenkin vaihtuvat
yleensa jonkin verran innovaatiosta riippuen. Ei siis voida olettaa, ettd sama henkil6
kuuluisi aina uuden innovaation tai teknologian kohdalla samaan ryhmiin. (Robin-
son 2009.)

2.2 Yleisesti liikkumistottumuksiin vaikuttavia tekijoita

Ihmisten litkkumisen taustalla on ensisijaisesti thmisten tarve ja halu siirtyd paikasta
toiseen. Thmisten liitkkumisen voidaan katsoa olevan johdettua kysyntdd, johon vai-
kuttavat erilaisten toimintojen aikataulutus. Erilaisia toimintoja ovat esimerkiksi ty6s-
sakdyntl, vapaa-ajan aktiviteetit, ostosreissut ja virkistys-/lomamatkat, jotka luovat
tarpeen liikkumiselle. (Rubin 2016.)

Tyypillisesti kulkutavan valintaa on pyritty selittimain erilaisilla hy6tyfunktioilla.
Suurin osa kulkutavan valintaa selittivistd hyotyfunktioista pohjautuu satunnaiseen
hyGtyteoriaan (random utility theory, RUT). Satunnaisessa hy6tyteoriassa oletetaan,
ettd henkil6 valitsee vaihtoehdon, joka tyydyttda hinen tarpeitaan ja halujaan parhai-
ten, huomioiden kaikki kulkutavan valintaan liittyvit yksittdiset tekijit. (De Vos et al.
2016.) Yleisesti matkan rahallisten ja ajallisten kustannusten on havaittu olevan kriit-
tisimpid matkustuskayttdytymiseen ja kulkutavan valintaan liittyvid tekijoita (Bal-
combe et al. 2003; Polzin 2016). Niiden lisiksi mm. matkan kitevyys, luotettavuus,
matkustusmukavuus ja joustavuus vaikuttavat kulkutavan valintaan merkittavasti. Li-
siksi on joitakin ulkoisia tekijoitd, jotka vaihtelevat suuresti kiyttdjien vililld. Téllaisia
ovat esimerkiksi pyrkimys toimia mahdollisimman ympiristoystavillisesti tai yleisem-
min kulkutavan imago ja muiden ithmisten luoma sosiaalinen vaikutus. (Polzin 2016)
Voidaankin tiivistdd, ettd matkan atheuttama vaiva, matkaan kulunut aika ja matkan
rahalliset kustannukset ovat ensisijaisesti kulkutavan valintaan vaikuttavia tekijoita.
On kuitenkin hyva huomioida, etti vaihtoehtoisten kulkutapojen puute on myos te-
kijd, joka rajoittaa kulkutavan valintaa ja siten vaikuttaa kulkutapajakaumaan (Bal-
combe et al. 2003).

Ihmisten autonomistukseen liittyvit vahvasti samat tekijit kuin kulkutavan valin-
taan. Mikili auto koetaan tarpeelliseksi osaksi litkkumista, sellainen yleensid myos
hankitaan. Yleisesti autonomistus ja autojen kaytté asukasta kohden ovat kasvaneet
jatkuvasti bruttokansantuotteen ja siitd seuraavan taloudellisen hyvinvoinnin kasva-

essa, mutta monissa linsimaissa on 2000-luvulla nidhty merkkeja my6s laskutrendistd
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(nk. Peak car teoria) (Bastian et al. 2016). Autonomistuksen kustannukset ja kotita-
louden tulot vaikuttavatkin merkittivisti autonomistukseen (Dargay 2002; Clark
2009). Autonomistukseen vaikuttavat kuitenkin my6s monet muut tekijit. Tyypilli-
sesti naiset, nuoremmat, kaupunkialueilla asuvat, pienissa kotitalouksissa asuvat ja
hyvien joukkolitkenneyhteyksien varrella asuvat ihmiset omistavat auton harvemmin
kuin muut. Erityisesti viimevuosina yleistynyt ymparistoystivillinen ajattelu on myo6s
vihentinyt autonomistusta. (Zong et al. 2019; Bartosiewicz & Pielesiak 2019; Bastian
& Borjesson 2018; Matas & Raymond 2008.)

Monissa maissa auton kdytén on nihty vihentyvin vuosituhannen vaihteen jil-
keen. Vaikka auton kiytto tyypillisesti on kasvanut, niin esimerkiksi Italiassa auton
kaytt6 on kddntynyt selkeddn laskuun ja Yhdysvalloissa kasvu on pysihtynyt vuonna
2000. Lisdksi monissa muissa kehittyneissd maissa, kuten Saksassa, Ranskassa, Nor-
jassa, Iso-Britanniassa ja Japanissa nikyy selked kasvun hidastuminen vuosittaisissa
ajokilometreissd. Erityisesti 20—29-vuotiaiden ikdryhmissid muutos on hyvin selkea.
(Bussiere et al. 2019.) Suomessa henkiléautojen maira suhteessa viestoon on lisidn-
tynyt jatkuvasti viimeisten vuosikymmenien aikana, joskin viimeisten vuosien aikana
kasvu on hidastunut ja tasaantunut merkittdvasti. Pidkaupungissa Helsingissd henki-
l6autojen miiri asukasta kohden on jo kddntynyt laskuun viimeisten vuosien aikana.
(HLT 2016.) Vastaava lmi6 on havaittu my0s Iso-Britanniassa, jossa autojen maara

suhteessa viestoon on edelleen kansallisella tasolla kasvanut, mutta on kiddntynyt sel-
keddn laskuun Lontoossa (DfT 20106).

2.3 Tieliikenteen automaatio

2.3.1  Viitekehys

Tielitkenteen automatisoinnin visiointi ja kehitystyé ovat alkaneet jo 1900-luvun al-
kupuolella. Alkuvaiheessa kehitysti automaattiautot rakennettiin seuraamaan tien
pintaan asetettuja kaapeleita. Vuosikymmenten kuluessa teknologia kehittyi hitaasti
esimerkiksi tutkasovellusten ja kamerakuvaan perustuvien jirjestelmien avulla. Au-
tomaattiautojen kehitys alkoi kuitenkin toden teolla 2000-luvulla ja on edelleen kiih-
tynyt erityisesti 2010-luvulla. (Innamaa et al. 2015.)

Vuonna 2014 yhdysvaltalainen autoalan standardisointijirjesté Society of Auto-
motive Engineers, SAE, mairitteli kuusiportaisen taksonomian (standardi J3016) eri

automaatiotasoille (SAE 2014). Kyseinen automaattiautojen luokittelu on levinnyt
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maailmalla laajasti kéytetyksi luokitteluksi ja sitd hyédynnetddn niin tutkimuksissa
(esim. Krbger et al. 2016) kuin viranomaisten julkaisuissa (esim. European Commis-
sion 2017) ympari maailmaa. Innamaa et al. (2015) suosittelivat luokittelua kaytetti-
viksi my6s Suomessa ainakin sithen asti, ettd uusi eurooppalainen laatustandardi syn-
tyisi. SAE on myShemmin tarkentanut standardin sisiltéd ja viimeisin versio stan-
dardista on julkaistu vuonna 2018 (SAE 2018). Standardi ja mairitelmit ovat kuiten-
kin pysyneet padpiirteissiin alkuperiisen standardin mukaisina ja sisiltd6n on tullut
ainoastaan pienid tarkennuksia ja sanamuutoksia. Taulukossa 1 on esitetty standardin

mukaiset automaatiotasot vuonna 2018 julkaistun paivityksen mukaisesti.

Taulukko 1.  Tieliikenteen automaatiotasot standardin J3016 mukaisesti maariteltyna (SAE 2018).

Automaation

Taso Nimi Maaritelma
kattavuus

Ihminen suorittaa osittain tai kokonaan ajamisen

0 Ei automaatiota | |hminen suorittaa kaikki dynaamisen ajotehtdvan osa-alu- | —
eet, vaikka ajamista tuetaankin varoituksilla tai ajamiseen
puuttuvilla jarjestelmilla.

1 Kuljettajan tuki | Kayttdymparistkohtaisia kuljettajan tukijarjestelmia, jotka | Joitakin

liittyvat joko ohjaamiseen tai kiihdyttdmiseen/jarruttamiseen | kayttdymparistdja
(mutta ei molempia samanaikaisesti). lhminen vastaa kai-
kista muista dynaamisen ajotehtavén osa-alueista.

2 Osittainen auto- | Kéyttdympéristokohtainen automaatiojérjestelmd, joka kat- | Joitakin

maatio taa seka ohjaamisen etta kiihdyttamisen/jarruttamisen. Ihmi- | kayttdymparistoja
nen valvoo ajamista ja vastaa kaikista muista dynaamisen
ajotehtévén osa-alueista.

Jarjestelma monitoroi ajoympaéristéa

3 Ehdollinen au- | Kéyttdymparistékohtainen automaatiojérjestelmé kattaa | Joitakin

tomaatio kaikki dynaamisen ajotehtivén osa-alueet, kuten pituus- ja | kayttdymparistdja
poikittaissuuntaisen kontrolloinnin. Ihmisen téytyy kuitenkin
valvoa ajamista ja ottaa auto hallintaansa ongelmatapauk-
sissa tai kun jarjestelma nain pyytaa.

4 Korkea auto- | Kéyttdymparistdkohtainen automaatiojérjestelmd kattaa | Joitakin
maatio kaikki dynaamisen ajotehtdvan osa-alueet ilman tarvetta | kayttdymparistdja
sille, etta ihminen valvoo ajamista tai ottaa ajoneuvoa hallin-
taansa.
5 Taysi automaa- | Kaiken kattava automaatiojérjestelmé (ts. ei kéyttdympéris- | Kaikki
tio tokohtainen), joka kattaa kaikki dynaamisen ajotehtdvan | kayttéymparistot

osa-alueet ilman tarvetta sille, etta ihminen valvoo ajamista
tai ottaa ajoneuvoa hallintaansa.
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Taulukon 1 mukaisesti tasolla 0 ihminen hoitaa kaiken ajamisen, eikd ajoneuvosta
16ydy automaatiojirjestelmii. Automaatiotasolla 1 autosta 16ytyy joko lateraalinen tai
longitudinaalinen tuki, mutta ei molempia yhti aikaa. Toisin sanoen tasolla 1 on yk-
sittdisia kuljettajaa avustavia jirjestelmia, kuten adaptiivinen vakionopeudensiadin tai
kaistallapitoavustin, mutta nima eivit ole kdytOssd yhtd aikaa. Automaatiotasolla 2
ajoneuvosta loytyy seki lateraalinen ettd longitudinaalinen tuki, jotka toimivat yhta
atkaa. Till6in esimerkiksi adaptiivinen vakionopeudensdidin ja kaistallapitoavustin
toimivat yhti aikaa kayttéymparistokohtaisesti. My0s talld tasolla ihminen valvoo aja-
mista ja on vastuussa kaikista muista dynaamisen ajotehtdvin osa-alueista. (SAE
2018.)

Automaatiotasolla 3 jirjestelmi kattaa kiyttéymparistokohtaisesti kaikki dynaa-
misen ajotehtdvin osa-alueet. Automaatiotasolla 3 jirjestelmd suoriutuu tietyissd
kiyttoymparistoissd kaikista ajotehtivin osa-alueista, eikd thmisen tarvitse valvoa aja-
mista. Thmisen tdytyy kuitenkin olla valmiudessa ottamaan auto hallintaansa ongel-
matapauksissa auton niin ilmoittaessa, jolloin hin ei voi esimerkiksi nukkua ajon ai-
kana. Automaatiotasolla 4 auto suoriutuu kiyttéympiristokohtaisesti kaikista ajoteh-
tivin osa-alueista, eikd tdlld tasolla tarvita endd lainkaan ihmiskuljettajan lisndoloa
ajoneuvon sisilld. Automaatiotasolla 4 kiyttéympiristo voidaan maaritelld hyvin laa-
jasti. KayttOymparistond voi olla esimerkiksi yksittidinen katu, kaupunginosa, kau-
punki, maantieverkko, asfaltoidut viylit jne. Kayttoympiristoon voidaan maaritelld
my6s muita ominaisuuksia, kuten esimerkiksi tietynlaiset keliolosuhteet. On my6s
huomioitava, ettd kidyttéympariston ulkopuolella ithmisen tdytyy ottaa auto hallin-
taansa ja joissain tapauksissa kayttOympiristo voi olla hyvin rajallinen. Suurimpana
erona automaatiotasojen 3 ja 4 vililld on, ettid tasolla 3 ihmisen tdytyy olla valmiudessa
ottamaan auto hallintaansa, mutta tasolla 4 auto osaa my0s itse pysahtya hallitusti,
kun olosuhteet eivit endd tiytd kdyttOympariston mairitelmid. Automaatiotasolla 5
jarjestelmé suoriutuu kaikista ajotehtdvista kaikissa kiyttoympiristoissa itsendisesti.
(SAE 2018.)

Yleisesti automaattiautojen vaikutuksia tutkittaessa tarkastellaan erityisesti kor-
kean automaatiotason, eli tasojen 4 ja 5, autoja. Perusoletuksena korkean automaa-
tiotason autojen vaikutuksia tutkittaessa pidetddn usein sitd, ettd autojen kayttoym-
péristd on vihintiidn kohtalaisen laaja, mikd mahdollistaa esimerkiksi automaattiau-
tojen kiyttaimisen ilman, ettd kykenee itse ajamaan. Merkittivit ja suuret vaikutukset
liikkennejirjestelmdin tapahtuvat vasta korkean automaatiotason autojen myoti,
mutta my6s matalampien automaatiotasojen ajoneuvoilla on positiivisia vaikutuksia
esimerkiksi litkenneturvallisuuteen, ympiristovaikutuksiin ja yleisesti liikennejérjes-
telmin tehokkuuteen. (Innamaa et al. 2015; Wadud et al. 2016.) Utriaisen (2018) ja
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Stark et al. (2019) mukaan osittain automatisoidut autot (automaatiotaso 2) voivat
parantaa litkenneturvallisuutta ja vihentdd merkittdvist erityisesti perddnajo- ja suis-
tumisonnettomuuksia.

Kaikki ajoneuvoluokat luokitellaan samojen automaatiotasojen avulla. Tois-
taiseksi valtaosa litkenteen automaation kehittimisestd liittyy joko henkiléautoihin
(esim. Waymo, Tesla ja monet perinteiset autonvalmistajat) tai pienikokoisiin robot-
tibusseihin (esim. Sensbile4 ja Navya), mutta my6s raskaan kaluston automaatiota
kehitetdin (esim. Volvo ja TuSimple). Korkean automaatiotason henkil6autoja tar-
kasteltaessa on tirked huomioida erilaiset kdyttokohteet. Automaattiautot ovat joko
yhteiskdyttoisid tai itse omistettuja. Yhteiskdyttoiset automaattiautot mielletddn
yleensi taksimaisesti toimiviksi, eli nk. robottitakseiksi. Robottitaksit puolestaan voi-
vat olla joko yksityisid tai jaettuja. Yksityinen robottitaksi toimii kuten perinteinen
taksi nykyisin, mutta ilman kuljettajaa. Télloin autossa on vain samaan seurueeseen
kuuluvia ihmisid. Jaettu robottitaksi puolestaan toimii siten, ettd kyydissd voi olla
my0s toisilleen tuntemattomia ihmisii, jolloin reititys ja matka-aika voivat poiketa
yksityisestd robottitaksista. Jaettu robottitaksi toimiikin samalla periaatteella kuin kut-
sujoukkolitkenne. Litman (2019) mukaan robottitaksien kustannukset ovat kiyttajal-
leen pienemmit kuin henkil6autoilun kustannukset omalla autolla. Erityisesti jactut
robottitaksit voivat pienentdd henkil6autoilun kustannuksia merkittdvisti.

Automaattiautojen kehittdmisen tirkeimpédnd motivaationa pidetddn liikennetur-
vallisuuden parantamista. On arvioitu, ettd noin 95 prosenttiin liikenneonnetto-
muuksista sisiltyy ainakin jollain tasolla inhimillisid virheitd (mm. Hoeger et al. 2011;
NHTSA 2015) ja automaattiautojen odotetaan parantavan liikkenneturvallisuutta ch-
kdisemalld tillaisia virheitd (Fagnant & Kockelman 2015). Suomessa tielitkenteessi
kuolee vuosittain noin 200-250 ja loukkaantuu vakavasti noin 800-1000 thmista (Ti-
lastokeskus 2020). Vastaavasti on arvioitu, ettd maailmanlaajuisesti noin 1,35 miljoo-
naa ihmistd kuolee vuosittain tielitkenneonnettomuuksissa (WHO 2020). Liitkenne-
onnettomuuksien vihentdmiselld on paitsi inhimillisid vaikutuksia my6s merkittdvid
taloudellisia vaikutuksia. Esimerkiksi pelkistidan Suomessa tielitkenteessd tapahtu-
vien henkil6vahinkojen onnettomuuskustannukset ovat noin 1,3 miljardia euroa
vuodessa ja lukema on lisdksi aliarvio, koska paljon erityisesti lievempid onnetto-
muuksia ei pdddy tilastoon (Tervonen 2016).

Liikenneturvallisuuden parantumisen lisiksi erityisesti korkean automaatiotason
autojen odotetaan parantavan litkennejirjestelmin tehokkuutta ja siten vihentidvin
ymparistohaittoja ainakin ajosuoritetta kohden (Gruel & Stanford 2016; Innamaa et
al. 2015; Talebpour & Mahmassani 2016). Automaattiauto voivat myds parantaa
matkustusmukavuutta ja yleisesti liikennejirjestelmin saavutettavuus kasvaa, kun
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henkil6auto on liikennemuotona saatavilla my6s niilld henkiléryhmilld, jotka eivit
itse voi ajaa (esim. sairaat, nuoret, ikddntyneet ja ajokortittomat), mika voi lisitd hen-
kilautojen ajosuoritetta. Lisddntyvi ajosuorite voikin osaltaan pahentaa ruuhkautu-
mista ja siten kasvattaa paast6jen kokonaismadrai liikennejirjestelmissa. (Fagnant &
Kockelman 2015; Miller & Heard 2016.)

Tieteellisessa kirjallisuudessa automaattiautojen hyotyja tarkastellaan usein opti-
mistisesti, vaikka niihin liittyy paljon my6s riskitekijoitd. Esimerkiksi siirtymavaihe,
jossa liikenteessd on sekéd automaattiautoja ettd ihmiskuljettajia, ndhdain usein riski-
tekijind muun muassa liikenneturvallisuuden kannalta. (Polis 2018). My6skdin lii-
kenteen tehostuminen ja ymparistoystavallisyys eivit valttdmittd toteudu varsinkaan
alkuvaiheessa. Esimerkiksi litkenteen tehostumisen taustalla yhtend merkittdvina te-
kijind ovat automaation nopeamman reagointikyvyn mahdollistamat lyhyemmit tur-
vavilit, joita ei ainakaan nykyiselld teknologian tasolla ole niytetty toteen. Vaikka tie-
litkenteen automaatiolla on suuri potentiaali liikennejirjestelmin kehittdmisessd, on
atheellista huomioida my6s huoli mahdollisista negatiivisista vaikutuksista ja myon-

teisten vaikutusten realistisuudesta.

2.3.2 |hmisten suhtautuminen automaattiautoihin ja valmius ottaa
automaattiautoja kayttoon

Patel & Connolly (2007) mukaan yleinen suhtautuminen vaikuttaa merkittivasti sii-
hen, miten valmiita ihmiset ovat ottamaan kiytt66n uutta teknologiaa. Kirjallisuu-
dessa ihmisten valmiutta automaattiautoille onkin ldhestytty juuri suhtautumisen
kautta. Schoettle ja Sivak (2014) tutkivat ihmisten yleistd mielipidettd automaattiau-
toja kohtaan Kiinassa, Intiassa, Japanissa, Yhdysvalloissa, Isossa-Britanniassa ja
Australiassa. Kussakin maassa toteutettiin kyselytutkimus, johon saatiin vastaajia ku-
takin maata kohden noin 500—600. Tutkimuksen perusteella valtaosa vastaajista oli
aiemminkin kuullut automaattiautoista ja omasi myonteisen yleisen mielipiteen ja
korkeat odotukset automaattiautojen tuomista hy6dyista, joskin suhtautuminen vaih-
teli maittain. Erityisesti Kiinassa ja Intiassa vastaajat suhtautuivat automaattiautoihin
hyvin my6nteisesti, kun muissa maissa esiintyi enemmin lievisti myonteistd ja neut-
raalia suhtautumista. Samalla suurin osa vastaajista oli kuitenkin my6s huolissaan au-
tomaattiautojen turvallisuudesta ja tekniikan toimivuudesta. Padosin vastaajat halusi-
vat dlykistd teknologiaa autoihinsa, mutta eivit toisaalta olleet valmiita maksamaan
ylimairaista siitd. (Schoettle ja Sivak 2014.)
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Kyriakidis et al. (2015) tutkivat ihmisten asenteita automaattiautoja kohtaan laa-
jalla internetkyselytutkimuksella. Kyselyyn osallistui noin 5000 vastaajaa hajautu-
neesti ympari maailmaa, yhteensd 109:std eri maasta. Tutkimuksen perusteella ihmis-
ten asenteet automaattiautoja kohtaan jakautuivat paljon. Tutkimukseen osallistuneet
vastaajat olivat eniten huolissaan riittdvistd kyberturvallisuudesta ja liikenneturvalli-
suudesta, automaattiautojen laillisuudesta ja mahdollisesta yksityisyydensuojan heik-
kenemisestd. Erityisesti korkean tulotason maista tulleet vastaajat eivit pitineet aja-
tuksesta, ettd ajoneuvo jakaisi dataa suoraan esimerkiksi viranomaisille tai vakuutus-
yhtidille. (Kyriakidis et al. 2015.)

Gabrhel et al. (2019) toteuttivat kyselytutkimuksen TSekissd. Kysely toteutettiin
satunnaisotannalla ja sithen vastasi 1065 ithmistd. Kyselyn perusteella 40 % vastaajista
suhtautui joko hyvin tai lievasti myOnteisesti automaattiautoihin, noin 40 % ei myon-
teisesti eikd kielteisesti ja noin 20 % joko hyvin tai lievasti kielteisesti. (Gabrhel et al.
2019). Wang et al. (2020) mittasivat ihmisten yleistd suhtautumista automaattiautoi-
hin kolmiportaisella asteikolla. Tutkimus toteutettiin internetpaneelina, johon vastasi
834 thmistd. Tutkimuksen mukaan 37 % vastaajista suhtautui myonteisesti automaat-
tiautoihin, 42 % suhtautui neutraalisti ja 22 % kielteisesti. (Wang et al. 2020).

Ihmisten kiinnostusta ja halukkuutta kéyttid automaattiautoja on tutkittu jo
melko paljon viime vuosina. Tutkimustuloksissa on kuitenkin jonkin verran eroja.
Osassa tutkimuksista valtaosa vastaajista suhtautuu automaattiautoihin myénteisesti
ja on halukas kiyttimiin niitd (esim. Alessandrini et al., 2014). Toisaalta osassa tut-
kimuksista suurin osa vastaajista ei ole kiinnostuneita automaattiautoista eiki ole ha-
lukkaita kdyttimain niitd (esim. Ipsos MORI 2014). Tyypillisind syind tihdn ndhdain
mm. epaluottamus automaattiautoja kohtaan ja toisaalta kiintymys oman auton kayt-
tamiseen. Valtaosa kyselytutkimuksista on kuitenkin yksipuolisia ja suunnattuja tie-
tyille ryhmille. Vastaajajoukkoa ei vilttimatta ole valittu satunnaisotannalla ja siten
tuloksia ei voida yleistdd koko populaatioon. (Cavoli et al. 2017.)

Kirjallisuudessa on jonkin verran tutkittu myos eri kiyttijiryhmien vilisid eroja
kiinnostuksessa ja halukkuudessa ottaa automaattiautoja kiyttoon. Kyselytutkimuk-
sissa on havaittu paljon samankaltaisuuksia. Tyypillisesti miehet ovat kiinnostuneem-
pia automaattiautoista kuin naiset. Vastaavasti kaupunkialueilla asuvat, korkeammin
koulutetut ja hyvituloiset henkil6t ovat tyypillisesti muita vastaajia kiinnostuneempia
automaattiautoista. Lisdksi useissa tutkimuksissa on havaittu, ettd nuoremmat vas-
taajat ovat olleen vanhempia vastaajia kiinnostuneempia kdyttimdin automaattiau-
toja. (mm. Alessandrini et al., 2014; Bansal et al. 2016; Ipsos MORI 2014; Konig &
Neumayr 2017.)
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Automaattiautoihin liittyvien kyselyjen perusteella suhtautuminen automaattiau-
toihin vaikuttaa toteuttavan yleistd teknologioiden omaksumisen teoriaa. Valtaosassa
tutkimuksista vastaajamairit ovat kuitenkin olleet pienid tai otoksia ei ole valittu sa-
tunnaisotannalla, jolloin ne eivit vilttimittd ole edustaneet tutkimusten perusjouk-
koa. Olemassa olevan tutkimuksen perusteella on siten tarpeen tutkia ihmisten suh-
tautumista automaattiautoihin kyselytutkimuksella, joka on toteutettu suurella ja po-
pulaatiota edustavalla otoksella.

2.3.3 Automaattiautojen vaikutukset inmisten liikkumistottumuksiin

Automaattiautojen vaikutukset kulkutapajakaumaan ovat vahvasti sidonnaisia sithen,
mika niiden rooli tulee lopulta olemaan liikennejirjestelmissa ja ihmisten litkkumi-
sessa. Kirjallisuudessa on jonkin verran tutkimuksia automaattiautojen vaikutuksista
kulkutapajakaumaan. Tutkimukset perustuvat pddosin erilaisiin asiantuntijatyésken-
telyn perusteella rakennettuihin skenaarioihin, joiden vaikutuksia voidaan simuloida.
Skenaarioissa, joissa automaattiautoja omistetaan ja kdytetddn kuten perinteisid autoja
nykyisin, henkil6autoilun kulkutapaosuuden odotetaan kasvavan. Toisenlaisissa ske-
naarioissa voidaan esimerkiksi olettaa, ettd automaattiautoja kiytetddn ensisijaisesti
yhteiskiyttéautoina ja mahdollisesti joukkoliikennettd tukevana ja tiydentivina lii-
kennemuotona, jolloin vaikutus kulkutapajakaumiin on pdinvastainen. (Cavoli et al.
2017.)

Sessa et al. (2015) mukaan automaattiautojen tuoma kiyttémukavuuden parantu-
minen ja kasvava kysynta niiltd henkil6ryhmilté, jotka eivit nykyisin voi ajaa, tulevat
kasvattamaan henkil6auton kulkutapaosuutta. Tutkimuksessa kuitenkin tunnistettiin
myos se, ettd automaattiautot voivat auttaa ratkaisemaan joukkoliikenteen nk. viimei-
sen kilometrin ongelmaa, jolloin joukkoliikenteen houkuttelevuus kasvaa. Lisdksi au-
tomaattiautojen kustannustasosta ei vield ole varmuutta. Mikili automaattiautojen
omistaminen ja kdyttiminen on merkittdvisti kalliimpaa kuin perinteisen henkiléau-
ton kiyttiminen, eivit ne todennikéisesti nosta henkiléautoilun kulkutapaosuutta.
Jalankulun ja py6riilyn kulkutapaosuudelle nihddin enemmin negatiivisia kuin po-
sitiivisia vaikutuksia, joskin kaupunkipoliittisilla ratkaisulla on suuri merkitys jalanku-
lun ja py6riilyn kulkutapaosuuteen my6s tulevaisuudessa. (Sessa et al. 2015.)

Useimmissa tutkimuksissa automaattiautojen odotetaan kasvattavan henkiléau-
toilun kulkutapaosuutta ja vastaavasti erityisesti joukkoliikenteen kulkutapaosuuden
odotetaan laskevan. Kroger et al. (2016) mallinsivat tutkimuksessaan yksityisomis-

teisten automaatiotasojen 4 ja 5 ajoneuvojen vaikutuksia eri kulkutavoilla tehtivien
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matkojen midridn Saksassa ja Yhdysvalloissa. Eniten automaattiautojen odotetaan
vihentivin kulkutapaosuutta joukkolitkenteeltd ja pyoriilylti, kun taas kivelyn osalta
muutosten odotetaan olevan pienempid. Davidson ja Spinoulas (2016) mukaan au-
tomaattiautot todennikéisesti lisadvit henkilautojen kulkutapaosuutta ja vihentivit
sitd niin jalankululta, py6riilyltd kuin joukkolitkenteeltikin, Automaattiautojen kus-
tannustaso on kuitenkin merkittdvissd roolissa. Mikili kustannustaso on korkealla,
on my6s mahdollista, ettd kulkutapajakauma painottuu nykyistd enemmin jalanku-
lun, pyoriilyn ja joukkolitkenteen suuntaan. Tilanteeseen liittyy kuitenkin oletus, ettd
kaikki autot ovat automaattiautoja tai ainakin, ettd automaattiautot ovat kilometri-
kustannuksiltaan edullisempia kuin perinteiset autot. Gruel ja Stanford (2015) pohti-
vat automaattiajoneuvojen vaikutuksia erilaisten skenaarioiden kautta. Kulkutapaja-
kaumien osalta ongelmaksi todettiin painottuminen entisti enemmin henkiléautoi-
hin automaattiautojen vetovoiman vuoksi. Tosin erityisesti automaattiautojen yhteis-
kayttoskenaariossa henkil6autoilun kustannukset on helpompi hahmottaa, mika
osaltaan voi nostaa joukkoliikenteen vetovoimaa sen suhteellisen edullisuuden
vuoksi. Tidssdkin tapauksessa yhteiskdyttoisen automaattiauton kiyttiminen tulisi
kuitenkin olla perinteistd autoa edullisempaa, jotta vaikutus olisi timin suuntainen.

Alessandrini et al. (2014) mukaan erityisesti jactuilla automaattiautoilla on merkit-
tivdd potentiaalia toimia joukkolitkennettd tdydentdvini liikkennemuotona, jolloin
joukkoliikenteen kulkutapaosuus voi kasvaa ja henkil6autojen kulkutapaosuus laskea.
Heilig et al. (2016) simuloinnin mukaan yksityisomisteisten henkiléautojen korvaa-
minen yhteiskayttoisilld automaattiautoilla vihentdisi henkiléauton kulkutapaosuutta
suhteessa muihin kulkutapoihin. My6s monet muut tutkimukset ovat huomioineet,
ettd jactut automaattiautot voivat tiydentdd joukkolitkennettd ja nostaa sen kulkuta-
paosuutta (Cavoli et al. 2017).

Kirjallisuudessa on my6s arvioitu, ettd automaattiautot voivat kasvattaa henkilo-
ja ajoneuvokilometrien méarid henkilautoilun houkuttelevuuden ja saatavuuden pa-
rantuessa (Davidson & Spinoulas 20106; Sessa et al. 2015; Truong et al. 2017). T4ll6in
my0s henkil6autoilun kulkutapaosuus kasvaisi, mikali automaattiautot generoivat
enemmin ajokilometreji henkilautoille.

Useissa tutkimuksissa (mm. OECD 2015; Bischoff & Maciejewski 2016; Fagnant
et al. 2015) on simuloitu, ettd nykyisen kaltainen litkennesuorite olisi toteutettavissa
suurissa kaupungeissa alimmillaan jopa 90 % pienemmalld maarilla autoja, mikali
kaikki autot olisivat yhteiskéyttdisid automaattiautoja. Samaa suuruusluokkaa olevia
tuloksia on saatu my6s Suomessa paikaupunkiseudulla (OECD 2017). Pienempi au-
tokanta vihentiid autoihin sidotun pddoman tarvetta, mikd mahdollistaa sen, ettd au-

tomaattiautojen yhteiskdyton kustannukset voivat olla pienemmat auton kayttéjille
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kuin perinteisen auton omistamisesta aiheutuvat kustannukset ja siten autonomistus-
halukkuus voi laskea (Litman 2019). Sessa et al. (2015) mukaan automaattiautot tu-
levatkin laskemaan autonomistusta tulevaisuudessa. Zhang et al. (2018) mukaan At-
lantan metropolialueella Yhdysvalloissa noin 18 % alueen kotitalouksista voisivat va-
hentdd kotitalouden omistamien autojen lukumiirii yksityisomisteisten automaatti-
autojen seurauksena ilman, ettd kotitalouksien liikkumistottumukset muuttuisivat
lainkaan. Tama tarkoittaisi 9,5 % vihennystd autokantaan tutkitulla alueella.

Thmisten suhtautumista autonomistukseen automaattiautojen seurauksena on tut-
kittu jonkin verran. Pofuk (2017) havaitsi, ettd Sloveniassa sadan henkilén koeryh-
mistd 84 % voisi ottaa automaattiauton kayttéonsd. Naistd 71 % kiyttiisi sitd mie-
luummin yhteiskayttoisena kuin omistaisivat sen itse. Toisaalta Bansal et al. (20106)
tutkimuksen mukaan Austinissa Yhdysvalloissa vain 13 % vastaajista (N=347) voisi-
vat luopua autonomistuksesta, mikali jaettujen automaattiautojen kustannukset olisi-
vat yhden dollarin verran mailia kohden. Zhang et al. (2018) mukaan jaetuille auto-
maattiautoille 16ytyy yhd merkittavad vastustusta ja iso osa ihmisistd saattaa ainakin
lihivuosina suosia ensisijaisesti yksityisid automaattiautoja. Menon (2017) toteutti ky-
selytutkimuksen (N=1214) Yhdysvalloissa Floridan yliopiston henkil6kunnalle ja
American Automobile Accociation South -jirjeston jasenistolle. Tutkimuksen mu-
kaan vain harva vastaaja voisi luopua nykyisin autonomistuksesta, mikali robottitak-
seja olisi nykyisin hyvin saatavilla.

Automaattiautojen vaikutuksia tarkastelevat tutkimukset koostuvat usein erilai-
sista simulaatioista ja mallinnuksista, joita tehdddn tiettyjen oletusten perusteella
muodostettujen skenaarioiden avulla. Thmisten mielipiteitd ja asenteita ei kuitenkaan
usein huomioida lainkaan erilaisissa skenaarioissa. Lisdksi tutkimukset, joissa ihmis-
ten asenteita kasitelldidn, ovat yleensa suppeita ja toteutettu ilman populaatiota ku-

vaavaa otosta.

2.4 Tieliikenteen palveluistuminen

241 Viitekehys

Liikkuminen palveluna, eli MaaS (Mobility as a Service) on verrattain tuore konsepti.
Ensimmidisen kerran kyseistd termid on kiytetty vuosina 2013-2014 (mm. Heikkild
2014) kuvaamaan litkennejirjestelmin palveluistumista. (Liimatainen & Mladenovic
2018.) MaaS-palveluille ei ole tarkkaa yksiselitteistd maaritelmaa. MaaS-palveluiden
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perimmaisend ajatuksena on kiyttdji- ja palveluldhtoisesti yhdistda ja kytked saumat-
tomasti yhteen erilaisia litkennemuotoja ja -palveluita, joiden avulla ihmisille voidaan
tarjota kokonaisvaltaista liitkkumispalvelua. Jossain tutkimuksissa MaaS-palveluiden
keski6ssa nihdain myos litkkumisen ymparistoystivallisyys. Koska MaaS on varsin
tuore konsepti, 16ytyy kirjallisuudessa vasta rajallinen mairi tieteellistd tutkimusta
MaaS-palveluista ja niiden vaikutuksista, joskin tutkimuksen maira kasvaa jatkuvasti.
(Utriainen & Pollinen 2018.) MaaS-palvelut voivat olla hyvin eri tasoisia ja sisaltdd
erilaisia palveluita eri kayttdjille, eikd yksi malli luonnollisesti sovi kaikille (Transport
Systems Catapult 2016).

Toistaiseksi maailmassa on lanseerattu vasta muutamia kokonaisvaltaista palvelua
tarjoavia MaaS-palveluita. Kaytinndssd kolme yritystd, suomalainen Whim, ruotsa-
lainen Ubigo ja yhdysvaltalainen Shift, ovat ainoat kokonaisvaltaista palvelua tarjoa-
vat MaaS-palvelut maailmassa. Niiden lisdksi on kuitenkin kymmenittdin muita pal-
veluita, jotka muistuttavat MaaS-palvelua, mutta joista esimerkiksi puuttuu tiettyji
ominaisuuksia, jotta ne voisivat tarjota kokonaisvaltaista palvelua ja saumattomia
matkaketjuja. Kaupallisten MaaS-palveluiden lisiksi maailmalla on ollut jonkin ver-
ran erilaisia mm. julkisella rahalla toteutettuja MaaS-pilotteja. (Esztergar-Kiss et al.
2019.) Esimerkiksi Alankomaissa on lanseerattu laaja julkisrahoitteinen ohjelma
MaaS-palveluiden tuomisesta kansalaisten kiytt6on (Mink 2019).

MaaS-palveluiden operaattoreilla on kriittinen rooli palvelun onnistumisen suh-
teen, silli operaattorin tehtivind on integroida erilaiset yksittdiset liikennepalvelut
saumattomaksi kokonaisuudeksi (MaaS Alliance 2019). Nykyiset MaaS-operaattorit
voidaan jakaa yleisesti kolmeen kategoriaan: joukkoliikenneoperaattorit, paikallisvi-
ranomaiset ja yksityiset yritykset. Vaikka muillakin toimijoilla ndhdddn kriittinen rooli
MaaS-palveluiden yleistymisessa, niin tilld hetkelld kaikki kokonaisvaltaista palvelua
tarjoavat MaaS-operaattorit ovat yksityisid yrityksid. (Esztergar-Kiss et al. 2019.)

2.4.2 |hmisten valmius MaaS-palveluille ja MaaS-palveluiden vaikutukset
liikkumistottumuksiin

Kirjallisuudessa on toistaiseksi vain muutamia tutkimuksia, joissa MaaS-palveluita on
tutkittu kéyttdjinikokulmasta. Kamargianni et al. (2018) toteutti Lontoossa laajan
kyselytutkimuksen (N=1200) ihmisten suhtautumisesta mm. MaaS-palveluihin. Tut-
kimuksen mukaan MaaS-palveluille 16ytyy kysyntaa erityisesti nuorten keskuudessa,

silld noin 55 % kyselyyn vastanneista alle 30-vuotiaista kayttdisi MaaS-palveluita, jos
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ne laskisivat heidin litkkumiskustannuksiaan. Yli 49-vuotiailla vastaava lukema oli 35
%. (Kamargianni et al. 2018.)

Vastaavasti I'TS Australian (2018) toteuttaman kyselytutkimuksen (N=4000) mu-
kaan nuoret, korkeammin koulutetut ja miehet ovat MaaS-palveluiden todennikoi-
simpid kdyttdjid. Suomessa Solita (2017) toteutti kyselytutkimuksen, jonka mukaan
vai harva suomalainen oli kuullut MaaS-palveluista, mutta kuitenkin yli 80 % vastaa-
jista niki tarpeellisena sen, ettd yhdelld lipulla tulisi voida matkustaa koko matkaketju
saumattomasti, mika indikoi tarvetta ja kysyntdd MaaS-palveluille.

MaaS-palveluiden yleistymisen kannalta on olennaista tunnistaa ihmisten maksu-
halukkuus téllaisista palveluista. Yleisesti maksuhalukkuus voidaan mairitelld suurim-
maksi summaksi, jonka kuluttaja on valmis maksamaan tietystd palvelusta (Gall-Ely
2009). Vain muutamissa tutkimuksissa on tarkasteltu ithmisten maksuhalukkuutta
MaaS-palveluista. Ho et al. (2018) haastattelivat Sydneyssd Australiassa 252 thmistd,
joista 47 % voisi ottaa jonkinlaisen MaaS-palvelun kiytt66nsi. Keskiméarin ihmiset
olivat valmiita maksamaan noin 143 euroa MaaS-palvelusta, joka sisiltdisi kaksi
vuokra-autopiivad, 15 tuntia yhteiskdyttautojen kayttod, kuusi vuorokautta joukko-
litkenteen kaytt6d sekd alennuksia taksi- ja kyydinjakopalveluista. Solitan (2017) Suo-
messa tekemain tutkimuksen mukaan ihmiset olivat valmiita maksamaan kaikki liik-
kumistarpeet tiyttivistd liilkkumispaketista alle 140 euroa kuukaudessa. Lisiksi ai-
hetta on muutamassa tutkimuksessa (mm. Ratilainen 2017; Vij et al. 2018) ldhestytty
etukdteen mdiriteltyjen litkkumispakettien ja niiden hintojen perusteella, mutta nai-
den tutkimusten perusteella ei voida arvioida ihmisten maksuhalukkuutta MaaS-pal-
veluista.

Ihmisten maksuhalukkuus MaaS-palveluista on syytd suhteuttaa ihmisten nykyisin
litkkumiseen kdyttimain rahamdiridn. Nidin voidaan tarkastella suhteellista maksu-
valmiutta, eli kuinka paljon ihminen on valmis maksamaan MaaS-palvelusta suh-
teessa nykyisiin litkkumiskustannuksiin. Vuonna 2016 toteutetun kotitalouksien ku-
lutusmenotutkimuksen mukaan suomalaiset kayttivit liikenteeseen keskimadrin 321
euroa vuodessa yhta OECD:n mairitelmin mukaista modifioidun skaalan kulutus-
yksikk6d (yksi aikuinen kotitaloudessa vastaa yhtd kulutusyksikk6d, muut kotitalou-
den yli 14-vuotiaat henkil6t vastaavat 0,5 kulutusyksikkod ja titd nuoremmat henkilot
vastaavat 0,3 kulutusyksikko6d) kohden. Vastaavasti 18—64-vuotias suomalainen kaytti
litkkumiseen keskimaarin 364 euroa kuukaudessa. Kulutustilastoissa liikennemenoi-
hin lasketaan kaikki liikenteeseen kuluvat rahat, kuten kulkuvilineiden hankinnat ja
huolto, polttoaineet, julkisten kulkuvilineiden kaytté sekd omatoimiset matkat koti-
maassa ja ulkomaille. (Tilastokeskus 2018.) Siten keskimidriinen maksuhalukkuus

MaaS-palveluista vaikuttaisi olevan hyvin kaukana ithmisten nykyisin keskimaarin
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litkkumiseen kdyttimisti rahasta. Toisaalta suhteellista maksuhalukkuutta tulee tar-
kastella yksilokohtaisesti, koska keskiarvot voivat vidrentia tilannetta, joten suhteel-
lisesta maksuvalmiudesta tarvitaan uutta tutkimustietoa.

MaaS-palveluiden vaikutuksia litkkumistottumuksiin ei ole vield juurikaan tut-
kittu. Kamargianni et al (2018) mukaan MaaS-palveluilla on merkittivia potentiaalia
kasvattaa kestivien litkennemuotojen (kively, pyoriily, joukkoliikenne, ks. Banister
2008) kulkutapaosuutta. Tutkimuksen mukaan Lontoossa 35 % nykyisistd auton
kayttdjistd uskoisi kayttivinsid enemmain joukkolitkennettd ja 17 % nykyisistd auton
kdyttajistd uskoisi pyoriilevinsi enemmin, mikili kdytossa olisi MaaS-palvelu. Kon-
sulttiyhtié6 Ramboll (2019) toteutti tutkimuksen MaaS-palvelu Whimin vaikutuksista
thmisen litkkumiseen Helsingissa. Raportin mukaan Whim-kayttajat kayttavit jouk-
kolitkennetti ja kaupunkipy6rid enemmain sekd ketjuttavat lilkennemuotoja useam-
min kuin helsinkildiset keskimidrin. Tdmin perusteella Whimin arvioidaan kasvatta-
van kestivien kulkutapojen kulkutapaosuutta. (Ramboll 2019.) Tutkimuksessa ei kui-
tenkaan lainkaan huomioida sitd, miten ihmisten liikkumistottumukset ovat muuttu-
neet aiempaan, eli esimerkiksi kayttdvitké Whimia lihtokohtaisesti sellaiset henkil6t,
jotka jo aiemmin kayttivit joukkolitkennettd ja kaupunkipy6rid enemmin kuin muut.
Tilloin tuloksista ei voida arvioida palvelun todellista vaikutusta kulkutavan valin-
taan.

MaaS-palveluiden vaikutuksia autonomistukseen ei my6skiin ole juuri tutkittu.
Kamargianni et al (2018) mukaan noin kolmannes autollisista lontoolaisista uskoisi
MaaS-palveluiden vihentivin heidin autoriippuvuuttaan ja noin viidennes voisi jopa
myyda auton kokonaan pois. Vaikka MaaS-palveluiden vaikutuksista autonomistuk-
seen on toistaiseksi vasta hyvin vihin tieteellisid tutkimuksia, on aihetta sivuttu ja
spekuloitu tieteellisissa julkaisuissa jonkin verran. Esimerkiksi Suomessa vuonna
2019 jirjestetyn MaaS-konferenssin perusteella monet tutkijat odottavat MaaS-pal-
veluiden vaikuttavan autonomistukseen laskevasti (mm. Hauptmann 2019; Hencer
et al. 2019; Salamanis et al. 2019; Sochor 2019).
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3 TUTKIMUSMENETELMAT JA AINEISTO

Luvun 1.4 mukaisesti timi viitostutkimus rakentuu kahden laajan kansalaiskyselyn
sekd niitd tiydentivien kahden asiantuntijatyépajan varaan. Ensimmiinen kyselytut-
kimus toteutettiin kevailld 2017. Siind kerittiin tietoa 18—64-vuotiaiden suomalaisten
suhtautumisesta ja asenteista erilaisia automaattiautoja kohtaan. Kysely koostui vii-
destd osasta: Osa I: Kiinnostus automaatioon, Osa: II Matkustuskiyttdytyminen,
Osa: 11T Robottitaksit, Osa: IV Automaattiautojen kiyttéonoton pelot ja esteet seka
Osa: V: Taustatiedot ja avoin palaute. Kysely toteutettiin padosin SP-menetelmilld
(stated preference), eli hyddyntimilld nk. kuvitteellisia valintoja. Kyselyssd hy6dyn-
nettiin mielipideasteikollisia (5-portainen Likert-asteikko) kysymyksid ja avoimia ky-
symyksid sekd valintatehtdvia ja jarjestimistehtdvid. Kyselyssa oli yhteensd 22 kysy-
mysti ja kyselyyn vastaamiseen kului aikaa noin 10—15 minuuttia. Kyselylomake ja
ohjeistus on esitetty liitteessa 1.

Toinen kysely toteutettiin kevailld 2018 ja siind kerittiin tietoa 18—64-vuotiaiden
suomalaisten suhtautumisesta ja asenteista litkenteen uusia palveluita ja paastovahen-
nyksid kohtaan. My6s tima kysely oli viisiosainen ja sisilsi mielipideasteikollisia (5-
portainen Likert-asteikko) ja avoimia kysymyksia sekd valintatehtdvid. Kysely koostui
23 kysymyksesti ja kyselyn tiyttimiseen kului aikaa noin 10—15 minuuttia. Kyselylo-
make ja ohjeistus on esitetty liitteessa 2.

Molemmissa tutkimuksissa otos poimittiin vdestOrekisteristd satunnaisotannalla
ikd- ja sukupuoliryhmittidin suhteessa perusjoukon iki- ja sukupuolijakaumaan. Au-
tomaattiautokyselyssd otoksen koko oli 10000 suomalaista ja MaaS-kyselyssi otoksen
koko oli 6000 suomalaista. Molemmissa kyselytutkimuksissa kaikille otokseen vali-
koituneille ihmisille ldhetettiin postitse kyselylomake, saatekirje ja palautuskirjekuori.
Vastaajat voivat vastata kyselyyn internetin valityksella tai postittamalla kyselylomak-
keen mukana tulleella palautuskirjeelld ilman postimaksua. Molemmissa kyselytutki-
muksissa vastaajille ldhetettiin muistutuskirje parin vitkon kuluessa alkuperiisesti kir-
jeestd. Taulukoissa 2 ja 3 on esitetty kyselytutkimuksien otoskoko, vastaajamiira ja

vastausprosentti ikd- ja sukupuoliryhmittéin.
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Taulukko 2.  Automaattiautokyselyn otoskoko, vastaajaméaéra ja vastausprosentti iké- ja
sukupuoliryhmittéin. Otantasuhde 0,3, otos 10 000 henkila.

Miehet Naiset
Ikiryhmit Otoskoko Vals"ta"alja- Vastaus-. Otos- Va"s"ta"aja- Vastaus-.
maara prosentti | koko maara prosentti
18-24 683 80 11,71 % 654 94 14,37 %
25-34 1084 160 14,76 % 1028 160 15,56 %
35-44 1052 175 16,63 % 995 189 18,99 %
45-54 1056 235 22,25 % 1036 236 22,78 %
55-64 1185 345 29,11 % 1227 362 29,50 %
Yhteensd 5060 995 19,66 % 4940 1041 21,07 %

Taulukko 3. MaaS-kyselyn otoskoko, vastaajamaara ja vastausprosentti ika- ja sukupuoliryhmittéin.
Otantasuhde 0,2, otos 6 000 henkil6a.

Miehet Naiset
Ikéryhmiit Otoskoko ;Zs:f:'a Ikaryhmat (k);zz ;:sat:‘a Ikaryhmat
18-24 415 50 121% | 397 59 14.9%
25.34 666 86 129% | 632 138 21,8%
35-44 662 107 162% | 626 115 18.4%
45.54 635 111 175% | 621 131 21.1%
55-64 663 176 266% | 683 186 27,2%
Yhteensa 3041 530 174% | 2950 629 21,3%

Taulukon 2 mukaisesti automaattiautokyselyyn vastasi yhteensi 2036 thmistd antaen
vastausprosentiksi 20,4 %. Miesten vastausprosentti oli hieman matalampi kuin nais-
ten, mutta kokonaisuutena sukupuolten viliset erot vastausmairissd olivat hyvin pie-
nid. Sen sijaan vanhemmat vastaajat olivat selkeisti aktiivisempia kuin nuoremmat
vastaajat. Taulukon 3 mukaisesti MaaS-kyselyyn vastasi yhteensd 1176 thmistd antaen
vastausprosentiksi 19,6%. MaaS-kyselyssi naiset olivat kokonaisuutena hieman aktii-
visempia vastaajia kuin miehet. Ikdryhmien osalta vanhemmat vastaajat olivat selke-
asti aktiivisempia kuin nuoremmat vastaajat.

Kyselyiden taustatiedoissa ei kysytty vastaajien asuinsijaintia, vaan tieto selvitettiin
molemmissa kyselyissd postinumeron perusteella. Vastaajien postinumero yhdistet-
tiin Tilastokeskuksen (2016) tietokannan perusteella Suomen ympiristokeskuksen
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seitsemanportaiseen kaupunki-maaseutu-luokitukseen (Syke 2013). Analyysien sel-
keyttdmiseksi luokittelu muutettiin kolmiportaiseksi:

1. Tiheisti asuttu kaupunkialue (sisdltda alkuperiisen luokittelun sisemman
ja ulomman kaupunkialueen)

2. Harvaan asuttu kaupunkialue (siséltdd alkuperiisen luokittelun kaupungin
kehysalueen, maaseudun paikalliskeskukset ja kaupungin liheisen maa-
seudun)

3. Harvaan asuttu alue (sisdltdd alkuperiisen luokittelun ydinmaaseudun ja

harvaan asutun maaseudun)

Kyselyiden tuloksia analysoitiin IBM SPSS Statistics -ohjelmiston avulla. Vastausten
tilastollisessa analyysissd kaytettiin kuvailevia tunnuslukuja, ristiintaulukointeja, kes-
kiarvojen vertailua sekd regressiomalleja. Ristiintaulukointien tilastollista merkit-
sevyyttd testattiin khiin neli6 -testilld, Mann-Whitney U -testilld ja Kruskal-Wallis H
-testilld. Khiin neli6 -testi on matemaattinen malli, jossa tarkastellaan, noudattaako
testisuure khiin nelién jakaumaa, kun otosta kasvatetaan. Khiin neli¢ -testi vastaa
kysymykseen: miten todennikoéistd on saada vihintddn saman suuruinen arvo ilman
todellisia eroja perusjoukossa. Testin p-arvo kertoo siis sen, miten todennikdisesti
erot johtuvat otantavirheestd, eli mitd suurempi p-arvo on, sitd todennikdisemmin
havaitut erot johtuvat vain otantavirheesti. (Taanila 2015.)

Mann-Whitney U -testid voidaan kayttdd kahden riippumattoman ryhmin tilas-
tollisen merkitsevyyden vertailuun. Mann-Whitney U -testi perustuu sijalukuihin.
Tarkasteltavan muuttujan arvot laitetaan suuruusjirjestykseen, jonka mukaisesti niille
annetaan sijaluvut. Testissd saatava p-arvo kertoo todennikoéisyytti sille, ettd sijalu-
kujen summa poikkeaa toisistaan vihintidan oletetun verran. Mitd pienempi p-arvo
on, sitd todennikoéisemmin ryhmien vililld on eroa. Kruskal-Wallis H -testi on laa-
jennus Mann-Whitney U -testille. Kruskal-Wallis H -testid voidaan kiyttdd useam-
man kuin kahden riippumattoman ryhmin vertailuun. Testin tulos kertoo sen, onko
vihintdin joidenkin ryhmien vililld tilastollisesti merkitsevd ero. (Taanila 2015.)

Keskiarvojen vertailun tilastollista merkitsevyytti testattiin kahden ryhmin valilla
riippumattomien otosten t-testilld ja useamman ryhmin valilld yksisuuntaisella vari-
anssianalyysilld. Sekd T-testin ettd varianssianalyysin tuloksena saadaan todennakoi-
syys sille, selittyyko ero keskiarvoissa otantavirheelld. Testin tulos kertoo, kuinka suu-
rella todennikéisyydelld erot johtuvat otantavirheestd. (Taanila 2015.)

Yksittdisten muuttujien tilastollisissa testeissd nollahypoteesina on, ettd muuttu-
jien vililld ei ole tilastollisesti merkitsevid eroa. Kun todennikdisyys tille on riittivin

pieni, voidaan vaihtoehtoisena hypoteesina todeta muuttujien valilli olevan eroja.
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Tilastollisen merkitsevyyden tasoksi médritettiin yleisesti vakiintuneen tavan mukai-
sesti todennikoéisyys p<0,05 (5 %). Eli ilmi6 voidaan todeta tilastollisesti merkitse-
viksi, jos sen p<0,05. Ilmi6 voidaan todeta tilastollisesti erittdin merkitseviksi, mikali
sen p<0,001 (0,1 %). Kaikki luvussa 4 esitetyt erot ovat tilastollisesti merkitsevia,
ellei toisin todeta. Kaikki tilastollisten testien tulokset on esitetty alkuperdisissa artik-
keleissa.

Analyysid syvennettiin selittdvien regressiomallien avulla, joilla voitiin selittia tar-
kemmin eri taustatietojen vaikutusta vastausjakaumiin. Analyyseissa hy6dynnettiin
lineaarista regressiomallia ja logistisia regressiomalleja. Regressioanalyysien avulla tar-
kastellaan yhden tai useamman selittivin muuttujan vaikutusta tarkasteltavaan muut-
tujaan. Regressioanalyysid hyédynnetiin muuttujien vilisten kausaalisuhteiden tutki-
miseen. Regressioanalyysin tuloksena saadaan yksittiisten selittivien muuttujien
osuus ja vaikutus selitettivdin muuttujaan, kun huomioidaan my6és muiden muuttu-
jien vaikutus. (KvantiMOTV 2008.)

Logistisessa regressiomallissa ei tehdd oletusta lihtdmuuttujan normaaliudelle, li-
neaarisuudelle tai varianssin yhtisuuruudelle, mutta vahvoja korrelaatiota tai selvisti
poikkeavia arvoja tulisi vilttad. Lineaarisessa regressiomallissa muuttujien on oltava
jatkuvia ja normaalisti jakautuneita. (Reunamo 2015.) Regressiomallissa nollahypo-
teesi on, ettd kaikkien selittdvien muuttujien regressiokertoimet ovat nollia. Vaihto-
ehtoisena hypoteesina on, ettd ainakin yksi regressiokertoimista on nollasta poik-
keava. (Taanila 2015.) Vaikka lineaarisessa regressiomallissa muuttujan tulisi olla jat-
kuva, my6s diskreetti muuttuja soveltuu malliin, jos se voi saada ainakin satoja erilai-
sia arvoja. Téll6in diskreettidkin muuttujaa voi regressiomalleissa kohdella jatkuvana
muuttujana. (Tilastokeskus n.d.)

Tissa tutkimuksessa aineistoa ei laajennettu koskemaan koko viestod, silld otok-
sen laajentamisessa yleensd kiytettivdt muuttujat, kuten ikd, sukupuoli ja asuinsi-
jainti, analysoitiin tutkimuksessa erikseen. Tamin lisiksi tehtiin yksittéisid tarkasteluja
laajennetulla otannalla mahdollisten erojen havainnollistamiseksi.

Kummankin kyselyn tuloksiin liittyen jirjestettiin asiantuntijatyopaja, jossa asian-
tuntijoille esitettiin kyselyn tuloksia ja toisaalta tuloksista keskusteltiin laajasti niin
pienryhmissé kuin laajemmallakin porukalla. Tyopajojen rooli tissa vaitostutkimuk-
sessa oli tuottaa ja keritd nikemyksid ja ndkékulmia aiheista ja siten tuoda lisdarvoa
tulosten tarkempaan analysointiin. Molempiin asiantuntijatyopajoihin osallistui noin
50 liikennealan asiantuntijaa Suomesta, edustaen laajasti julkishallintoa, yrityksid, jir-
jest6jd ja oppilaitoksia/tutkimuslaitoksia. Molemmissa tyopajoissa asiantuntijoille 1a-
hetettiin kutsun mukana mahdollisuus tdyttid kansalaiskysely. TyOpajan alussa esitel-

tiin kansalaiskyselyn tuloksia ja keskusteltiin tuloksista laajaksi. Lisiksi tyopajoissa oli
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my0s muita esityksid, joiden jilkeen ty6pajoihin osallistuneet asiantuntijat jaettiin vii-
teen pienryhmiin. Pienryhmissi keskustelua syvennettiin etukiteen maaritetyista ai-
heista. Lopuksi pienryhmityskentelyn tuloksia kisiteltiin yhteisesti. Asiantuntijoille
tarjottiin lisiksi mahdollisuus tarkentaa ja perustella vastauksiaan tyopajakeskustelui-
den pohjalta jilkikiteen jirjestetylld nimettomalld iterointikierroksella. Iterointikier-
roksella saatiin muutamia vastauksia ja lisdperusteluita, jotka huomioitiin osana ty6-
pajan tuloksia.

Automaattiautoihin liittyva tyOpaja jirjestettiin marraskuussa 2017. TyGpajassa
erityispiirteend oli, ettd tyGpajaan ilmoittautuneille asiantuntijoille ldhetettiin ennak-
kotehtivi, jossa asiantuntijoita pyydettiin pohtimaan automaation ja digitalisaation
vaikutuksia ja sen pohjalta arvioimaan henkildliikennesuoritetta, yhteiskdyttéautojen
osuutta autokannasta, automaattiautojen yleistymistd ja osuutta uusista rekisteréin-
neistd, eri kiyttovoimaldhteiden osuutta uusista rekisterdinneistd sekd matkojen kul-
kutapajakaumaa vuosina 2020-2050. Pienryhmidosuudessa keskusteluja kiytiin en-
nakkotehtivin aiheista ja ennakkotehtaviin annettujen vastausten pohjalta.

MaaS-aiheinen tyGpaja jirjestettiin marraskuussa 2018. MaaS-aiheinen ty6paja oli
osa laajempaa litkenteen tulevaisuutta koskeva tyopajaa. TyGpajassa pienryhmaty6s-
kentelyn aiheina olivat liikenneturvallisuus, litkkumisen hinnoittelu, ilmastonmuutos,
litkennekdyhyys ja idkkdiden liikkuminen seki eri toimijoiden rooli MaaS-palveluiden
edistimisessa.

Tiahin viitostutkimukseen sisdltyneissa julkaisuissa ei raportoitu erikseen tyopa-
jojen sisiltod, vaikka tyGpajoissa lisittyd ymmirrystd hyodynnettiinkin tulosten ana-
lysoinnissa. Tyopajojen sisiltéa on raportoitu esimerkiksi tutkimusjulkaisuissa ”Au-
tomaattiautojen vaikutukset liikkumistottumuksiin” (Liljamo et al. 2018) ja ”Suoma-
laisten mielipiteitd MaaS-palveluista, litkennejirjestelmistid ja ilmastostrategiasta”
(Liljamo 2018). Ty6pajojen tulokset huomioidaan kuitenkin tdssd viitoskirjassa ja
niiden tuloksista koostettu referaatti esitetddn liitteessd 3.
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4 TUTKIMUKSEN PAATULOKSET

Tissd luvussa esitetddn viitostutkimuksen paidtulokset tutkimusjulkaisuittain/aiheit-
tain alaluvuissa 4.1-4.4. Lopuksi alaluvussa 4.5 esitetddn tutkimustulosten synteesi

tutkimuskysymyksittiin kirjallisuuskatsaukseen peilaten.

4.1 Suhtautuminen tieliikenteen automaatioon, artikkeli |

Valtaosa automaattiautokyselyyn vastanneista suomalaisista suhtautui myonteisesti
automaattiautoihin. Kuvan 4 mukaisesti noin 23 % vastaajista suhtautui hyvin myon-
teisesti ja noin 41 % vastaajista lievasti myonteisesti automaattiautoihin. Noin nel-
jannes vastaajista suhtautui kuitenkin kielteisesti automaattiautoihin. Kyselyssé auto-
maattiautoja kuvattiin kansantajuisella termilld “robottiauto”. Lisdksi termilld viitattiin

timan tutkimuksen rajauksen mukaisesti korkean automaatiotason autoihin.

Miten suhtaudutte robottiautoihin
yleisesti?

45%
40%
35%
30%
25%

20%
15%
10%
— —
0%

Hyvin Lievasti En osaa sanoa Lievasti Hyvin
myodnteisesti  myodnteisesti kielteisesti kielteisesti

Kuva4. Yieinen suhtautuminen automaattiautoihin, N=2022 (artikkeli ).
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Eri kiyttdjaryhmien vililld havaittiin merkittivid eroja yleisessd suhtautumisessa au-
tomaattiautoithin. Michet suhtautuivat keskimiirin selvdsti myonteisemmin auto-
maattiautoihin kuin naiset. Miehistd ldhes 30 % suhtautui hyvin mydnteisesti, kun
naisista vain noin 17 % suhtautui hyvin mydnteisesti automaattiautoihin. Erot mies-
ten ja naisten vililld olivat tilastollisesti erittdin merkitsevid (Mann-Whitney U -testi:
p<0,001).

Vastaavasti korkeammin koulutetut suhtautuivat selvisti myonteisemmin auto-
maattiautoihin kuin matalammin koulutetut ja erot eri koulutustasojen vililld olivat
tilastollisesti erittdin merkitsevid (Kruskal-Wallis H -testi: p<0,001). Ylemmin kor-
keakoulututkinnon suorittaneista noin 75 % suhtautui myonteisesti, kun vain perus-
koulun suorittaneista noin 54 % suhtautui myonteisesti automaattiautoihin. Yleisesti
nuoremmat vastaajat suhtautuivat automaattiautoihin hieman myénteisemmin kuin
vanhemmat vastaajat. Kaikkein myonteisintd suhtautuminen oli 25-34-vuotiaiden
ikdryhmissi, jossa noin 30 % vastaajista suhtautui hyvin myonteisesti, kun esimer-
kiksi 55—64-vuotiaiden ikdryhmissi vain noin 19 % vastaajista suhtautui hyvin myon-
teisesti automaattiautoihin. Erot eri ikdryhmien vililld olivat tilastollisesti merkitsevia
(Kruskal-Wallis H -testi: p= 0,012). Tarkemmassa tarkastelussa havaittiin kuitenkin,
ettd Kruskal-Wallis H -testin mukaisesti erot olivat tilastollisesti merkitsevid ainoas-
taan 25-34-vuotiaiden ja muiden ikdryhmien valilld, mutta erot esimerkiksi 18-24-
vuotiaiden ja 55—64-vuotiaiden vililld eivit olleet tilastollisesti merkitsevia.

Asuinpaikan sijainti vaikutti vastauksiin siten, ettd tiheammin asutuilla alueilla asu-
vat vastaajat suhtautuivat keskimairin selvisti myonteisemmin kuin harvempaan asu-
tuilla alueille asuvat. Harvaan asutuilla alueilla asuvista vastaajista noin 49 % suhtautui
myoOnteisesti, kun tihedsti asutuilla kaupunkialueilla noin 70 % vastaajista suhtautui
myonteisesti automaattiautoihin. Erot olivat tilastollisesti erittdiin merkitsevia (Krus-
kal-Wallis H -testi: p<0,001). Asuinpaikan sijainti ja korkeampi koulutustaso korre-
loivat lievasti (r=-0,260) keskenain, miké voi selittda osan suhtautumiseroista. Ris-
tiintaulukoinnin avulla kuitenkin havaittiin, ettd kortrelaatio ei seliti koko vaihtelua,
vaan sekd asuinsijainti ettd koulutustaso vaikuttavat selvisti myos erikseen yleiseen
suhtautumiseen automaattiautoihin. Lisaksi havaittiin, ettd autottomissa talouksissa
asuvat vastaajat suhtautuvat keskiméirin myoénteisemmin automaattiautoihin kuin
autollisissa talouksissa asuvat (Mann-Whitney U -testi: p<0,001).

Yleisesti myonteisen suhtautumisen lisiksi suurin osa vastaajista oli sitd mielté,
ettd automaation kehittyminen kohti automaattiautoja on toivottava kehityssuunta.
Noin 27 % vastaajista oli tiysin samaa mieltd ja noin 35 % vastaajista osittain samaa
mieltd viittimin kanssa. Vain noin 9 % vastaajista oli tiysin eri mieltd viittimin
kanssa.
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Kyselyssid vastaajien tdytyi laittaa kuusi automaattiautoihin liittyvdd huolenaihetta,
uhkakuvaa ja pelkoa tirkeysjirjestykseen. Huolenaiheet olivat korkeampi hinta, tek-
niikan epiluotettavuus ja toimimattomuus (matkan keskeytyminen), kyberturvalli-
suus ja terrorismin pelko, yksityisyydensuojan heikkeneminen, ajoneuvojen litkenne-
turvallisuus (onnettomuudet) seki se, ettd automaattiauto ei kykene toimimaan vaa-
ratilanteissa niin, ettd se vastaisi vastaajan omia moraalikisityksid. Kuvassa 5 on esi-
tetty automaattiautoihin liittyvien huolenaiheiden tirkeysjirjestys.

Ajoneuvojen liikenneturvallisuus
(onnettomuudet)

Robottiauto ei kykene toimimaan vaaratilanteissa
niin, etta se vastaisi omia moraalikasityksiani

Tekniikan epédluotettavuus ja toimimattomuus
(matkan keskeytyminen)

Korkeampi hinta

Kyberturvallisuus ja terrorismin pelko

Yksityisyydensuojan heikkeneminen

0% 20% 40% 60% 80% 100%

M Suurin huolenaihe  m 2. Suurin huolenaihe = 3. Suurin huolenaihe

4. Suurin huolenaihe ® 5. Suurin huolenaihe m Vahaisin huolenaihe

Kuva5. Automaattiautoihin liittyvien huolenaiheiden tarkeysjarjestys, N=2022 (artikkeli I).

Kuvan 5 mukaisesti keskimédrin suurimpana huolenaiheena pidettiin automaattiau-
tojen liikenneturvallisuutta. Vastaavasti teknologian epiluotettavuus ja toimivuus
sekd moraalikysymykset onnettomuustilanteissa koettiin suuriksi huolenaiheiksi.
Keskimairin pienimpini huolenaiheena pidettiin yksityisyydensuojan heikkene-
mista.

Tutkimuksen perusteella suurin osa ihmisistd suhtautuu myonteisesti automaatti-
autoihin, mika indikoi, ettd ihmiset ovat suhteellisen valmiita kokeilemaan ja otta-
maan kaytt6on automaattiautoja, mikali niitd olisi saatavilla. Automaattiautojen tulee
olla turvallisia, jotta thmiset voivat luottaa uuteen teknologiaan. Ajoneuvojen litken-
neturvallisuutta  pidettiinkin =~ keskimadrin suurimpana  huolenaiheena
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automaattiautoihin liittyen. Litkenneturvallisuuden varmistamisessa ajoneuvojen val-
mistajien lisiksi my6s viranomaisilla on tirked rooli, jotta automaattiautojen turvalli-
suus voidaan taata. T4ll6in ihmiset voivat helpommin luottaa uuteen teknologiaan ja

siten ottaa kiytto6n automaattiautoja.

4.2 |hmisten kiinnostus ja valmius MaaS-palveluihin, artikkelit Il ja
\

MaaS-kyselyssd vain noin viidennes vastaajista oli aiemmin kuullut tai lukenut liikku-
mispalveluista tai termistd MaaS. Miehet tunsivat termin hieman useammin kuin nai-
set ja vastaavasti eri ikdryhmistd termi oli tutuin 25—34-vuotiaille. Valtaosa e kuiten-
kaan ollut aiemmin kuullut tai lukenut termistd. Vastaajista yli 80 % oli kuitenkin
samaa mieltd viittimin “kaikkia litkennepalveluita tulisi voida yhdistelld ja kdyttdd
yhdelld lipulla ja sovelluksella (esim. taksi, juna ja linja-auto samalla lipulla)” kanssa,
mikd indikoi, ettd MaaS-palveluiden ydinajatukselle on selkeisti kysynti.

Kyselyssd vastaajia pyydettiin olettamaan, ettd sopivalla liikkumispaketilla voisi
kattaa kaikki liikkumistarpeet ja kysyttiin, ettd minké hintainen esimerkiksi joukkolii-
kenteen, taksin ja yhteiskdyttGautojen kayttod sisaltivin litkkumispaketin tulisi olla,
jotta vastaaja ottaisi sen kayttoonsa. Liikkumispaketin sisaltoa ei madritetty tarkem-
min. Sopivan hinnan mairittelyn lisiksi vastaajille annettiin vaihtoehdot ’en osaa sa-
noa” ja ”en ottaisi palvelua kiytt66ni”. Vastausten jakauma eri vastausvaihtoehtojen

vililld on esitetty kuvassa 6.

= "Madritteli hinnan, jolla
ottaisi paketin kayttoon"

= En 0saa sanoa

= En ottaisi palvelua
kayttooni

Kuva 6. Vastausjakauma liikkkumispalvelun k&yttddnottoa koskevassa kysymyksessa, N=1172
(artikkeli V).
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Kuvan 6 mukaisesti 43 % eli yhteensd 507 vastaajaa antoi jonkin euromairiisen ar-
vion sopivasta litkkumispaketin hinnasta, jolla ottaisi palvelun kaytto6nsd. Noin 31
% el osannut sanoa ja 26 % vastaajista ei ottaisi palvelua kiytt66nsa (millddn hin-
nalla). Vastaajien taustatietojen perusteella vastausjakaumassa havaittiin useita tilas-
tollisesti erittdin merkitsevid (khiin neli6 -testi: p<<0,001) eroja. Vastaajien autonomis-
tus vaikutti siten, ettd mitd vihemmin kotitalouksissa oli autoja, sitd useammin vas-
taajat madrittelivat sopivan hinnan. Vastaavasti mitd vihemman vastaajat ajavat hen-
kil6autolla tai mitd useammin he kayttivit joukkolitkennettd, sitd useammin he olivat
valmiita ottamaan MaaS-palvelun kiytt66n ainakin jollain hinnalla. Ikdryhmien osalta
erityisesti 25—34-vuotiaat mairittelivit sopivan hinnan muita useammin ja yli 55-vuo-
tiaat selvisti muita harvemmin. Vastaavasti korkeammin koulutetut olivat valmiita
ottamaan MaaS-paketin kdytt66nsd matalammin koulutettuja useammin. Vastaajien
sukupuolella tai asuinsijainnilla ei ollut tilastollisesti merkitsevaa vaikutusta vastauk-
siin. Tarkat erot eri vastaajaryhmien vililld on esitetty julkaisun 2 liitteessd B.
Vastaajien antamat arviot sopivasta hinnasta vaihtelivat 10 euron ja 700 euron
vililld. Keskiarvo oli 137 euroa, mediaani 100 euroa ja keskihajonta 114 euroa. Ku-
vassa 7 on esitetty, miten vastaajat jakautuivat maksuhalukkuuden mukaan. Kuvan
mukaisesti noin 41 % vastaajista oli valmiita maksamaan litkkumispaketista alle 100
euroa. Noin 29 % oli valmiita maksamaan 100—199 euroa ja noin 29 % oli valmiita
maksamaan litkkumispaketista yli 200 euroa. Vain noin kuusi prosenttia sopivan hin-

nan maaritelleistd vastaajista olisi valmis maksamaan litkkumispaketista yli 400 euroa.

45 %
40 %
35%
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25%
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15%

10% I

C

0% ]

100-199 200-299 300-399 400+
Euroa kuukaudessa

% vastaajista

Kuva7. Maksuhalukkuus kaikki likkumistarpeet tayttavasta likkumispaketista, N=507 (artikkeli IV).

Kyselyn matriisimuotoisessa kysymyksessi vastaajia pyydettiin madrittelemaan ny-

kyisid liikkumistottumuksia. Tdmin lisiksi kysymyksen vaihtoehdoissa annettiin
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arvio, kuinka paljon kukin liikkumistottumus keskimaarin tuo kustannuksia kuukau-
dessa. Niin voidaan laskea kullekin vastaajalle arvio nykyisistd litkkumisen kustan-
nuksista, minkd avulla voidaan arvioida ihmisten suhteellista maksuhalukkuutta, eli
maksuhalukkuutta suhteessa nykyisiin litkkumiskustannuksiin. Kysymyksen perus-
teella laskettu arvio vastaajien liikkumisen kuukausikustannuksista on esitetty ku-
vassa 8. Kuvan mukaisesti yleisin arvio kuukausittaisille litkkumiskustannuksille oli
300-399 euroa. Noin 23 % vastaajista kuului tihin kustannusryhmain. Liikkumis-
kustannusten arvioiden keskiarvo oli 348 euroa, mediaani 320 euroa ja keskihajonta
198 euroa. Suurin arvio oli 900 euroa ja pienin 10 euroa. Suuruusluokaltaan nima
arviot vastaavat hyvin kotitalouksien kulutustutkimuksen tulosta, jonka mukaan suo-
malaiset 18—65-vuotiaat kiyttivit keskimidrin 364 kuukaudessa liikkumiseen (Tilas-
tokeskus 2018).

25%

20%

15%

10 %

- IR ol
L]

M 0-99 m100-199 m 200-299 m 300-399 m 400-499 m 500-599 m 600-699 m 700-999
Euroa kuukaudessa

% vastaajista

Kuva 8. Arvio vastaajien likkumiskustannuksista matriisikysymyksessa esitettyjen nykyisten
liikkumistottumusten perusteella, N=1168 (artikkeli [V).

Tdmin jilkeen vastaajilta kysyttiin vastaako edellisen kysymyksen perusteella laskettu
arvio suuruusluokaltaan vastaajan todellisia litkkumiskustannuksia. Mikali vastaaja oli
sitd mieltd, ettd arvio ei vastaa suuruusluokaltaan todellisia liikkumiskustannuksia,
niin vastaajia pyydettiin maarittimaan itse todelliset liitkkumiskustannukset. Noin 56
% vastaajista piti arviota suuruusluokaltaan oikeana. Noin 22 % vastaajista ei pitinyt
arviota oikeana, vaan esitti itse tarkemman arvion liikkkumiskustannuksista. Vastaa-
vasti noin 22 % vastaajista ei osannut arvioida summan todenmukaisuutta. Matriisi-
kysymyksestd muodostettujen kustannusluokkien (kuva 8) osalta 100199 euroa kuu-

kaudessa litkkumiseen kuluttavien vastaukset poikkesivat siten, ettd tdssa
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kustannusluokassa selvisti muita ryhmid useammin (yli 40 %) vastattiin, ettd arvio ei
pidi paikkaansa, kun muissa kustannusluokissa keskiméirin noin 20 % ei pitinyt ar-
viota todenmukaisena. Kyseisessd ryhmissid korostui tilanne, jossa vastaajat eivit
omista autoa, mutta kustannusarvio paityy 100 ja 200 euron viliin, jolloin osa vas-

taajista kokee arvion liian korkeana.

Kysymyksessi vastaajien esittimd oma arvio nykyisistd liikkumiskustannuksista
vaihteli 0 ja 1500 euron vililld. Keskiarvo oli 211 euroa ja mediaani 150 euroa. Suurin
osa oman arvion liikkumiskustannuksista antaneista vastaajista piti matriisikysymyk-
sessd litkkumistottumusten perusteella muodostettua arviota liian suurena. Noin 17
% vastaajista piti arviota kuitenkin lilan pienend. Keskimiirin vastaajien oma arvio
oli noin 70 % matriisikysymyksestd lasketusta arvosta.

Kun vastaajien maksuhalukkuutta verrataan matriisikysymyksen arvioon vastaa-
jan nykyisista litkkumiskustannuksista, havaitaan, ettd vastaajat, jotka olisivat valmiita
ottamaan litkkumispaketin kdytt6onsi, olivat valmiita maksamaan litkkumispaketista
keskimairin noin 50 % nykyisistd litkkumiskustannuksista (n=>507). Mikali vertailu
kohdistetaan vain nithin vastaajiin, jotka edellisessd kysymyksessd vastasivat, ettd
matriisikysymyksen arvio nykyisistd litkkumiskustannuksista pitdd paikkansa, niin
maksuhalukkuus suhteessa litkkumiskustannuksiin kasvoi hieman. Nama vastaajat
olivat valmiita maksamaan litkkumispaketista keskimairin noin 56 % nykyisista liik-
kumiskustannuksista (n=286). Mikili vertailu kohdistetaan niihin vastaajiin, jotka
edellisessid kysymyksessd antoivat itse matriisikysymyksen antamaa arviota tarkem-
man arvion omista liitkkumiskustannuksista, niin vastaajat olivat valmiita maksamaan
litkkumispaketista keskimddrin noin 81 % nykyisistd litkkumiskustannuksista
(n=141). Paras suhteellisen maksuhalukkuuden arvio saadaan, kun vastauksissa yh-
distetddn ne, jotka pitivit matriisikysymyksestd muodostettuja liikkumiskustannuksia
oikeina sekd ne, jotka antoivat itse oman tarkemman arvion. Talld ryhmalld suhteel-
linen maksuhalukkuus oli noin 64 % (n=427).

Ihmisten maksuhalukkuudessa oli joitakin eroja kayttajaryhmittain. Maksuhaluk-
kuudesta muodostettiin selittidva lineaarinen regressiomalli kuvaamaan taustatietojen
vaikutusta maksuhalukkuuteen. Taulukossa 4 on esitetty muodostettu lineaarinen

regressiomalli.
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Taulukko 4.  Lineaarinen regressiomalli MaaS-palvelun maksuhalukkuudesta (artikkeli [V).

Model Unstandardized ~Coeffi- | Standard- t Sig. Collinearity ~ Statis-
cients ized Coeffi- tics
cients
B Std. Error | Beta Toler- VIF
ance
5 | (Vakio) -12.826 15.916 -0.806 | 0.421
Nykyiset liik- 0.324 0.023 0.575 13.813 | 0.000 0.772 1.296
kumiskustannukset
Sukupuoli 15.419 8.638 0.067 1.785 0.075 0.937 1.068
Kotitalouden tulot 15.400 4.492 0.139 3.429 0.001 0.814 1.229

Lineaarisen regressiomallin mukaisesti vain nykyiset litkkumiskustannukset (jotka on
johdettu nykyisista litkkumistottumuksista), sukupuoli ja kotitalouden tulotaso vai-
kuttivat tilastollisesti merkitsevisti thmisten maksuhalukkuuteen. Taulukon 4 mukai-
sesti nykyiset liitkkumiskustannukset on dominoiva faktori, joka selittad mallissa suu-
rimman osan vaihtelusta. Vastaajien sukupuoli ja kotitalouden tulot selittivin vain
hieman vaihtelua siten, ettd miehet ja suurempituloiset ovat valmiita maksamaan hie-
man enemmadn. On huomioitava, ettd mallin selitysaste on vain noin 44,1 %. Yksi-
suuntaisen varianssianalyysin mukaan malli on kuitenkin tilastollisesti erittdin mer-
kitseva (F(3,115)=110.970, p<0.001).

Tutkimuksen perusteella MaaS-palveluille on selvisti kysyntid, mutta ithmiset ei-
vit ole valmiita maksamaan MaaS-palveluista kovin paljoa. MaaS-palveluiden tulisi
tuoda ihmisille selkeitd sddst6jd nykyisiin litkkumiskustannuksiin nihden tai ihmisten
kokemaa hy6tyd MaaS-palveluista tulisi kasvattaa, jotta palveluiden kiytto voisi yleis-

tyd merkittavasti.

4.3 Automaattiautojen vaikutukset kulkutapajakaumaan, artikkeli
1]

Automaattiautokyselyssa vaikutuksia kulkutapajakaumaan lihestyttiin kuvitteellisia
valintoja hyédyntimalld, eli kiyttimalld SP-menetelmidd. SP-menetelmiéssd pyritidn
rakentamaan mahdollisimman todenmukaisia, mutta kuvitteellisia valintatilanteita.
Yleensd SP-menetelmissid muuttujat ja taustaoletukset pysyvit samoina, mutta kiy-
tettivit muuttujan tasot vaihtelevat. Talloin tuloksia voidaan analysoida esimerkiksi
logittimallin ja hyotyfunktioiden avulla, jolloin saadaan selville muuttujien tasojen
vaikutus valintatehtivdin (Baidoo & Nyarko 2015).

Tissd tutkimuksessa paddyimme kuitenkin kdyttiméin toisenlaista lihestymista-

paa SP-menetelmiin. Valintatilanteet pyrittiin  rakentamaan mahdollisimman
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todenmukaisesti automaattiautojen, perinteisten henkil6autojen ja joukkoliikenteen
vililld siten, ettd taustatiedot ja kdytettivissd olevat liilkennemuodot vaihtelivat, mutta
muuttujan tasoille ei muodostettu erilaisia vaihtuvia arvoja. T4lld tavalla voidaan tut-
kia tarkemmin automaattiautojen houkuttelevuutta ja vaikutusta kulkutapaja-
kaumaan. Mikili automaattiautojen vaikutusta olisi haluttu tutkia soveltamalla SP-
menetelmaid perinteiselld tavalla, olisi kysymysasettelusta tullut joko liian suppea tai
kyselysta liian pitki, jolloin tutkimuksen reliabiliteetti ja validiteetti olisivat heikenty-
neet. Kysymykset olivat luonteeltaan jirjestimistehtivid, jolloin saatiin selville mie-
lekkdimmin vaihtoehdon lisiksi my6s muiden vaihtoehtojen paremmuusjirjestys.
Kysymyksissa kdytettiin sellaisia matkapituuksia (10-200 km), joilla jalankulku ja py6-
riily eivit ole houkuttelevia vaihtoehtoja suurelle osalle viestostd, joten selkeyden
vuoksi jalankulku ja py6riily rajattiin padkulkutapoina kyselytutkimuksen ulkopuo-
lelle. Jalankulku huomioitiin kysymyksissa kuitenkin osana matkaketjuja, silld jalan-
kulun maird vaikuttaa oleellisesti matkaketjun matkavastukseen ja siten kulkutavan
valintaan.

Automaattiautokyselyssi oli kolme SP-jirjestimistehtivia, joissa laitetaan oma ta-
vallinen henkiléauto, oma robottiauto ja joukkolitkenne paremmuusjirjestykseen eri
pituisilla matkoilla ja erilaisilla kustannus-, matka-aika- ja kdvelymatkan arvoilla. Vas-
taajia ohjeistettiin kyselyn saatekirjeessi siten, ettd kaikissa kyselyn jarjestaimiskysy-
myksissd kustannukset sisaltivit kaikki laskennalliset omistamisen, ylldpidon ja kay-
ton kustannukset, matka-aika sisaltda kaiken matkaan ovelta ovelle” kuluvan ajan ja
vastaavasti kidvelymatka kaiken kidvelyn ”ovelta ovelle”. Lisiksi oletettiin, ettd robot-
tiautot on todettu turvallisiksi ja luotettaviksi korkean automaatiotason autoiksi,
joissa kuljettaja voi vaikka nukkua ajon aikana. Saatekirjeessd mainittiin my0s, ettd
robottiautolla matka-aika voi olla lyhyempi kuin perinteiselld autolla, kun autoa ei
tarvitse itse pysikoida ja kdvelyn midrd vihenee. Kyselyn analysoinnissa kiytetddn
tissd yhteydessd selkeyden vuoksi kyselylomakkeessa ollutta epdvirallista termid ro-
bottiauto”. Jirjestimistehtivit ja vastausjakauma on esitetty kuvissa 9—-11. Kuvissa
vihred palkki tarkoittaa sitd osuutta vastaajista, jotka ovat arvioineet kyseisen kulku-
tavan mieluisimmaksi, eli antaneet arvon 1. Vastaavasti beige tarkoittaa arvoa 2 eli

toisiksi mieluisinta vaihtoehtoa ja punainen arvoa 3 eli vihiten mieluisaa vaihtoehtoa.
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Matkustatte péivittain kaupungin A keskustasta kaupungin B keskustaan. Yhdensuuntai-
sen matkan pituus on 200 km.

Oma henkildauto Oma robottiauto Joukkoliikenne

Kustannukset 40€ 45€ 20€

Matka-aika 2h 30 min 2h 15 min 2h 35 min

Kavely 500 m 100 m 300m
Oma henkildauto I I
Oma robottiauto [ I

Joukkolikenne I ]
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m Mieluisin 2. Mieluisin  ® V&hiten mieluisa

Kuva9. Paremmuusijérjestys kaupunkien valisilla pitkilla 200 km matkoilla, N=2000 (artikkeli IIl).
Matkustatte paivittéin laitakaupungilta keskustaan. Yhdensuuntaisen matkan pituus on 10
km.
Oma henkiléauto Oma robottiauto Joukkoliikenne
Kustannukset 6€ 6€ 2€
Matka-aika 15 min 10 min 25 min
Kavely 400 m 100 m 600 m
Oma henkildauto I |
Oma robottiauto I I

Joukkoliikenne I |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100 %

= Mieluisin 2. Mieluisin  ® Vahiten mieluisa

Kuva 10. Paremmuusjarjestys kaupunkien sisaisilla lyhyilld 10 km matkoilla, N=2002 (artikkeli Il).
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Matkustatte pdivittdin haja-asutusalueella. Yhdensuuntaisen matkan pituus on 100 km.

Oma henkiléauto Oma robottiauto Joukkoliikenne
Kustannukset 18 € 21€ 10€
Matka-aika 1h5min 1h5min 1 h 35 min
Kavely 50m 50m 600 m
Oma henkiléauto ]
Oma robottiauto ]
Joukkoliikenne |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Mieluisin 2. Mieluisin  m Vahiten mieluisa

Kuva 11. Paremmuusjarjestys haja-asutusalueella 100 km matkalla, N=2002 (artikkeli Il).

Erityisesti kaupunkien viliselld 200 km matkalla joukkoliikennetti pidettiin parhaim-
pana vaihtoehtona, silld lihes 50 % vastanneista arvotti joukkolitkenteen parhaaksi
kulkutavaksi. My6s kaupunkien sisdiselld 10 km matkalla joukkolitkenne arvotettiin
useimmiten parhaaksi kulkutavaksi, mutta samalla se arvioitiin selkedsti useimmiten
my06s huonoimmaksi vaihtoehdoksi. Sen sijaan haja-asutusalueella 100 km matkalla
omaa henkil6autoa pidettiin selkedsti parhaimpana vaihtoehtona, kun taas joukkolii-

kennettd huonoimpana vaihtoehtona.

Jérjestimistehtdvissd oma robottiauto arvotettiin samankaltaisesti kaikissa kysy-
myksissd riippumatta kustannuksista, matka-ajasta tai kdvelyn médristd. Joukkolii-
kenteen ja oman henkiléauton osuudet puolestaan vaihtelivat kysymyksittdin merkit-
tavisti. On mahdollista, etti erityisesti robottiautojen kohdalla ennakkoluulot vaikut-
tivat vastauksiin jopa enemmain kuin varsinaiset muuttujat. Ainoastaan kaupunkien
sisdisilld 10 km matkoilla oma robottiauto arvotettiin omaa henkiléautoa useammin
parhaaksi vaihtoehdoksi. Téssa kysymyksessa matkan kustannukset omalla henkilo-
autolla ja omalla robottiautolla olivat yhtd suuret, mutta matka-aika ja kdvelymatkan
pituus olivat omalla robottiautolla pienemmiit.

Kuvassa 12 on esitetty jirjestimistehtivi, jossa laitetaan paremmuusjirjestykseen
yksityinen robottitaksi, jaettu robottitaksi, joukkoliikenneviline ja tavallinen taksi
kymmenen kilometrin matkalla laitakaupungilta keskustaan. Kysymyksessd oli tar-
koituksena selvittda yksityisen ja jaetun robottitaksin houkuttelevuuden erot seki
vertailla nditd joukkolitkenteen vetovoimaan kaupunkien sisdisilld matkoilla. Tavalli-

nen taksi asetettiin lisiksi vaihtoehdoksi erityisesti niille, jotka ovat seka robottiauto-
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ettd joukkoliikennevastaisia. Kuvassa 12 tumman vihred palkki tarkoittaa sitd osuutta
vastaajista, jotka ovat arvioineet kyseisen kulkutavan mieluisimmaksi, eli antaneet ar-
von 1. Vastaavasti vaalean vihreid tarkoittaa arvoa 2 eli toiseksi mieluisinta vaihtoeh-
toa, vaalean punainen arvoa 3 eli kolmanneksi mieluisinta vaihtoehtoa ja tumman
punainen arvoa 4 eli vihiten mieluisaa vaihtoehtoa.

Kuljette 10 km matkan laitakaupungilta keskustaan. Jarjestdkéaa vaihtoehdot paremmuusjarjestykseen
siten, ettd numero 1 tulee mieluisimmalle ja numero 4 vahiten mieluisalle vaihtoehdolle.
Yksityinen Jaettu robottitaksi, | Joukkoliikenneva- | Tavallinen taksi,
robottitaksi, jonka kyydissa voi olla | line, jonka kyydisséd mat-
jonka kyydissa | myos tuntemattomia | esimerkiksi linja- | kustetaan
olen yksin matkustajia auto yksin
Kustannukset 10€ 5€ 3€ 20€
Matka-aika 14 min 19 min 30 min 14 min

Yksityinen robottitaksi [N —_—
Jaettu robottitaksi [N —
Joukkoliikenne | —
Tavallinen taksi I —

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100 %

H Mieluisin ™ 2. Mieluisin ™ 3. Mieluisin B Vahiten mieluisa

Kuva 12. Paremmuusjarjestys kaupungin sisaisilla 10 km matkoilla, N=2012 (artikkeli Ill).

Kuvan 4 mukaisesti 40 % vastaajista piti joukkolitkennettd parhaana vaihtoehtona.
Tosin robottitaksien (jacttujen ja yksityisten) osuus yhteensd parhaana pidettyni
vaihtoehtona oli lihes 55 %. Robottitakseista yksityistd robottitaksia pidettiin hieman
useammin parhaimpana vaihtoehtona, kun taas jaettua robottitaksia pidettiin useam-
min joko parhaana tai toiseksi parhaana vaihtoehtona. Tavallista taksia puolestaan
pidettiin keskimaarin kaikkein huonoimpana vaihtoehtona.

Kuvassa 13 on esitetty jarjestimistehtavi, jossa laitetaan paremmuusjarjestykseen
oma tavallinen auto, oma robottiauto, yksityinen robottitaksi ja juna sadan kilometrin
matkalla suuren kaupungin keskustaan. Kysymyksessi oli tarkoituksena selvittaa ta-
vallisen auton, oman robottiauton ja robottitaksien vilisid eroja. Lisiksi kysymykselld
saadaan selville, miten ndmi suhteutuvat joukkolitkenteeseen, joka tissd tapauksessa
on seki edullisempi ettd nopeampi tapa matkustaa ja joukkoliikennevilineeksi on
madritetty nimenomaan juna.
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Kuljette 100 km matkan suuren kaupungin keskustaan. Jarjestakaa vaihtoehdot paremmuusjarjestyk-
seen siten, ettd numero 1 tulee mieluisimmalle ja numero 4 vahiten mieluisalle vaihtoehdolle.
Oma tavallinen | Oma Yksityinen Joukkoliikenne
auto robottiauto robottitaksi (juna)
Kustannukset 30€ 35€ 25€ 15€
Matka-aika 1h20 min 1h15min 1h20 min 1h 0 min
Kavely 600 m 100 m 100 m 500 m

Oma tavallinen auto

[ D |
Oma robottiauto I
Yksityinen robottitaksi [ T e

Juna T e

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100 %

B Mieluisin  ® 2. Mieluisin  ® 3. Mieluisin B V&hiten mieluisa

Kuva 13. Paremmuusjérjestys kaupunkien vélisilld 100 km matkoilla, N=2008 (artikkeli IlI).

Kuvan 13 mukaisesti tissd kysymyksessa yli puolet vastaajista piti junaa parhaana
vaihtoehtona. Joukkolitkennettd pidettiin tdssa tapauksessa selkedsti parempana vaih-
toehtona kuin aiemmissa jirjestimistehtivissa, silld se oli my6s nopein vaihtoehto.
Lisdksi monet voivat pitdd junaa esimerkiksi bussia mieluisampana joukkoliikenne-
vilineend, jolloin vastauksen lukitseminen nimenomaan junaksi voi kasvattaa vaihto-
ehdon suosiota. Parhaaksi vaihtoehdoksi oman tavallisen auton valitsi noin 22 %
vastaajista. Omaa robottiautoa parhaana vaihtoehtona piti noin 12 % vastaajista ja
yksityistd robottitaksia noin 13 % vastaajista. Keskimairin vastaajat pitivit kuitenkin
jompaakumpaa robottiautoa parhaana vaihtoehtona hieman useammin kuin omaa
tavallista autoa. Huomionarvoista on myos se, ettd yli 50 % vastaajista piti yksityista
robottitaksia joko parhaana tai toiseksi parhaana vaihtoehtona, kun vastaava lukema
oman robottiauton kohdalla oli alle 30 % ja oman henkil6auton kohdalla hieman alle
50 %.

Jarjestimistehtavissa 16ytyi yleisesti jonkin verran tilastollisesti merkitsevid eroja
eri kayttdjaryhmien vililld. Tarkat erot vastaajaryhmien vililld on esitetty julkaisun 3
liitteessd B. Naiset olivat miehid kiinnostuneempia jaetuista litkennemuodoista, eli
joukkolitkenteesti ja jactusta taksista. Miehet sen sijaan olivat hieman naisia kiinnos-
tuneempia robottiautoista niin oman robottiauton kuin yksityisen robottitaksinkin

osalta. Ikdryhmien osalta nuoret olivat hieman kiinnostuneempia robottiautoista,



mutta erot eri ikiryhmien vililld olivat melko pienid timan tutkimuksen jirjestdmis-
tehtivissa.

Vastaajien koulutustaso vaikutti vastauksiin melko paljon. Korkeammin koulute-
tut olivat lihes kaikissa jirjestimistehtivissda matalammin koulutettuja kiinnostu-
neempia sekd joukkolitkenteestid ettd robottiautoista sen eri muodoissa (oma robot-
tiauto, yksityinen robottitaksi ja jaettu robottitaksi). Matalammin koulutetut puoles-
taan pitivit omaa tavallista autoa ja tavallista taksia parempina vaihtoehtoina.

Nykyisin joukkolitkennetta kayttivit tai autottomissa talouksissa asuvat vastaajat
olivat luonnollisesti selvisti muita kiinnostuneempia joukkoliikenteesti ja jaetuista
takseista. On kuitenkin huomioitava, ettd yli 40 % autottomissa talouksissa asuvista
vastaajista piti jaettua tai yksityistd robottitaksia mieluisimpana vaihtoehtona kappa-
leessa 3.2 esitetyssd kysymyksessd. Tamin perusteella ihmiset, jotka eivit nykyisin
itse aja, ovat usein kiinnostuneita robottitakseista, mikd voi osaltaan kasvattaa henki-
l6autojen kulkutapaosuutta.

Vastaajien asuinpaikan sijainnilla ei ollut kovin suurta vaikutusta vastausja-
kaumiin. Tihedédn asutuilla kaupunkialueilla asuvat olivat hieman maaseudulla asuvia
kiinnostuneempia robottiautoista ja joukkoliikenteestd, mutta kokonaisuudessa erot
olivat melko pienia.

Joukkoliikennetti pidettiin useimmiten parhaana vaihtoechtona kaikissa jarjesta-
mistehtdvissd yhtd kysymystd lukuun ottamatta. Joukkoliikenne oli kaikissa jérjesta-
mistehtdvissd edullisin vaihtoehto, mutta matka-aika ja kdvelymatkan pituus vaihte-
livat jonkin verran. Kysymyksessd, jossa joukkolitkennettd pidettiin huonoimpana
vaihtoehtona, kdvelymatkan pituus ja matka-aika olivat selkedsti muita vaihtoehtoja
suurempia. Matka my0s oletettiin tehtdviksi haja-asutusalueella, mikd osaltaan vai-
kuttaa vastauksiin. Joukkolitkenteen suosio ndissd jarjestimistehtavissd viittaisi sii-
hen, ettd ithmiset ovat kylld halukkaita kdyttimadn joukkoliikennettd, mikili joukko-
litkenne on aidosti kilpailukykyinen niin hinnan kuin matka-ajan ja kivellen tehtivin
liityntdmatkan pituuden osalta suhteessa muihin kulkutapoihin. On kuitenkin huo-
mioitava, ettd niissd jarjestimistehtavissa kasiteltiin vain yksittéisia ja yksin tehtivia
matkoja. Mikéli matkan méirinpddssi tiytyy myos pdistd lilkkumaan tai matkan ai-
kana tdytyy kantaa mukanaan tavaroita, voi tima kasvattaa henkil6autoilun suosiota
monissa tilanteissa. Ongelmallista eri vaihtoehtojen vertailussa ja kulkutavan valin-
nassa ovat henkiléautoilun suuret kiinteat kulut. Thmisten on vaikea hahmottaa, mi-
ten paljon henkiléauton yllipito todellisuudessa maksaa, kun huomioidaan kaikki yl-
lipito- ja kayttokustannukset. Lisdksi Suomessa suurten vilimatkojen, melko pienen
asukastiheyden ja siten erityisesti suurten kaupunkien ulkopuolelle olevan heikon

joukkoliikennetarjonnan vuoksi henkiléauto on nykyisin tarpeellinen suurelle osalle
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viestostd. Télloin suuret kiintedt kulut tdytyy joka tapauksessa maksaa, jolloin jouk-
koliikenteen suhteellinen kilpailukyky heikkenee.

Kyselyn tulosten perusteella nopeat ja edulliset joukkoliikennelinjat kiinnostavat
thmisid. Erityisesti henkil6autoja nopeampi ja edullisempi raidelitkenne koettiin mie-
luisimmaksi litkennemuodoksi. Tamin perusteella vahvat joukkoliikenteen runkolin-
jat kiinnostavat ja houkuttelevat ihmisid joukkolitkenteen kayttimiseen. Automaatti-
autoilla tehtivi sy6ttolitkenne vahvoille runkolinjoille ja vastaavasti automaattiauto-
jen tarjoama ratkaisu nk. viimeisen kilometrin ongelmaan matkan loppupiissi voivat
kasvattaa entisestidn runkolinjojen suosiota, mikéd nostaisi joukkolitkenteen kulkuta-
paosuutta. Erityisesti timd voi ndkyi pitkdmatkaisessa nopeassa raideliikenteessa,
kun joukkolitkennetta kiyttamalld matka-aika voi pienentyd merkittdvisti. Sen sijaan
harvempaan asutuilla alueilla joukkolitkenteen edut eivit ole yhtd suuria, jolloin te-
hokkaan joukkolitkenteen tarjoaminen on haasteellisempaa, vaikka kuljettajakustan-
nuksista pédstiisiin eroon. Téll6in automaattiautojen myotd henkiléautoilun kulku-
tapaosuus voi kasvaa entisestdéin.

Automaattiautojen lopullinen kustannustaso ja palveluiden toimivuus tulevat ole-
maan keskeisid tekijoita siind, millaisia vaikutukset kulkutapajakaumaan lopulta ovat.
Kustannustasosta ja palvelukonseptien toimivuudesta ei kuitenkaan vield ole var-
muutta, joten tulokset eivit voi antaa kovin tarkkaa kuvaa tulevaisuuden vaikutuk-
sista. Tutkimuksen mukaan on kuitenkin perusteltua odottaa, ettd vaikutukset tulevat
olemaan erilaisia eri alueilla ja riippuvat merkittavasti siitd, miten automaattiautot kyt-

keytyvit osaksi muuta litkennejirjestelmai.

4.4 Automaattiautojen ja MaaS-palveluiden vaikutukset
autonomistukseen, artikkeli V

Seki automaattiauto- ettd MaaS-kyselyssa oli tulevaisuuden autonomistusta koskevia
kysymyksid. Kuvassa 14 on esitetty vastausjakauma MaaS-kyselyn kysymykseen oli-
siko teilld tarvetta tai halua omistaa omaa henkil6autoa tulevaisuudessa, jos joukko-
litkenneyhteydet olisivat riittivin hyvit tayttimain liitkkumistarpeenne? Kuvan mu-

kaisesti 40 % vastaajista ei kokenut tarvetta autonomistukselle tissa tapauksessa.

53



= Kyllg
m Ei

Kuva 14. Tarve/halu omistaa oma auto tulevaisuudessa, jos joukkoliikenneyhteydet olisivat riittdvén
hyvéat tayttdmaan likkumistarpeet, N=1172.

Vastaavasti kuvassa 15 on esitetty vastausjakauma MaaS-kyselyn kysymykseen ~oli-
siko teilld tarvetta tai halua omistaa omaa henkil6autoa tulevaisuudessa, jos liikku-
mispalvelun (sisdltden esim. joukkoliikenteen, jaetut taksit ja yhteiskdyttéautot) vuo-
sikustannukset olisivat merkittdvasti omaa henkil6autoa pienemmiit ja pystyisitte sen
avulla tdyttdmédn kaikki litkkumistarpeenne”. Kuvan mukaisesti 58 % vastaajista ei

kokenut tarvetta autonomistukselle tdssi tapauksessa.

= Kylla
m Ei

Kuva 15. Tarve/halu omistaa oma auto tulevaisuudessa, jos MaaS-palvelun vuosikustannukset
olisivat omaa henkildautoa pienemmaét ja MaaS-palvelun avulla voisi tayttaa kaikki
liikkumistarpeet, N=1168.

Kuvassa 16 on esitetty vastausjakauma automaattiautokyselyn kysymykseen ”Olisiko
teilld tarvetta/halua omistaa omaa robottiautoa, mikili robottitaksi olisi aina saata-
villa noin 5 minuutissa ja robottitaksien vuosikustannukset olisivat kayttdjille noin 20
% omaa robottiautoa pienemmait?”’. Kysymysasettelussa oletettiin lisiksi, ettd kaikki

litkenteessd olevat autot ovat automaattiautoja, eli valinta tehddin kdytinnossid
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yksityisen ja yhteiskdyttdisen automaattiauton vililld ilman muita vaihtoehtoja. Ku-
van mukaisesti 66 % vastaajista ei kokenut tarvetta autonomistukselle tissd tapauk-

sessa.

= Kylld, haluan omistaa
tulevaisuudessa oman
(robotti)auton

m Ei, en koe tarvetta
omistaa tulevaisuudessa
omaa (robotti)autoa

Kuva 16. Tarve/halu omistaa oma auto tulevaisuudessa, kun kaikki autot ovat automaattiautoja,
N=2010.

Tulokset voidaan laajentaa koskemaan kaikkia 18—64-vuotiaita suomalaisia kéyttd-
milld laajennuskertoimia. Tulosten laajentamisessa kuhunkin ika- ja sukupuoliryh-
main kuuluville vastaajille muodostetaan laajennuskerroin, jonka avulla lasketaan,
kuinka montaa omaan iki- ja sukupuoliryhmiin kuuluvaa kukin vastaaja vastaa. T4al-
16in tulosten voidaan katsoa edustavan populaatiota. Taulukossa 5 on esitetty tulok-
set ylld esitettyihin autonomistuskysymyksiin 1dn ja sukupuolen mukaisesti laajenne-
tulla datalla.

Taulukko 5.  Autonomistus tulevaisuudessa, otoksen laajentamisen vaikutus vastausjakaumiin yll&
esitetyissa kysymyksissa (artikkeli V).

Joukkoliikenne MaaS-palvelu Automaattiauto

Laajenta- | Laajen- Laajenta- | Laajen- | Laajen- | Laajen-
maton nettu maton nettu tamaton | nettu

Kylla, tarve/halu omistaa
auto
Ei tarvetta/halua omistaa
autoa

60.4 % 60.8 % 421 % 41.9% 345% | 354%

39.6 % 39.2 % 57.9 % 58.1 % 65.5% | 64.6%

Kuten taulukosta 4 voidaan todeta, otoksen laajentaminen koskemaan koko viest6a

vaikuttaa vain hyvin vihdisesti vastausjakaumiin. Laajennetulla otoksella laskettuja
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arvoja voidaan pitdd koko populaatiota (18—64-vuotiaat suomalaiset) edustavina lu-

kemina ja siten tulokset voidaan yleistdd koskemaan suomalaisia.

Eri taustatietojen vaikutusta vastausjakaumiin arvioitiin logististen regressiomal-
lien avulla. Tulosten ja erojen havainnollistamiseksi seuraavassa esitetdan ristiintau-
lukointi kaikista autonomistushalukkuuteen vaikuttaneista muuttujista ylld esitetyissd
kysymyksissa. Logististen regressiomallien perusteella seuraavat muuttujat vaikutti-
vat tilastollisesti merkitsevisti vastausjakaumaan vihintidn yhdessd kysymyksessi:
joukkoliikenteen kaytto, ajokortillisuus, ikd, sukupuoli, autojen méiri kotitaloudessa,
autojen kaytto, koulutustaso ja kotitalouden tulot. Ainoastaan vastaajan asuinsijain-
nista tehty dummy-muuttuja ei vaikuttanut vastauksiin tilastollisesti merkitsevisti lo-
gististen regressiomallien perusteella. Asuinsijainnin perusteella tuloksissa on kuiten-
kin pienid eroja, joten myos nima arvot esitetddn ristiintaulukoinneissa. Ristiintaulu-
koinnit on esitetty taulukossa 6. Taulukossa on havainnollistettu my6s vastausvaih-
toehdot ja kyselytutkimuksien erot vastausvaihtoehdoissa osassa kysymyksistd. Ris-
tiintaulukoinneissa osa logistista regressiomallia varten dummy-muuttujiksi kooda-
tuista muuttujista on esitetty alkuperiisen asteikon mukaisesti. Taulukossa ! tarkoit-
taa, ettd muuttuja ei vaikuttanut tilastollisesti merkitsevistd vastausjakaumaan logis-
tisen regressiomallin mukaan ja 2 tarkoittaa, ettd taulukossa esitetyn muuttujan as-

teikko poikkeaa logistisessa regressiomallissa kaytetysta asteikosta.
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Taulukko 6. Ristiintaulukointi taustatietojen vaikutuksesta vastausjakaumiin (artikkeli V).
| Maa$ kysely Automaattiautokysely
Joukkoliikenne MaaS Automaattiauto
Tarve tai halu omistaa auto tulevai- N . .
Kyll Ei Kyll Ei Kyll Ei
suudessa ¥l ! yie ! yie !
Sukupuoli Nainen 50.3% 49.7% 34.6% 65.4% 29.5% 70.5% Nainen
Mies 72.4% 27.6% 51.0% 49.0% 39.6% 60.4% Mies
Ikaryhmat 18-24 56.0% ! 440%" | 352% 64.8% 40.5% 59.5% 18-24
25-34 47.3%1 527%" | 29.7% 70.3% 32.3% 67.7% 25-34
35-44 61.3% 387%" | 39.0% 61.0% 37.7% 62.3% 35-44
45-54 69.8% ! 302%" | 47.3% 52.7% 40.9% 59.1% 45-54
55-64 62.8% ! 372%" | 50.1% 49.9% 28.0% 72.0% 55-64
Koulutustaso Peruskoulu 56.3% 43.8% 53.8% 46.3% 34.2% 65.8% Peruskoulu
Toinen aste 65.9% 34.1% 47.3% 52.7% 38.7% 61.3% Toinen aste
:(m’t’l:tki';‘:;kea' 63.2% 36.8% | 43.0% 57.0% | 326% 67.4% i\mmﬁ:g
Ylempi korkea- Ylempi korkea-
Autoja  kotita- | 0 0
19.5% 80.5% 23.2% 76.8% 15.1% 84.9%
loudessa
1 60.0% 40.0% 40.4% 59.6% 34.7% 65.3% 1
2 75.7% 24.3% 50.5% 49.5% 37.9% 62.1% 2
3 81.3% 18.8% 49.2% 50.8% 44.7% 55.3% 3
4+ 88.0% 12.0% 75.0% 25.0% 52.5% 475% 4+
Ajokortilisuus | Kylla 62.9% 37.1% 43.0% " 57.0% ' | 35.9% 64.1% " | Kylla
El 19.2% 80.8% 27.4%1 726%' | 16.3%" 83.7%" | Ei
Auton kaytto Ei kayttoa 20.5% 79.5% 20.5% 79.5% 14.2% 85.8% Ei kayttod
0-10k km 52.3% 47.7% 35.3% 64.7% 21.5% 78.5% 0-5k km
10-25k k 70.49 29.69 0.19 49.99 33.0% 67.0% S0k km
-25k km 4% 6% 50.1% 9% 40.0% 60.0% 1020k km
42.4% 57.6% 20-30k km
25K km + 78.4% 21.6% 50.0% 50.0%
50.8% 49.2% 30k km +
Joukkoliiken- Ei kayttoa Harvemmin
teen kaytto 73,5% 2 265%2 | 52.4%?2 476%2 | 25.3% 74.7% kun  kerran
kuussa
VAanen kIO | opme  a1awe | m12%2  Seswe | 403% 50.7% :(/j:}';t::gam
L’gxgta'”e" 39.7%2 60.3%2 | 223%2  77.7%2
Lahes paivittai-
nznekséyt'::'v' a1 32892 672%2 | 226%2  T74%:2
Kotitalouden 0-2k euroa 429% 57191 39.4% 60.9%
tulot ' ' ’ ’
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Taulukon 6 mukaisesti kysymysasettelussa oli kyselytutkimusten vililld eroja henki-
l6auton kiytossi, joukkolitkenteen kdyttimisessi ja kotitalouden tuloissa. Kaikki
taulukossa esitetyt ristiintaulukoinnit ovat Khiin nelidtestin perusteella tilastollisesti
merkitsevid, vaikka logististen regressiomallin mukaan osa muuttujista ei vaikuta

vastausjakaumaan tilastollisesti merkitsevisti.

Tutkimuksen perusteella automaattiautot ja MaaS-palvelut voivat laskea ithmisten
autonomistushalukkuutta merkittavisti tulevaisuudessa, mikili niiden palvelutaso on
riittdvin korkea ja kustannustaso riittivin matala. Toisaalta merkittdvi osa ihmisistéd
haluaisi tdssikin tapauksessa omistaa auton tulevaisuudessa. Lisiksi on syytd huomi-
oida, ettd pienentyvi autonomistus ei valttimittd tarkoita pienentyvii auton kayttod,
silla yksityisen auton kaytté voi muuttua yhteiskayttéauton kayttoon ilman, ettd litk-

kumistottumukset juuri muuttuvat.

4.5 Synteesi tutkimuskysymyksittain

Ovatko ihmiset valmiita ottamaan kiytt66n automaattiautoja ja MaaS-palve-
luita?

Yleisesti teknologioiden ja innovaatioiden yleistymisen on havaittu noudattelevan
tiettyjd usein toistuvia ominaispiirteitd. Alussa harvat thmiset, innovaattorit ja aikaiset
omaksujat, omaksuvat uuden innovaation kiyttoon. T4dtd seuraa innovaation varsi-
nainen yleistymisvaihe, kun aikainen ja my6hdinen enemmisté omaksuvat uutta in-
novaatiota kayttoon. Viimeisind innovaatiota omaksuvat kayttoon vitkastelijat. T4l-
16in innovaation yleistymistd kuvaava kiyrd saa S-muodon. Seki tieliikenteen auto-
maation ettd MaaS-palveluiden voidaan olettaa yleistyvin vastaavien periaatteiden
mukaisesti.

Automaattiautojen osalta tutkimuksessa tarkasteltiin yleistd asennetta automaatti-
autoja kohtaan, jotta voidaan arvioida ihmisten valmiutta ottaa automaattiautoja
kiytt6on. Yleisesti ihmisten suhtautumisella uusia innovaatioita kohtaan on nihty
olevan selked vaikutus sithen, miten nopeasti innovaatiot yleistyvit (Patel & Connolly
2007). Tutkimuksen mukaan suurin osa thmisistd suhtautuu mydnteisesti automaat-
tiautoihin ja on sitd mieltd, ettd automaation kehittyminen kohti automaattiautoja on

toivottava kehityssuunta.
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Kuvassa 17 on esitetty, miten ihmiset suhtautuvat automaattiautoihin eri maissa.
Kuvan mukaisesti ihmisten yleinen suhtautuminen automaatioon on kaikkialla paa-
osin myonteistd. Brityisesti Kiinassa ja Intiassa ihmiset suhtautuvat automaattiautoi-
hin hyvin myo6nteisesti, kun taas linsimaissa on enemmin my0s neutraalia tai kiel-
teista suhtautumista. Suomalaiset suhtautuvat muita linsimaita harvemmin neutraa-
listi ja Suomessa yleinen suhtautuminen polarisoituukin selkeimmin sekd myontei-
seen ettd kielteiseen suhtautumiseen kuin muissa maissa. Tulosten vertailtavuutta tut-
kimusten vililld kuitenkin heikentdi ajallinen ero kyselyaineiston kerdiamisessa, silld
ihmisten yleinen mielipide voi vuosien saatossa muuttua paljon erityisesti, kun kyse
on uudesta teknologiasta. Lisiksi muissa maissa ei kiytetty edustavaa satunnaisotan-

taa eivitka vastaajamaiirit olleet kovin suuria.
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Kuva 17. Yleinen suhtautuminen automaattiautoja kohtaan Kiinassa, Intiassa, Japanissa,
Yhdysvalloissa, Iso-Britanniassa ja Australiassa vuonna 2014 (muokattu lahteestd Schoettle &
Sivak 2014) seka Suomessa vuonna 2017 (artikkeli 1).

MaaS-palveluiden osalta ihmisten valmiutta tarkasteltiin yleisen asenteen lisdksi sel-
vittimalld ihmisten kiinnostusta MaaS-palvelun kiyttéonottoon sekd maksuhaluk-
kuutta MaaS-palveluista. Vaikka MaaS-palvelut tai litkkumispalvelut eivit olleet ter-
mind tuttuja suurimmalle osalle vastaajista, niin MaaS-palveluiden ydinajatukselle on
selvasti kysyntad. Yli 80 % vastaajista oli sitd mieltd, ettd kaikkia liikennepalveluita
tulisi voida yhdistelld ja kiyttdd yhdelld lipulla ja sovelluksella (esim. taksi, juna ja
linja-auto samalla lipulla).
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Sen sijaan vain noin 43 % vastaajista mairittelivit jonkin hinnan, jolla voisivat
ottaa kaikki litkkumistarpeet tayttaivin MaaS-palvelun kiytt66nsi ja noin neljannes
vastaajista ei ottaisi MaaS-palvelua kidyttéonsd millidn hinnalla. Thmisten méiritte-
lemi sopiva hinta, eli maksuhalukkuus, oli kuitenkin keskimaarin hyvin pieni. Ihmiset
olivat keskimairin valmiita maksamaan liitkkumispalvelusta vain noin 137 euroa, mika
on linjassa aiempien tutkimusten kanssa. Ho et al. (2018) tutkimuksessa ihmiset oli-
vat valmiita maksamaan litkkumispaketista Australiassa keskimairin 143 euroa kuu-
kaudessa ja vastaavasti Solitan (2017) tutkimuksen mukaan suomalaisten keskimaa-
riinen maksuhalukkuus on alle 140 euroa kuukaudessa. Vertailun vuoksi esimerkiksi
Suomen Helsingissda MaaS-palveluita tarjoavan Whimin hinnastossa rajattoman jouk-
koliikenteen ja tietyin rajoituksin rajattoman miirin kaupunkipyérimatkoja, taksi-
matkoja, yhteiskdytto- ja vuokra-autoa kiyttoa sisiltdva MaaS-paketti maksaa 499 eu-
roa kuukaudessa. Selvisti edullisempi Whim Weekend -paketti maksaa 249 euroa,
mutta poikkeaa rajattomasta paketista siten, ettd sithen ei sisilly taksimatkoja ja
vuokra-auto on kiytettivissd vain vitkonloppuisin. (Whim 2019). Toisaalta liikkumis-
paketin ei vilttimatta tarvitse olla rajaton tdyttidkseen ihmisten litkkumistarpeet, jol-
loin maksuhalukkuutta ja olemassa olevien palveluiden hintoja ei voi suoraan verrata
toisiinsa.

Keskimédrin ihmiset olivat valmiita maksamaan kaikki litkkumistarpeet taytta-
vistd MaaS-palvelusta vain noin 64 % heiddn nykyisistd liitkkumiskustannuksistaan.
Tdama tarkoittaa, ettd MaaS-palveluiden pitiisi tuoda ithmisille merkittivia taloudelli-
sia etuja tai muilta osin kasvattaa ihmisten kokemaa hy6tyi, jotta suuri enemmisto
olisi kiinnostuneita MaaS-palveluiden kiyttG6notosta. Toisaalta mitd pienemmit ih-
misen liikkumiskustannukset ovat (johtuen yleensd mm. autottomuudesta), niin sitd
suurempaa on suhteellinen maksuhalukkuus. MaaS-palveluille on selvisti kysyntia jo
nykyisin, mutta isossa kuvassa nykyisin tarjolla olevat MaaS-palvelut eivit ole riitta-
vin kilpailukykyisia isolle osalle niistd, jotka eivit jo valmiiksi kiytd esimerkiksi jouk-
koliikennetta.

Asiantuntijaty6pajojen perusteella sekd MaaS-palveluiden ettd automaattiautojen
yleistymisessa julkisella sektorilla on suuri rooli. Julkisen sektorin tehtivind on ennen
kaikkea mahdollistaa lainsaididnndllisesti uusien palveluiden yleistyminen. Toisaalta
julkisella sektorilla nihddin olevan myds aktiivinen rooli automaation ja MaaS-pal-
veluiden yleistymisen edistdmisessd, mikali ndiden katsotaan toteuttavan laajempia
liitkennepoliittisia tavoitteita. Vastaavasti my6s palveluiden kustannustaso ja teknolo-
ginen kehitys tulevat olemaan merkittivia tekijoitd naiden innovaatioiden yleistymi-
sessd. Yleisesti asiantuntijat arvioivat, ettd nimikin innovaatiot tulevat noudattele-

maan S-kdyrin mukaista yleistymistd, mutta useiden epavarmuustekijoiden vuoksi
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aikataulun ennakoiminen on haasteellista. TyOpajoissa kansalaisten ymmarryksen
kasvattamista pidettiin toivottavana suuntana. Kansalaisten ymmarrystd voidaan kas-
vattaa erilaisten mm. pilottien ja kokeilujen my6td, minkd seurauksena uusien inno-
vaatioiden omaksumisesta tulee helpompaa.

Miten automaattiautot ja MaaS-palvelut vaikuttavat kulkutapajakaumaan tu-

levaisuudessa?

Kulkutavan valintaa ohjaavat tekijit voidaan luvun 2.2 mukaisesti tiivistad ensisijai-
sesti kolmeen paitekijadn: matkan aiheuttamaan vaivaan, matkaan kuluvaan aikaan
ja matkan rahallisiin kustannuksiin. On selvia, ettd automaattiautot ja MaaS-palvelut
tulevat vaikuttamaan niihin kaikkiin kolmeen tekijadn tulevaisuudessa, mistd vaisti-
mittd seuraa myo6s vaikutuksia kulkutapajakaumiin.

Automaattiautojen osalta kyselytutkimuksen perusteella voidaan odottaa, ettd au-
tomaattiautot vaikuttavat kulkutapajakaumiin eri tavoilla erilaisilla alueilla. Tulevai-
suudessa joukkolitkenne voi kasvattaa kulkutapaosuutta vahvojen runkolinjojen 4i-
relld esimerkiksi suurissa kaupungeissa ja kaupunkien vilisessi liikenteessd, kun au-
tomaattiautot hoitavat sy6ttoliikennetta ja tarjoavat ratkaisua nk. viimeisen kilomet-
rin ongelmaan. Sen sijaan kaupunkialueilla, joissa joukkoliikenteen toimintaedellytyk-
set eivit ole niin hyvit, henkil6autojen kulkutapaosuus voi kasvaa entisestdin hou-
kuttelevuuden kasvun ja nykyisin henkilautolla ajamattomien ihmisten kasvavan ky-
synndn vuoksi. Kulkutapaosuuden muutokset voivat olla erilaisia my6s kaupunkien
sisdlld, jolloin joukkolitkenteen kulkutapaosuus voi kasvaa vahvojen runkolinjojen
ympirilld, mutta henkiléautojen kulkutapaosuus muilla alueilla. Maaseudulla auto-
maattiautojen vaikutukset kulkutapajakaumaan tulevat olemaan vihiisid, joskin liik-
kumisen mairin mahdollinen kasvu voi nostaa hieman henkil6autoilun kulkutapa-
osuutta my6s maaseudulla. Litkkumisen hinnoittelulla ja laajemmin kaupunkisuun-
nittelulla ja liikennepolitiikalla on kuitenkin merkittiva rooli siind, mihin suuntaan
kulkutapajakaumat kehittyvit eri alueilla automaattiautojen seurauksena.

Kirjallisuuden perusteella tutkimukset automaattiautojen vaikutuksista kulkutapa-
jakaumaan vaikuttaisivat olevan ristiriidassa ja riippuvaisia erilaisista skenaarioista
(Cavoli et al. 2017). Tamin tutkimuksen perusteella kirjallisuudessa esitetyt ristiriitai-
set vaikutukset eivit vilttdmattd ole véddrid, vaan vaikutukset ovat hyvin erilaisia eri
alueilla. My6s poliittisilla ratkaisuilla on suuri merkitys lopputulokseen. Kokonaisvai-
kutuksen arvioiminen nykyisen tutkimustiedon valossa on kuitenkin haasteellista ja

siten aiheesta tarvitaan lisda tutkimusta.
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Kyselytutkimuksessa jalankulku ja pyoriily rajattiin kysymysasettelun ulkopuo-
lelle. Kirjallisuudessa jalankulun ja py6riilyn kulkutapaosuuksille nihddin enemman
negatiivisia kuin positiivisia vaikutuksia (Sessa et al. 2015; Davidson & Spinoulas
2016). On selvid, ettd automaattiautojen myotd henkil6autoilun saavutettavuuden ja
matkustusmukavuuden parantuminen ja toisaalta joukkoliikenteen mahdollinen te-
hostuminen vaikuttavat laskevasti jalankulun ja py6riilyn kulkutapaosuuksiin. Toi-
saalta kaupunkisuunnittelulla ja eri kulkutapojen kustannustasolla sekd litkkumisen
hinnoitteluvaihtoehdoilla voidaan vaikuttaa jalankulun ja py6riilyn kulkutapaosuuk-
siin merkittivisti, jolloin yleisesti liikennepolitiikalla on suurempi merkitys niiden
kulkutapojen osuuksiin tulevaisuudessa.

Nykyisin valtaosa henkil6auton kayttdjistd omistaa auton itse. Automaattiautojen
my6td tulevaisuudessa auton jakaminen (yksityinen robottitaksi) ja kyydin jakaminen
(jacttu robottitaksi) voivat kuitenkin kasvattaa tulevaisuudessa suosiota. Tdmin tut-
kimuksen tulosten perusteella niille kaikille henkil6autoilun muodoille 16ytyy melko
iso kannattajajoukko. Osa viestéstd haluaa tulevaisuudessakin omistaa itse oman au-
ton ja toiset puolestaan voivat kiyttid yhteiskdyttoistd autoa, mutta haluavat tehda
sen yksin. My6s jaetuille takseille 16ytyy kuitenkin merkittavad kysyntad.

MaaS-palveluiden osalta kitjallisuuden perusteella MaaS-palveluilla on potentiaa-
lia kasvattaa kestivien litkkumistapojen kulkutapaosuutta (Kamargianni et al. 2018).
Aiheesta ei kuitenkaan ole vield tehty juurikaan tutkimusta. Ensimmaisten kayttaja-
tutkimusten perusteella MaaS-palveluita kayttavit ihmiset liilkkuvat muita kansalaisia
useammin kestavilld liikennemuodoilla (Ramboll 2019). Tamin perusteella ei kuiten-
kaan voida arvioida, miten palvelut todellisuudessa vaikuttavat kulkutapajakaumaan,
silld timin tutkimuksen perusteella MaaS-palveluista kiinnostuneet ihmiset kédyttavit
tyypillisestikin kestdvid liikennemuotoja enemmin kuin muut. Tdmin kyselytutki-
muksen perusteella ei mydskddn voida luotettavasti arvioida, miten MaaS-palvelut
vaikuttavat kulkutapajakaumiin tulevaisuudessa, vaan aiheesta tarvitaan lisdd tutki-
musta mm. tarkastelemalla tieteellisesti liikkumispalveluita kiyttivien henkil6iden to-
dellisia muutoksia litkkumisessa.

AsiantuntijatyGpajoissa tunnistettiin, ettd litkkuminen voi muuttua vaivattomam-
maksi ja edullisemmaksi, minki seurauksen henkil6litkennesuorite ja my6s henkilo-
autoilun kulkutapaosuus voivat kasvaa. Kokonaisuudessa asiantuntijat kuitenkin
odottavat kulkutapajakaumien painottuvan kestivien kulkutapojen suuntaan Suo-
messa tulevaisuudessa, silld tille nihdddn vahva poliittinen tahtotila ja tarve. Keski-
madrin asiantuntijat arvioivat, ettd vuoden 2011 tasoon nihden henkil6autoilun kul-
kutapaosuus laskee piddkaupunkiseudulla 12 prosenttiyksikk6d, muilla suurilla kau-
punkiseuduilla 9 prosenttiyksikk6d ja muilla seutukunnilla 5 prosenttiyksikkod
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vuoteen 2030 mennessd. Vastaavasti vuoteen 2050 mennessa henkiléautoilun kulku-
tapaosuuden arvioitiin laskevan paikaupunkiseudulla 21 prosenttiyksikk6d, muilla
suurilla kaupunkiseuduilla 17 prosenttiyksikk6d ja muilla seutukunnilla 11 prosent-
tiyksikk6d vuoden 2011 tasosta.

Asiantuntijoiden mukaan uusien innovaatioiden lisiksi ja ohella litkennepolitiikka
yhdessi yhdyskuntarakenteen muutosten, kaupungistumisen ja yleisesti ihmisten kes-
tivid ratkaisuja suosivan ajattelutavan myotd vihentdvit henkiléautoilun roolia Suo-
messa tulevaisuudessa. Asiantuntija-arvioissa oli kuitenkin hajontaa ja my6s tyopaja-
keskusteluissa tunnistettiin, etti tarkkojen arvioiden tekeminen on mahdotonta,
koska kulkutapajakauman muutoksiin vaikuttaa hyvin moni asia. MaaS-palvelut nih-
tiin yhtend tirkednd osatekijana kestivien kulkutapojen houkuttelevuuden kasvatta-
misessa. Henkil6autoilun kulkutapaosuuden pienentymisen ei kuitenkaan nihda ta-
pahtuvan itsestadn, vaan se tulee tarvitsemaan liikennepoliittisia toimenpiteita ja ke-
hityksen ohjaamista kohti haluttua kehityssuuntaa.

Automaattiautokyselyn perusteella jactut taksit ja on demand -tyyppinen kutsu-
joukkoliikenne voivat tulevaisuudessa olla merkittivid kulkutapoja. Erityisesti har-
vempaan asutuilla kaupunkialueilla timan tyyppiset palvelut voivat toimia joukkolii-
kennettd korvaavina litkennemuotoina, kun henkil6autojen viemi tilankdytto ei ole
ongelma. Tielitkenteen automaatio ei valttimatta ole kriittinen tekija tallaisten kulku-
tapojen toimivuudelle, joskin automaation avulla palvelusta on tehtivissi kustannus-
tehokkaampaa ja siten houkuttelevampaa. Mikili tallaiset kulkutavat yleistyvit tule-
vaisuudessa, tulisi niitd tarkastella kulkutapajakaumissa omina kulkutapoinaan, silld
ne eivat sellaisenaan sovi henkilbautoilun eikd perinteisen joukkolitkenteen kanssa
samaan lokeroon. MyOs automaattiautoihin liittyvissid tyOpajassa asiantuntijat naki-
vit timéinkaltaisten palveluiden yleistyvin merkittivisti tulevaisuudessa. Palveluiden
nihtiin padsidntoisesti tiydentdvin joukkoliikennettd ja siten pienentdvin erityisesti
henkil6autoilun kulkutapaosuutta niin kaupungeissa kuin maaseudullakin.

Miten automaattiautot ja MaaS-palvelut vaikuttavat ihmisten autonomistuk-

seen tulevaisuudessa?

Kyselyiden tulosten perusteella noin 58 % suomalaisista (laajennettu otos) ei kokisi
tarvetta autonomistukselle, mikili ihmisilld olisi kdytossaan MaaS-palvelu, joka sisil-
tdisi esimerkiksi joukkoliikenteen, jaetut taksit ja yhteiskdyttdautot ja palvelun avulla
voisi tayttdd kaikki lilkkumistarpeet. Téssd tutkimuksessa ei selvitetty sitd, mitd MaaS-
palvelun pitdisi sisaltad tayttdakseen vastaajan litkkumistarpeet. Vaikka yleisesti jouk-

koliikenteen ajatellaan olevan MaaS-palveluiden keskiossi, vastaajat ovat voineet
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tassd tapauksessa ajatella kdyttivinsa ensisijaisesti muita litkennemuotoja kuin jouk-
kolitkennettd osana MaaS-palvelua. Automaattiautojen tapauksessa 65 % suomalai-
sista ei koe tarvetta autonomistukselle tulevaisuudessa, jos kaikki autot ovat auto-
maattiautoja, kunhan yhteiskiyttéautojen palvelutaso on korkea (kyselyssd robotti-
taksi olisi aina saatavilla viidessd minuutissa) ja kdyttiminen tuo merkittivin talou-
dellisen sadston (kyselyssad vuotuiset kustannukset 20 % pienemmit) auton omista-

miseen verrattuna.

Tulosten perusteella MaaS-palvelut ja automaattiautot voivat tulevaisuudessa vi-
hentdd merkittivisti autonomistushalukkuutta, mikili niiltdi odotettavat hyddyt
konkretisoituvat. Toisaalta on hyvd huomioida, ettd iso osa ihmisistd haluaa edelleen
tulevaisuudessa omistaa itse auton. MaaS-palveluiden osalta kirjallisuudesta ei ole
l6ydettivissd vertailukelpoista dataa autonomistukseen liittyen. Kirjallisuuden perus-
teella MaaSilla ndhddin kuitenkin olevan merkittdvd potentiaali autonomistuksen
pienentymiseen (mm. Kamargianni et al 2018; Hauptmann 2019).

Automaattiautojen vaikutuksista autonomistukseen on kirjallisuudessa jonkin
verran tutkimusta. Tutkimusten tutkimusasetelmissa on kuitenkin eroja, jotka hei-
kentivit vertailtavuutta. Tédssd tutkimuksessa paddyttiin kisittelemddn tilannetta,
jossa kaikki autot ovat automaattiautoja, eli valintatilanne tapahtuu yksityisen ja yh-
teiskdyttoisen automaattiauton vililld. Tama rajaus tehtiin sen vuoksi, ettd ithmisten
suhtautumisessa automaattiautoihin on paljon eroja ja monilla ihmisilld on my6s en-
nakkoluuloja automaattiautoja kohtaan. Tilloin ihmisten autonomistushalukkuu-
desta voidaan saada tarkempaa tietoa, kun valintatilanne tapahtuu selkedsti au-
tonomistushalukkuuden kannalta eikd uuden teknologian kiytto6nottamisen kan-
nalta, jolloin mahdolliset negatiiviset ennakkoluulot yleisesti liitkenteen automaatiota
kohtaan eivit vaikuta vastauksiin ainakaan selkedsti. Osittain vastaavanlainen tutki-
musasetelma, 16ytyy lihinnd Pofukin (2017) tutkimuksesta, jossa sadan henkil6n koe-
ryhmistd 84 % voisi ottaa automaattiauton kayttoonsa ja ndistd 71 % ottaisi kdyt-
toonsid mieluummin jaetun automaattiauton kuin oman automaattiauton. Vaikka
Pofukin tutkimuksessa otos on pieni, niin tulokset ovat silti samaa suuruusluokkaa
taman tutkimuksen kanssa.

Yleisesti voidaan todeta, etti timin tutkimuksen perusteella autonomistus tulee
tulevaisuudessa pienentymain. Jo nykyisin on tunnistettu monia autonomistusta las-
kevia trendeja, joita ovat esimerkiksi ymparistOystavillisempi ajattelu, nuorten suku-
polvien pienempi kiinnostus autonomistukseen, vieston ikdantyminen ja pienenevit
kotitaloudet. (mm. Brandt & Lindeqvist 2016; Bussiere et al. 2019; Kdgeson 2014;
Zong et al. 2019). Liséksi tulevaisuudessa liikenteen palveluiden ja automaation ke-
hittyminen tuo merkittdvii potentiaalia autonomistuksen pienentymiseen. Iso osa
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thmisisti ei koe autonomistustarvetta, mikili vaihtoehtoisilla palveluilla voisi tayttdd
kaikki litkkumistarpeet ja niilld saavutettaisiin taloudellista hy6tya ihmisille. Kaytin-
nbssd potentiaalia autonomistuksen pienentymiselle on siis merkittivisti, mutta pal-
veluiden kehittyminen tulee méarittimain, miten autonomistus todellisuudessa ke-
hittyy.

Myo6s asiantuntijatyGpajoissa huomioitiin, ettd ihmisten autonomistustarve tulee
pienentymdin automaattiautojen ja liikkenteen palveluiden kehittyessd. Asiantuntijat
huomioivat, ettd jo nykyisin autonomistushalukkuus on pienentynyt suurilla kaupun-
kiseuduilla ja liikkumisen palveluistumisella on mahdollisuus nopeuttaa kehitysta.
Vastaavasti asiantuntijat nakivit, ettd yhteiskiyttéautojen rooli tulee kasvamaan tule-
vaisuudessa. Toisaalta yhteiskdyttGautojen osuus autokannasta nihdiin vield koh-
tuullisen pienend esimerkiksi vuonna 2030, mutta yhteiskdyttautoilla tehtiva litken-

nesuorite voi silti olla jo merkittava.

Millaisia eroja eri kiyttdjaryhmilld on valmiudessa ottaa automaattiautoja ja
MaaS-palveluita kdytt66n ja millaisia kiyttdjaryhmien viliset erot ovat ndiden
teknologioiden vaikutuksissa ihmisten liikkumistottumuksiin ja siten koko
liikennejirjestelméin?

Tutkimuksessa havaittiin, ettd miehet, korkeammin koulutetut ja ttheAimmin asutuilla
alueilla asuvat suhtautuvat myonteisemmin automaattiautoihin kuin muut, miki on
havaittu my6s aiemmissa tutkimuksissa (mm. Alessandrini et al. 2014; Schoettle and
Sivak’s 2014; Bansal et al. 2016). Aiemman tutkimuksen perusteella nuoremmat suh-
tautuvat myonteisemmin automaatioon kuin vanhemmat (mm. Kyriakidis et al.
2015). Kyselytutkimuksen perusteella erityisesti 25—34-vuotiaat suhtautuvat auto-
maattiautoihin myo6nteisemmin kuin muut vastaajat, mutta erot muiden ikdryhmien
vililld ovat pienid. Lisiksi tissd tutkimuksessa havaittiin, ettd autottomissa kotita-
louksissa asuvat vastaajat suhtautuvat muita myonteisemmin automaattiautoihin.
Yleisesti myonteisemmin suhtautuvien voidaan odottaa olevan muita valmiimpia au-
tomaattiautojen kayttéon.

MaaS-palveluiden osalta havaittiin, joukkoliikennettd kdyttivit, autottomissa ta-
louksissa asuvat, 25—34-vuotiaat, korkeasti koulutetut ja ttheimmin asutuilla alueilla
asuvat ovat muita kiinnostuneempia MaaS-palveluiden kiyttimisestd. Samankaltaisia
tuloksia on havaittu my6s aiemmissa tutkimuksissa (esim. Kamargianni et al. 2018;
ITS Australian 2018). Toisin sanoen pddosin samat kayttdjiryhmat ovat valmiimpia
sekd automaattiautojen ettda MaaS-palveluiden kiytt6onottoon. Yleisesti erot eri kiyt-
tijairyhmien vililli eivdt kuitenkaan olleet kovin suuria. MaaS-palvelun
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maksuhalukkuutta tarkasteltaessa thmisten sosio-ekonomiset tiedot vaikuttavat hy-
vin vihiisesti maksuhalukkuuteen. Sen sijaan vastaajan nykyisilld liitkkumistottumuk-
silla ja niistd johdettavilla nykyisilld liitkkumiskustannuksilla on merkittdva vaikutus
maksuhalukkuuteen. Miten enemmin nykyisin kiytetddn likkumiseen rahaa, sitd
enemmin ollaan valmiita maksamaan liikkumispaketista. Toisaalta ihmisten suhteel-
linen maksuhalukkuus vastaavasti pienenee vastaajien nykyisten litkkumiskustannus-
ten noustessa.

Kulkutapajakaumien osalta eri kayttdjaryhmilld havaittiin jonkin verran eroja kiin-
nostuksessa kayttda eri kulkutapoja. Naiset olivat miehid kiinnostuneempia jaetuista
litkennemuodoista kuten joukkoliikenteestd ja jaetuista robottitakseista. Korkeam-
min koulutetut vastaajat pitivit joukkolitkennettd ja automaattiautoja keskimairin
mieluisampina vaihtoehtoina kuin matalammin koulutetut. Lisiksi nykyisin joukko-
liikennetta kédyttidvit vastaajat sekd autottomissa talouksissa asuvat vastaajat pitivit
joukkoliikennetti selvisti muita vastaajia useammin parhaana vaihtoehtona. On kui-
tenkin syytd huomioida, ettd esimerkiksi autottomissa talouksissa asuvista vastaajista
yli 40 % piti jarjestimistehtdvassd joko yksityistd tai jaettua robottitaksia parhaana
vaihtoehtona. Tdmin perusteella iso osa ihmisisti, jotka eivit nykyisin aja henkil6au-
tolla, ovat kiinnostuneita robottitaksien kdyttdmisestd tulevaisuudessa.

Autonomistusta tarkasteltaessa logististen regressiomallien perusteella vastaajien
taustatiedot vaikuttavat autonomistushalukkuuteen suhteellisen vahiisesti. Yleisesti
voidaan todeta, ettd nykyiset liitkkumistottumukset korreloivat vahvasti autonomis-
tuksen kanssa. Luonnollisesti vastaajat, jotka eivit nykyisin omista tai kdytd autoja,
kokevat my6s muita vihemmin tarvetta niiden hankkimiselle tulevaisuudessa. On
kuitenkin syytd huomata, ettd my0s osa tillaisista vastaajista haluaisi omistaa tulevai-
suudessa auton kaikissa tutkituissa skenaarioissa. Vastaavasti paljon joukkoliiken-
nettd kdyttivit vastaajat kokevat muita vihemmin tarvetta autonomistukselle. Ylei-
sesti naiset ja nuoremmat kokevat vihemmain tarvetta autonomistukselle, mutta esi-
merkiksi koulutustaso ja asuinsijainti vaikuttavat suhteellisen vihin autonomistusha-
lukkuuteen.

Kokonaisuutena tarkasteltaessa eri kdyttijiryhmien vililtd 16ytyi jonkin verran
eroja. Erot ovat kuitenkin padsidntoisesti pienehkdja ja siten ei voida kategorisesti
mairitelld, etti tiettyjen taustatietojen perusteella ihmiset kiyttaytyvit tietylld tavalla.
Havaittujen erojen pohjalta voidaan kuitenkin 16ytad kaikkein todennikdéisimpid ai-
kaisia omaksujia, joskaan pienehkéjen erojen vuoksi palveluita ei valttimittd kannata

suunnata vain tietyille kdyttajaryhmille.
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5 JOHTOPAATOKSET

5.1 Tulosten merkitys

Taiman tutkimuksen perusteella suurin osa eli noin 63 % kyselyyn vastanneista suh-
tautuu myonteisesti automaattiautoihin, mika indikoi sitd, ettd ithmiset olisivat val-
miita kokeilemaan ja ottamaan kdytt6on niitd. Toisaalta on edelleen merkittdva
joukko eli noin neljinnes kyselyyn vastanneista, jotka suhtautuvat kielteisesti auto-
maatioon. My6s MaaS-palveluiden ydinajatukselle havaittiin selkedd kiinnostusta tut-
kimuksessa. Thmisten maksuhalukkuus MaaS-palveluista on kuitenkin keskimairin
vihiistd. MaaS-palveluiden pitiisi pystyd tuomaan merkittdvid taloudellisia etuja kayt-
tdjilleen tai MaaS-palveluiden houkuttelevuutta ja thmisten kokemaan hy6tyi palve-
luista tulisi kasvattaa, jotta thmiset ottaisivat niitd laajamittaisesti kdytt66n.

Tulevaisuudessa litkenteen automaatio voi tuoda merkittivid etuja myos MaaS-
palveluille ja toisaalta MaaS-palvelut voivat kasvattaa automaattiautojen kayttoa.
Korkean automaatiotason autojen avulla MaaS-palveluiden kustannuksia ja palvelu-
tasoa voidaan parantaa, kun yhteiskdyttdautot ja taksipalvelut muuttavat kustannus-
tehokkaammiksi osiksi palvelukokonaisuutta ja toisaalta joukkoliikenteen houkutte-
levuutta voidaan kasvattaa vaivattomammalla liityntiliikenteelld. Kun automaattiau-
tot tulevaisuudessa tulevat osaksi litkkumispalveluita, voi se kasvattaa merkittivisti
my06s MaaS-palveluiden suosiota.

On selvid, ettd automaattiautoilla ja MaaS-palveluilla tulee olemaan hyvin merkit-
tivid vaikutuksia litkennejérjestelmiddn ja ihmisten litkkumistottumuksiin. Automaat-
tiautot parantavat henkil6autoilun saavutettavuutta, kun esimerkiksi ajokortittomat,
nuoret, idkkait ja ajokyvyttomit voivat kiyttad henkil6autoja. Lisiksi erityisesti yh-
teiskayttoiset automaattiautot osana MaaS-palvelua tai erillisind palveluina voivat eh-
kiistd litkennekoyhyyttd sen kaikissa muodoissa (litkkumiskoyhyys, saavutettavuus-
k&yhyys ja litkenteen kohtuuhintaisuus, ks. Tiikkaja et al. (2018)).

Nykyisin ithmisten liikkumistottumukset ja esimerkiksi kulkutavan valinta perus-
tuvat ensisijaisesti kolmeen tekijaan: yksilon kokemaan kulkutavan vaivaan, matkaan
kuluvaan aikaan ja sen kustannuksiin. Seki automaattiautot etti MaaS-palvelut vai-
kuttavat naihin tekijoihin merkittavasti, mistd seuraa, ettd ne vaikuttavat merkittavisti

my6s thmisten liikkumistottumuksiin. Litkkumistottumukset voivat muuttua hyvin
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merkittivisti erityisesti silloin, kun automaattiautot ja MaaS-palvelut yhdistyvit, eli
automaattiautoista tulee osa liikkumispalveluita. Kuten tulevaisuudentutkimukselle
on ominaista, vield ei voida sanoa varmasti, miten liikkumistottumukset tulevat
muuttumaan, mutta erilaisia skenaarioita ja tulevaisuuspolkuja/-kuvia voidaan jo
hahmottaa.

Perusskenaariossa litkenteen automaatio kasvattaa henkil6autolla tehtivien mat-
kojen miarid kasvavan kysynnin seurauksena. Toisaalta timin tutkimuksen perus-
teella my6s joukkolitkenteelle 16ytyy merkittavaa kysyntdd, jolloin joukkoliikennettd
tukeva automaatio voi kasvattaa joukkolitkenteen kulkutapaosuutta. MaaS-palvelui-
den osalta vaikutukset ovat epidselvempid. MaaS-palveluiden ytimessd nihdéddn usein
kestdvit liikennemuodot, mutta on mahdollista, ettd erityisesti markkinaehtoinen
Maa$ ajautuu vihemmin kestivien kulkutapojen suuntaan. Nykyisin kdytossa olevia
MaaS-palveluita omaksuneet thmiset kiyttivit kestivid kulkutapoja useammin kuin
muut. Tama ei kuitenkaan tarkoita, etti MaaS-palvelut kasvattaisivat kestdvien kul-
kutapojen kulkutapaosuutta, koska tutkimuksissa ei ole tarkasteltu sitd, miten thmiset
litkkuivat ennen palvelun kayttdonottoa. Téssd tutkimuksessa havaittiin, ettd auto-
maattiautot ja MaaS-palvelut voivat vihentdad merkittivasti my6s autonomistusta tu-
levaisuudessa.

Sekd automaattiautojen etti MaaS-palveluiden kehityksessd on vield useita epi-
varmuustekijoitd, jotka vaikuttavat sithen, millaisia vaikutuksia ndimi lopulta aiheut-
tavat ihmisten litkkumistottumuksiin. Esimerkiksi tulevaisuuden palveluiden hintata-
sosta ei ole vield varmuutta. Vaikka yhteiskiyttoisten automaattiautojen odotetaan
timan hetken tiedon valossa laskevan henkil6autoilun kustannuksia, niin lopullisesta
kustannustasosta ei kuitenkaan ole varmuutta. Tulee my6s huomioida, ettd thmisten
litkkumiskustannuksissa on nykyisin erittdin suuria yksilollisid eroja. Vastaavasti
MaaS-palveluissa operaattorilla on suuri rooli siind, miten MaaS-palvelut vaikuttavat
ihmisten liikkumiseen. Jos kestavit kulkutavat pidetddn MaaS-palveluiden keskidssi,
kasvattaa se todennikoisesti kestivien kulkutapojen kulkutapaosuutta. Erityisen
suuri rooli sekd automaattiautojen ettd MaaS-palveluiden tulevaisuuden vaikutuksissa
on kuitenkin liikennepolitiikalla, jolla voidaan vaikuttaa hyvin merkittivisti siithen,
miten automaatiota ja MaaS-palveluita tarjotaan ja kdytetdin tulevaisuudessa.

Viranomaisten ja poliittisten pditostentekijéiden onkin syytd valmistautua sithen,
ettd uudet innovaatiot voivat muuttaa litkennejirjestelmaa merkittivisti ja litkenne-
poliittisilla ratkaisuilla on keskeinen rooli siind, millaisia vaikutukset lopulta ovat. Vai-
kutusten ennakoiminen ja toivottavan tulevaisuuskuvan tavoittelu ovat keskeisessi
roolissa tulevaisuuden liikennepolitiikassa ja litkennesuunnittelussa. Viranomaisilla

on lisaksi kriittinen rooli kehityksen valvojana ja mahdollistajana yhdessi alan
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toimijoiden kanssa. Viranomaisten tulee varmistaa, ettd esimerkiksi automaattiautot
toimivat turvallisesti ja eettisesti, ennen kuin ne voivat yleistyi lilkenteessa. Liikenne-
polititkan ja liikennejirjestelmasuunnittelun parissa toimivien tahojen lisiksi palve-
luntarjoajilla, maahantuojilla, myyjilld ja liikennditsijoilld, loppukayttdjia unohtamatta,
on keskeinen rooli uusien innovaatioiden yleistymisessa ja vaikutuksissa. My6s naima
toimijat tulisi huomioida ja ottaa mukaan entista tiiviimmin litkennejarjestelmin ke-
hittimisessd tulevaisuudessa, jotta uusien innovaatioiden aitheuttamat vaikutukset oli-
sivat toivottuja.

5.2 Tutkimuksen luotettavuus ja yleistettavyys

Timai tutkimus perustui kahteen Suomessa toteutettuun laajaan kansalaiskyselyyn ja
niiden tuloksia syventdviin asiantuntijatyépajoihin. Kyselyissd hyodynnettiin kuvit-
teellisia valintoja, jotka eivit aina heijastele ihmisten todellisia valintoja (Wardman
1988), miki osaltaan laskee hieman tulosten luotettavuutta. Lisiksi ei voida olla var-
moja, heijastelevatko vastaukset vastaajien todellisia mielipiteitd ja valintoja, vai onko
joissain kysymyksissa valittu tietty vaihtoehto vain sen vuoksi, ettd se on helpoin va-
lita. Yleisesti ei myoskidn voida olla varmoja, ovatko vastaajat ymmirtineet kysy-
mykset oikein. Toisaalta molemmissa kyselyissd tehtiin koetutkimus, jonka perus-
teella vastaajat pitivat kysymyksid selkeina. Lisaksi valtaosa vastaajista oli tayttinyt
kyselylomakkeen oikein ja toisaalta kyselyn lopussa olevien avoimien vastausten pe-
rusteella kyselyjd pidettiin padosin selkeind ja ymmairrettivina.

Yleisesti tutkimuksen luotettavuutta voidaan arvioida kasitteiden validiteetti ja re-
liabiliteetti avulla. Kisitteet soveltuvat erityisesti madrillisen tutkimuksen luotetta-
vuuden arviointiin, mutta niitd voidaan soveltaa my6s laadullisen tutkimuksen arvi-
ointiin. Validiteetti kuvaa tutkimuksessa kiytettyjen mittausmenetelmien soveltu-
vuutta tutkittavaan ilmiéén. Toisin sanoen validiteetti ilmaisee, miten hyvin mittaus-
menetelmi mittaa sitd, mitd on tarkoitus mitata. Vastaavasti reliabiliteetti tarkoittaa
mittausten ja mittaustulosten luotettavuutta ja toistettavuutta, eli ei-sattumanvarai-
suutta. Drost (2011.)

Validiteettiin liittyen kyselyn kysymykset pyrittiin muodostamaan mahdollisim-
man selkedsti kuvaamaan sitd, mitd tutkimuksella haluttiin selvittdd. Kyselyissa kay-
tetyt valintatehtdvit pyrittiin muodostamaan todenmukaisiksi esimerkiksi huomioi-
malla kaikki eri kulkutapoihin vaikuttavat tekijat. Kyselyissa jouduttiin kuitenkin te-

kemiin paljon erilaisia yleistyksid ja oletuksia, mitkd voivat laskea validiteettia.
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Luonnollisesti kysymykset eivit mydskdin voi ottaa huomioon kaikkia erilaisia tilan-
teita. Kyselyissd muun muassa oletettiin, ettd kaikki matkat tehdddn yksin, eikd esi-
merkiksi perheenjisenten kanssa.

Kyselytutkimus ei menetelméni sovellu kaikilta osin taydellisesti timén tutkimus-
ongelman ratkaisemiseen, silld tavallisten ihmisten on vaikea hahmottaa tulevaisuu-
den uusien innovaatioiden ja teknologioiden vaikutuksia ja ominaisuuksia, vaikka
niitd pyrittiin kyselyissd havainnollistamaan. Yhdessi kirjallisuuskatsauksen ja kysely-
tutkimuksen tuloksia tiydentivien asiantuntijatyopajojen avulla tutkimuksen tarkoi-
tuksena oli luoda perustietimys aiheesta, minkd pohjalta voidaan tehdi valistuneita
skenaarioita tulevaisuuden muutoksista. On kuitenkin selvia, ettei tissid tutkimuk-
sessa kaytetyilldi menetelmilli voida antaa yksiselitteistd vastausta tutkimusongel-
maan, vaan tarvitaan myos jatkotutkimusta.

Kyselytutkimuksessa kaytettiin laajoja satunnaisotantoja, mikd parantaa tulosten
reliabiliteettia. Molemmissa tutkimuksissa vastausprosentti oli kuitenkin melko alhai-
nen, eli noin 20 %. Alhainen vastausprosentti tarkoittaa, ettd kyselyyn vastanneet
eivit valttdimittd edusta koko populaatiota. Toisaalta suuri otoskoko ja satunnais-
otanta kuitenkin kasvattavat tulosten luotettavuutta suhteessa muuhun tieteelliseen
kirjallisuuteen, jossa vastaavia tutkimuksia ei ole juuri lainkaan toteutettu populaa-
tiota edustavilla satunnaisotannoilla. Lisiksi vastaajien taustatictoja analysoimalla ha-
vaittiin, ettd esimerkiksi ajokortillisuuden ja autonomistuksen osalta tutkimuksen
vastaajajoukko edustaa kohtuullisen hyvin tutkimuksen kohderyhmidi Suomessa.

Tutkimustulokset ovat toistettavissa niin Suomessa kuin kansainvilisesti. Toistet-
tavuuden mahdollistamiseksi tutkimusmenetelmai pyrittiin esittimiin selkedsti ja tu-
losten analysointi kuvattiin perusteellisesti. Tutkimuksissa kiytetyt kyselylomakkeet
on myos julkaistu, mika helpottaa tulosten toistettavuutta. Kulttuurillisesti Suomi on
lihelld muita linsimaisia valtioita Euroopassa. Suomessa olosuhteet automaattiajami-
selle ja harvaan asuttuna maana osittain my6s MaaS-palveluille ovat kuitenkin vai-
keat. Lisdksi ihmisten asenteissa my0s linsimaisten valtioiden vililld voi kuitenkin
olla eroja, jotka heikentavit vertailtavuutta. Kokonaisuudessaan tutkimuksen tulok-
sia voidaan kuitenkin pitdd jossain mdirin yleistettivini erityisesti Euroopassa ja
muissa linsimaisissa valtioissa, mikd mahdollistaa toistomittausten tekemisen ja siten
tutkimuksen reliabiliteetin vahvistamisen.

Tutkimus on toteutettu ennen vuoden 2020 aikana maailmanlaajuiseksi ongel-
maksi muodostunutta koronaviruspandemiaa ja siten koronaviruksen vaikutukset ra-
jataan taiman tutkimuksen ulkopuolelle. Koronavirus on kuitenkin vaikuttanut mer-
kittdvasti ihmisten litkkumiseen ympari maailmaa ja aiheuttaa mahdollisesti my6s py-

syvia muutoksia ihmisten liikkumistottumuksiin. FErityisesti joukkoliikenteen

70



kdyttijamadrit ovat romahtaneen koronaviruspandemian aikana, joskin HSL:n teke-
min kyselytutkimuksen mukaan valtaosa matkustajista aikoo palata joukkolitkenteen
kdyttajaksi pandemian jilkeen (HSL 2020). Pandemian aitheuttamat muutokset thmis-
ten elintapoihin ja liikkkumiseen ovat kuitenkin merkittavia tekijoité, jotka vaikuttavat
tulevaisuuden liikennejirjestelmiin. Pandemia voi vaikuttaa pysyvisti ihmisten ni-
kemyksiin liikenteestd ja voi siten heikentdd timin tutkimuksen tulosten luotetta-

vuutta.

5.3 Jatkotutkimusaiheet

Tissa tutkimuksessa aihetta ldhestyttiin ylitasolla kisittelemilld koko 18—64-vuotiai-
den populaatiota Suomessa. Niin ollen tutkimustulokset ovat paikoin alustavia ja
luotettavampien tulosten saamiseksi tulisi syventyi ja kohdentaa tutkimusta tiettyihin
asioihin. Tutkimusta tulisi tehdd esimerkiksi alueellisesti kohdennettuna, jolloin kun-
kin alueen ominaispiirteet nykyisessa litkennejirjestelmassi voidaan huomioida kysy-
mysasettelussa. Tassi tutkimuksessa tehtiin my6s paljon oletuksia kustannustasoista
ja uusien teknologioiden palvelutasosta, joita jatkotutkimuksessa tulisi tismentda.
Tutkimustuloksia tulisi my6s syventdd laadullisilla menetelmilld, joilla voidaan pureu-
tua yksittdisiin tutkimusongelmiin syvillisemmin. My6s timin tutkimuksen kohde-
ryhmin ulkopuolelle jdavit idkkait ja nuoret tulisi huomioida paremmin jatkotutki-
muksissa.

Jatkossa niin automaattiautojen kuin MaaS-palveluiden vaikutuksia tulee edelleen
simuloida, mutta simuloinneissa on syytd huomioida my6s thmisten todellisia miel-
tymyksid tulevaisuudessa. Automaattiautojen ja MaaS-palveluiden toimintaedellytyk-
sid eri alueilla tulisi niin ikddn selvittdd. Erilaiset automaattiautopilotit sekd olemassa
olevat MaaS-palvelut ja erilaiset MaaS-pilotit ovat my6s tirked tutkimuskohde. Eri-
laisten pilottien ja kokeilujen avulla voidaan lisitd ymmarrysta thmisten todellisista
valinnoista ja siten voidaan arvioida ndiden innovaatioiden liikennejirjestelmitason
vaikutuksia paremmin. Esimerkiksi kulkutapajakaumien osalta tulisi tarkemmin arvi-
oida ihmisten nykyisid liitkkumistottumuksia ja peilata mahdollisia vaikutuksia niihin.
MaaS-palveluiden osalta hinnoitteluvaihtoehtoja ja kotitalouksille sopivia kokonais-
ratkaisuja ja tarpeita tulisi tutkia tarkemmin. Tutkimusorganisaatioiden tuleekin olla
vahvasti ldsnd MaaS-palveluiden ja automaattiautojen yleistymisessa ja kehityksessa,
jotta niiden vaikutuksista saadaan mahdollisimman aikaisin luotettavaa tietoa ja siten

niiden kehitystd voidaan ohjata toivottavaan suuntaan.
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Tulevaisuudessa tulisi lisiksi suorittaa toistomittauksia, joilla voidaan arvioida
tassd tutkimuksessa saatujen tulosten kehittymisté ja tarkastella my6s tulosten relia-
biliteettia. Vastaavanlaisia populaatiota edustavilla otoksilla toteutettuja kyselytutki-
muksia tulisi toteuttaa myOs muissa maissa, jotta aiheesta voidaan tehdi kansainvi-
lista vertailua.

Tissd tutkimuksessa tunnistettiin automaattiautojen ja MaaS-palveluiden vaiku-
tuksia ja vaikutusmekanismeja. Tarvitaan kuitenkin enemmin tietoa vaikutusmeka-
nismeista, joiden pohjalta voidaan laatia tiekarttoja ja varautumissuunnitelmia, joiden
avulla voidaan tavoitella toivottavaa tulevaisuuskuvaa. Liikennepoliittinen ja enna-
koiva varautuminen tulevaisuuden muutoksiin on ensiarvoisen tirkedd, jotta muu-
toksia voidaan alusta alkaen ohjata kohti toivottavaa tulevaisuuskuvaa. Automaatti-
autot ja MaaS-palvelut tulevat joka tapauksessa muuttamaan liikennejirjestelmai,
mutta muutokset eivit ole automaattisesti myonteisid liikennejirjestelmin ja kesti-

vin kehityksen kannalta.
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LITTEET

Liite 1, Automaattiautokyselyn ohjeet ja kyselylomake
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Ohjeita lomakkeen tiivttiimiseen

Robotisaatio on ollut viime vuosina maailmanlaajuinen trendi, ja se on rantautunut myés litkennesektorille. Useat
autonvalmistajat ovat alkaneet kehittimiin robottiautoja, ja kehitystyd etenee nopeasti. Oheisessa kuvassa on
esitelty robotisaation etenemiseen liittyvit ajamisen automaatiotasot selkokielelld. Nykyisin tieliikenteessi on jo
automaatiotason 2 autoja, joilla voidaan tietyissd ympiristoissd ajaa siten, ettd kuljettaja ei koske auton
hallintalaitteisiin ollenkaan. Kaytinngssa automaatiotason 2 autot voivat esimerkiksi ajaa itsestdin paiteilla,
mutta taajamissa ja pienemmiilli tiestdlld ajettaessa kuljettaja suorittaa kaikki ajotoimenpiteet itseniisesti.

Automaatiotasojen 3 ja 4 autojen odotetaan yleistyviin 2020-luvulla. Automaatiotasojen 3 ja 4 autoilla kuljettajan
ei endi tarvitse edes seurata liikennettd, vaan ajoneuvo ajaa itse médranpédhin ilman, ettd kuljettajan tarvitsee
koskea ajoneuvon hallintalaitteisiin. Automaatiotasolla 3 kuljettajan tiytyy kuitenkin olla valmiudessa ottamaan
auto hallintaansa jirjestelmin ndin pyytiessi, mutta automaatiotasolla 4 autossa ei vilttdmitti tarvitse endi olla
edes rattia ja polkimia. Talld kyselylld pyritddn kartoittamaan suomalaisten halukkuutta ja valmiutta kéyttaa
automaatiotasojen 2 ja 4 ajoneuvoja. Kyselylomakkeessa kisitellddn vain henkildautoja ja joukkoliikennetta,
eli tissd kyselyssd ei huomioida esimerkiksi jalankulkua ja pyoréilyd kulkumuotoina.

Ajamisautomaation tasot selkokielella

“Kadet irti, kirja esiin”

Kuva: Likenteen
"Aivot narikkaan” turvallisuusvirasto Trafi (2016)

Kyselyyn toivotaan vastauksia kaikilta, niin ajokortillisilta ja ajokortittomilta kuin autollisilta tai autottomiltakin.
Mikili koette, ettd mikaidn vastausvaihtoehdoista ei tunnu sopivalta, voitte valita vihiten huonon vaihtoehdon.
Tarvittaessa voitte tarkentaa vastauksia kyselyn lopussa oleviin avoimiin kenttiin.

Tiimin sivun kiifintdpuolelta 1o ohjeita ja kiisitteiti kvselyyn lii
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Termeiji ja ohjeita kyselyn tivttAmiseen (voitte ottaa timén ohjesivun viereen, kun tiytitte kyselylomaketta):

* Selkeyden vuoksi kaikki kyselyyn liittyvat matkat oletetaan tehtaviksi yksin, eli ei esimerkiksi
perheenjdsenten tai tuttavien kanssa.

* Kyselyssi olevissa jirjestamistehtivissd oletetaan, etti robottiautot ja automaatiojirjestelmit on todettu
turvallisiksi, luotettaviksi ja toimiviksi.

+ Robottiautolla tarkoitetaan aina automaatiotason 4 autoa, jossa kuljettaja ei ohjaa itse autoa, vaan
ajaminen on tdysin automatisoitua. Téllsin kuljettaja voi vaikka nukkua ajon aikana. Robottiautoilla
matka-aika lyhenee, kun autoa ei tarvitse itse pysakoida ja kdvelyn méird vihenee.

* Robottitaksilla tarkoitetaan automaatiotason 4 autoa, joka toimii kuten tavalliset taksit nykyisin,
mutta tiysin automatisoidusti ilman kuljettajaa.

« Jaettu robottitaksi tarkoittaa taksia, jossa kyyteja yhdistelldén, jolloin taksissa voi olla myds toisilleen
tuntemattomia henkiloitd. Useamman matkustajan seurauksena matkan hinta kullekin asiakkaalle on
pienempi kuin tavallisella robottitaksilla. (kysymys 8).

o Tiissi kyselyssi kustannukset sisaltivit kaikki kustannukset, kuten polttoaineen, pysikéinnin ja auton
ylldpidon kustannukset (esim. huollot, verot ja vakuutukset).

* Matka-aika tarkoittaa aikaa “ovelta ovelle”, eli se sisaltid kivelyyn, ajamiseen, pysikdintipaikan
etsimiseen, kulkuvilineen odottamiseen, yms. kuluvan ajan.

o Kiively sisiltia kaiken kidvelyn "ovelta ovelle”.
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1. Miten suhtaudutte robottiautoihin yleisesti?

|:| Hyvin |:| Lievdsti D En osaa D Lievasti |:| Hyvin

mydnteisesti mydnteisesti sanoa kielteisesti kielteisesti

2. Mitd seuraavista jo olemassa olevista automaatiojarjestelmistd olette kdyttanyt
henkilauton kuljettajana? (voitte valita useita vastausvaihtoehtoja)

Mu.kautuva o [ Kaistavahti O Aut?nj?at.tinen. ] En mitaan
vakionopeudensdadin pysdkdintiavustin

3. Millaisista automaatiojarjestelmista olisitte eniten kiinnostunut? Valitkaa yksi vaihtoehto.

-l
& |:| Kuljettajaa avustavat jarjestelmat, kuten erilaiset varoitukset

2 DA : ] Joitakin ajotilanteita suorittavat jarjestelmat, esimerkiksi
maantielld ajaminen ilman tarvetta koskea rattiin tai polkimiin
"”Kadet irti, skarppina”
4/5 3k o - .
g . D Kaikki ajotilanteet suorittava jarjestelma, jolloin auton kuljettaja
voi esimerkiksi nukkua ajon aikana

"Aivot narikkaan”

0 < t: I:I En mistddn, haluan suorittaa itsendisesti kaiken ajamiseen
S liittyvan

Kuski hoitaa kaiken

4. Mitd mielté olette seuraavista vittamista?

Tdysin samaa Osittain Ensamaaenkd Osittain  Taysin eri
mieltd  samaa mieltd eri mieltd eri mieltd mieltd

Haluan itse voida maaritelld, missa ja milloin hyédyn- D D D D D
ndn automaatiotoimintoja ja mitd toimintoja kdytan.

Haluan, ettd automatiikka hoitaa ajamisen kaikissa
tilanteissa.

Ajovastuun luovuttaminen tietokoneelle stressaisi
minua.

Koen, ettd ajovastuun luovuttaminen tietokoneelle
vahentdisi ajamisen kuormittavuutta.

Kaikkia robottiautoja tulee voida ajaa myds
manuaalisesti.

Automaation kehittyminen kohti robottiautoja on
mielestani toivottava kehityssuunta.

Oooodgoan
(I I I O
(0 I I I O
Ooo0onoogoao
(I I I I I
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Ajatelkaa, ettd teette pdivittdin kuvitteellisen edestakaisen matkan (esimerkiksi tyd-

opiskelumatka). Jarjestikdd vaihtoehdot paremmuusjarjestykseen siten, ettd numero 1 tulee

mieluisimmalle ja numero 3 vihiten mieluisalle vaihtoehdolle.

5a. Matkustatte pdivittdin kaupungin A keskustasta kaupungin B keskustaan. Yhdensuuntaisen

matkan pituus on 200 km.

Paremmuusjdrjestys

Oma henkil6auto Oma robottiauto Joukkoliikenne
Kustannukset 40 € 45 € 20€
Matka-aika 2 h 30 min 2 h 15 min 2 h35 min
Kavely 500 m 100 m 300 m

5b. Matkustatte pdivittdin laitakaupungilta keskustaan. Yhdensuuntaisen matkan pituus on 10 km.

Paremmuusjdrjestys

Oma henkildauto Oma robottiauto Joukkoliikenne
Kustannukset 6€ 6€ 2€
Matka-aika 15 min 10 min 25 min
Kavely 400 m 100 m 600 m

5c. Matkustatte pdivittdin haja-asutusalueella. Yhdensuuntaisen matkan pituus on 100 km.

Paremmuusjarjestys

Oma henkildauto Oma robottiauto Joukkoliikenne
Kustannukset 18 € 21€ 10€
Matka-aika 1h5min 1h5min 1h35 min
Kavely 50m 50m 600 m

6. Uskoisitteko liikkuvanne henkilautolla useammin tai pidempid matkoja, jos autolla liilkkuminen olisi
Cdxya  [JEi
Cwryna e

A) kokonaiskustannuksiltaan nykyistd halvempaa?

B) vdhemman rasittavaa, kun ajon aikana voisi tehdd muuta (esim. lukea)?

C) aina mahdollista, vaikka ette itse olisi ajokunnossa?
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7. Kumman seuraavista valitsisitte? Autot vastaavat ominaisuuksiltaan toisiaan. Valitkaa mieluisampi

vaihtoehto.

|:| Oma robottiauto

[ Robottitaksi

Aina saatavilla kayttéon valittomasti. Verot,
vakuutukset ja auton hankintakustannukset tuovat

keskimaarin 2 000 euron vuosikulut.

Aina saatavilla noin 7 min tilauksesta. Kayttékulut
kilometria kohden ovat saman hintaista oman
robottiauton kanssa, mutta vuosikuluja ei ole
ollenkaan.

8. Kuljette 10 km matkan laitakaupungilta keskustaan. Jarjestdkada vaihtoehdot paremmuus-
jarjestykseen siten, ettd numero 1 tulee mieluisimmalle ja numero 4 vihiten mieluisalle

vaihtoehdolle.

Paremmuusjérjestys
Yksityinen Jaettu Joukkoliikenne- Tavallinen taksi,
robottitaksi, robottitaksi, viline, jonka kyydissd
jonka kyydissa jonka kyydissa voi | esimerkiksi linja- | matkustetaan
olen yksin olla myds auto yksin
tuntemattomia
matkustajia
Kustannukset 10€ 5€ 3€ 20€
Matka-aika 14 min 19 min 30 min 14 min

9. Kuljette 100 km matkan suuren kaupungin keskustaan. Jarjestikaa vaihtoehdot paremmuus-
jarjestykseen siten, ettd numero 1 tulee mieluisimmalle ja numero 4 vihiten mieluisalle

vaihtoehdolle.

Paremmuusjarjestys
Oma tavallinen Oma robottiauto | Yksityinen Joukkoliikenne
auto robottitaksi (juna)
Kustannukset 30€ 35€ 25 € 15€
Matka-aika 1 h 20 min 1 h 15 min 1 h 20 min 1h0min
Kavely 600 m 100 m 100 m 500 m

10. Oletetaan, ett3 kaikki liikenteessa olevat ajoneuvot ovat robottiautoja. Olisiko teilld

tarvetta/halua omistaa omaa robottiautoa, mikili robottitaksi olisi aina saatavilla noin 5
minuutissa ja robottitaksien vuosikustannukset olisivat kéyttdjille noin 20 % omaa robottiautoa

pienemmit?

I:] Kylld, haluan omistaa tdssa tapauksessa

oman robottiauton.

O Ei, en koe tarvetta omistaa
tdssd tapauksessa omaa robottiautoa.
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11. Laittakaa seuraavat kuusi robottiautoihin liittyvdd huolenaihetta, uhkakuvaa ja pelkoa
tirkeysjarjestykseen siten, ettd 1 on mielestidnne suurin/térkein uhka ja 6 vdhéisin uhka.

Korkeampi hinta

Tekniikan epéluotettavuus
ja toimimattomuus
(matkan keskeytyminen)

o . Ajoneuvojen Robottiauto ei kykene toimimaan
Yksityisyydensuojan - ' ) . . .
N 3 liikkenneturvallisuus vaaratilanteissa niin, ettd se vas-
— heikkeneminen - —_— e
(onnettomuudet) taisi omia moraalikdsityksidni

Kyberturvallisuus ja
terrorismin pelko

12, Mikd on ikdnne?
vuotta

13. Mika on sukupuolenne?
[] Nainen [] mies
14. Onko teilld ajokorttia?

Cxyia e

15. Kuinka monta henkil63 kotitalouteenne
kuuluu teidit itsenne mukaan lukien?

henkiloa

16. Kuinka monta henkilautoa
kotitaloudessanne on?

henkiléauto(a)

17. Onko teilld ajamista hankaloittavia pysyvia
vammoja tai sairauksia?

Olkyna i

18. Matkustatteko joukkoliikenteelld vdhintddn
kerran kuukaudessa?

Clkya  [JEi

19. Montako kilometrid suunnilleen arvioitte
itse ajavanne henkiléautoa vuodessa?

[] en lainkaan

[] Alle 5 000 km

[] 5000-10 000 km

[] 10 001-20 000 km

[] 20 001-30 000 km

[ vii 30 000 km

20. Mik3 on ylin koulutustaso, josta olette
valmistunut / jota opiskelette tilli hetkelld

|:| Peruskoulu D Lukio/fammattikoulu

] Alempi korkea-  [] Ylempi korkea-
koulututkinto koulututkinto

21, Avoin palaute robottiautoista

22, Avoin palaute tutkimuksesta

KIITOS OSALLISTUMISESTANNE!



Liite 2, MaaS-kyselyn ohjeet ja kyselylomake

Ohjeita lomakkeen tiiyttimiseen

Nykyinen liikennejérjestelmé on ajautumassa murrokseen, jossa liikkumisesta tulee yhid enemmaén palvelua.
Liikennettd pyritéin kehittiméin mahdollisimman saumattomaksi ja helpoksi kokonaisuudeksi litkkkumisen
palveluistumisen avulla. Yksinkertaisimmillaan kyse on siitd, ettd matkustaja voi esimerkiksi hankkia
tarvitsemansa matkan ovelta ovelle yhdelld maksulla ja lipulla. Liikkumiseen palveluna viitataan yleisesti
termilld MaaS, joka tulee englanninkielisistd sanoista Mobility as a Service.

Termeji kyselyn tiiyttimiseen (voitte ottaa timén ohjesivun viereen, kun tiytitte kyselylomaketta):

¢ Liikkumispalvelulla tarkoitetaan palvelua, jonka avulla voi matkustaa usealla eri liikennemuodolla
yhtd maksua tai sovellusta kiyttien.

* Liikkumispaketilla tarkoitetaan sellaista litkkumispalvelua, jossa maksetaan kiintedd
kuukausisummaa liikkumispaketista, johon sisiltyy tietty méird matkoja eri kulkumuodoilla.

* Yhteiskiiyttbautolla tarkoitetaan sellaista autoa, jonka omistaa yritys tai yhteisd, ja joka on
yrityksen asiakkaiden tai yhteison jasenten kdytettivissd. Yhteiskdyttoauto eroaa perinteisesté
autonvuokrauksesta siten, ettd sen voi varata lyhyeksikin ajaksi ja varaaminen tapahtuu puhelimella
tai muulla édlylaitteella.

* Pitkiimatkainen joukkoliikenne tarkoittaa tissd kyselyssa yli 30 km matkaa. Tita lyhyemmiit
matkat lasketaan paikallisjoukkoliikenteeksi.

Ohijeita kvsymvksittdin:

* Kysymyksessii 5 valitaan vaihtoehto kultakin riviltd timénhetkisen kéytén mukaan. Jos omistatte
useamman kuin yhden auton, vastatkaa henkildauton omistus -kysymykseen eniten kayttiméinne
auton perusteella.

Suluissa oleva summa kertoo, kuinka paljon kukin vaihtoehto tuo keskiméérin kuluja kuukaudessa.
Esimerkiksi jos autonne nykyinen arvo on 10 000-25 000 euroa, aiheuttaa se laskennallisesti
keskiméirin noin 300 euroa kuluja kuukaudessa, kun huomioidaan verot, vakuutukset,
arvonalenema, pysdkointi yms.

Kyselyyn toivotaan vastauksia kaikilta, riippumatta siitd, onko teilli ajokorttia tai omaa autoa. Mikili koette,
ettd mikdin vastausvaihtoehdoista ei tunnu sopivalta, voitte valita vihiten huonon vaihtoehdon. Tarvittaessa
voitte tarkentaa vastauksia kyselyn lopussa oleviin avoimiin kenttiin.

Lisiitietoja Lisitietoja liikennetutkimuksesta saa Tampereen teknillisestd yliopistosta:
www.tut.fi/liikennetutkimus
Timo Liljamo, p. 050 447 9913, timo.liljamo@tut.fi

Osoitetietoliihde Viestotietojirjestelmd, Véestorekisterikeskus, PL 123, 00531 Helsinki
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1. Oletteko kuullut tai lukenut aiemmin liikkumispalveluista tai kisitteestd MaaS (Mobility as a Service,

liikkuminen palveluna)?

[ kyna [ en

2. Miten suhtaudutte seuraaviin liilkkumisen hinnoitteluvaihtoehtoihin?

a) Pakettihinnoittelu, jossa maksetaan kiinteda kuukausisummaa liikkumispalveluista. Liikkumispalvelut
voivat sisiltdd esimerkiksi rajattoman paikallisjoukkoliikenteen ja tietyn méarin taksimatkoja tai vuokra-

auton kayttda.

D Hyvin D Lievasti I:I En osaa

sanoa

mydnteisesti mybnteisesti

D Lievasti
kielteisesti

I:I Hyvin

kielteisesti

b) Nykymuotoinen sekahinnoittelu, jossa liikkumisesta maksetaan seka kiinteitd maksuja ja veroja
(esim. ajoneuvon vakuutukset ja ajoneuvovero) etta kayttéon liittyvid maksuja (esim. polttoaineet ja

kertaliput joukkoliikenteessi).

D Hyvin D Lievasti D En osaa

sanoa

mydnteisesti mydnteisesti

D Lievasti
kielteisesti

D Hyvin

kielteisesti

c) Kéyttédn perustuva matka- tai kilometriperusteinen hinnoittelu, jossa maksetaan juuri sen verran

kuin kaytetaan liikkumispalveluita tai omaa henkil6autoa.

I:I Hyvin I:I Lievasti D En osaa I:I Lievasti Hyvin
myonteisesti myodnteisesti sanoa kielteisesti kielteisesti
. . . . . Tédysin samaa  Osittain  Ensamaaenkd Osittain  Téysineri
3. Mité mieltd olette seuraavista viittimista? mieltd samaa mieltd eri mieltd eri mieltd mieltd

Kaikkia liikennepalveluita tulisi voida yhdistell3 ja
kayttaa yhdella lipulla ja sovelluksella
(esim. taksi, juna ja linja-auto samalla lipulla)

Haluaisin, ettd kaikki liikkumiseni kustannukset
sisaltyisivat yhteen kuukausimaksuun

Koen, etta liilkkumisen kustannukset ovat nykyisin
riittdvan alhaiset, ettd voin tayttas paivittdiset
liilkkumistarpeeni

Koen, ettd joukkoliikenteen (myds kaukoliikenne)
kayttdminen on nykyisin vaikeaa tai vaivalloista

Koen, ettd henkildautoilun tuoma oma tila, aika ja
rauha ovat minulle tarkeita kriteereja kulkumuotoa
valittaessa

Koen, ettd henkiléautoilulle vaihtoehtoisten
kulkutapojen avulla voin tayttda paivittiiset
liilkkumistarpeeni

Liikkumisen muuttuminen yksityisautoilusta kohti
lilkkumispalveluita olisi mielestani toivottava
kehityssuunta

]

0 o d 0o o o

O 0O o o o od

U

O O O O O

]

0 o d 0o o o

O O o o o d
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4. Kuinka kiinnostunut olisitte seuraavista lilkennepalveluista, jos ne olisivat saatavilla kotiseudullanne
tai loma-/tyématkoilla?

Jaettu taksi Yhteiskdyttoauto
Toimii kuten taksit nykyisin, mutta kyydissa voi Lahistélla olisi saatavilla yhteiskdyttdautoja, joita
olla myds tuntemattomia, jolloin matka-aika voi voisi varata ja ottaa kiyttéon mobiililaitteella ja
hieman pidentyd, mutta matkan kustannukset joiden kayttékustannukset olisivat noin 1€/km
pienentya
O 1 Ul ] U O

Hyvin Jossain maarin  En lainkaan Hyvin Jossain maarin  En lainkaan

kiinnostunut ~ kiinnostunut  kiinnostunut kiilnnostunut  kiinnostunut  kiinnostunut

5. Mik& seuraavista vastaa parhaiten nykyisié liilkkumistottumuksianne ja lilkkkumiskustannustenne
suuruusluokkaa? Valitkaa kultakin rivilté yksi vaihtoehto, joka kuvaa parhaiten nykyisia liikkumis-
tottumuksianne. Suluissa néette arvion, kuinka paljon kyseinen vaihtoehto tuo keskimaarin kuluja
kuukaudessa (lisdohjeita voitte katsoa saatekirjeestd).

[ 0 U 0

Henkildauton omistus

(0 s, el En omista autoa  Auton arvo alle Auton arvo Auton arvo
aw;nalen’ema pvsékﬁi;ﬂ:i) 10000 € 10000-25000€ yli 25000 €
! (0 €£/kk) (150 €/kk) (300 €/kk) (450 €/kk)
Henkilgauton kiyttd O
kuljettajana tai matkustajana  Ei kdyttoa Alle 10 000 km 10 000 - 25 000 Yli 25 000 km
(sis. polttoaine, huollot, vuodessa km vuodessa vuodessa
renkaat, pesut ym.) (0 €/kk) (50 €/kk) (150 €/kk) (300 €/kk)
| Ll O O
Paikallisjoukkoliikenteen Ei kdyttoa Vahainen kaytto Kaytto viikoittain ~ Kaytto lahes
kéyttd péivittdin
(0 €/kk) (10 €/kk) (30 €/kk) (50 €/kk)
O O O O
Pitkdmatkaisen Ei kiyttos Kayttd joitakin Kaytts Kiyttd viikoittain
joukkoliikenteen kdyttd kertoja vuodessa  kuukausittain
(0 €/kk) (20 €/kk) (50 €/kk) (100 €/kk)
— i (|
kM;\'r;':g" iz Eil:lkéiyttﬁéi Eyttﬁ joitakin K‘E]/ttﬁ Kaytté viikoittain
(B e, kertoja vuodessa  kuukausittain
! ’ (0 €/kk) (20 €/kk) (50 €/kk) (100 €/kk)

6. Ylldolevasta taulukosta voitte laskea arvion liikkumisenne kustannuksista kuukausitasolla.
Vastaako mielestdnne kyseinen summa suuruusluokaltaan liikkkumisenne kustannuksia?

[ kylia
|:| Ei, todelliset liilkkumiskustannukseni ovat suuruusluokaltaan euroa kuukaudessa

[:l En osaa sanoa / en tied& kuinka paljon kdytén rahaa liikkumiseeni

7. Oletetaan, ettd sopivalla lilkkkumispaketilla voitaisiin kattaa kaikki lilkkkumistarpeenne. Minka
hintainen liikkumispaketin tulisi olla, jotta ottaisitte sen kiytt66nne?
Liikkumispaketti siséltaisi esim. joukkoliikenteen, taksin ja yhteiskdyttd- tai vuokra-auton kayttéa.

euroa kuukaudessa
[ En osaa sanoa

|:| En ottaisi palvelua kayttéoni

92



8. Oletetaan, ettd ottaisitte kdyttodn liikkumispaketin ja teilld ei olisi kdytdssdnne omaa henkilbautoa.
Kuinka paljon kéyttéisitte télléin seuraavia liilkkumispalveluja? Valitkaa kultakin riviltd yksi vaihtoehto.

| O O 0

Yhteiskdytto- tai vuokra-

auton kiytts ¥Yli 15 vrk/kk Noin 10 vrk/kk Noin 5 vrk/kk Alle 2 vrk/kk
It (yli 20 000 km (10 000-20000 (5 00010 000 (alle 5 000 km
vuodessa) km vuodessa) km vuodessa) vuodessa)
:;'kag"“’“k""""‘e“m" Kaytts lshes Kaytto vilkoittain  Kaytto Kaytts enintan
e paivittdin kuukausittain muutaman kerran
vuodessa
Pitkamatkaisen Kaytts lihes Kaytto vitkoittain  Kayttd Kaytts enintian
joukkoliikenteen kéyttd IR S
paivittdin kuukausittain muutaman kerran
vuodessa
L O O O
Muiden liikennepalvelujen 0y s 51 o Kaytts viikoittain  Kiyttd Kayttd enintisn
kayttd (esim. taksi, IR I
R paivittdin kuukausittain muutaman kerran
kaupunkipyorat)
vuodessa

9. Uskoisitteko liikkkuvanne useammin tai pidempid matkoja, jos
a) Liikkuminen olisi kokonaiskustannuksiltaan nykyistd halvempaa? Cweyta e

b) Teilld olisi kdytdssi kuukausiveloitteinen liikkumispaketti, johon Olkyna e
sisdltyy rajaton maara matkoja?

Suomen kansallisessa energia- ja ilmastostrategiassa on tavoitteena, ettd liikkumispalveluja
edistimdlld henkilGautolla yksin ajettavien matkojen mddrd vihenee ja henkildautosuoritteen
kasvu kaupunkiseuduilla pyséihtyy vdestdnkasvusta huolimatta.

10. Mitd mieltd olette seuraavista Suomen Téysinsamaa Osittain  Ensamaaenkd Osittain  Téysin eri
ilmastostrategiaan liittyvistd vaittamista? mieltdi  samaa mieltd erimieltd  eri mieltd mielts

Henkiléautoilun méaaran kasvua tulisi rajoittaa

padstdjen vihentamiseksi D I:I D D D
Joukkoliikennetta tulisi tukea verovaroin nykyista
enemman vuorovilien lyhentdmiseksi
Liikenneinvestointeja tulisi suunnata teiden ja katujen
rakentamisen sijaan rautateiden ja raitioteiden
rakentamiseen

Uusien asuntojen rakentamisessa tulisi luopua
pysakéintipaikkojen rakentamisen velvoitteista

henkildautoilua rajoittaa kaupunkien ydinkeskustassa

Yhteiskdyttoautot tulisi vapauttaa auto- ja
ajoneuvoverosta sekd pysakointimaksuista

Padkaupunkiseudulla tulisi ottaa kdyttéon
ruuhkamaksut

Tydmatkakulujen verovdahennysoikeuden suuruus
tulisi muuttaa kulkutavasta riippumattomaksi

=
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O 00000 0
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11. Olisiko teilld tarvetta tai halua omistaa omaa henkildautoa tulevaisuudessa, jos

a) Joukkolilkenneyhteydet olisivat riittdvan hyvat tayttdmaan liilkkumistarpeenne?

COryns e

b) Vuokra- tai yhteiskdyttdauto olisi aina saatavilla enintédn 500 metrin péissi ja sen kiytdn
vuosikustannukset olisivat oman henkildauton vuosikustannuksia pienemmiét?

Crys  [JeEi

c) Liikkumispalvelun (siséltden esim. joukkolilkenteen, jaetut taksit ja yhteiskéyttéautot)
vuosikustannukset olisivat merkittdvasti omaa henkildautoa pienemmat ja pystyisitte sen avulla

tayttadmaan kaikki liikkumistarpeenne?

Olkyna i

12. Mik3 on ikdnne?
vuotta

13. Mika on sukupuolenne?
[] Nainen [JMies [JMuu
14. Onko teilld ajokorttia?

Okya  [JeEi

15. Kuinka monta henkil53 kotitalouteenne
kuuluu teidét itsenne mukaan lukien?

henkils(3)

16. Mink3 tyyppisessi talossa asutte?

[] Kerrostalo [] Rivitalo/luhtitalo
[] Omaketitalo/paritalo [_] Muu

17. Onko teilld jokin pysyvi liikunta- tai
toimintarajoite, joka vaikeuttaa liilkkumistanne?

Oxkyns e

18. Kuinka suuret ovat kotitaloutenne

yhteenlasketut bruttotulot kuukaudessa?
[J alle 2 000€ [J a000-6 000 €
[J 2000-4000€ [ Vi6ooo€

19. Kuinka monta henkildautoa
kotitaloudessanne on?

henkiléauto(a)

20. Oletteko rekisterditynyt johonkin seuraavista
liilkkumispalvelusovelluksista: Whim, Kyyti,
Kétevd Seindjoki, DriveNow tai OP Kulku?

Ckyia [Jen
21, Miké on ylin koulutustaso, josta olette
valmistunut tai jota opiskelette till4 hetkelld?
|:| Peruskoulu D Lukio/ammattikoulu
[] Opistoaste [ Alempi korkea-
Ylempi korkea- koulututkinto
koulututkinto

22. Avoin palaute liikkumispalveluista

23. Avoin palaute tutkimuksesta

KITOS OSALLISTUMISESTANNE!



Liite 3, Referaatti viitoskirjan kannalta olennaisista tydopajojen tuloksista

Ty6pajojen toteutustapa on kuvattu luvussa 3 ja tassi liitteessa esitellddn tyopajojen
keskeisimpia tuloksia timin vaitGskirjan kannalta. TyGpajojen sisiltéd on raportoitu
tarkemmin tutkimusjulkaisuissa ”Automaattiautojen vaikutukset litkkumistottumuk-
siin” (Liljamo et al. 2018) ja ”Suomalaisten mielipiteitd MaaS-palveluista, litkennejar-
jestelmisti ja ilmastostrategiasta” (Liljamo 2018).

Ty6pajakeskusteluissa tunnistettiin, ettd automaation ja digitalisaation mahdollista-
vien palveluiden my6ti liitkkuminen voi muuttua vaivattomammaksi ja edullisem-
maksi, minkd seurauksena henkil6liikennesuorite voi kasvaa. Sen sijaan asiantuntijat
odottivat, ettd liilkkumisen tarve tulee vihentymiin tulevaisuudessa digitalisaation
ansiosta. Esimerkiksi erilaisten palveluiden digitalisoinnilla ja harvaan asutuilla seu-
duilla palveluiden ajoittaisena lihelle tuomisena voidaan vihentdd litkkumisen tar-
vetta. My0s tietotyon kehittyminen, etityén mahdollistuminen ja etikokoukset ovat
yhi litkennetarvetta vihentivia tekijoitd, mutta maérillisesti ndiden vaikutus nahtiin
vihiisend. Vaikka litkennetarve esimerkiksi tyossi vihenee, voi se lisddntyéd suhteessa
vapaa-ajalla ja muussa litkkumisessa, jolloin varsinainen suorite ei valttimattd muutu
merkittivisti. Tyon luonteen muuttuessa ihmisilli on my6s enemmin vapaa-aikaa,
jolloin liikkumiselle jaa aikaa samalla, kun yleisen kasvun myota sithen voi my6s olla
kaytettivissd enemmin varoja. Myos kaupungistuminen megatrendind seki ajokor-
tittomien maéran lisddntyminen voivat pienentdd henkil6liikennesuoritetta. Asian-
tuntijoiden vastauksissa oli kuitenkin paljon hajontaa ja selvin konsensuksen muo-
dostaminen onkin hankalaa.

Asiantuntijat odottavat, ettd ihmisten autonomistustarve tulee pienentymiin auto-
maattiautojen ja lilkenteen palveluiden kehittyessd. YhteiskidyttGautojen lukumairin
ja kdyton odotetaan yleistyvin tulevaisuudessa, mutta yleistymisen uskotaan varsin-
kin lahivuosina oleva melko hidasta. Asiantuntijoiden ennakkokyselyvastausten kes-
kiarvon mukaan yhteiskiyttGautojen osuus autokannasta olisi 6 % vuonna 2030 ja
27 % vuonna 2050, mutta asiantuntijoiden vastauksissa oli paljon hajontaa. Toisaalta
tyOpajassa huomioitiin, ettd yhteiskdyttautot pystyvit tuottamaan merkittavasti suu-
remman litkennesuoritteen kuin yksityisomisteiset autot, jolloin pienemmallikin yh-
teiskdyttdautojen osuudella niiden osuus litkennesuoritteesta voi olla merkittiva.
Muutoksen taustalla nihdain litkkumisen palveluistuminen ja uusien sukupolvien
muuttuvat asenteet autonomistusta kohtaan. Mahdollisuus sujuvaan liikkkumiseen

koetaan enenevassia maarin auton omistamista tarkeimmaksi.
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Yhteiskiyttéautoilla tavoitellaan my6s litkkumisen kustannusten pienentimista. Toi-
saalta yksityisautoilun nykyiset kustannukset ovat huonosti kuluttajien tiedossa vet-
rattuna yhteiskidyttéauton kdyton kustannuksiin, mikd voi hidastaa siirtymistd uusien
palveluiden kayttéjiksi. Monet asiantuntijat pitivit toivottavana yksityisautoilun hin-
noittelun muuttamista enemmin kiytt6on perustuvaksi. Kiyttéon perustuva hin-
noittelu ohjaisi lilkkumista kohti kestivimpid kulkumuotoja, kuten jalankulkua, pyo-
riilya ja joukkolitkennetti ja toisaalta voisi joissain tapauksissa my6s vihentid litkku-
misen madria. Asiantuntijat tunnistivat, ettd uusilla litkenteen palveluilla yksi hinnoit-
telumalli ei sovellu kaikille ja siten uusien litkkumispalveluiden tarjonnassa pitiisi olla

saatavilla erilaisia hinnoittelumalleja.

Asiantuntijat arvioivat, ettd uudet liikkumispalvelut mukaan lukien yhteiskayttéautot
voisivat toimia joukkolitkenteen liityntiliikenteen ratkaisuina kaupunkiseuduilla si-
ten, ettd keskustan ulkopuolelle hyvien joukkoliikenneyhteyksien varrelle rakenne-
taan liityntipysidkointid yhteiskdyttoisille autoille. Tulevaisuudessa varsinkin auto-
maation kehittyessd tulee my6s tarkastella taksien ja yhteiskdyttéautojen rajapintaa,

silld niiden toiminta-alue on yhteniinen.

Asiantuntijat nakivit erityisesti padkaupunkiseudulla ja suurilla kaupunkiseuduilla
henkil6autoilun kulkutapaosuuden pienentyvin ja jakautuvan uusien jaettujen liiken-
nemuotojen (jaetut taksit/kutsujoukkolitkenne/micro transit) lisdksi my6s jalanku-
lun ja pyoriilyn seki joukkolitkenteen suuntaan, mutta samansuuntaista kehitystd
nihtiin tapahtuvaksi my6s muilla seuduilla. Asiantuntijoille lihetetyn ennakkokyselyn
perusteella asiantuntijat arvioivat keskimaarin, ettd henkil6autoilun kulkutapaosuus
laskee padkaupunkiseudulla 12 prosenttiyksikkéd, muilla suurilla kaupunkiseuduilla 9
prosenttiyksikk6a ja muilla seutukunnilla 5 prosenttiyksikkéd vuoteen 2030 men-
nessi suhteessa vuoden 2011 tasoon. Vastaavasti vuoteen 2050 mennessd henkils-
autoilun kulkutapaosuuden arvioitiin laskevan paidkaupunkiseudulla 21 prosenttiyk-
sikk6d, muilla suurilla kaupunkiseuduilla 17 prosenttiyksikkod ja muilla seutukunnilla
11 prosenttiyksikkéd vuoden 2011 tasosta.

Perusteluina kulkutapajakaumamuutoksille asiantuntijat nikivit autonomistustar-
peen pienentymisen automaation ja parantuvien palveluiden myotd, tiivistyvan
maankiyton, voimakkaan jalankulun, py6riilyn ja joukkoliikenteen edistimisen, kau-
punkiseuduilla henkil6auton tilankdyton tuomat ongelmat ja yleisesti elimantapojen
ja arvojen muutokset. My6s julkishallinnolla nihtiin olevan suuri rooli kulkutapaja-

kaumavaikutuksissa esimerkiksi tietulli- ja tienkdyttomaksujen, verotuksen seka
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maankiytto- ja pysikointipolitiikan osalta. TyOpajassa tunnistettiin, ettd sindnsi au-
tomaattiautot kylla lisdavat henkil6autoilua, mutta kokonaisuudessa suunta kulkuta-
pajakaumissa voi silti olla toinen. Erityisesti litkennepolitiikka yhdessd arvostusten ja
yhdyskuntarakenteen muutosten kanssa vahentivit asiantuntijoiden mielestd henki-
l6autoilun roolia Suomessa tulevaisuudessa. TyOpajassa tunnistettiin kuitenkin myos

se, ettd arviot sisaltdvat paljon epavarmuutta.
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be realised. In previous studies on people’s attitudes towards automated vehicles, the num-
ber of respondents surveyed has been small, or alternatively survey’s sample has not been
representative. By describing the results of a large citizen survey (N = 2036), this study
aims to fill this identified research gap and to reveal, whether people are ready for auto-
mated vehicles and what concerns people have that hinder the adoption of these vehicles.
The study’s results indicate that people’s attitudes towards automated vehicles reflect the

Keywords:
Automated vehicle
Autonomous vehicle

Survey general adoption of technology well. We can assume that those who currently view auto-
Attitude mated vehicles positively are most likely to belong in the group of early adopters. We
Concern found that men, highly educated individuals, people living in densely populated area and
Adoption those living in households without a car had a more positive attitude to automated vehicles

than the other respondents did. The results indicate that traffic safety and ethical perspec-
tives have a key role in the acceptance of automated vehicles. Developers of automated
vehicles should also take into account the finding that currently most people consider that
all automated vehicles must have the option of manual drive.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

For a long time now, the automotive industry has been in the process of developing automated vehicles that do not
require drivers to steer them, either at all or in a set of predetermined situations. The development of automated vehicles
has been rapid, and several countries have allowed the use of these vehicles in road traffic in the 2010s, with certain restric-
tions (FT, 2017; NCSL, 2018). Nowadays, nearly all large car manufacturers as well as some operators in various fields of tech-
nology are running their own development projects for automated vehicles.

Several car manufacturers are already testing their highly automated vehicles. A high level of automation refers to vehi-
cles of driving automation levels 4 and 5, defined in SAE’s (2016) standard J3016, that can manage most or all driving tasks
without a human driver having to interfere. A large number of manufactures believe they will be able to launch their auto-
mated vehicles in the 2020s. For example, the CEO of Nvidia has stated that the automation level 4 vehicle being produced
through collaboration between Nvidia and Audi will be completed in 2020 (IEEE Spectrum, 2017). Similarly, Ford, BMW and
Volvo, among others, believe they can launch their high-level automated vehicles in 2021 (Automotive Fleet, 2017; Reuters,
2016; Reuters, 2017).

* Corresponding author.
E-mail addresses: timo.liljamo@tut.fi (T. Liljamo), heikki.liimatainen@tut.fi (H. Liimatainen), markus.pollanen@tut.fi (M. Pdlldnen).
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1369-8478/© 2018 Elsevier Ltd. All rights reserved.
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Automated vehicles are expected to introduce notable benefits to the transport system, due to improvements in traffic
safety and efficiency, for example (e.g. Andersson et al., 2016; Litman, 2018). Transport policy-making tends to cautiously
welcome automated vehicles, which is reflected in legislative decisions and policy development. In 2016, for example, the
European Union agreed that its member states would commit to drawing up rules and regulations that would allow for auto-
mated vehicles to be used on public roads (European Commission, 2016). Likewise, several states in the US have approved
the limited testing of automated vehicles, subject to authorisation, within their territory (Techcrunch, 2016).

Some studies have been conducted on people’s attitudes towards automated vehicles and how prepared they would be to
begin using them (e.g. Kyriakidis, Happee, & de Winter, 2015; Schoettle & Sivak, 2014). Previous studies are typically con-
ducted as online surveys and with non-representative samples (Becker & Axhausen, 2017). Generally, people’s feelings
and attitudes exert a strong influence on how quickly a new technology is adopted (Patel & Connolly, 2007), thus also affect-
ing how well the benefits resulting from automated vehicles can be realised. Therefore, this study aims to reveal, whether
people are ready for automated vehicles, which user groups are presumable early adopters, and what concerns people have
that hinder the adoption of these vehicles. The following questions are used to achieve the goals of this study:

1. Are the perceptions of people in different demographics towards automated vehicles similar to general adoption of new
technologies?

2. What is the general opinion of people towards automated vehicles and what concerns do people express regarding auto-
mated vehicles?

The study consists of a literature review and a wide-scope public survey on the subject. The literature review describes
how new technologies are generally adopted and which user groups are early adopters of innovations. Especially, the study
looks at surveys previously conducted on the attitudes and concerns towards automated vehicles. The public survey section
will bridge the knowledge gap of the literature review with a data set comprising responses from over 2000 people, thus
answering the research questions of this study.

2. Adoption of innovations and automated vehicles

The perceived usefulness, ease of use and costs of a technology, as well as the general attitudes towards it, are highlighted
as important factors in models illustrating how new technologies become more mainstream (Patel & Connolly, 2007). With
automated vehicles, the most important factors include the smooth functioning and reliability of the vehicles and related
services, the cost of the vehicles and political decision-making (Fagnant & Kockelman, 2015). Political instruments, such
as pricing and legislation, can be utilised to have a significant impact on how extensively automated vehicles are used. In
addition, Choi and Ji (2015) emphasise the notable effect that people’s trust in automated vehicles and therefore their
attitudes towards them have on adopting this technology.

Certain recurring trends have been identified in the process of new technologies and innovations becoming more widely
used. Typically, people can be divided into five groups based on how they adopt new technologies, i.e. innovators, early adop-
ters, early majority, late majority and laggards. First, a new innovation is adopted by few people - the innovators and the
early adopters. This is then followed by a phase where the innovation becomes more widely spread as the early and late
majority begin adopting it. The last group to adopt an innovation will be the laggards. Thus, innovations spread out following
an S-curve pattern. It is noteworthy that a certain innovation may only be adopted by a certain group, and the total adoption
rate of an innovation is not likely to be 100% in the total population (Rogers, 2003).

Innovations can be related to technologies (e.g. electric cars or automated vehicles), but can also involve social habits and
common practices (e.g. increased popularity of carsharing). However, not all innovations and technologies become main-
stream. Some may only become popular among specific user groups while others are quickly replaced by new solutions
(Polldnen, Nykdnen, Liimatainen, & Wallander, 2014).

According to Rogers (2003), people in a certain innovation adoption group share many common characteristics. Early
adopters typically have a background of higher education and enjoy a better social status than later adopters. A person’s
social status is affected by factors such as income, wealth, standard of living and the perceived value of their profession.
On average, earlier adopters are also more rational, intelligent, and have a more positive attitude towards science and change
than later adopters.

However, age has not been found to have an effect on the adopter groups. Depending on the case, the earlier adopters may
be younger or older than the later adopters. On average, a person’s age does not seem to affect the adoption of new technolo-
gies and innovations (Rogers, 2003).

It is common that most of the people in the early and late majorities belong to the same group with nearly all new inno-
vations. Nevertheless, the innovators and laggards in a particular change may belong to a different group, depending on the
innovation. Therefore, we cannot presume that an individual would, regardless of the new innovation or technology, always
remain an innovator or a laggard (Robinson, 2009). Therefore, there is a need to study the adopters of new technologies and
innovations in different cases.

Adams, Farrel, Dalgarno, and Oczkowski (2017) have studied which factors would generally seem to affect the adoption of
new technologies by ordinary households. As part of their research, they conducted a case study investigating the increasing
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access to high-speed broadband in Australia. The study’s results showed that the technology’s correspondence with an indi-
vidual’s lifestyle and the perceived cost-effectiveness had an impact on the technology’s adoption. The correspondence with
an individual’s lifestyle refers to the extent to which households perceive an innovation to be appropriate for their current
needs. Based on this, it could be concluded that training and information campaigns illustrating the benefits of new tech-
nologies promote their widespread adoption.

When it comes to automated vehicles, Litman (2018) predicts that automated vehicles will become more commonly
accepted based on similar trends with previous vehicle technologies. Litman (2018) presents two predictions, an optimistic
and a pessimistic one, of automated vehicles’ sales, fleet, and the trips travelled with these vehicles. Particularly the opti-
mistic curves shows an S shape. The pessimistic estimate accounts for the situation in which users are not yet sufficiently
ready to begin using automated vehicles, due to factors like fears or possible deterioration of privacy. Similar to Litman
(2018), also Kroger, Kuhnimhof, and Trommer (2016) present forecasts of high and low adoption of automated vehicles.
The trend of new registrations does not form an S shape in the simulation, but the increase in the relative number of auto-
mated vehicles follows an S-curve (Kroger et al., 2016).

3. People’s attitudes towards automated vehicles

Schoettle and Sivak (2014) have studied public opinion in China, India, Japan, the USA, the UK and Australia on automated
vehicles. A survey was conducted in each of these countries as part of the study, with approximately 500-600 respondents
per country. The following were the most important findings in the study:

o The majority of the respondents had heard of automated vehicles before and had a generally positive opinion, as well as
high expectations about the benefits resulting from them.

e However, the majority of the respondents also expressed their concern over the safety of automated vehicles and the
appropriate functioning of their technology.

o In particular, their concerns related to automated vehicles that have none of the controls of ordinary vehicles.

¢ On the one hand, the majority of the respondents were keen to have smart technology in their cars, but on the other, they
were not prepared to pay any extra for this technology.

Table 1 illustrates people’s attitudes towards automated vehicles in different countries. People in China and India had the
most positive attitudes to automated vehicles, with approximately 85% of the respondents having a very positive or some-
what positive attitude. In Japan, more than half of the respondents took a neutral view towards automated vehicles. The lar-
gest number of negative responses came from the USA, where 16% of the respondents had a very negative or somewhat
negative attitude (Schoettle & Sivak, 2014).

Kyriakidis et al. (2015) conducted an extensive online survey on the general opinion about automated vehicles. The sur-
vey comprised approximately 5000 respondents from 109 countries all around the world. The following were the main find-
ings in the survey:

o The respondents were mostly concerned about cyber security, traffic safety, the legal aspects and privacy.

e The general opinion was fairly divided. Some of the respondents expressed that automated driving is a positive thing,
while others were not prepared to pay for it and did not view automated driving as an enjoyable experience.

o The respondents from high-income countries in particular disliked the idea of a vehicle sharing data directly with insur-
ance companies or the tax and traffic authorities (Kyriakidis et al., 2015).

Similarities between certain population groups’ interest in automated vehicles have been identified by several literary
sources. Many surveys have discovered men to be more interested in automated vehicles than women (Alessandrini,
Alfonsi, Delle, & Stam, 2014; Schoettle & Sivak, 2014). In addition, it has been observed that people who live in densely pop-
ulated urban areas in particular and have a higher educational background as well as a high income tend to be more inter-
ested in automated vehicles than others (Bansal, Kockelman, & Singh, 2016). Furthermore, young people are generally more
interested in using automated vehicles than older people (Ipsos MORI, 2014; Kyriakidis et al., 2015).

Table 1
Attitudes towards automated vehicles in different countries according to Schoettle and Sivak (2014).
Response Very positive (%) Somewhat positive (%) Neutral (%) Somewhat negative (%) Very negative (%)
China (N =610) 49.8 374 9.8 23 0.7
India (N =527) 45.9 383 12.5 3.0 0.2
Japan (N = 585) 10.1 32.8 50.3 6.2 0.7
USA (N =501) 22.0 343 27.3 124 4.0
UK (N =527) 139 383 34.2 11.2 25

Australia (N = 505) 16.2 45.7 26.7 8.3 3.0
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In recent years, a number of studies on people’s interest in and willingness to use automated vehicles have been con-
ducted. Some of these studies have found that the majority of their respondents are not interested in automated vehicles
or willing to use them. Reasons for this include distrust towards automated vehicles in addition to attachment to one’s
own car and personal pleasure in driving. Other studies, though, have concluded that a large percentage of their respondents
would be willing to use automated vehicles. Nevertheless, most of these surveys have been rather one-sided and targeted at
specific groups. Their respondents may not have been selected randomly, which is why the results cannot be generalised to
cover the entire population (Cavoli, Phillips, Cohen, & Jones, 2017)

Konig and Neumayr (2017) conducted a case study on automated vehicles to look at people’s opposition towards radical
new innovations. The study material was compiled through a quantitative online survey, and the aim was to include respon-
dents from several different countries. Ultimately, the study consisted of 489 respondents from 33 countries. It discovered
that the hypothesis about the psychological barriers concerning automated driving does apply. On average, people are reluc-
tant to hand vehicle controls over to automation. Mostly people feared potential cyberattacks and disruptions in the automa-
tion systems.

Based on the surveys on automated vehicles, attitudes towards these vehicles seem to conform with the general theory of
technology adoption. However, usually the number of respondents in these surveys has been small, or alternatively their
sample groups have not represented the population (Becker & Axhausen, 2017). Therefore, existing research indicates a need
to study people’s attitudes towards automated vehicles with a survey that is conducted using a large, representative sample.

4. Research hypotheses

The hypotheses below on people’s general attitudes towards automated vehicles were created, based on the literature
review. The hypotheses 1-5 link to the research question number 1 and the hypotheses 6-8 to the question number 2.

H1 Most people have a positive attitude towards automated vehicles.

H2 Men have a more positive attitude towards automated vehicles than women.

H3 Highly trained individuals have a more positive attitude towards automated vehicles than those with a low level of
education.

H4 The younger generations have a more positive attitude towards automated vehicles than older generations.

H5 People living in densely populated areas have a more positive attitude towards automated vehicles.

H6 People mainly have concerns about automated vehicles that have none of the controls of ordinary vehicles.

H7 The safety of automated vehicles and the unreliability of their technology are the main concerns associated with auto-
mated vehicles.

H8 Deterioration of privacy is a major concern related to automated vehicles.

Hypotheses H1, H2 and H6 are set based on Schoettle and Sivak’s (2014) study on people’s attitudes towards automated
vehicles. Hypothesis H3 builds on the finding by Alessandrini et al. (2014) that people with a higher educational background
express a more positive attitude towards automated vehicles than those with less education. Related to this hypothesis,
Rogers (2003) stated that earlier adopters typically have higher education than the later adopters. Hypothesis H4 is based
on Kyriakidis et al. (2015) and Ipsos MORI (2014) studies, which have discovered that typically younger generations express
a more positive attitude towards automated vehicles. Hypothesis H5 builds on the study by Bansal et al. (2016), which found
that people living in densely populated urban areas show a more positive attitude towards automated vehicles compared to
others. Hypothesis H7 is based on surveys by Schoettle and Sivak (2014) and Kyriakidis et al. (2015), in which the respon-
dents expressed their concern on the traffic safety of automated vehicles. Hypothesis H8 is based on study by Kyriakidis et al.
(2015), which found that deterioration of privacy was considered a major concern with automated vehicles, especially in
higher income countries.

5. Method and data

In May-August 2017, a survey was conducted in Finland on the attitudes of 18-64 year old towards automated vehicles
and the effects of these vehicles to how people move from one place to another. The survey consisted of five parts: Part I:
Interest in automation, Part II: Travel behaviour, Part III: Automated taxis, Part IV: Fears and obstacles regarding automated
vehicles, and Part V: Background information and open feedback. Total number of questions was 22 and it took about 10—
15 min to complete the survey. The questions consisted of propositions with Likert scale 1-5, multiple choice, option rank-
ing, and open-ended questions. Some questions were using the SP method (stated preference), i.e. utilising hypothetical
options. Additionally, the survey mapped the respondents’ background information, such as age, gender, and whether they
had a driving licence, to help categorise the respondents.

The survey was conducted in the official languages of Finland, i.e. Finnish and Swedish. English translation of the ques-
tionnaire is presented in appendix A. In the questionnaire, question number 1 about the general opinion towards automated
vehicles connects with hypotheses H1-H5. This question was placed first so that the respondents could answer it immedi-
ately after reading the instructions, without the questionnaire affecting the answers. Furthermore, the aim was to make the
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question comparable with international studies, and thus the same five-level Likert scale that, for example, Schoettle and
Sivak (2014) had used in their study was chosen.

Survey’s question number 4 on people’s opinions on the direction to which automation should develop links with hypoth-
esis H6. Question 4 presented six statements, which the respondents answered using a five-level Likert scale (agree - dis-
agree). The statements aimed to identify how strongly people want to utilise automation, what their feelings are towards
using automated systems, and whether they consider the development towards vehicle automation is a desirable trend.
In order to answer hypotheses 7 and 8, the respondents were asked to rank various concerns, fears and threats according
to their significance in question number 11. As the survey was a part of a larger research project related to automated vehi-
cles, this study focuses only on some of the issues and questions in the survey.

The sample group for the survey was randomly selected from the population register by age and gender group in propor-
tion to the population’s age and gender distribution. The sample was extracted by Population Register Centre of Finland per
procuration. For the study purpose, the names, addresses, ages, gender and native language of the people were available in
the sample data. In the use of this data, we followed Population Register Centre’s terms and conditions. Throughout our
study, we followed Finnish legislation and good academic practices.

The population of the sample consisted of 18-64 year olds living in Finland. The size of the population was 3,271,630 peo-
ple, based on the population projection of 2017 (Statistics Finland, 2015). The sampling fraction was 0.3%, and the size of the
sample was 10,000 people. Table 2 presents the sample in terms of the various age and gender groups.

All people who were selected for the sample were sent a postal questionnaire with a cover letter in May 2017. People had
the option either to respond on the internet with an identification code or to send the questionnaire back by mail (postage
paid). A postcard reminder was sent to everyone who did not respond to the survey in two weeks. The last answers were
received in August 2017. A total of 2036 respondents participated in the survey, of which 1640 prior to postcard reminder
and 396 afterwards, resulting to a total response rate of 20.4%. The response rate and number of respondents by age and
gender group are presented in Fig. 1. The mean age of all respondents was 47 years, for women 47 and men 48 years,
respectively.

As Fig. 1 shows, the proportions of men and women among the respondents remained relatively similar in all age groups,
with women being slightly more active to respond. The total number of men in the sample was 995 (response rate 19.7%),
and the total number of women was 1041 (response rate 21.1%). The response rate by age group increased continuously so
that the response rate among the 18-24 year olds was 13.0% and among the 55-64 year olds 29.3%.

We present the survey results without using sampling factors, which would make the results representative of the 18-
64 year old population of Finland, i.e. we present the results as the number of respondents and frequency percentages of dif-
ferent responses. Our focus in the analysis is in the differences between user groups, and the parameters usually deployed in
sampling factors (age and gender) are analysed separately.

Regarding the background information gathered with the survey, we found the respondents to represent the Finns rela-
tively well e.g. in terms of driver’s licences. 93% of the respondents held a driver’s licence, which is slightly more than Finnish
population of 18-64 years old in general, of which 89% held a driver’s licence on 1.1.2018, based on statistics from Finnish
Transport Safety Agency (2018) and Statistics Finland (2018). 13% of the respondents stated to be from households without a
car, whereas 44% had one car, 34% two cars, 7% three cars, and 3% four or more cars. These figures can be compared to aver-
age Finnish households, of which 26% were without a car, 54% had one car, 17% two cars, and 3% three or more cars in 2016
(Statistics Finland, 2016b). It must be noted that the respondents do not include over 65 years olds, who typically live in
small households with less cars. Also the number of kilometres travelled by car was asked to be estimated by the respon-
dents, and the responses are presented in Fig. 2. Related to use of other transport modes, there was one background question
in the survey. 38% of the respondents stated to travel at least once a month by public transport.

The respondents’ place of residence is also a key piece of background information. The respondents’ addresses’ postal
codes were connected through Statistics Finland's (2016a) database with the urban-rural category by Finland’s
Environmental Administration (2017). With this procedure, all the respondents can be relatively accurately categorised
based on their postal codes, using seven-levels of areas:

1. Inner city: A tightly developed and efficiently utilised urban area.
2. Outer city: An efficient urban area reaching all the way to the suburbs.
3. Exurbs: An area directly linked to a city in the border zone between rural and urban areas.

Table 2

Sample group by age and gender.
Age groups Men Women
18-24 683 654
25-34 1084 1028
35-44 1052 995
45-54 1056 1036
55-64 1185 1227

In total 5,060 4940
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Fig. 1. Response rate and number of respondents by age group and gender.
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Fig. 2. Respondents’ answers to the background question ‘How many kilometres do you estimate to drive a car in a year?’

. Local rural centres: Urban settlements and small towns located outside of large urban areas.

. Countryside near cities: A rural area, but both functionally and physically close to a city.

. Rural heartland: A relatively densely populated rural area with diverse economic structures.

. Sparsely populated countryside: Sparsely populated areas without diverse centres or with small centres far apart. These
areas consist mainly of forests (Finland’s Environmental Administration, 2017).

N O U

To better facilitate our analysis, the places of residence were divided into three categories, which are (I) densely popu-
lated urban area (includes areas 1 and 2), (II) sparsely populated urban area (includes areas 3, 4, and 5), and (III) sparsely
populated area (includes areas 6 and 7).

The survey results were analysed by using IBM SPSS Statistics software. Cross tabulations were used in the statistical
analysis of the responses. These provided information on which factors affected the answers and how. The statistical signif-
icance of the cross tabulations was tested with the Mann-Whitney U test and the Kruskal-Wallis H test, which are suitable
for testing statistically significant differences of variables with preference scales (Taanila, 2015).

6. Results

Fig. 3 shows that the majority of the respondents in the Finnish survey had either a very positive (23%) or a somewhat
positive attitude (41%) to automated vehicles. Roughly one in four respondents expressed a negative attitude towards auto-
mated vehicles, and the proportion of those with a very negative attitude was approximately 7%. The means and standard
deviations of all survey results are presented in appendix B.

Fig. 4 shows how gender affects the general attitude towards automated vehicles. According to the Finnish survey, almost
30% of men hold a very positive attitude towards automated vehicles, while only about 17% of women have a very positive
attitude. Table 3 contains the results from the Mann-Whitney U test on the effect’s statistical significance, where rows on
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Fig. 3. General opinion regarding automated vehicles of Finns in 2017. N = 2022.
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Fig. 4. Attitudes towards automated vehicles by gender in Finland in 2017. N = 2022.

Table 3
Mann-Whitney U test results on differences in attitudes towards automated vehicles related to gender and car ownership.
General opinion Ranks Test statistics
Grouping variable N Mean Rank  Sum of Ranks Mann-Whitney U~ Wilcoxon W Z Asymp. Sig. (2-tailed)
Gender Woman 1032 1084.31 1,119,009 435,699 926,244 —5.99 <0.001
Man 990 935.6 926,244
Car owner-ship ~ No cars 253 873.7 221046.5 188,915.5 221046.5 —4.029  <0.001
Atleast 1 car 1756  1023.92 1,797,999

‘Gender’ presents test results related to Fig. 4, and rows on ‘Car ownership’ to Fig. 8 which is presented later. The differences
between men and women are statistically very significant (p < 0.001).

Fig. 5 shows how the level of education affects the general attitude towards automated vehicles. People with higher edu-
cation have markedly more positive attitudes than people with less education. Table 4 shows that the differences are also
statistically very significant (p < 0.001). Table 4 contains the results from the Kruskal-Wallis H test, where rows on ‘Educa-
tion’ presents test results relate to Fig. 5, rows on ‘Age group’ to Fig. 6 and rows on ‘Residential location’ to Fig. 7.

Conversely, no significant differences in attitudes towards automated vehicles were detected between different age
groups. The survey answers showed that the 25-34 year olds had more often a very positive attitude towards automated
vehicles. According to the Kruskal-Wallis H test, the differences between the attitudes in different age groups are statistically
significant (p = 0.012 < 0.05). However, on closer inspection, statistically significant differences only exist between the 25-
34 year olds and other age groups. For example, there is no statistically significant difference between the 18-24 year olds
and 55-64 year olds. Therefore, we cannot generalise that the younger generations have a more positive attitude to auto-
mated vehicles than the older generations. Fig. 6 presents the effect of the age group on the attitudes towards automated
vehicles.

The place of residence among the respondents was noted to cause, statistically speaking, very significant (p < 0.001) dif-
ferences in the respondents’ general attitudes towards automated vehicles. According to Fig. 7, respondents living in densely
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Fig. 5. Attitudes towards automated vehicles by the level of education in Finland in 2017. N = 2000.

Table 4
Kruskal-Wallis H test results on differences in attitudes towards automated vehicles in relation to education, age group and residential location.
General opinion Ranks Test statistics
Grouping variable N Mean Rank Kruskal-Wallis H df Asymp. Sig.
Education Primary school 187 11323 63.077 3 <0.001
High school 753 1090.81
Bachelor’s degree 579 949.81
Master’s or PhD degree 481 868.9
Age group 18-24 173 1000.67 12.777 4 0.012
25-34 319 922.29
35-44 362 1008.23
45-54 467 1011.51
55-65 701 1056.45
Residential location Densely populated area 993 925.34 63.195 2 <0.001
Sparsely populated urban area 638 1034.24
Sparsely populated area 388 1186.8
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Fig. 6. Attitudes towards automated vehicles by age group in Finland in 2017. N = 2022.

built areas (in cities) had more positive attitudes towards automated vehicles than the other respondents. The figure shows
that the more densely populated the area of residence, the more positive the attitude to automated vehicles.

As the higher average educational background of people living in cities can in part explain the differences in attitudes
based on the place of residence, we looked at the correlation coefficient(r = —0.260), which reflects a slight correlation
between the place of residence and educational background. However, by cross-tabulating the place of residence and the
attitudes separately for each educational level, we find that the educational background does not fully explain the more pos-
itive attitude of those living in cities: rather, the place of residence also has a marked effect. It must be noted that the number
of individual observations regarding the different combinations of educational backgrounds and places of residence is small,
and thus the result cannot be considered completely reliable.
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Fig. 7. Attitudes towards automated vehicles by place of residence in Finland in 2017. N =2019.

In order to study deeper the potential early adopters of automated vehicles, we analysed whether there are other back-
ground factors, which have an impact on the attitudes towards automated vehicles besides those found in the literature sur-
vey and expressed in the hypotheses. In particular, the respondents living in households without a car as well as those
respondents using public transport regularly had, statistically speaking, significantly more positive attitudes to automated
vehicles. Fig. 8 shows how owning a car affects the attitude to automated vehicles.

As presented in Table 3, respondents currently living in a household without a car had highly positive attitudes to auto-
mated vehicles more often, statistically speaking, and more frequently when compared to the other respondents on a very
significant basis (p < 0.001). One-third of the respondents living in a household without a car expressed a very positive atti-
tude towards automated vehicles, whilst among the respondents living in households with a car, this number was approx-
imately one-fifth. Households with four or more cars had the most negative attitudes towards automated vehicles. Nearly
half of the respondents from such households took either somewhat negative or very negative view towards automated
vehicles.

As depicted in Fig. 9, as many as 90% of the respondents expressed that all automated vehicles must have the option of
manual drive. The majority of the respondents (92%) would also like to determine where and when to use the automated
functions and which functions to use. Based on this, we can conclude that people are not comfortable with automated vehi-
cles that have no control devices.

Giving the driving responsibility over to a computer would make almost 70% of the respondents feel stressed. Only
slightly more than one-fifth of the respondents stated that they would not feel stressed about releasing the driving respon-
sibility to a computer. Just over half of the respondents, however, expressed that having automation in charge of the driving
would make driving less demanding. Approximately one-third of the respondents disagreed with the statement.

More than 60% of the respondents expressed that it is positive that automation is developing in the direction of
automated vehicles. Only about 10% of the respondents disagreed with the statement completely. Only approximately
one-fifth of the respondents would prefer automation to take care of the driving in all situations. Only about 45% of the
respondents disagreed with the statement completely.

Fig. 10 shows the respondents’ concerns related to automated vehicles in ranking order. Traffic safety was considered the
biggest threat related to automated vehicles with approximately 36% of the respondents ranking it as number one concern.
Also, technical unreliability and the moral dilemma caused a relative amount of concern among the respondents. Traffic
safety is the biggest cause for concerns, but moral issues were considered to cause more concerns than technical unreliabil-
ity. However, if the concerns ranking second and third are also taken into account, technical unreliability becomes a more
significant concern than the moral issues.

The higher price of automated vehicles and, in particular, deterioration of privacy was the smallest concern for the
respondents. The respondents were the most divided on cyber security and fear of terrorism, as this option was assigned
the most equal distribution of different numeric values.

In connection to research question 2, it is interesting to find that the general attitude towards automated vehicles some-
what affects the importance of concerns related to automated vehicles. Those expressing generally a very positive attitude
towards automated vehicles more commonly consider that the higher price and cyber security are bigger concerns compared
others. We also find that the ranking of concerns differ between women and men, but across different age groups, the

At least 1 car

NO car _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Very positive M Somewhat positive Neutral M Somewhat negative M Very negative

Fig. 8. A. ttitudes towards automated vehicles in relation to car ownership in Finland in 2017. N = 2009.
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Fig. 9. Responses to six statements on the development of vehicle automation in Finland in 2017. N = 2022-2027 depending on the statement.
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Fig. 10. Rank of concerns regarding automated vehicles in Finland in 2017. N = 2022.

differences are small. Generally, women consider traffic safety as a bigger concern compared to men, whereas men consider
higher price and privacy issues as bigger concerns. The results of cross-tabulating the rank of concerns and the general opin-
ion as well as rank of concerns and gender are presented in Fig. 11 and in Appendix B. We present the results as means and
standard deviations. In the analysis, we tested the statistical significance with Chi-Square test and verified that there was no
notable exceptions in the distributions, and the means and standard deviations are suitable for presenting the results.

On the other hand, those with a very positive attitude do not consider traffic safety of the vehicles to be the biggest con-
cern as often as all the respondents on average. Similarly, moral issues are not such a big concern for those with a very pos-
itive attitude, compared to the other respondents. Traffic safety of the automated vehicles and moral issues are the most
significant concerns for the respondents with a negative attitude towards automated vehicles, whilst the higher price of
the vehicles does not cause much concern among those who have a generally negative attitude. The deterioration of privacy
was not found to have a notable effect on the general attitude.
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Fig. 11. The mean rank of concerns regarding automated vehicles in relation to general opinion towards automated vehicles and gender. The closer the
vertical bar is to the left column, the bigger the concern. The coloured area round the bar depicts the standard deviation. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

7. Discussion
7.1. Assessing the hypotheses

7.1.1. H1 most people have a positive attitude towards automated vehicles

Fig. 12 describes how the attitudes towards automated vehicles in Finland situate compared to those of other countries
based on Schoettle and Sivak’s (2014) study. The Finnish survey expressed that 23% of the respondents had a very positive
attitude and 41% a somewhat positive attitude to automated vehicles. In comparison to other countries, Finland had the lar-
gest number of both positive and negative responses towards automated vehicles. Similarly as in China and India, only a few
had a neutral attitude or were undecided Finland, whereas in Australia, the UK, the USA and, in particular, Japan, many
respondents had a neutral reaction towards automated vehicles. Apart from Japan, the majority of respondents had either
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Fig. 12. Attitudes towards automated vehicles in China, India, Japan, the USA, the UK, and Australia in 2014 (adapted from Schoettle & Sivak, 2014) and in
Finland in 2017.
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a very positive or somewhat positive attitude towards automated vehicles. In Japan, about half of the respondents had a neu-
tral and 43% either very positive or somewhat positive attitude towards automated vehicles. Based on these findings, the
hypothesis is valid, and we can conclude that most people have a positive attitude towards automated vehicles. As people’s
feelings and attitudes exert a strong influence on how quickly a new technology is adopted (Patel & Connolly, 2007), we
could assume, that countries, which people possess a positive attitude towards automated vehicles, are in the forefront in
adopting these vehicles. Yet it must be acknowledged that there are many also other things, which affect the adoption of
automated vehicles, including e.g. the economic constraints.

It is worth to note that the respondents in Schoettle and Sivak’s (2014) study does not necessarily represent the overall
population in these countries particularly well, besides which the number of responses was relatively low. In addition, the
contexts of the studies are slightly different, which may reduce their comparability. In addition, as there has been a lot of
public discussion around the topic, the attitudes may have changed in only three years.

7.1.2. H2 men have a more positive attitude towards automated vehicles than women

Similar to Schoettle and Sivak’s (2014) study, we found that men express a more positive attitude towards automated
vehicles than women also in Finland. The difference in the attitudes of men and women was statistically very significant,
meaning that the hypothesis is correct. Based on the connection between adoption of new technologies and attitudes
towards new technology and innovations, we can assume men to adopt automated vehicles earlier than women.

7.1.3. H3 highly trained individuals have a more positive attitude towards automated vehicles than those with a low level of
education

Similar to Alessandrini et al. (2014), we found that people with a higher educational background express a more positive
attitude towards automated vehicles than those with less education. In the Finnish survey, the differences between people
with different levels of education are clearly identifiable and statistically very significant. As a general discovery has also been
that the earlier adopters typically have higher education than the later adopters (Rogers, 2003), we can assume the highly edu-
cated, holding also typically a more positive attitude towards automated vehicles, to be the early adopters of these as well.

7.1.4. H4 the younger generations have a more positive attitude towards automated vehicles than older generations

Kyriakidis et al. (2015) and Ipsos MORI (2014) have discovered that the younger generations typically express a more pos-
itive attitude towards automated vehicles. In the Finnish survey, we observed that the 25-34 year olds had a more positive
attitude towards automated vehicles than others, but in other age groups (including the youngest group of 18-24 year olds
compared to the oldest group of 55-64 year olds), there was no statistically significant difference. Therefore, this hypothesis
is rejected. This is in line with the observations that a person’s age generally has no direct impact on the adoption of new
innovations. Young people adopt some innovations earlier than the older generations, but on the other hand, a number of
studies have concluded that age does not influence how people adopt innovations (Rogers, 2003). Based on these findings,
we can assume that in the adoption of automated vehicles person’s age will not be an important factor.

7.1.5. H5 people living in densely populated areas have a more positive attitude towards automated vehicles

Bansal et al. (2016) has found that people living in densely populated urban areas show a more positive attitude towards
automated vehicles compared to others. In the Finnish survey, we found that the place of residence has, statistically speak-
ing, a very significant impact on people’s attitude to automated vehicles. The respondents from more densely populated
areas express a more positive attitude, whereas people residing in sparsely populated rural areas had the most negative atti-
tudes. This means that the hypothesis is correct. Based on this finding, we can assume that automated vehicles are likely to
be adopted earlier in densely populated areas.

7.1.6. H6 people mainly have concerns about automated vehicles that have none of the controls of ordinary vehicles.

As in Schoettle and Sivak’s (2014) survey, where the respondents expressed strongest concerns for the type of automated
vehicle that has none of the controls of ordinary vehicles, the Finnish survey showed that as many as 90% of the respondents
considered that all automated vehicles must have the option of manual drive. In addition, the 92% of the respondents would
like to determine where and when to use the automated functions and which functions to use. This is in line with the finding
that people are reluctant to hand vehicle controls over to automation (Kénig and Neumayr, 2017). Thus, this hypothesis is
accepted. For the adoption of automated vehicles, this means that people’s mindset is still in a driver-mode and the path to
fully automated vehicles could go through vehicles, in which the driver can be in control, if one wants to.

7.1.7. H7 the safety of automated vehicles and the unreliability of their technology are the main concerns associated with
automated vehicles

Schoettle and Sivak (2014) and Kyriakidis et al. (2015) have found that safety of automated vehicles and their technical
unreliability was a major concern among the survey respondents. In the Finnish survey, traffic safety of automated vehicles
(accidents) was the biggest concern related to these vehicles. In addition, the vehicles’ unreliable technology (interrupted
trip) and moral issues related to automated vehicles were the biggest concerns among the respondents. However, the moral
issues can be considered an equally notable concern as the technical unreliability, and therefore the hypothesis is only partly
correct, as there are also other main concerns. When considering this result’s implication on the adoption of automated
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vehicles, the stakeholders, such as car manufacturers and regulators, need to address several concerns, of which safety is a
major one, to build confidence towards automated vehicles.

7.1.8. H8 deterioration of privacy is a major concern related to automated vehicles

Kyriakidis et al. (2015) have found the deterioration of privacy as a major concern with automated vehicles, especially
among the respondents from higher income countries. In the Finnish survey, the deterioration of privacy was generally
the smallest concern related to automated vehicles. We can state that the hypothesis is incorrect as compared to the other
concerns, the deterioration of privacy is considered to be of minor importance. Yet it needs to be acknowledged that the
respondents were only asked to rank the concerns in order of importance and not to specify the amount of concern the issue
generated in them. As distrust towards automated vehicles is a reason for not being interested in automated vehicles or will-
ing to use them (Cavoli et al., 2017), there are psychological barriers concerning automated driving and people mostly fear
potential cyberattacks and disruptions in the automation systems (Konig and Neumayr, 2017), we can state that all concerns,
which cause distrust, need to be addressed. As some concerns are dispelled, the once that remain, are more highlighted.

7.1.9. The reliability and general applicability of the results

This study is based on a literature review and a postal questionnaire. The hypotheses were formulated and justified based
on findings from previous studies, and new findings are drawn for an original Finnish survey with large sample of 18-64 year
olds. Yet, we cannot be sure whether people embellish their answers, e.g. if they do not know the issue or they have not for-
mulated their own opinion, they could choose to answer as they think people in general would or should answer. Related to
the validity of the study, the hypotheses are connected with research questions as well as the survey’s questions. Related to
reliability, the statistical significance of survey results is analysed. Considering the answers to survey, we found the respon-
dents answering to be pertinent, as there was evidently no minimum effort answering in the way of a respondent picking e.g.
first or last option in every question. In addition, the open feedback from survey’s last open-ended question indicated that
the respondents generally appreciated the survey, its topic and their significance. The respondents commented that the
questionnaire was clear and understandable, easy to fill in and had suitable length, while the critical comments related
mostly to automated vehicles as a phenomenon and few found the questionnaire as leading.

The response rate of the survey was approximately 20%, which is relatively low. Low response rate makes it possible that
the respondents do not present the actual view of the whole population as e.g. the ones more in favour or more against or
with a neutral attitude towards automated vehicles can be over- or underrepresented among the respondents. As men and
younger generations had a lower response rate compared to other groups, and as men and young had a more positive atti-
tude towards automated vehicles, using sampling factors to present representative results of the 18-64 year old would have
changed the results slightly. Deploying sampling factors taking gender and age group response rates into consideration
would have raised the share of a very positive attitude to 23.9% from 22.7% when presenting the number based on the
respondents as has been done in this study. Nevertheless, the respondents represent the 18-64 year old Finnish population
sufficiently well, which makes the results reliable and allow identifying statistical differences among the respondents. We
also found, that despite of more than 2,000 respondents, the more detailed analysis, e.g. combinations of different educa-
tional backgrounds and places of residence, were limited in providing statistically significant differences. We also found that
the different background factors (e.g. holding a driver’s licence, the amount of cars in respondent’s household, the amount of
kilometres travelled by car, the use of public transport) were strongly linked with each other. E.g., the ones who used car to a
great extent, had similar views with the ones living in a household with a car as well as with the ones not using public trans-
port. Therefore, we do not present the background factors’ relevance to the results unless there is a notable importance. As
the number of respondents without a driver’s licence was low, we could not draw statistically significant results for this
group. Generally, the differences in responses between different groups were small.

As Patel and Connolly (2007) has stated, the general attitude is an important factor in models illustrating how new tech-
nologies become more mainstream. This study sought into the general attitudes towards automated vehicles, and found
overall a positive attitude, and some user groups with more positive attitudes, which could reflect to adopting these vehicles
earlier than those with more negative attitudes. People’s trust in automated vehicles and therefore their attitudes towards
them have a notable effect on adopting this technology (Choi & Ji, 2015), but also the smooth functioning, reliability, cost of
the vehicles as well as political decision-making are important factors (Fagnant & Kockelman, 2015). Trust was also recog-
nised as an important issue in this study, and should be acknowledged in the different predictions and scenarios related to
the adoption of automated vehicles, as has also been done by Litman (2018). As these automated vehicles are not yet in the
market, the respondents have not been able to perceive the innovation’s appropriateness for their individual lifestyle, with
which the innovation needs to be in correspondence according to Adams et al. (2017). This also needs to be acknowledged,
when considering the results from user surveys related to attitudes towards automated vehicles. Adams et al. (2017) has also
stated that widespread adoption of new technologies can be promoted by illustrating the benefits of new technologies by
training and information campaigns. User surveys can in their part bring out the needs and issues for such promotion.

As this study’s scope differs from the previous studies, no direct comparison can be made between these. The comparison
with results of Schoettle and Sivak (2014) study can be criticised as people’s perceptions of automated vehicles may have
changed considerably in three years as the issue has been extensively discussed in media. However, the phenomenon is glo-
bal and offers possibilities for comparative studies between countries in future. Making a longitudinal study on this, recog-
nising the early attitudes of people as well as the current (and ones of future, to be studied) would also be an interesting
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avenue of further research. Repeating the same survey in a few years would allow studying whether the attitudes of people
change and to which direction as people become more familiar with the automated vehicles. Repeating the survey could also
bring out new concerns and some of the old may be resolved by the development of automated vehicles and their regulation.

Culturally, Finland is fairly close to other western countries in Europe. However, the winter conditions in Finland are chal-
lenging for automated driving, and Finland is sparsely populated, which may have some effect on how people view auto-
mated vehicles. The general attitude of Finns to automated vehicles is, however, similar to the people in the USA, the UK
and Australia. All-in-all, these study results can be considered relatively applicable to other developed countries and to Eur-
ope in particular.

8. Conclusions

Generally, the adoption of new technologies and innovations has been observed to follow certain frequently recurring
patterns, leading to e.g. the S shaped adoption curve, S-curve. Depending on the innovation, the early adopters and late adop-
ters, i.e. the laggards, differ. As automated vehicles are a unique entity in the field of technological innovations, particular
research on the adoption of this innovation needs to be implemented. In this study, the attitudes towards automated vehi-
cles were assessed to identify the general opinion, possible early adopters as well as concerns, which hinder the adoption of
automated vehicles.

Cars typically have a long lifespan and they are costly to acquire, which slows down the adoption of new vehicle tech-
nologies. In addition, the adoption of automated vehicles is affected by several factors, some of which are dependent on
the available technology. For example, the technical reliability and smooth functioning of automated vehicles, the realisation
of their expected benefits, the level of mobility services, the ability of the infrastructure to accommodate automated driving,
transport policies (legislation and pricing), and people’s preparedness and attitude all exert a major impact on the increase in
the popularity of automated vehicles.

The study’s results indicate that people’s attitudes towards new technology reflect the general adoption of technology
well. We can assume that those who currently view automated vehicles positively are most likely to belong in the group
of early adopters. In this study’s survey, most people expressed a positive attitude towards automated vehicles. Another
observation was that men, people with a high educational background, and those living in more densely populated areas
all have a more positive attitude towards automated vehicles. The study also showed that the 25-34 year olds express a
more positive attitude towards automated vehicles than other people do, but for the rest of the age groups the differences
in their attitudes were not statistically significant.

In addition to the literature review based hypotheses, we found that those living in households without a car expressed a
more positive attitude towards automated vehicles than other respondents. This is a particularly important finding for the
widespread adoption of automated vehicles, because it can mean an increase in passenger vehicle traffic as new users move
from public transport to using cars. Therefore, the attitudes regarding this should be studied in more depth. Overall, it should
also be studied how attitudes will turn into actual behaviour. In future, also the younger and older generation’s attitudes
towards automated vehicles would be interesting to study. These generations can represent important user segments for
the automated vehicles, allowing car use for a younger generation than today as well as to older people with e.g. health issues.

Based on the study, Finns on average consider that traffic safety (accidents) is the biggest concern when it comes to auto-
mated vehicles. Furthermore, the moral issues related to automated vehicles and their technical unreliability (interrupted
trip) caused concerns among the respondents. The role of traffic safety and the moral issues regarding automated vehicles
was further highlighted among those respondents with a negative attitude to these vehicles, and these two were clearly the
biggest concerns among these respondents.

The results of this study indicate that traffic safety and ethical considerations are the key issues in regard to the accep-
tance of automated vehicles. Therefore, authorities must ensure the traffic safety, technical functionality and cyber security
of automated vehicles by actively influencing international regulations. When planning their transport systems, the munic-
ipalities and cities must create traffic environments where the ethical issues will remain insignificant. For example, in situ-
ations where a traffic accident cannot be avoided, the speed of an automated vehicle must be set so low, that if an automated
vehicle swerves to avoid colliding with a defenceless road user, the vehicle’s passengers are not injured. National ethical poli-
cies, following Germany’s example (BMVI, 2017), are necessary (e.g. the artificial intelligence of an automated vehicle may
not make decisions based on the demographic or socio-economic status of its passengers or other road users), in order to
dispel the fears related to moral issues.

Other subjects for further study include the impact of automated vehicles on people’s mobility patterns, especially on the
distances travelled, the distribution of modes of transport, and the ownership of cars. It is also important to factor in the
combined effect of transport becoming increasingly automated, and consumed as a mobility service. While studies in this
area exist, comprehensive research in this area is still awaited.
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Appendix A

Questionnaire

1. What is your general opinion regarding automated vehicles?

Very Somewhat Somewhat Very
Neutral
D positive D positive D D negative D negative

2. Which of the following automated driver assistance systems have you used? You can
choose multiple answer options.

Adaptive D Lane keeping O Automated ] None
cruise control assistance parking system

3. What kind of automation systems would you be mostinterested in? Please choose one

option.
& LY ) : ) )
¢ [ Driverassistance systems such as various warnings
2 3 %= Partial automation, such as driving on the highway with minimal

actions required from the driver

"Hands off but alerted”
4/5 ;
g H |:| High automation without any actions required from the driver
(allows e.g. sleeping)
“No need to focus on driving”

|:| None, | want to drive myself in every driving situation

"The driver does everything”

4. What do you think of the following statements?

Strongly ~ Somewhat Neither agree Somewhat  Strongly
agree agree nor disagree  disagree disagree

‘| wantto determine myself where, when and..whlch'f. |:| D et m s |:| pnane D
-automated features | use while driving. = TR T T T T

| want automation to handle every driving situation. |:| |:|

| thlnk that handlng respon5|blllty over to the
automated features would reduce the driver
workload.

O
o

O
e

O

OO0 ooo

The developmenttowards vehicle automation is a |:| |:|
desirable trend.
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Imagine doing an everyday round trip (for example a work trip). Sort the following trip alternatives
from 1 to 3 so that 1 is the most desirable and 3 is the least desirable option.

5a. Travelling daily from city centre A to city centre B with one-way distance of 200 km.

Rank - —
Personal car Personal a.u tomated Public transport
vehicle
Costs 40 € 45 € 20€
Travel duration 2 h 30 min 2 h 15 min 2 h 35 min
Walking distance 500 m 100 m 300 m

5b. Travelling daily from the city outskirts to the cit:

y centre with one-way distance of 10 km.

Rank - -
Personal car Personal a.u tomated Public transport
vehicle
Costs 6€ 6€ 2¢€
Travel duration 15 min 10 min 25 min
Walking distance 400 m 100 m 600 m

5c. Travelling daily in rural area with one-way distance of 100 km.

Rank -

Personal car Personal a_u tomated Public transport
vehicle

Costs 18 € 21€ 10€

Travel duration 1h5min 1h5min 1 h 35 min

Walking distance 50 m 50m 600 m

6. Would you travel by car more often or do longer trips, if driving was

A) cheaper than currently? L] Yes ] No

B) less stressful, since you could do other things (e.g read) while driving? [ ] Yes [ ] No

C) always possible even if you were not able to drive yourself? ] Yes ] No
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7. Which of the following options would you choose? Vehicle features in different options are similar.
Please mark the preferred option.

[] Personal automated vehicle

[] Automated taxi

Always available immediately. Taxes, insurance and
vehicle purchase costs are annually 2,000€ on

average

Always available within 7 min from order. Costs
per kilometer are the same as with personal
automated vehicle, but there are no annual fees.

8. You are travelling 10 km from the city outskirts to the city centre. Sort the following trip
alternatives from 1 to 4 so that 1 is the most desirable and 4 is the least desirable option.

Rank
Private Shared Public transport, | Conventional
automated taxi, automated taxi, e.g. bus taxi,
with no other possibly with with no other
passengers other passengers passengers
Costs 10€ 5€ 3€ 20€
Travel duration 14 min 19 min 30 min 14 min

9. You are travelling 100 km to the city centre. Sort the following trip alternatives from 1 to 4 so that 1
is the most desirable and 4 is the least desirable option.

Rank
Personal Personal Private Public transport
conventional car | automated automated taxi (train)
vehicle
Costs 30€ 35€ 25€ 15€
Travel duration 1h 20 min 1 h 15 min 1 h 20 min 1h0min
Walking distance 600 m 100 m 100 m 500 m

10. Assume that all vehicles on the road are automated vehicles. Would you want/need to own a
personal automated vehicle, if an automated taxi would always be available within 5 minutes and
the annual costs of automated taxis would be about 20 % lower than the costs of personal

automated vehicle?

D Yes, | would want to own a personal
automated vehicle.

D No, | would not have a no need to own a

personal automated vehicle.
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11. Sort the following six concerns, threats and fears regarding automated vehicles from 1 to 6 so that 1
is the most significant threat and the 6 is the least significant threat.

_____ Higher price

Traffic safety
(accidents)

Weakening of
— privacy

Unreliable technology
_____ (trip interruption)

Cyber security and fear of
terrorism

Automated vehicle won’t
work in dangerous situations
according to my own morals

12. How old are you?
years

13. What is your gender?

] woman[] man
14. Do you have a driver’s license?

|:| Yes |:| No

15. How many people are there in your
household, yourself included?

persons

16. How many cars do you have in your
household?

car(s)

17. Do you have any permanent injuries or
illnesses that affect your driving?

|:| Yes |:| No

18. Do you travel by public transport at least
once a month?

|:| Yes |:| No

19. How many kilometres do you estimate to
drive a car in a year?

|:| None

|:| Less than 5,000 km
[] 5,000-10,000 km

[] 10,001-20,000 km
] 20,001-30,000 km
D More than 30,000 km

20. What is the highest level of education you
have graduated or are studying at the moment?

D Primary school D High school

[] Bachelor’s [] Master’s or PhD
degree degree

21. Open feedback regarding automated vehicles

22. Open feedback regarding this survey

THANK YOU FOR THE PARTICIPATION!
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Means and standard deviations
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Question 1, general opinion

1 = Very positive, 2 = Somewhat positive, 3 = Neutral, 4 = Somewhat negative, 5 = Very negative

Grouping Variable N Mean Std. Deviation
All respondents 2022 2.46 1.221
Gender Woman 1,032 2.59 1.180
Man 990 2.32 1.248
Level of education Primary school 187 2.73 1.224
High school 753 2.66 1.267
Bachelor’s degree 579 2.34 1.166
Master’s/PhD degree 481 2.18 1.129
Age group 18-24 173 243 1.207
25-34 319 2.29 1.212
35-44 362 2.46 1.241
45-54 467 2.45 1.186
54-65 701 2.56 1.235
Residental location Densely populated urban area 993 2.28 1.172
Sparsely populated urban area 638 2.51 1.229
Sparsely populated area 388 2.84 1.237
Car ownership No cars 253 2.19 1.188
At least 1 car 1,756 2.50 1.220

Question 4, statements

1 = Strongly agree, 2 = Somewhat agree, 3 = Neither agree nor disagree, 4 = Somewhat disagree 5 = Strongly disagree

N Mean Std.
deviation
I want determine myself where, when and which automated features I use while driving 2026 1.45 0.832
I want automation to handle every driving situation 2022 391 1.290
It would be stressful to let automated features be in control in every driving situation 2025 234 1.279
I think that handing responsibility over to the automated features would reduce the driver 2022 2.69  1.292
workload
All automated vehicles should also be manually driveable 2022 1.42 0.872
The development towards vehicle automation is a desirable trend 2027 242 1.265

Question 11, concerns

1 = The biggest concern, 2 = The 2. biggest concern, 3 = The 3. biggest concern, 4 = The 4. biggest concern, 5 = The 5.
biggest concern, 6 = The smallest concern

N Mean  Std. Deviation
Higher price 2012 4.16 1.677
Unreliable technology (trip interruption) 2009 2.71 1.300
Cyber security and fear of terrorism 2009 3.95 1.606
Weakening of privacy 2007 4.65 1.387
Traffic safety (accidents) 2013 244 1.460
Automated vehicle won't work in dangerous situations according to my own morals 2013  2.99 1.576
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Question 11 concerns cross-tabulated with question 1 general opinion and gender
1 =The biggest concern, 2 = The 2. biggest concern, 3 = The 3. biggest concern, 4 = The 4. biggest concern, 5 = The 5.
biggest concern, 6 = The smallest concern

General opinion Higher Unreliable Cyber Privacy Traffic Moral
Price technology security issues safety issues
Very positive Mean 3.60 2.79 3.62 445 3.03 3.54
N 456 456 456 456 456 456
Std. 1.808 1.378 1.766 1.553 1.589 1.644
Deviation
Somewhat Mean 4.16 2.67 3.96 4.77 232 3.02
positive N 820 817 817 817 819 819
Std. 1.635 1.314 1.600 1.291 1.406 1.543
Deviation
Neutral Mean 4.26 2.70 4.30 4.67 2.29 2.64
N 228 229 227 228 227 227
Std. 1.666 1.260 1.392 1.338 1.393 1.493
Deviation
Somewhat Mean 4.60 2.63 4.08 4.71 2.19 2.56
negative N 355 355 355 353 355 356
Std. 1.480 1.180 1.478 1.314 1.293 1.486
Deviation
Very negative Mean 4.83 2.89 3.98 4.36 2.13 2.62
N 139 138 140 139 142 141
Std. 1.398 1.322 1.557 1.532 1.349 1.366
Deviation
Chi-Square  <0.001 0.016 <0.001 <0.001 <0.001 <0.001
Gender
Women Mean 4.40 2.61 4.07 4.85 2.16 2.83
N 1028 1028 1027 1028 1031 1029
Std. 1.565 1.201 1.542 1.201 1.294 1.493
Deviation
Men Mean 3.92 2.82 3.82 4.45 2.73 3.15
N 984 981 982 979 982 984
Std. 1.754 1.389 1.663 1.533 1.564 1.644
Deviation
Chi-Square  <0.001 <0.001 0.002 <0.001 <0.001 <0.001
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ABSTRACT

With a mobility as a service (MaasS) offering, the transport needs of the end customer
may be fulfilled in a way, which may challenge the car dominant mobility practices
of today. Up to now, there has been few studies focusing on the interest of end users
towards MaaS. This chapter presents results from a survey in Finland (N=1,176)
and focuses on the interest towards MaaS services among 18-64 year olds and
especially the potential of MaaS in different user groups. The authors found that
particularly the respondents who currently use public transport, the respondents
living in households without a car, the respondents aged 25-34, and the respondents
with higher education were more interested to adopt MaaS services. They also
found that people living in urban areas and in apartment houses indicated a higher
interest towards MaasS. The same groups had also more often no need or will for car
ownership if a competitive MaaS$ service would be available. Continuing urbanisation
offers increasing potential for MaasS as there are many mobility services, which can
be bundled into a MaasS offerings in cities.
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INTRODUCTION

In the developed countries, automobiles have grown to be the dominant mode of
transport since their launch in late 1800s. During the 20th century, the number of
passenger cars as well as passenger car mileage grew to support the lifestyles of the
modern society. Together with increasing number of cars and kilometres travelled,
problems associated with cars have increased to a state where options for this mode
are asked for more and more. Could we own and use cars less, yet still fulfil our daily
mobility needs? As one suggested model, Mobility as a Service, MaaS, offers an
option by aiming to make travelling with different modes easy and fluent. This way
MaaS could compete with the current car-based system. As Heikkild (2014) in one of
the first studies on MaaS described, Mobility as a Service can be seen as a system,
where mobility operators provide a comprehensive range of mobility services to
customers. MaaS can also be considered as a solution for more sustainable mobility,
especially as it could replace car-based mobility. Konig et al. (2016) defined MaaS
as “multimodal and sustainable mobility services addressing customers’ transport
needs by integrating planning and payment on a one-stop-shop principle”.

The aim of this chapter is to analyse people’s interest towards MaaS, and which
user groups find MaaS offerings tempting and are the most potential MaaS customers.
The potential is analysed based on a survey with a representative sample of 6,000
Finns. By combining the findings from this survey with previous studies and Finnish
data on demographics and mobility patterns, the potential is further analysed. This
chapter aims to answer the following questions: what is the interest towards MaaS
among ordinary people, which are the most potential user groups of MaaS, and how
do current trends in demographics and mobility affect the potential of MaaS. This
paper strives to contribute to recognising current attitudes of ordinary people towards
MaaS and the potential user groups of MaaS. Current attitudes towards MaaS and
the potential user groups are in the interests of different stakeholders working on
mobility services and MaaS related issues from companies to scientific community
as well as authorities from local level to national level.

Since Mobility as a Service is a new concept, the number of studies on MaaS and
its potential is still low. Kamargianni et al. (2015) analysed the potential of MaaS in
the context of a large city as they identified supply and demand of transport services
London, UK, and presented a MaaS-London concept for the future. Additionally,
related to MaaS-London concept, Matyas & Kamargianni (2017) carried out
stated preference study to understand people’s mobility choices under MaaS, and
Kamargianni et al. (2018) studied Londoners’ attitudes towards car ownership and
MaaS. Li & Voege (2017) studied the challenges of MaaS from the point of view
of conditions in the city (availability of different modes, e-tickets, open data, and
e-payment options).
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Reflecting different aspects of MaaS potential, Giesecke et al. (2016) presented
four key conceptual issues of MaaS, namely 1) nature of travel (e.g. trip purpose,
trip length, mode, and means), 2) interoperability, 3) end-user behaviour related to
e.g. different user groups, gender issues, and aging, and 4) sustainability. In this
chapter, we will mostly focus on the end-users, but also discuss the nature of travel
and sustainability related to MaaS. Giesecke et al. (2016) emphasised a strong focus
on the end-user perspective, in which user group segments as well as user acceptance
criteria, based on user attitudes and behaviour, are particularly important.

Next, in section 2, previous research findings are discussed related to the potential
users and user groups of MaaS. In section 3, the original survey is presented, by
which end-user perspectives on MaaS were asked. Thereafter, section 4 presents
the findings of this survey, and in section 5, these findings will then be discussed
in relation to previous studies and other data. Section 6 discusses the reliability of
the results. Finally, section 7 presents the conclusions.

PREVIOUS RESEARCH ON THE POTENTIAL
USER GROUPS OF MAAS

There are only a few publications in which the potential of MaaS has been studied
from end-user perspective. We have not found similar MaaS-related studies as
analysed in this paper with a large survey sample. Kamargianni et al. (2018) studied
Londoners’ attitudes towards MaaS and found that some demographic groups were
more interested in MaaS. They also found that the characteristics of MaaS had an
impacton people’s willingness to adopt these services. Based on the survey responses
of about 1,200 Londoners, 55% of the participants who were under 30 years old
would utilise MaaS if it lowered mobility costs due to bundled mobility services,
whereas 35% of over 49 years old would utilise MaaS for the same reason.

The study by Kamargianni et al. (2018) also found that MaaS could strengthen
use of sustainable transport modes as 28% of regular public transport users would
use more public transport. In addition, 35% of regular car users would use more
public transport and 17% of car users would bicycle more. In conclusion, MaaS was
expected to affect mostly people under 30 years old, while the effects on mobility
patterns of older than 50 years old were expected to be the lowest.

ITS Australia (2018) also found out based on a MaaS-related survey with 4,000
Australian participants that younger people and especially men and educated people
were most likely to become MaaS users. People living in rural areas, not college
educated and rarely using public transport were the most likely people not to utilise
MaasS.
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Transport Systems Catapult (2016) stated that there will be no one MaaS model
that fits all. This holds both from the business perspective, as there is a great number
of different stakeholders, which make the models probably different, as well as
from the user perspective as the service should align with the lifestyles of different
customers. It may be challenging for the MaaS operators to introduce attractive
value offerings for a significant proportion of the consumer market. However, the
size of the mobility market and the diversified mobility needs offer potential for
MaaS model. As the early adopters, new millennials are likely MaaS consumers.

A MaaS package can be a solution for household’s mobility, and fulfil not only
adults’, but also children’s mobility needs. Another important point in the MaaS
business model is that the MaaS operator helps the transport operators improve
their service by sharing the data on customers’ mobility needs (Transport Systems
Catapult 2016).

Men and high-income groups are estimated to have a positive attitude towards
new technology (El Zarwi et al. 2017), which could also be a supporting issue for
MaaS. Becker et al. (2017a, 2017b) studied car-sharing schemes in Switzerland
and found that the most potential user group in car-sharing was young and highly
educated people.

MaaS trials and commercial schemes are also a way to assess the potential of
MaaS. Stromberg et al. (2016) found that trials provide a safe space for experimenting
new behaviour, and this may lead to participants engaging behaviour that they would
probably not do without the trial. Karlsson et al. (2016) studied how a MaaS trial,
UbiGo, in Gothenburg, Sweden responded to user needs, and found that the customers
were more satisfied during the trial compared with their previous travel solution.
Up to now, the number of MaaS pilots has been low, and the findings related to
commercial MaaS schemes have not yet been widely published.

In a survey carried out in April 2017, only 16 per cent of Finns had heard of
MaaS. However, in the same survey, 80 per cent of respondents saw it necessary
to able to travel the whole trip chain with the same ticket, which indicates a need
for MaaS solutions. Over half of respondents under 30 years of age were willing
to give up car ownership if transport services would be adequate. The willingness
to pay for a monthly package covering all the mobility needs was relatively low as
the respondents were willing to pay less than 150 euros a month on the average,
although 10% of the respondents were willing to pay more than 400 euros (Solita
2017). From MaaS provider’s perspective, this 10% is a very lucrative market
segment. Additionally, the young willing to abstain from car ownership, is a highly
potential customer group for MaaS services.
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DATA AND METHODS

In April - June 2018, a survey was conducted in Finland on the attitudes of 18-64-year-
old towards transport system and people’s readiness and will to use new transport
services like MaaS. The survey was conducted in Finnish. English translation of
the questionnaire is presented in appendix A.

The questionnaire consisted of five parts. Total number of questions was 23
and it took about 10-15 minutes to complete the survey. The questions consisted of
propositions with Likert scale 1 to 5, multiple choice, and open-ended questions. The
survey also mapped the respondent’s background information, such as age, gender,
and whether the respondent had a driving licence, to help categorise the respondents.

In this study, survey’s questions number 7 and 11c are used to identify the
most potential user groups of MaaS services by cross tabulating answers to these
questions with data related to questions 5, 12, 13, 14, 15, 16, 18, 19 and 21 on user
background (age, gender, driving licence, education, car ownership, household size,
type of house, the use of car and public transport). In question 7, an assumption
was presented that a suitable mobility package (basically a MaaS offering) would
be able to fulfil respondent’s all transport needs, and related to this assumption, the
respondents were asked to state a suitable price to start using such a package. The
respondents had the option to answer ’I do not know’ and ‘I would not adopt the
package’. In question 11c, the respondents were asked whether the respondent had the
need or will to own an own private car in future, if the annual costs of the mobility
package (including e.g. public transport, shared taxis, and shared cars) would be
markedly lower and one could fulfil all mobility needs with the mobility package.

Additionally, we will present and analyse responses to question 1, which asked
whether the respondent had heard or read of the concept ‘Mobility as a service’
before answering the survey. This question was only to gather interest, whether
the term MaaS is widely known or not, or whether it has an effect to the interest
of adoption of the packages. The actual questions about the person’s willingness
to use mobility offerings were formulated in a way that they could provide answer
without prior knowledge about MaaS.

The sample group for the survey was randomly selected from the population register
by age and gender group in proportion to population’s age and gender distribution.
Population Register Centre of Finland extracted the sample per procuration. For
study purposes, the names, addresses, ages and gender of the people were available
in the sample data. Throughout our study, we followed Population Register Centre’s
terms and conditions related to data use, and in analysing the survey responses, we
followed Finnish legislation and good academic practices.
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Table 1. Sample group, number of respondents and response rate by age and gender

Men Women
Age Groups Sample Number of Response | Sample Number of Response

Size Respondents Rate Size Respondents Rate
18-24 415 50 12.0% 397 59 14.9%
25-34 666 86 12.9% 632 138 21.8%
35-44 662 107 16.2% 626 115 18.4%
45-54 635 111 17.5% 621 131 21.1%
55-64 663 176 26.5% 683 186 27.2%
In total 3,041 530 17.4% 2,959 629 21.3%

The population of the sample consisted of 18-64-year-olds living in Finland. The
size of the population was 3,263,361 people, based on the population projection of
2018 (Statistics Finland 2015). The sampling fraction was 0.2%, and the size of the
sample was 6,000 people. Table 1 presents the sample, number of respondents, and
response rate in terms of the various age and gender groups.

All people, who were selected for the sample, were sent a postal questionnaire
with a cover letter in April 2018. People had the option either to respond on the
internet with an identification code or to send the questionnaire back by mail (postage
paid). The last answers were received in June 2018. A total of 1,176 respondents
participated in the survey, resulting to a total response rate of 19.6%. The mean
age of all respondents was 45 years, for women 44 and men 45 years, respectively.

We present the survey results as the number of respondents and frequency
percentages of different responses. We do not present the results with sampling
factors, which would make the results representative of the Finnish 18-64-year-old
population as our focus in the analysis is in the differences between user groups, and
the parameters usually deployed in sampling factors (age and gender) are analysed
separately.

Regarding the background information gathered with the survey, we found the
respondents to represent the Finnish population relatively well e.g. in terms of
driving licences. 94% of the respondents held a driving licence, which is slightly
more than Finnish population of 18-64 years old in general, of which 89% held
a driving licence on 1.1.2018, based on statistics from Finnish Transport Safety
Agency (2018) and Statistics Finland (2018). 16% of the respondents stated to be
from a household without a car, whereas 43% had one car, 33% two cars, 6% three
cars, and 2% four or more cars in their household. These figures can be compared
to average Finnish households, of which 26% were without a car, 54% had one car,
17% two cars, and 3% three or more cars in 2016 (Statistics Finland 2016b). It must
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be noted that the respondents of our survey did not include over 65 years old people,
who typically live in small households with less cars.

Therespondents’ place of residence is also a key piece of background information.
Therespondents’ addresses’ postal codes were connected through Statistics Finland’s
(2016a) database with the seven-level urban-rural classification by Finland’s
environmental administration (2017). To better facilitate our analysis, the places
of residence were divided into three categories, which are I) densely populated
urban area (includes inner city and outer city areas of the original classification),
II) sparsely populated urban area (includes exurbs, local rural centres areas, and
countryside near cities), and III) sparsely populated area (includes rural heartland
and sparsely populated countryside).

The survey results were analysed by using IBM SPSS Statistics software. Cross
tabulations were used in the statistical analysis of the responses. These provided
information on which factors affected the answers and how. Statistical significance
of the cross tabulations was tested with the Chi-Square test, which is suitable for
testing statistically significant differences of categorical variables (Taanila 2017).

RESULTS

20.6% of the survey respondents had heard or read about the concept Mobility as
a service before the survey (N=1,169). Men were clearly more often familiar with
MaaS compared to women, as 27.2% of men and 14.6% of women stated having
heard or read about MaaS. Correspondingly, the respondents with higher level of
education compared to respondents with lower level of education stated more often
that Maa$S concept was familiar to them. 34.3% of respondents with master’s degree
and 6.3% of the respondents with primary school education had heard or read about
MaaS before the survey. From the different age groups, 24.4% of the respondents
of the 25-54-year-old respondents had heard or read about MaaS before, whereas
the share was 13.9% among the 18-24-year-old and 15.5% among the 55-64-year-
old. As mentioned in the data and methods section, the survey was designed so that
answering was not limited to prior knowledge of MaaS, and the term MaaS was not
used in other survey questions.

There were two questions in the questionnaire, which depict the respondents’
attitudes towards adopting MaaS in the form of a mobility package. In the first
question, we found that 43.3% of the respondents were willing to adopt the mobility
package, which would fulfil all mobility needs, at a price they themselves stated.
The respondents, who informed a price, were willing to pay on average 139 euros
a month for the package. The median value was 100 euros, and standard deviation
was 114 euros. The highest price a respondent informed to pay was 700 euros and
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the lowest was 10 euros. 31.2% of the respondents did not know at which price
they would adopt the mobility package, and 25.5% would not adopt the package.
As the share of the respondents, who did not know was relatively high, and these
respondents might be unsure not only of the price they would pay but also whether
they would adopt the package at all, at any price, we will next refer to interest to
adopt MaaS based on the respondents, who stated a price for the MaaS package.

To analyse the potential of MaaS among different user groups, the interest to adopt
the mobility package was analysed against respondents’ background information.
We present the survey data (number of respondents in each analysed group and the
share of answers in each option) and the statistical test results in appendix B. Results
are statistically significant or very significant unless otherwise stated.

58.2% of the respondents living in households without a car were willing to
adopt the mobility package, whereas the corresponding figure was only 24.0%
for the respondents in households with four or more cars (appendix B, table 1). In
households with cars, we found that the less cars there are, the more interested the
respondents were to adopt the mobility package. Regarding different age groups, the
25 to 34 years old were more often willing to adopt the mobility package compared
to other age groups (appendix B, table 2). We also found that the respondents with
a higher educational level compared to lower level were more interested in adopting
the mobility package (appendix B, table 3).

We also found that the respondents dwelling in densely-populated areas seemed
to be more interested to adopt the mobility package, but the differences between
areas were not statistically significant (appendix B, table 4). However, we found
statistically significant differences regarding respondents’ type of house. The
respondents living in apartment houses were more interested in adopting the mobility
package compered to others (appendix B, table 5). We found that that there was a
moderate correlation (r = 0.599) between respondents’ type of house and number
of cars in a household, which can somewhat explain the higher interest in MaaS
among dwellers in apartment houses, as the ones living in apartment houses usually
own less cars compared to ones living in detached houses or row houses.

The respondents, who do not use passenger cars or use them only a little, were
more willing to adopt the mobility package compared to the respondents, who
use cars more (appendix B, table 6). We also found that the respondents, who use
public transport more often, were more interested in adopting the mobility package
compared to the ones using less public transport (appendix B, tables 7 and 8).

The respondents, who had heard or read about MaaS concept before the survey,
were more often willing to adopt MaaS services compared to other respondents
in general (appendix B, table 9). However, there is a correlation with educational
level; the ones, who have a higher level of education, had more often heard or read
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about MaaS before the survey and they were also more interested in adopting the
mobility package compared to other respondents.

The other question in the questionnaire related to the interest towards MaaS and
MaaS potential asked whether the respondents needed or wanted to own a private
car if the costs of a mobility package, including e.g. public transport, shared taxis
and shared cars, were markedly lower than owning a private car. Additionally, it was
assumed that the respondent could fulfil all one’s mobility needs with the mobility
package. In this hypothetical setting, 57.9% of the respondents (N=1,168) did not
need or want to own a car. In households currently without a car, 76.8% of the
respondents would not need or want to own private car, whereas the corresponding
figure of respondents from one car households was 59.6%, and among respondents
from households with two cars or more, the figure was 48.4% (appendix B, table 10).

We found that there is a correlation between current car usage and the need and
will to own a car in future. Those who drove car less were not that eager to own a
car, if a competitive mobility package would be available, compared with the ones
using car more (appendix B, table 11).

The respondents, who dwell in densely-populated areas, do not express a need
or will to own a car to a similar degree as to those who live in sparsely populated
areas (appendix B, table 12). Similarly, the respondents living in apartment houses
are not as eager to own a car as other respondents (appendix B, table 13). Regarding
the different age groups, 25-34-year-olds stated more seldomly the need or will to
car ownership compared to other age groups. Overall, younger age groups express
less need or will to car ownership, if a competitive mobility package would be
available, compared to older respondents (appendix B, table 14).

Respondents with a lower educational level express more often the need or will
for car ownership compared to those with higher education (appendix B, table 15).
Additionally, on average women express less need or will for car ownership, if a
competitive mobility package would be available, compared to men (appendix B,
table 16). Public transport usage correlates with the willingness to own a car, and
the ones currently often using public transport express less need or will for car
ownership compared to respondents who use public transport less often (appendix
B, tables 17 and 18).

DISCUSSION

In this section, we will discuss the potential user groups of MaaS services in Finland
by combining findings from previous studies and data on demographics and mobility
patterns with survey’s results presented in the previous section. This will further
highlight the issues related to MaaS potential from end-user perspective and provide
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insight to how current trends in demographics and mobility affect the potential of
MaaS. As different countries as well as areas within one country differ considerably
from each other, the characteristics related to each area need to be considered in the
analysis. Therefore, we start this discussion with a short introduction of Finland to
put the results into context.

Finland is an EU member state and a Nordic country with a relatively small
population, 5.5 million in 2017, especially compared to the large land area, resulting
in a population density of 18.1 inhabitants per square kilometre (Statistics Finland
2017a). Most of Finland is sparsely populated. There is only one larger metropolitan
area, Helsinki with 1.5 million inhabitants, and additionally six cities with above
hundred thousand inhabitants in Finland (Statistics Finland 2017d). In these cities
and the other urban areas, the population density is naturally significantly higher
than the Finnish average.

Finnish people have typically a positive attitude towards digitalisation, and
Finnish people considered themselves to have sufficient skills for digital technologies
in everyday life more often than on average in EU countries. Yet, the majority
of respondents in the survey in each EU member state in 2017 agreed they are
sufficiently skilled in the use of digital technologies in their daily life, which indicates
that despite differences among people’s skills in different countries, most people
consider themselves to be digitally competent (European Commission 2017). The
level of digital skills should not therefore generally limit the use of MaaS solutions.

The available mobility services (e.g. public transport, city bike and electric scooter
services, taxis, rental cars, etc.) and their quality differ around Finland. This reflects
to the possible MaaS schemes, in which differences can be expected between urban
and rural areas, between cities of different sizes, and between location in the urban
structure, e.g. city centre vs. suburban area. There are great differences between
cities in Europe and the USA in terms of population density and the non-auto and
automobile dependent planning which reflect to the viable modes in different cities
(Klinger et al. 2013). From this point of view, it is expected that the greatest MaaS
potential is in the biggest cities offering widest selection of different transport
modes and services whereas MaaS schemes in rural areas can be very limited in
terms of different services bundled. However, in the survey, the same assumption
regarding the availability of MaaS service and the mobility package’s ability to fulfil
all respondent’s mobility needs, was presented.

The services in rural areas may need more public support whereas the areas
with large transport demand can support commercial MaaS schemes. A MaaS
pilot in Gothenburg, Sweden, proved that public support is vital for a successful
and sustained service (Karlsson et al. 2016). In less populated rural areas MaaS
can contribute to the livelihood of the area with lower costs with the help of more
responsive transport services (Rantasila 2016).
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In Finland, the first commercial MaaS scheme Whim was fully launched by MaaS
Global in Helsinki in November 2017. With Whim, under one subscription and
within a single app, the user is able to combine, plan, and pay for public transport,
taxi, car rental, car sharing and city bike trips in Helsinki. Based on data set from
Whim users in 2018, the results show that the early adopters have been younger
generations compared to the population in Finland in general. Whim users have also
used more public transport compared to the Helsinki Metropolitan Area in general,
and they also combine taxis to public transport trips three times more often than
typical Helsinki residents. Overall, the Whim users use taxis 2.1 times more often
than a Helsinki resident in general. The overall number of trips per day for a Whim
user is about the same as for typical Helsinki residents. The results related to Whim
users should be interpreted with caution as the service has been developing during
the analysed year (2018) and the number of Whim users and trips has increased
considerable during the year. The early adopters may also be more adventurous,
more experimental, and less fixed in their ways than public at large (Ramboll 2019).

Based on our survey responses, people living in cities are more interested in
using MaaS services than people in general. We also found differences related to
respondents’ types of houses as those living in apartment houses were more willing
to use MaaS services. We can state that in addition to cities providing more mobility
options and more options for bundling services to mobility packages, people in
cities are more interested to adopt MaaS services compared to others. Yet, it is
noteworthy that the differences in attitudes between urban and rural dwellers are
not that great. From this point of view, there is solid ground to offer MaaS services
also in areas with sparser population if the service can be tailored according to the
local circumstances. As an example, the MaaS pilot in Yllds, a tourist attraction
in Kolari with 3,800 inhabitants (Statistics Finland 2017d) in Lapland, Finland,
included journey planning and payment using an app from train station and airport
to Yllis, and a skibus or taxi to travel with to ski slopes (Tekes 2017).

In Finland, the densely populated urban areas are very small portions of the land
area, but together with the peri-urban areas, larger areas and transport corridors can
be seen to offer alarger potential for MaaS in terms of geographical area. Considering
future demographic development in Finland, the urban areas and especially the
largest urban regions are expected to grow whereas the population in rural areas
is expected to decrease because of internal migration, i.e. continuing urbanisation,
and differences in birth and mortality rates.

In addition to the total amount of people and their residential areas, population’s
age distribution is important when considering the mobility practices and MaaS
potential. From general mobility point of view and by using age group division,
we can distinguish children and senior citizens that are outside the labour markets,
young adults studying and entering the working life, and the working-age population.
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Considering differences in mobility, even more detailed groups could be recognised,
such as children before and in school age as well as younger and older adults and
senior citizens.

The challenge of MaaS related to adults, which present the greatest group in terms
of population, is that the adults are likely to be relatively locked to their mobility
practices. As a contrast to this group, the young are especially interesting from MaaS
point of view as they don’t own cars to a high degree. Especially in the capital city,
Helsinki, the 18-years-olds are getting driving licences much less than before and
compared to other areas in Finland. In Helsinki, only 33% acquired the driving
license when turning 18 whereas the share was 75% in rural areas in 2012 (Loytty
2014). Every year about 60,000 Finns reach the age of 18 and make decisions on
whether to get a driving licence and a private car or not. Of these youngsters, two
thirds live in urban areas and one third in rural areas (Statistics Finland 2017c¢). As
the travel behaviour and patterns of younger generations are not fixed, the interest
in MaaS services among youngsters could be strengthened by addressing knowledge
enhancement and MaaS communication especially to this group.

The survey results clearly presented the 25-34-year-olds as the most potential
age group to adopt MaasS services. In terms of MaaS potential, the second age group
was the 18-24-year-olds, but the difference to 24-35-year-olds was very clear. This
can be due to several factors, such as level of education. The 24-35-year-old have
typically finished their studies and have more experience in mobility and different
kinds of mobility services as well as life in general, whereas the 18-24-year-olds
may still be benefiting from student discounts and their parents in terms of mobility,
e.g. paying reduced charges and using parents’ car. Also, in the study on attitudes
towards automated vehicles in Finland, the 25-34-year-olds were found to be clearly
more often expressing a positive attitude towards automated vehicles than other age
groups (Liljamo et al. 2018). The 25-34-year-olds may have more comprehension of
transport transformation than younger generations, which links with a more positive
attitude towards new technologies and services.

From future point of view, it is worth to note that the greatest shift in population
in Europe is forecasted to be in the number of senior citizens (European Commission
2014). In Finland, the relative share of senior population is especially high in rural
areas. By 2030, the amount of people over 75 years of age will increase from 500,000
to over 800,000 (Statistics Finland 2017b). In all the other age groups, the population
is expected to stay roughly at the same level. From MaaS point of view, it would
be very interesting to consider this demographic development by thinking how a
MaaS scheme could best serve this growing population. As people get older, they
may prefer services in many occasions, e.g. as driving a car may get more difficult.
Easy to use and access services, both physically and virtually, and perhaps also
assisted, would benefit especially this group.
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Table 2. The share of trips done by different transport modes in different age groups
in Finland in 2016

Age Groups
“‘;‘ier 12-17 | 1824 | 25-34 | 35.44 | 45-54 | 55-64 Ogser All
Walking 274% | 234% | 211% | 212% | 161% | 158% | 187% | 252% | 20.4%
Cycling 16.5% 171% | 69% |61% |53% |43% |50% |48% |68%

Passenger car

. 0.2% 0.3% 37.9% | 42.6% | 54.5% | 552% | 50.9% | 429% | 41.5%
as driver

Passengercar | yy 5o | 3509 | 147% | 129% | 103% |97% | 115% |163% | 163%
as passenger

Public

ransport 5.1% 144% | 15.7% 13.4% | 8.5% 8.0% 7.6% 5.8% 9.3%
Taxi 1.8% 1.0% 0.5% 0.7% 0.6% 0.6% 0.6% 0.8% 0.8%
Other 4.4% 7.8% 3.1% 3.0% 4.8% 6.3% 5.7% 42% 4.8%
N/A 0.0% 0.0% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0%

Grand Total | 100% 100% 100% 100% 100% 100% 100% 100% 100%

Source: (Data from Finnish Transport Agency 2018)

The modal shares in different age groups in Finland are presented in table 2. Under
18 years old do most of their trips as car passengers, pedestrians and cyclists. The
relatively high share of children’s taxi use is explained by school rides, especially
typical in rural areas with long distances. It’s worth to note that many of children’s
trips are done together with their parents. The MaaS solution should acknowledge this
and for instance offer a mobility package including services for the whole family. For
children under 18 years of age, over 40% of the trips is done by walking and cycling,
and considering this especially from sustainability point of view, the MaaS scheme
could include bikes (e.g. shared bikes, city bikes or rental bikes), and encourage
children to cycle even more, maybe replacing some the current car trips by biking.

As can be seen in table 2, the 18-24-year-olds are in a transition phase where
the main mode is already passenger car as a driver (38%), but not as clearly as for
the 35-64-year-olds, who do more than 50% of their trips as car drivers. Walking
has an important role in every age group, but it is worth to note that these trips are
short, thus representing only a small portion of the passenger mileage. In cycling,
we can recognise a diminishing role the older generations are. Like walking trips,
cycling trips are short in general, and they are not very likely replaced by mobility
services. The share of public transport is the highest in age group 18-24, which also
indicates high potential from MaaS perspective as the youngsters are already more
familiar to using mobility services compared to other age groups.

63



Potential User Groups of Mobility as a Service in Finland

Based on national travel survey data from Finnish Transport Agency (2018),
we can find that most of the trips are done by single transport mode in Finland. In
2016, multimodal trips accounted for 16% of all trips. Most typical travel chains
are passenger car and walking (6,5% of all trips) and public transport (without
changes between public transport means) and walking (5,6%). Other combinations,
e.g. public transport, cycling and walking, are clearly much rarer (Pastinen 2018).
With a currently low share of all trips being multimodal, this offers simultaneously a
challenge and potential for MaaS as MaaS solutions are aiming to offer competitive
multimodal trip chains.

Compared to the share of trips in Finland, the passenger mileage is even more
car dominant reflecting longer trips done by car than on foot or by bike. Clearly
the smallest passenger car mileage is in the inner urban area. The mileage grows
in the outer and peri-urban areas likely as a result of sparser population density
and longer distances to attractions such as workplaces and commercial activities.
The highest mileage is in the sparsely populated rural areas where the distances
are usually long and therefore passenger car is the most viable option for travelling
(Finnish Transport Agency 2018). From MaaS perspective, the difference between
passenger car driver and passenger is that drivers are less eager to change mode and
give up driving compared to passengers who are already more familiar to the role
of passenger. It has been explicitly noted, that drivers are very attached to using
their vehicles (Tertoolen et al. 1998). Based on the responses to the survey, we can
state that the ones currently using passenger car to great extent were not as ready
to alter their travel behaviour and adopt MaaS services as the respondents, who use
cars less or not at all. The ones driving a lot are used to using their own car and
thus giving up car ownership and adopting mobility services is considered difficult.

Looking at mobility from a household perspective, it is usual that the passengers
in passenger cars are from the same household as the driver. This presents at the
same time a challenge and a potential for MaaS as a MaaS scheme for a household
could change the mobility practices for the whole household to other modes than
passenger cars, or at least the person(s) usually being the car passenger(s) could
adopt different mobility services in the role of a passenger. Yet, it requires a big
shift, and is a major challenge to overcome for MaaS. Based on the survey results,
the type of household and number of household members are not essential when
considering the MaaS potential. Instead, other issues influence the interestedness
towards MaaS services. However, the survey was directed to individuals, and
the situations, where MaaS services could fulfil the mobility needs of the entire
household, were not considered.

In Finland, there is a clear difference in the number of cars in use in households
of different sizes. Almost half of the one-person households have not a car in
use, whereas over half of four+-person households have more than one car in use
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(Statistics Finland 2012). Considering this from Maa$S point of view, there is clear
potential related to the households not owning a car. The challenge is to make the
MaaS scheme tempting for the households with one or more cars. For multicar-
households, MaaS can offer the possibility to give up car ownership, and even
if not totally, mobility services could replace the second or third car. The survey
results indicate that people in households without a car are considerably more often
interested in MaaS services compared to people in households with a car. We also
found that the respondents living in households with one car are more often interested
in adopting MaasS services compared to respondents in households with two or more
cars. In the survey, MaaS was considered as the primary transport option and as the
alternative to passenger car. If the MaaS service would have been considered as a
secondary mobility option, replacing the possible second car in the household, the
results would have probably been different.

In addition to positive outcomes from transport policy point of view, MaaS
could also lead to a mode-shift away from public transport and increasing number
of journeys (Transport Systems Catapult 2016). If MaaS offers improved individual
mobility, this could mean more traffic and eventually more congestion (Rantasila
2016). People could e.g. replace conventional timetabled public transport with
flexible car-sharing services during the peak hours (Henscher 2017).

Based on the survey results, the respondents who use public transport are more
interested in adopting MaaS services. Additionally, the respondents, who currently
drove less, were more interested in MaaS services. These results indicate that
MaaS may increase traffic and may lead to a shift towards car-oriented mobility, if
MaasS offerings include e.g. shared cars and taxi services. In this case, the share of
sustainable modes, i.e. walking, cycling, and public transport, may decrease as trips
are done more often by car. The current public transport users as well as the ones,
who currently travel less by car, live mostly in urban areas. Therefore, the increasing
traffic may lead to notable problems e.g. due to congestion in cities.

THE RELIABILITY OF THE RESULTS

This study is based on findings from previous research and analysing the results of
an original survey on the potential user groups of MaaS. The survey with a large
sample size of 6,000, was carried out as a postal questionnaire with the option
for the respondent to answer on the internet. The response rate of the survey was
rather low, 19.6%. Compared to a somewhat similar, recent Finnish survey on the
attitudes towards automated vehicles, we can find the response rate to be nearly
the same, as the percentage in that study (Liljamo et al. 2018) was 20.4%. Low
response rate makes it possible that the respondents do not present the actual view
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of the whole population. The low response rate can be partly a result of people not
being interested in the topic, and the ones responding may then be more interested
than people in general.

Generally, older generations had a higher response rate compared to younger
generations, and women compared to men. We found that these groups, which were
more active to respond to the survey, were less interested in adopting MaaS. It can
be speculated that if we had had more men or young to respond to the survey, and
a higher response rate among these respondent groups, would the results have been
different.

Inthe survey, we tried to be as clear as possible with the questions and statements.
Still, it can be that the respondents have had difficulties to comprehend some of
the issues in the questionnaire as most respondents were not that familiar with
integrated mobility services. Additionally, some might have experienced it to be
difficult to answer the hypothetical questions, e.g. if there is service available that
can fulfil all mobility needs, and with a competitive price, is there a need or will
for car ownership. We found that about 30% of the respondents chose “I do not
know” to survey’s question 7, which might be a result of experienced difficulties.
In the survey feedback, the questionnaire was mostly considered explicit, but some
questions were found difficult to answer. The greatest concern of the respondents was
related to the feasibility of Maas in rural context, and some of the rural respondents
found the survey somewhat irrelevant. The difficulties in grasping the issues of the
survey may also have an influence on the low response rate.

Related to the validity of the study, we next discuss the connections between the
research questions and the questions in the survey. Three research questions presented
in this chapter were 1) what is the interest towards MaaS among ordinary people,
2) which are the most potential user groups of MaaS, and 3) how do current trends
in demographics and mobility affect the potential of MaaS. The first and second
research question is mostly approached through analysing responses to the survey’s
questions 7 and 11c. Of these question 7 (would the respondent adopt the mobility
package at a price the respondent was asked to define) was focusing merely on the
willingness to adopt MaaS, whereas question 11c questioned the need and will to own
a private car if there was a competitive mobility package available. It’s noteworthy
that both these survey questions were hypothetical and presented assumptions of
a high quality and price competitive MaaS solution, which might be difficult to
realise in real life setting (in question 7 the mobility package is stated to able to
fulfil all transport needs, and in question 11c the mobility package has additionally
markedly lower annual costs compared to private car). The research question 3 was
approached in section 5 by discussing the findings related to the survey in connection
with previous studies and data related to Finnish demographics and mobility.
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Related to reliability, the statistical significance of survey results was analysed.
Even though the response rate was rather low, the differences between the analysed
user groups were usually statistically significant or very significant. As the response
rate and the number of responses in different groups was relatively low (e.g. 50
responses from 18-24-year-old males), we chose to analyse the findings related to
different background information separately (not e.g. analysing specific age groups
in densely-populated areas or related to educational level).

As there is currently only a small number of previous studies, and especially
research published in peer-reviewed scientific journals, on potential user groups
of MaaS that are based on end-user surveys, a direct comparison cannot be made
between previous studies and the results of this study. However, there are some
MaaS-related reports presenting survey results. In the survey by ITS Australia
(2018), same groups (young, men, highly educated, urban dwellers, using public
transport more often) were identified as the most potential MaaS users. The Finnish
survey by Solita (2017) found similar low recognition of MaaS concept among the
respondents, as well as similar level of willingness to pay. The reliability of this
paper is also supported by the findings from MaaS-London project (Kamargianni
et al. 2018), in which especially the young have been identified as potential utiliser
of MaaS. Also, some of the services which are expected to be bundled to MaaS
offering, e.g. car-sharing, are found to attract especially young and highly educated
people (Beckeretal. 2017a,2017b), which again highlight these groups as especially
potential user groups.

CONCLUSION

MaasS is still a new concept, and to ordinary people MaaS as a term and concept
remains to be generally unknown. In Finland, 20.4% of the survey respondents in
April - June 2018 had heard or read about Mobility as a Service before the survey.
This is about 4 percentage points higher than in the survey by Solita (2017) a year
earlier in Finland. This low awareness of MaaS is notable and may also affect the
results as higher awareness of MaaS could lead to better recognition of MaaS potential.
In the design of survey, it was recognised the MaaS is a new concept and likely
unfamiliar to most respondents and therefore the survey questions were formulated
in a way that the respondents could answer without prior knowledge about MaaS.

MaaS has potential to change the mobility practices of people. The potential
varies anyhow in different geographical areas and for different population groups.
To be able to assess and address the potential and challenges of MaaS it is important
to recognise the differences between user groups. In this paper, we found many
differences in the interest towards MaaS adoption. We found that particularly the
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ones who currently use public transport, live in households without a car, are aged
25-34, and are highly educated were more interested to adopt MaasS services. We also
found that people living in urban areas and in apartment houses indicated a higher
interest towards MaaS adoption. In general, we found that MaaS has the greatest
potential on urban areas and the younger people are especially interesting from
MaaS point of view. Based on the results, the MaaS offerings can be targeted to the
areas and user groups with the greatest potential. This is especially recommended
for commercial MaaS operators who seek to gather enough users to operate a
commercially successful MaaS scheme. For authorities, this means that if they want
to support Maa$S, most support is needed outside these areas with highest potential.
The interests of business and authorities can also be aligned especially in urban
areas, where public transport could attract more users when being offered also as
a part of a MaaS scheme.

For all stakeholders, it is recommended to invest in making MaaS a concept
which would be generally recognised. Even if the term MaaS would not become
familiar to average Joe, people should be aware of systems, which integrate mobility
services and offer an option for private car ownership and use. Additionally for
MaaS operators, this study highlights that the MaaS offerings should be reasonably
priced as people in the survey were generally willing to pay on average 139 euros a
month for a mobility package, which would fulfil all mobility needs. For authorities,
if they see MaaS as a sensible medium for more sustainable transport, it should be
considered to increase the costs related to car ownership and use in order to make
MaaS a more tempting option especially for those, who currently use car to a high
degree.

Even though this chapter draws especially on the findings from a Finnish survey,
we can note that the potential user groups are similar to those found in other countries,
e.g. Australia. In future research, it would be interesting to undertake comparisons
between countries, and to analyse, e.g., to which extent the people in general are
interested in MaaS and especially what type of MaaS offerings are of interest to
different users, e.g. what are the mobility services people want to include in the
mobility package. In addition to focusing on the individual user’s point of view,
also the household perspective of MaaS should be addressed, e.g. by a MaaS survey
focusing on the mobility needs of entire households, including children, too. Also,
the MaaS potential among senior citizens should be studied in future.

There are also many other important MaaS related issues, which require further
research. Since there is not much data of current MaaS users available as MaaS
services have just recently been launched and the companies providing MaaS
services have not openly shared the data, the research in this chapter is based on
alternative sources. In future, if the data of current users can be used for research, it
should be studied whether the identified user groups match results of this study. The
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findings from different MaaS pilots and commercial schemes are very interesting
as these may be combined to reveal on the potential user groups (e.g., who are
using the services, how are the services used) and the potential of MaaS overall.
Additionally, specific user groups such as the elderly, who were not surveyed in
this study, or people in living rural areas should be studied more precisely in the
future. It should be also studied, how people without smartphones or with lacking
skills to use mobile applications could benefit from MaaS. Finally, the willingness
to adopt MaaS services, e.g. willingness to pay for different types of services and
in different user groups, is of great research interest.
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APPENDIX A: QUESTIONNAIRE

Figure 1.

1. Have you ever heard or read about the concept of Maa$ (Mobility as a Service)?

7 Yes J No

2. What are your views on the following mobility pricing options?

a) Package pricing: a fixed monthly fee is paid for mobility. Mobility package can include for example
unlimited local public transport and a certain amount of taxi rides or use of a rental car.
Very Somewhat Neutral Somewhat Very
D positive D positive D D negative D negative

b) Current form mixed pricing: both fixed fees and taxes (e.g. vehicle insurance and vehicle tax) and fees
based on use (e.g. fuels and single tickets in public transport)

Very Somewhat Neutral Somewhat Very
D positive D positive D D negative D negative

c) Usage based travel or kilometer-based pricing: fee is solely based on the amount of use of mobility
service or private car

Very Somewhat Neutral Somewhat Very
D positive D positive D D negative D negative

Strongly ~ Somewhat Neither agree Somewhat  Strongly

3. What do you think of the following statements? oies sEEE  hordiGnes diGEee  digEes

It should be possible to combine all mobility services

and use them with single ticket and application |:| D |:| ]:| |:|
(e.g. taxi, train and bus with the same ticket).

I would like to have all costs of my travelling to be
included in a single monthly payment.

I think that the cost of my mobility is currently low
enough so | can fulfil my daily mobility needs.

I think that it is difficult or cumbersome to use public
transport (including long-distance public transport)

I think that personal space, time and peace in private
car are important criteria for me when choosing the
mode of transport.

I think that | can fulfil my daily mobility needs by
using other modes of transport than private car.
Transport transformation from using private cars
towards mobility services would be a desirable trend.

0O O 0o o o O
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Figure 2.

4. How interested would you be in the following mobility services if they were available for use in your
daily life or on holiday/business trips?

Shared taxi

Works like a conventional taxi, but there may
also be strangers as passengers so travel time
can be slightly longer but the cost of travel is

reduced
] |

Somewhat Not at all

Very
interested interested interested

Shared car

O

Very

interested

O

Somewhat
interested

Shared cars would be available nearby to be
booked and claimed with a mobile device. The
cost would be approximately 1 € / km

O

Not at all
interested

5. Which of the following describes the best your current mobility habits and mobility costs? Choose
one option for each row that best describes your current mobility habits. In the parenthesis is the
estimate of average monthly cost of each option (see the cover letter for more instructions).

Owning a car D
(incl. taxes, insurances,
decrease in value, parking) ety
! (0 €/mo.)
Use of a car as a driver or |
passenger No usage
(incl. fuel, maintenance, tires,
washes etc.) (0 €/mo.)
Use of local public transport fausage
(0 €/mo.)
Use of long-distance public No usage
transport
(0 €/mo.)
Use of other mobility L]
5 No usage
services
(taxi, rental car) (0€/mo.)

O

Car, value less
than 10 000 €
(150 €/mo.)

Less than 10 000
km per year
(50 €/mo.)

O

Low usage

(10 €/mo.)

O

Usage a few
times a year
(20 €/mo.)

O

Usage a few
times a year
(20 €/mo.)

O

Car, value
10 000 — 25 000 €
(300 €/mo.)

10 000 - 25 000
km per year
(150 €/mo.)

|

Weekly usage

(30 €/mo.)

O

Monthly usage

(50 €/mo.)

Monthly usage

(50 €/mo.)

O

Car, value more
than 25 000 €
(450 €/mo.)

Over 25 000 km
per year
(300 €/mo.)

O

Almost daily
usage
(50 €/mo.)

O

Weekly usage

(100 €/mo.)

O

Weekly usage

(100 €/mo.)

6. Using the table above, you can calculate an estimate of the monthly cost of your mobility. Do
you think that this sum corresponds to the real costs of your mobility?

D Yes

|:| No, the real costs of my mobility are approximately

D | do not know much money | use for my mobility

euros per month.

7. Assume that a suitable mobility package could cover all your mobility needs. What price should
the mobility package have so that you would buy it?
The mobility package would include e.g. public transport, taxi and shared or rented cars.

euros per month
[ 1 do not know
[] 1 would not adopt the package
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Figure 3.

PART 111

8. Assume that you would buy a mobility package and you would not own a car at all. How much
would you use the following mobility services? Choose one option for each row!

L 0l U 0

Shared or rented car Over 15 d/mo. Approx. 10 d/mo.  Approx. 5 d/mo. Less than 2 d/mo.
(over 20 000 km (10 000-20 000 (5 000-10 000 (less than 5 000
per year) km per year) km per year) km per year)

Useiof losal public Usage almost daily ~ Weekly usage Monthly usage Usage a few times

transport oy

0 0 | U

Usage almost daily ~ Weekly usage Monthly usage Usage a few times
ayear

Use of long-distance public
transport

Usage almost daily  Weekly usage Monthly usage Usage a few times
ayear

Use of other mobility
services
(e.g. taxi, city bikes)

9. Would you travel more often or longer trips, if
a) The mobility costs were cheaper than currently? [] Yes ] No

b) You had a fixed price monthly package that included an unlimited |:] Yes D No
number of trips?

The national energy and climate strategy of Finland aims to promote mobility services so that
travelling alone by a car reduces and the growth of car traffic in urban areas stops despite
population growth.

10. What do you think of the following Strongly ~ Somewhat Neitheragree Somewhat Strongly

statements regarding the climate strategy? agree agree  nordisagree disagree  disagree
Private car traffic should be limited to reduce I:l |:| |:| |:| D
emissions

Public transport should be funded more with tax
revenues to decrease headways

Transport investments should be allocated more to
the construction of railways and tramways instead of
road and street construction

The obligation of building parking spaces should be
waived when building new apartments

In city centres, there should be more pedestrian and
public transport streets and limited private car traffic.

Shared cars should be exempt from car taxes and
parking fees

Congestion charges should be implemented in the
metropolitan area

The amount of the tax deductibility of commuting
should be same for all mode of transport

O 0Oo0oodo g O
O 0O oO0Oo0oOo o O
O 0o oo o o
O 0O O0Odo o O
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Figure 4.

11. Would you want or need to own a private car, if
a) Public transport connections were good enough to fulfil your daily mobility needs ?

|:| Yes l:l No

b) Rental or shared car were always available within 500 meters and the annual cost of using it was less
than the annual cost of an own car?

El Yes |:| No

c) The annual cost of the mobility service (incl. e.g. public transport, shared taxis and shared cars) was
significantly lower than your own car and you could fulfil all your mobility needs with it.

|:| Yes El No

12. How old are you? 18. What is your household gross income per
years month?
13. What i der? I:l Less than 2 000 € D 4 000-6 000 €
. What is your gender
[Jwoman[_]Man []oOther [ 20004000 []overso0e
o 5 19. How many cars do you have in
14. Do you have a driver’s license? your household?
[COyes [No
car(s)
'1‘5' Hol“N l': any peol;;l.e alre di" d\‘/’our 20. Have you registered for one of the following
ousehold, yoursell inclucea: mobility services: Whim, Kyyti, Kiteva Sein&joki,

DriveNow tai OP Kulku? (Maa$ operators in Finland)

|:| Yes D No

person(s)

16. What kind of house do you live in?

[] Apartment house ] Row house 21. What is your highest level of education you
[[] Detached house [] Other have graduated or studying at the moment?
i | i |
17. Do you have any permanent injuries or I:l ;;maell'zrs':hoo D I-l\llllghtsctloo
illnesses that affect your driving? [] Master’s
degree degree

|:| Yes |:| No

22. Open feedback regarding mobility services

23. Open feedback regarding this survey

THANK YOU FOR THE PARTICIPATION!
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APPENDIX B” RESULT TABLES

Question 7: Assume that a suitable mobility package could cover all your mobility
needs. What price should the mobility package have so that you would buy it?

Table 3. Question 7 cross tabulated with cars in a household (N=1,155, Chi-Square

p<0.001)
4 or More
0 (N=184) 1 (N=504) 2 (N=378) 3 (N=64) (N=25)
Could buy 58.2% 43.7% 37.6% 35.9% 24.0%
Can not say 29.9% 31.0% 33.9% 26.6% 20.0%
Would not buy 12.0% 25.4% 28.6% 37.5% 56.0%

Table 4. Question 7 cross tabulated with age group (N=1,171, Chi-Square p<0.001)

18-24 (N=109) | 25-34 (N=225) | 35-44 (N=224) | 45-54 (N=244) | 55-64 (N=369)
Could buy 45.9% 55.1% 46.9% 43.9% 32.8%
Can not say 33.0% 27.6% 29.5% 25.4% 37.7%
‘Would not buy 21.1% 17.3% 23.7% 30.7% 29.5%

Table 5. Question 7 cross tabulated with level of education (N=1,167, Chi-Square

p=0.001)
Primary School | High School (N= Bachelor’s Master’s or PhD
(N=80) 377) Degree (N=444) Degree (N=266)
Could buy 26.3% 39.5% 44.4% 52.6%
Can not say 37.5% 34.5% 30.6% 25.9%
Would not buy 36.3% 26.0% 25.0% 21.4%
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Table 6. Question 7 cross tabulated with place of residence in (N=1,171, Chi-Square

p=0.119)
Densely Populated Sparsely Populated Sparsely Populated
Urban Area (N=592) Urban Area (N=368) Area (N=211)
Could buy 47.0% 39.4% 39.8%
Can not say 30.1% 32.1% 32.7%
‘Would not buy 23.0% 28.5% 27.5%

Table 7. Question 7 cross tabulated with type of the house (N=1,167, Chi-Square

p<0.001)
Apartment House _ Detached House
(N=409) Row House (N=192) (N=557)
Could buy 49.4% 42.7% 39.5%
Can not say 32.8% 31.3% 29.8%
‘Would not buy 17.8% 26.0% 30.7%

Table 8. Question 7 cross tabulated with use of a car as a driver or passenger per
year (N=1,167, Chi-Square p<0.001)

No Usage Less Than 10,000 10,000-25,000 Over 25,000 km
(N=117) km (N=398) km (N=467) (N=185)
Could buy 47.0% 50.0% 37.5% 40.5%
Can not say 39.3% 30.7% 33.4% 22.7%
Would not buy 13.7% 19.3% 29.1% 36.8%

Table 9. Question 7 cross tabulated with use of local public transport (N=1,168,

Chi-Square p<0.001)

No Usage Low Usage Weekly Usage Almost Daily
(N=519) (N=394) (N=121) (N=134)
Could buy 36.4% 43.4% 50.4% 64.2%
Can not say 28.5% 36.0% 33.1% 25.4%
Would not buy 35.1% 20.6% 16.5% 10.4%
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Table 10. Question 7 cross tabulated with use of long-distance public transport
(N=1,168, Chi-Square p<0.001)

No usage ’Eiﬁf::g::r Monthly Use Weekly Use
(N=472) (N=574) (N=88) (N=34)
Could buy 32.2% 47.0% 67.0% 76.5%
Can not say 32.8% 33.1% 19.3% 5.9%
Would not buy 35.0% 19.9% 13.6% 17.6%

Table 11. Question 7 cross tabulated with heard or read about concept of MaaS
before (N=1,166, Chi-Square p<0.001)

Yes (N=241) No (N=925)
Could buy 52.7% 41.0%
Can not say 18.7% 34.2%
‘Would not buy 28.6% 24.9%

Question 11c: Would you want or need to own a private car, if the annual cost of the
mobility service (incl. e.g. public transport, shared taxis and shared cars) was
significantly lower than your own car and you could fulfil all your mobility

needs with it.

Table 12. Question 11c cross tabulated with cars in a household (N=1,151, Chi-

Square p<0.001)
4 or More
0 (N=185) 1 (N=503) 2 (N=376) 3 (N=63) (N=24)
Yes 23.2% 40.4% 50.5% 49.2% 75.0%
No 76.8% 59.6% 49.5% 50.8% 25.0%
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Table 13. Question 11c cross tabulated with use of car as a driver or passenger per
yvear (N=1,163, Chi-Square p<0.001)

No usage (No117) | L€ss Than 10000 | 10,000-25,000km | Over 25,000 km
ge (N= km (N=397) (N=465) (N=184)

Yes 20.5% 35.3% 50.1% 50.0%

No 79.5% 64.7% 49.9% 50.0%

Table 14. Question 1l1c cross tabulated with place of residence in (N=1,167, Chi-

Square p=0.004)

Densely Populated Sparsely Populated Sparsely Populated Area
Urban Area (N=590) Urban Area (N=366) (N=211)
Yes 38.1% 43.2% 51.2%
No 61.9% 56.8% 48.8%

Table 15. Question 11c cross tabulated with type of the house (N=1,163, Chi-Square

p<0.001)
Apartment House Row House (N=191) | Detached House (N=554)
(N=409)
Yes 323% 41.9% 49.1%
No 67.7% 58.1% 50.9%

Table 16. Question 1 I c cross tabulated withage group (N=1,167, Chi-Square p<0.001)

18-24 (N=108)

25-34 (N=222)

35-44 (N=223)

45-54 (N=245)

55-64 (N=369)

35.2%

29.7%

39.0%

47.3%

50.1%

64.8%

70.3%

61.0%

52.7%

49.9%
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Table 17. Question 11c cross tabulated with level of education (N=1,163, Chi-

Square p<0.001)
Primary School High School (N= Bachelor’s Degree Master’s or PhD
(N=80) 374) (N=444) Degree (N=266)
Yes 53.8% 47.3% 43.0% 29.1%
No 46.3% 52.7% 57.0% 70.9%

Table 18. Question 11c cross tabulated with gender (N=1,168, Chi-Square p<0.001)

‘Woman (N=630) Man (N=539)
Yes 34.6% 51.0%
No 65.4% 49.0%

Table 19. Question 11c cross tabulated with use of local public transport (N=1,164,
Chi-Square p<0.001)

_ Low Usage Weekly Usage Almost Daily
No Usage (N=517) (N=393) (N=121) (N=133)
Yes 52.4% 41.2% 22.3% 22.6%
No 47.6% 58.8% 77.7% 77.4%

Table 20. Question 11c cross tabulated with use of long-distance public transport
(N=1,164, Chi-Square p<0.001)

_ Usage a Few Times Monthly Use _
No Usage (N=471) a Year (N=571) (N=88) Weekly Use (N=34)
Yes 52.4% 37.1% 28.4% 17.6%
No 47.6% 62.9% 71.6% 82.4%
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Abstract

There have been some studies into the effects of automated vehicles (AV) on modal shares, but their results seem
to conflict. The purpose of this study is to increase understanding about the possible impacts of AVs on future
modal shares. The study presents results from an extensive citizen survey (N=2,036), which was conducted using
stated preference method. Based on the results, it can be expected that AVs will impact the modal split in varying
ways in different areas. The modal share of public transport is likely to increase along strong trunk routes, while
elsewhere the share of passenger cars is expected to grow. The results also suggest that AVs could bring about
significant demand for shared taxis and on-demand public transport. Some differences were also found between
different user groups in terms of response distribution and the interest in using various modes of transport.
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1. Introduction

Several car manufacturers have stated their intention of introducing highly automated vehicles to the market in the
2020s (Techworld 2019). Similarly, many countries have permitted the testing and use of AVs on the road network,
under certain restrictions (FT 2017; NCSL 2018). The scientific community, too, has recognised the potential AV-
induced shift in the transport system with an increase in studies on the effects of AVs on the transport system in
recent years (see e.g. Cavoli et al. 2017; Milakis et al. 2017; Fraedrich et al. 2018). One of the research topics is
the impact of AVs on future modal shares, where some relevant research has been conducted (e.g. Alessandrini et
al. 2014; Gruel & Stanford 2015; Heilig et al. 2016; Kroger et al. 2016), but the results seem to be somewhat
conflicting. Therefore, the purpose of this study is to increase understanding of the possible impacts of AVs on the
future modal shares.

1.1. Effects of AVs on the modal split

The effects of AVs on the modal split depend on what their role will be and how they will ultimately be used. In
the relevant scientific literature, there has been some discussion of these effects. Primarily, the studies are based
on various simulations and specialist methods. Particularly in a scenario where AVs are owned and used as
conventional cars currently are, the modal share of AVs is expected to increase. However, in scenarios where AVs
are used for shared transport and possibly to complement public transport, the impact on the modal split may, in
fact, be inverse (Cavoli et al. 2017).

According to Sessa et al. (2016) the majority of experts in a workshop believed that the modal share of passenger
cars will increase in urban areas by roughly 10-30%, whereas the use of public transport is anticipated to decrease
by the same amount. In rural areas where the modal share of public transport is low to start with, the changes are
expected to be minor. The change in the modal split was estimated to be due to the improvement of comfort and
the increasing demand for passenger car transport among young people, senior citizens and people with health
issues. (Sessa et al. 2016)

However, some of the experts involved questioned the decrease in the modal share of public transport in the
absence of any certainty with regard to cost levels. If the use of a passenger car is significantly more expensive
than public transport, the modal share of the latter may even increase. AVs will increase the cost efficiency of
public transport, which will enable a significant improvement in the service level. In addition to this, AVs provide
a solution to the last mile issue of public transport, which may increase the modal share of public transport. (Sessa
et al. 2016)

In most studies, AVs are expected to increase the modal share of passenger cars while decreasing the share of
public transport, in particular. In their study, Kroger et al. (2016) modelled the impacts of privately-owned cars at
automation levels 4 and 5 (SAE 2016, Standard J3016) on the numbers of trips using different modes of travel in
Germany and the United States. AVs are anticipated to result in the largest decreases in the modal shares of public
transport and cycling, whereas the changes in terms of walking are expected to be smaller. Davidson and Spinoulas
(2016) arrived at the same conclusion in their simulations: In all likelihood, AVs will increase the modal share of
passenger cars and reduce the share of walking, cycling and public transport. However, costs play an important
role in this change. If the cost level is high, it is also possible for the modal split to become more weighted towards
walking, cycling and public transport. Gruel and Stanford (2015) have considered the impacts of AVs in a variety
of scenarios. The problem with regard to modal shares was found to be the increasing focus on passenger cars due
to the appeal of AVs. However, in the shared use scenario, the costs of passenger car transport are easier to discern,
which may increase the appeal of public transport because of its affordability.

Alessandrini et al. (2014) placed a particular focus on the potential of AVs as a supplementary mode of travel to
public transport, which could even increase the modal share of public transport and decrease the share of passenger
cars. Heilig et al. (2016) simulated the impacts of AVs on the modal split in Stuttgart, Germany. The study indicates
that replacing privately-owned passenger cars with shared AVs would reduce the modal share of passenger cars in
relation to other modes of transport. There are also many other studies that give due consideration to the fact that
AVs may complement public transport and increase its modal share (Cavoli et al. 2017).



Literature on the topic has also postulated that AVs may increase passenger and vehicle kilometres as a result of
the increased appeal and availability of car travel (Davidson & Spinoulas 2016; Sessa et al. 2015; Truong et al.
2017). In the event that AV generate more passenger car kilometres, this would directly increase the modal share
of car travel.

1.2. The aim of this study

The impact of AVs on the modal split would appear to be a rather conflicted topic since it is currently impossible
to predict many of the key influencing factors with certainty. These factors include changes in car ownership and
behavioural models, the functionality and coverage of transport services, total cost impacts for various modes of
transport, varying allocation of costs (based on kilometres, for example), changes in urban structure and planning,
and decisions related to transport policy. Earlier studies on the effects of AVs on the modal split have included
many assumptions and scenarios on the reception and possible use of AVs among the populace. However, the
studies have not considered the preferences indicated by the users.

Many surveys have been conducted to determine people’s attitudes towards and interest in using AVs. There has
not been a study on the effects of AVs on the modal split through a sample representing the entire population, with
due consideration to people’s interest in using various modes of transport (Gkartzonikas & Gkritza 2019). The aim
of this study is to fill the gap regarding user views on AVs and the shift they enable with regard to modal shares.
The aim of the study will be reached by answering the following questions:

1) How can AVs impact the modal share of private cars and public transport?
2) How do choices of transport modes differ between user groups as a result of AVs?
3) What is the interest of people towards different forms of AV use (personal car, car sharing, ride sharing)?

2. Data and methods

In 2017, a survey was conducted in Finland on the attitudes of 18—64-year old Finns towards automated vehicles
and the effects of these vehicles on how people move from one place to another. The survey was mainly conducted
by using the SP method (stated preference), i.e. by utilising hypothetical options. The survey mapped the
respondents’ background information, such as age, gender and whether they had a driving licence, to help
categorise the respondents. The other questions consisted of multiple choice and option ranking. An English
translation of the questionnaire can be found in Appendix A.

In this study, the research questions is answered by examining the responses to survey questions 5, 8 and 9, which
were ranking tasks implemented with the SP method. The SP method aims to build fictional choice scenarios that
are as true-to-life as possible. Usually, the attributes and underlying assumptions stay the same, but there is
variation in the attribute levels applied. In this way, the results can be analysed by means of a logit model and
utility functions to reveal the effect of the attribute levels on the multiple choice question (Baidoo & Nyarko,
2015).

In this study, however, we decided to take a different approach to the SP method. The aim was to formulate the
scenarios of choosing between A Vs, traditional passenger cars and public transport to be as true-to-life as possible,
with variation in the background information and available modes of transport but no variability with regard to the
values used. This enabled more detailed examination of the appeal of AVs and their impact on the modal split.

The sample group for the survey was randomly selected from the national population register by age and gender
group in proportion to the population’s age and gender distribution. The base set of the sample consisted of Finnish
citizens 18—64 years of age. The size of the base set was 3,271,630 people, based on the population projection of
2017 (Statistics Finland 2015). The sampling fraction was 0.3%, and the size of the sample was 10,000 people.



The survey was taken by 2,036 respondents, 995 of whom were male and 1,041 female. The response rate by age
group increased steadily, meaning that the response rate among the 18-24-year-olds was approximately 13% and
among the 55-64-year-olds approximately 29%. Sample, the number of respondents and the response rate, grouped
by age and gender are presented in Table 2 in Appendix B.

The survey section on background information did not ask for the respondent’s place of residence, which was
instead determined based on the postcode provided. The respondents’ addresses’ postal codes were connected
through Statistics Finland’s (2016) database with the seven-level urban-rural classification by Finland’s
environmental administration (2017). To better facilitate our analysis, the places of residence were divided into
three categories, which are I) densely populated urban area (includes inner city and outer city areas of the original
classification), II) sparsely populated urban area (includes exurbs, local rural centres areas, and countryside near
cities), and III) sparsely populated area (includes rural heartland and sparsely populated countryside).

3. Results

3.1. Personal car, personal AV and public transport

Figures 1-3 present the SP ranking questions (question 5) that task the respondents with selecting an order of
preference for a personal car, personal AV and public transport with regard to varying distances as well as cost,
travel duration and walking distance values. The cover letter accompanying the survey indicated to the respondents
that the costs specified in these questions include all calculated costs of ownership, maintenance and use, and the
travel duration and walking distance encompass the entire time spent and distance travelled from door to door.
The questions also presume that the AVs used are highly automated vehicles that have been found to be safe and
reliable enough for the driver to even sleep in transit. For the sake of clarity, it is assumed that the trips are taken
alone and not with family members, for example. In figures 1-3, the green bar refers to the proportion of
respondents who ranked the mode of transport in question as the most desirable option, i.e. assigned it with the
value 1. Correspondingly, beige refers to the value 2, the second most desirable option, while red refers to the
value 3, the least desirable option.

Travelling daily from city centre A to city centre B with one-way distance of 200 km.
Personal car Personal AV Public transport
Costs 40€ 45€ 20€
Travel duration 2 h 30 min 2h 15 min 2 h35 min
Walking distance 500 m 100 m 300 m
Personal car ]
Personal AV |
Public transport ]

0% 100% 20% 30% 40% 50% 60% 70% 80% 90% 100%
The most desirable The 2nd most desirable M The least desirable

Figure 1. Order of preference for long distances of 200 km between cities. N = 2,000.



Travelling daily from the city outskirts to the city centre with one-way distance of 10 km.
Personal car Personal AV Public transport

Costs 6€ 6€ 2€
Travel duration 15 min 10 min 25 min
Walking distance 400 m 100 m 600 m

Personal car [N |

Personal AV [ I
Public transport [ I

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M The most desirable The 2nd most desirable M The least desirable

Figure 2. Order of preference for short distances of 10 km within a city. N = 2,002.
Travelling daily in rural area with one-way distance of 100 km.
Personal car Personal AV Public transport
Costs 18 € 21€ 10€
Travel duration 1 h 5 min 1 h 5 min 1 h35min
Walking distance 50 m 50 m 600 m
Personal car  ——— I
Personal AV [N I
Public transport [N |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B The most desirable The 2nd most desirable M The least desirable

Figure 3. Order of preference for distances of 100 km in sparsely populated areas. N = 2,002.

Particularly for 200 km intercity travel, public transport is regarded as the best option, as almost 50% of the
respondents ranked it as the best mode of travel. For 10 km travel within cities, public transport was most often
ranked as the preferred mode, but it was also most frequently evaluated as the worst option. For 100 km trips in
sparsely populated areas, however, a personal car was ranked as the best option by far, whereas public transport
was found to be the least desirable option.

The AV is evaluated fairly similarly in all of the ranking questions, regardless of costs, travel duration or walking
distance. The proportions of public transport and personal car, in turn, vary significantly between questions. It is
possible that, for AVs, personal prejudices affect the responses more than the actual variables involved. The only
context in which the AV was ranked as the best option more often than a personal car was the 10 km travel within
a city. In this question, the travel costs were equal between the personal car and AV, but the travel duration and
walking distance shorter with the AV.

The respondents can also be divided into groups based on their ranking of a specific mode of travel as the most or
least desirable option in all sections. This allows us to identify those who always choose the same transport mode
regardless of the variables. Table 1 presents the numbers of respondents who have ranked each mode of transport
as the most desirable option in all questions presented in figures 1-3.

Table 1. Respondents who ranked the same mode as the most desirable in every section.
Number of Share of all
respondents respondents
Personal car 321 16 %
Personal AV 234 12%
Public transport 263 13%

As Table 1 shows, every mode of transport had a fairly large number of proponents who selected the same option
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for the top spot in every section. These respondents constituted 41% of all respondents. However, these groups
had only some statistically significant differences in terms of their background information. Overall, however, the
differences were minor, which leads to the conclusion that the respondents in each category are a highly
heterogeneous group in terms of their background information.

One group that was interesting in terms of the study consisted of the clearly anti-AV respondents — in other words,
the people who consistently ranked the AV as the worst option in the questions presented above. There were 447
of these kinds of respondents, which constituted 22% of the entire sample. The majority of the anti-AV respondents
represented older generations. Nearly one third of people over 55 years of age (217 respondents) and more than
one fifth of respondents between 45 and 54 years of age (99 respondents) were opposed to AVs based on their
responses. Approximately 57% of the anti-AV respondents were female and 43% were male.

3.2. Private AV taxi, shared AV taxi, public transport and conventional taxi

Figure 4 presents the results from question 8 that tasked the respondents with ranking a private AV, shared AV
taxi, public transport and conventional taxi in the context of a 10 km trip from the outskirts of a city to the city
centre. The aim was to determine the difference between private and shared AV taxis and compare them to the
appeal of public transport for travel within cities. The conventional taxi was included as an option for those who
are opposed to both AVs and public transport. In Figure 4, the dark green bar refers to the proportion of respondents
who ranked the mode of travel in question as their preferred option with the value 1. Correspondingly, light green
indicates the value 2, i.e. the second-best option, light red refers to the value 3, i.e. the third-best option, and dark
red refers to the value 4, i.e. the least desirable option.

You are travelling 10 km from the city outskirts to the city centre. Sort the following trip alternatives from 1

to 4 so that 1 is the most desirable and 4 is the least desirable option.
Private AV taxi, Shared AV taxi, Public transport, Conventional taxi,
with no other possibly with other | e.g. bus with no other
passengers passengers passengers

Costs 10€ 5€ 3€ 20€

Travel duration 14 min 19 min 30 min 14 min

Private AV taxi
Shared AV taxi

Public transport

Conventional taxi
0% 10% 20% 30% 40% 50 % 60 % 70 % 80 % 90% 100 %

B The most desirable ® The 2nd most desirable ® The 3rd most desirable B The least desirable

Figure 4. Order of preference for 10 km travel within a city. N = 2,012.

Based on Figure 4, 40% of the respondents found public transport to be the best option. However, the total share
of AV taxis (shared and private) as the preferred option was almost 55%. Between the different AV taxis, the
private taxi took the top spot slightly more often, whereas the shared AV taxi was more frequently found to be the
best or second-best option. On the other hand, the conventional taxi was most frequently ranked as the least
desirable option on average.

3.3. Personal car, personal AV, private robot taxi and public transport (train)

Figure 5 presents the results to question 9 that tasked the respondents with choosing the order of preference
between a personal car, personal AV, private AV taxi and train for a 100 km trip to the centre of a large city. The
aim was to determine the differences between conventional cars, personal AVs and AV taxis. Moreover, the
question indicated how these options are seen in relation to public transport (specifically the train in this context),
which in this case is both a faster and more affordable way to travel. In Figure 5, the dark green bar refers to the
proportion of respondents who ranked the mode of travel in question as their preferred option with the value 1.
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Correspondingly, light green indicates the value 2, i.e. the second-best option, light red refers to the value 3, i.e.
the third-best option, and dark red refers to the value 4, i.e. the least desirable option.

You are travelling 100 km to the city centre. Sort the following trip alternatives from 1 to 4 so that 1 is the
most desirable and 4 is the least desirable option.
Personal car Personal AV Private AV taxi Public transport
(train)
Costs 30€ 35€ 25€ 15€
Travel duration 1 h 20 min 1h 15 min 1 h 20 min 1 h 0 min
Walking distance 600 m 100 m 100 m 500 m

Personal car | O

Personal AV |

private AV taxi |
Train |

0% 10 % 20% 30% 40 % 50 % 60 % 70 % 80 % 90 % 100 %

M The most desirable ™ The 2nd most desirable B The 3rd most desirable M The least desirable

Figure 5. Order of preference for 100 km travel between cities. N = 2,008.

In the question shown in Figure 5, more than half of the respondents found the train to be the best option. In this
case, public transport was the preferred option by a clear margin over the previous questions, as it was also the
fastest mode of transport. Many may also prefer the train over the bus as a means of public transport, which is why
setting the train specifically as the response option may increase its popularity. Some 22% of the respondents
selected the personal car as the best option. The personal AV and private AV taxi were preferred by about 12%
and 13% of the respondents, respectively. On average, however, the respondents ranked AV higher slightly more
frequently than the personal car. It is also worth noting that more than 50% of the respondents found the AV taxi
to be the best or second-best option, while this was true for less than 30% of the respondents for the personal AV
and slightly less than 50% for the personal car.

3.4. Response differences between user groups

Some statistically significant differences were found between the various user groups. Tables 3—5 in Appendix B
present the distribution of the responses between user groups across the questions. For illustrative purposes and to
facilitate interpretation, the tables list response averages — a lower average indicates that the option in question is
preferred. When presenting the averages, it was ensured that there were no significant deviations in the response
distributions, so that the average would describe the differences between the user groups with sufficient accuracy.
The data presented in the tables is limited to describing the differences between the various user groups, and the
table cannot be used to discern the specific distribution of the various user groups’ responses. The results analysis
also examined the distributions, and the statistical significance of the differences between the responses of the
various user groups was tested by means of the Chi-Square test, based on response distributions.

Women were slightly more interested than men in shared modes of transport, i.e. public transport and shared taxi.
Men, on the other hand, seemed to be somewhat more interested in AVs, as indicated by the rankings of both
personal AVs and private AV taxis. In terms of age groups, young people appeared to be slightly more interested
in AVs than others, but the differences between age groups are rather small in the context of the ranking tasks
presented in this study.

The respondents’ level of education had a fairly significant impact on the responses. The more educated
respondents were almost always more drawn to both public transport and all types of AVs (personal AV, private
AV taxi and shared AV taxi) than those with a lower level of education. Correspondingly, the respondents with a
lower level of education tended to prefer the personal car and conventional taxi.

The respondents who currently use public transport or live in households that do not own a car were naturally
clearly more interested in public transport and shared taxis than others. It should be noted, however, that more than
40% of respondents living in no-car households ranked the shared or private AV taxi as the best option in the
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question presented in Section 3.2. This indicates that people who do not currently drive a car are fairly interested
in AV taxis, which may contribute to increasing the modal share of passenger cars.

The location of the respondents’ place of residence did not seem to have a significant impact on the distribution
of the responses. Those living in densely populated urban areas found AVs and public transport slightly more
appealing than those living in rural areas, but the differences were quite small overall.

4. Discussion

Public transport was most frequently selected as the preferred option in almost all questions, with the exception of
one. It was the most affordable option in every instance, but there was some variation in travel duration and walking
distance. In the question where public transport was ranked as the worst option overall, the walking distance and
travel duration were significantly longer than with other modes of travel. The travel was also specified to take
place in a sparsely populated area, which had an obvious partial effect on the responses. The popularity of public
transport in these ranking questions would seem to indicate that people are willing to use public transport if it is
genuinely competitive in terms of price, travel time and the length of the connecting walk in comparison to other
modes of transport. It should be borne in mind, however, that these ranking tasks pertained specifically to
individual trips taken alone. If you need to be able to move from place to place in the destination or transport
luggage or other items with you, this may increase the popularity of car travel in many situations.

The high fixed costs of car travel emerged as a problematic consideration when comparing between the options
and chosen modes of transport. It is often difficult for people to grasp the actual total costs of using and maintaining
a passenger car. Furthermore, due to the fact that distances in Finland are long, population density is fairly low
and the availability of public transport, particularly outside larger cities, is poor, a car is a necessity for a large part
of the population. What this leads to is that public transport loses some of its appeal, since the high fixed costs
must be paid regardless. The costs referred to in the survey questions include the expenses of owning and
maintaining a car, which also influences the responses. Were it possible to more specifically allot the relevant costs
to each varying instance of use, the other more affordable modes of transport would appear more appealing in
relation to car travel.

One solution to shifting car travel towards a more use-based cost structure is provided by AV taxis. Simulations
have shown that shared AV taxis would enable achieving the current transport performance in large cities with
90% fewer cars (e.g. Bischoff & Maciejewski 2016; Fagnant et al. 2015). This means that using AV taxis has the
potential to be significantly more affordable than using one’s own car. If people were to make the transition
towards using these types of transport services, the costs of passenger car travel could be specified to be more use-
based, which would proportionally increase the attractiveness of other transport modes.

The survey results suggest that fast and affordable public transport links appeal to people. Railway traffic, which
is faster and cheaper than private car travel, was seen as a particularly preferred mode of transport. This leads to
the conclusion that strong and reliable trunk routes draw people to public transport. AV-based feeder traffic to
these strong trunk routes and, correspondingly, the capability of AVs to solve the last mile problem inherent to the
last stretches of travel may further increase the popularity of trunk routes and, as a result, the modal share of public
transport in general. This may become most immediately apparent in fast, long-distance railway traffic, where
public transport has the potential to shorten travel times significantly.

However, the appeal of strong trunk routes in the context of public transport may also become evident in urban
transport. In the future, it is possible that we will see the further widening of the divide between the modal shares
of urban transport between large cities and smaller, more sparsely populated towns. Densely populated cities
provide better opportunities for public transport to function efficiently. For reasons related to use of space, public
transport in cities also plays an important role in ensuring the functionality of the transport system at large, which
means that high-capacity public transport is necessary to secure the mobility of the population.



In more sparsely populated areas, however, the benefits of public transport are not as significant, which leads to
challenges in organising efficient public transport services even in the event that driver costs are eliminated. This
means that AVs may actually increase the modal share of car travel even further, particularly in sparsely populated
urban areas where the service level of public transport is lower and the capabilities to implement strong trunk
routes are simply not available. These types of developments may reduce the modal share of traditional public
transport in sparser urban areas and smaller towns, due to public transport services being unable to provide
sufficient scale benefits and AVs reducing other needs for public transport. However, this is not a significant
consideration in other sparsely populated areas, as the modal share of public transport is already very low within
them.

In densely populated urban areas, any further increase in the modal share of car travel should be curtailed due to
the increasing problems imposed by traffic congestion and the space required by private cars. On the other hand,
more sparsely populated areas are not struggling with these problems, which means that the high modal share of
car travel is not an issue in terms of traffic flow and use of space. That being said, traffic emissions are problematic
in all areas, which is why political measures should be taken to steer any possible increase in the modal share of
car travel towards emission-free or low-emission cars.

The international megatrend of urbanisation will continue to concentrate populations in cities, which will improve
the operational capabilities of public transport providers. The process of urbanisation does not automatically lead
to large metropolitan areas, however. In the Finnish context, we will also see a growth in mid-sized cities of fewer
than 100,000 inhabitants. These cities are often fairly decentralised, which deteriorates the operational capabilities
of public transport arrangements. Furthermore, if AVs end up facilitating car travel, this may lead to further
decentralisation of the urban structure, as new residential areas no longer need to be clustered along public
transport routes (Gkartzonikas & Gkritza 2019). This would weaken the operational capabilities of public transport
and increase the modal share of car travel.

In recent years, we have seen a weak but strengthening signal that shared taxis and, more broadly, on-demand
public transport may be emerging as future mobility trends. The idea behind these modes of transport is simple:
these aim to provide services that are more flexible than public transport at costs lower than traditional taxis. With
the help of AVs, these types of services have the potential to be very efficient. Based on this study, a shared AV
taxi could become a very significant mode of transport in the future, as nearly 60% of the respondents ranked it as
the most or second-most desirable option on the 10 km trip between the outskirts of city to city centre (Section
3.2).

The private AV taxi was preferred slightly more frequently than the shared AV taxi, despite the fact that its costs
were indicated to be twice as much. It should be noted, however, that the respondents who ranked public transport
as the most desirable option often picked the AV taxi as the second option. This suggests that shared taxis and on-
demand public transport may well grow into significant future transport modes, especially in areas where it is not
possible to organise traditional public transport services efficiently. At the moment, high driver costs often prevent
these types of services from being arranged in an efficient manner, but AVs have the potential to change this.

Studies presented in relevant literature (e.g. Gruel & Stanford 2015; Sessa et al. 2016) anticipate that the modal
share of car travel will grow with the increases in the comfort and ease of travel introduced by AVs. Based on the
responses to the question presented in Section 3.1, many do not value these increases in comfort and ease highly
enough to be willing to pay extra for AV travel. AVs are expected to provide clear benefits in terms of travel
duration and walking distance in order to warrant the extra cost. It should be noted, however, that people currently
have some difficulty assessing the comfort of travel provided by AVs, since most have not actually tested one.

Many prior studies (e.g. Brown et al. 2014; Harper et al. 2016) have speculated that those who do not currently
have a driving licence or car may become car users with the emergence of AVs. In the context of the question
presented in Section 3.2 of this study, more than 40% of the non-car-owning respondents considered a private or
shared AV taxi to be the best travel option. This lends credence to the assumption that people who do not currently
drive a car may increase the modal share of car travel once AVs become more commonplace.



5. Reliability of the results

People’s prejudices and general attitudes towards AVs still have a fairly significant impact on the responses. In
Finland, the most prominently positive attitudes towards AVs can be found among men, people with a higher level
of education, those living in densely populated areas, members of no-car households and young people (Liljamo
et al. 2018). Other studies have also yielded similar results (e.g. Alessandrini et al. 2014; Schoettle & Sivak 2014;
Kyriakidis et al. 2015; Bansal et al. 2016). In the context of this study, this is evident in that, on average, the groups
in question ranked AVs higher than other respondents.

It is possible that unfounded prejudices towards AVs among the respondents deteriorate the reliability and general
applicability of this study. The response distribution may change as the general population becomes more familiar
with AVs. The study employed a broad random sample, although the response rate was ultimately fairly low,
standing at about 20%. The results of the study were not extended to encompass the entire population as the typical
requisite variables — age, gender and location of residence — were analysed separately, eliminating the need for
any extension.

In terms of validity, the aim was to formulate the survey questions to be as true-to-life as possible, taking into
account the factors impacting all of the various modes of transport. Still, some simplifications were still necessary
due to the format of the survey. The cover letter to the survey asked the respondents to assume that AVs have been
found to be safe, reliable and functional. All things considered, however, the questions cannot give due
consideration to every possible situation. Among other things, the survey presumed that all of the trips specified
would be taken alone and not with a family member, for example. Furthermore, it is currently impossible to say
with certainty how AVs will actually function and what the ultimate costs will be, which also somewhat detracts
from the validity of the study.

6. Conclusions

Based on the results of the study, we can expect AVs to have varying effects on modal shares in different areas.
Public transport may increase its modal share along strong trunk routes in large cities and between cities, with AVs
covering feeder traffic and providing solutions to the last mile issue. On the other hand, in urban areas where the
operational capabilities of public transport are less optimal, the modal share of car travel may grow even further,
due to the increased appeal and demand among people who do not currently drive a car. The changes in modal
shares may also vary within cities with the share of public transport increasing along strong trunk routes, while the
share of passenger cars grows in other areas. In rural areas, the effects of AVs on the modal split will be minor,
although the possible increase in the overall amount of travel may slightly increase the modal share of car travel
even in these areas. The pricing of transport options and, more broadly, the measures taken in relation to urban
planning and transport policy play an important role in terms of the direction in which AV's will push modal shares
in different areas.

Currently, the majority of those who use a car own one themselves. However, the emergence of AVs may increase
the popularity of car sharing (private AV taxi) and ride sharing (shared AV taxi). The results of this study suggest
that all of these forms of car travel have a relatively large group of proponents. Some will surely want to continue
owning a car, while others are willing to use shared cars but privately. There also seems to be significant demand
for shared taxis. Shared taxis and on-demand public transport may grow into significant modes of transport in the
future. In the event that these modes of transport gain ground in the future, they should be regarded as separate
modes in the modal split, because they do not directly fit the same category as passenger car travel or traditional
public transport.
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Appendix A. Questionnaire

1. What is your general opinion regarding automated vehicles?

Ver Somewhat
0O = O]

Y = (] Neutral O ey O Ll
positive positive negative negative

2. Which of the following automated driver assistance systems have you used? You can
choose multiple answer options.

O Adaptive D Lane keeping O Automated
cruise control assistance

[] None

parking system

3. What kind of automation systems would you be most interested in? Please choose one

D Driver assistance systems such as various warnings

Partial automation, such as driving on the highway with minimal
actions required from the driver

"Hands off but alerted”

4f5

s D High automation without any actions required from the driver

(allows e.g. sleeping)
“No need to focus on driving”

[J None, | want to drive myself in every driving situation

"The driver does everything”

4. What do you think of the following statements?

Strongly =~ Somewhat Neither agree Somewhat Strongly
agree agree nor disagree  disagree disagree

| think that handing responsibility over to the
automated features would reduce the driver

The development towards vehicle automation is a
desirable trend.



Imagine doing an everyday round trip (for example a work trip). Sort the following trip alternatives
from 1 to 3 so that 1 is the most desirable and 3 is the least desirable option.

5a. Travelling daily from city centre A to city centre B with one-way distance of 200 km.

Rank _ -
Personal car Personal a.u tomated Public transport
vehicle
Costs 40 € 45 € 20€
Travel duration 2 h 30 min 2 h 15 min 2 h35min
Walking distance 500 m 100 m 300 m

5b. Travelling daily from the city outskirts to the city centre with one-way distance of 10 km.

Rank _ _
Personal car Personal a_utomated Public transport
vehicle
Costs 6€ 6€ 2€
Travel duration 15 min 10 min 25 min
Walking distance 400 m 100 m 600 m

5c. Travelling daily in rural area with one-way distance of 100 km.

Rank

Personal car Personal a.u tomated Public transport

vehicle

Costs 18 € 21€ 10 €
Travel duration 1h5min 1 h5min 1h 35 min
Walking distance 50 m 50 m 600 m
6. Would you travel by car more often or do longer trips, if driving was
A) cheaper than currently? |:| Yes |:| No

B) less stressful, since you could do other things (e.g read) while driving? ~ [_] Yes [ nNo

C) always possible even if you were not able to drive yourself? [ ves [ No



Part Ill: Automated taxis

7. Which of the following options would you choose? Vehicle features in different options are similar.
Please mark the preferred option.

|:| Personal automated vehicle

|:| Automated taxi

Always available immediately. Taxes, insurance and
vehicle purchase costs are annually 2,000€ on

average

Always available within 7 min from order. Costs
per kilometer are the same as with personal
automated vehicle, but there are no annual fees.

8. You are travelling 10 km from the city outskirts to the city centre. Sort the following trip
alternatives from 1 to 4 so that 1 is the most desirable and 4 is the least desirable option.

Rank
Private Shared Public transport, | Conventional
automated taxi, automated taxi, e.g. bus taxi,
with no other possibly with with no other
passengers other passengers passengers
Costs 10€ 5€ 3€ 20€
Travel duration 14 min 19 min 30 min 14 min

9. You are travelling 100 km to the city centre. Sort the following trip alternatives from 1 to 4 so that 1

is the most desirable and 4 is the least desirable option.

Rank
Personal Personal Private Public transport
conventional car | automated automated taxi (train)
vehicle
Costs 30€ 35€ 25€ 15€
Travel duration 1 h 20 min 1 h 15 min 1h 20 min 1 h0min
Walking distance 600 m 100 m 100 m 500 m

10. Assume that all vehicles on the road are automated vehicles. Would you want/need to own a
personal automated vehicle, if an automated taxi would always be available within 5 minutes and
the annual costs of automated taxis would be about 20 % lower than the costs of personal

automated vehicle?

D Yes, | would want to own a personal

automated vehicle.

D No, | would not have a no need to own a

personal automated vehicle.



11. Sort the following six concerns, threats and fears regarding automated vehicles from 1 to 6 so that 1
is the most significant threat and the 6 is the least significant threat.

____ Higher price

Traffic safety
(accidents)

Weakening of
privacy

Unreliable technology
(trip interruption)

Cyber security and fear of
terrorism

Automated vehicle won’t
work in dangerous situations
according to my own morals

12. How old are you?
years

13. What is your gender?

] woman[] man
14. Do you have a driver’s license?

|:| Yes |:| No

15. How many people are there in your
household, yourself included?

persons
16. How many cars do you have in your

household?
car(s)

17. Do you have any permanent injuries or
ilinesses that affect your driving?

|:| Yes |:| No

18. Do you travel by public transport at least
once a month?

|:| Yes |:| No

19. How many kilometres do you estimate to
drive a car in a year?

|:| None

|:| Less than 5,000 km
[] 5,000-10,000 km

[] 10,001-20,000 km
] 20,001-30,000 km
D More than 30,000 km

20. What is the highest level of education you
have graduated or are studying at the moment?

|:| Primary school |:| High school
[] Bachelor’s [] Mmaster’s or PhD
degree degree

21. Open feedback regarding automated vehicles

22. Open feedback regarding this survey

THANK YOU FOR THE PARTICIPATION!



Appendix B. Sample and the distribution of the responses between user groups

Sample group, number of respondents and response rate by age and gender.

Table 2.

Men Women
Age groups Sample size Number of Response Sample size Number of Response

respondents rate respondents rate

18-24 683 80 11.71 % 654 94 14.37 %
25-34 1,084 160 14.76 % 1,028 160 15.56 %
35-44 1,052 175 16.63 % 995 189 18.99 %
45-54 1,056 235 22.25% 1,036 236 22.78 %
55-64 1,185 345 29.11 % 1,227 362 29.50 %
In total 5,060 995 19.66 % 4,940 1,041 21.07 %




Table 3. Mean values of responses related to Section 3.1.
200 km trip 10 km trip 100 km trip
Personal Personal Public Personal Personal Public Personal Personal Public
car AV transport car AV transport car AV transport
All respondents
(N=2002) 2.07 2.12 1.81 1.99 1.97 2.03 1.56 2.07 2.36
Gender
Woman (N=1027) 2.11 2.19 1.69 1.99 2.05 1.95 1.58 2.15 227
Man (N=978) 2.03 2.03 1.93 1.99 1.89 2.12 1.54 1.98 2.46
Chi-Square 0.040 <0.001 <0.001 0.360 <0.001 <0.001 0.121 <0.001 <0.001
Age
1824y (N=174) 2.10 1.94 1.96 1.93 1.86 2.21 1.47 1.99 2.53
25-34y (N=320) 2.13 1.97 1.90 2.11 1.86 2.04 1.66 1.93 241
35-44y (N=361) 2.22 2.00 1.78 2.00 1.86 2.12 1.63 1.96 240
45-54 y (N=461) 2.02 2.09 1.89 1.98 1.93 2.09 1.52 2.03 243
55-64 y (N=690) 2.00 2.31 1.69 1.95 2.13 1.90 1.52 2.23 223
Chi-Square <0.001 <0.001 <0.001 0.108 <0.001 <0.001 0.009 <0.001 <0.001
Level of education
Primary school
(N=180) 1.84 2.36 1.79 1.79 2.26 1.94 1.42 2.32 223
High school (N=747) 1.94 2.19 1.87 1.85 2.04 2.10 1.49 2.18 2.32
Bachelor’s degree
(N=577) 2.10 2.06 1.84 2.03 1.92 2.05 1.58 2.00 241
Master’s or PhD 233 1.99 1.69 223 1.81 1.95 1.69 1.87 243
degree (N=481)
Chi-Square <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Use of public transport
User of public
transport (N=767) 2.34 2.13 1.53 2.33 1.96 1.71 1.76 2.03 220
Does not use public 191 211 1.98 1.78 1.98 224 1.44 2.09 246
transport (N=1241)
Chi-Square <0.001 <0.001 <0.001 <0.001 0.006 <0.001 <0.001 0.025 <0.001
Cars in a household
No car (N=248) 2.48 2.06 1.46 2.48 2.00 1.52 1.99 2.08 1.92
1 car (N=878) 2.08 2.15 1.77 2.04 1.99 1.97 1.56 2.07 2.36
At least 2 cars (N=869) 1.95 2.09 1.95 1.81 1.94 2.25 1.44 2.06 249
Chi-Square <0.001 0.004 <0.001 <0.001 0.024 <0.001 <0.001 0.784 <0.001
Location of residence

Densely populated 2.20 2.04 176 215 1.89 1.96 1.67 1.99 233
urban area (N=986)
i‘::;;e;yr::t’;fgg) 2,00 2.11 189 1.86 1.97 2.17 148 2.07 245
asi’::iiy:;’;:’)"lated 1.87 234 179 1.81 2.18 2,01 1.40 228 230
Chi-Square <0.001 <0.001 0.045 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001




Table 4. Mean values of responses related to Section 3.2.

Grouping Private AV taxi Shared AV taxi Public transport Conventional taxi
Variable
All respondents

2.26 2.40 2.16 3.18
(N=2012)

Gender
Woman (N=1023) 2.42 2.36 1.98 3.24
Man (N=981 2.11 2.45 2.34 3.11
Chi-Square <0.001 0.019 <0.001 <0.001
Age group
18-24 y (N=174) 2.24 2.37 2.09 3.31
25-34 y (N=320) 2.22 2.25 2.14 3.40
35-44 y (N=362) 2.09 2.44 2.28 3.18
45-54 y (N=462) 2.12 2.43 2.33 3.11
55-64 y (N=692) 2.49 2.44 2.00 3.08
Chi-Square <0.001 0.150 <0.001 0.001
Level of education
Primary school
(N=182) 2.32 2.73 2.13 2.86
High school (N=752) 2.34 2.46 2.15 3.05
Bachelor’s  degree 7 232 218 397
(N=577)
Master’s or PhD
degree (N=483) 2.16 2.29 2.16 3.38
Chi-Square <0.001 <0.001 0.402 <0.001
Use of public transport
User of public
transport (N=767) 2.38 232 1.87 3.42
Does not use public
transport (N=1241) 219 245 234 302
Chi-Square <0.001 <0.001 <0.001 <0.001
Cars in a household
No car (N=249) 2.47 2.36 1.68 3.47
1 car (N=882) 2.30 2.40 2.10 3.21
At least 2 cars
(N=872) 2.16 2.41 2.36 3.06
Chi-Square <0.001 0.138 <0.001 <0.001
Location of residence

Densely populated 2 218 214 396
urban area (N=993)
Sparsely populated 220 238 228 113
urban area (N=632)
Sparsely populated 248 248 201 301
area (N=385)
Chi-Square <0.001 0.012 0.001 0.002




Table 5.

Mean values of responses related to section 3.3.

Grouping Personal car Personal AV Private AV taxi Public transport
Variable (train)
All respondents
(N=2008) 2.60 2.90 2.56 1.92
Gender
Woman (N=1025) 2.64 3.04 2.57 1.74
Man (N=983) 2.56 2.76 2.55 2.12
Chi-Square 0.064 <0.001 0.008 <0.001
Age
18-24 y (N=174) 2.58 2.94 2.68 1.79
25-34 y (N=320) 2.76 2.83 2.47 1.93
35-44 y (N=362) 2.76 2.85 2.48 1.89
45-54 y (N=463) 2.55 2.79 2.56 2.07
55-64 y (N=692) 2.48 3.02 2.62 1.87
Chi-Square 0.001 <0.001 <0.001 0.020
Level of Education
Primary school
(N=183) 2.21 2.92 2.75 2.13
High school (N=750) 2.40 2.90 2.64 2.04
Bachelor’s  degree 268 286 251 194
(N=575)
Master’s or PhD
degree (N=482) 2.94 2.92 2.46 1.65
Chi-Square <0.001 0.005 <0.001 <0.001
Public transport
User of public
transport (N=766) 2.95 3.03 2.48 1.53
Does not use public 2.38 2.82 2.62 2.16
transport (N=1238)
Chi-Square <0.001 <0.001 <0.001 <0.001
Cars in a household
No car (N=250) 3,15 3,02 2,35 1,47
1 car (N=881) 2,57 2,96 2,60 1,85
At least 2 cars 2,48 2,80 2,58 2,12
(N=870)
Chi-Square <0.001 <0.001 0.017 <0.001
Location of residence
Densely populated 2.75 291 2.52 1.81
urban area (N=989)
Sparsely populated 2.53 2.85 2.55 2.06
urban area (N=632)
Sparsely populated 2.33 2.97 2.70 1.98
area (N=385)
Chi-Square <0.001 0.041 <0.001 <0.001
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ARTICLE INFO ABSTRACT

Keywords: Mobility as a Service (MaaS$) is a concept that is based on the idea of providing customers with
Mobility as a Service comprehensive mobility services by seamlessly combining various modes of transport. The sci-
Maas entific research on this theme has increased considerably over the last few years, but very little

Willingness to pay
Mobility costs
User perspective

research has so far been conducted on people’s willingness to pay for new MaaS services. This
study presents the results of a survey (representative sample size 6,000, number of respondents
1,176, response rate 19.6%) conducted in Finland regarding people’s willingness to pay for MaaS
offerings. The study also estimates the current mobility costs of the respondents and relates their
willingness to pay for Maa$S to their mobility costs. Analysis includes also a linear regression
model of willingness to pay for MaaS. As a result of the study, it was found that 43% of the
respondents would be willing to adopt a mobility package, assuming it could cover all mobility
needs of the respondent. For such a mobility package, the respondents were willing to pay ap-
proximately €140 on average, while their relative willingness to pay was an average of ap-
proximately 64% of their current mobility costs. However, it should be noted that due the lim-
itations of the study, the results are mostly indicative and further research is called for to grasp
the multifaceted qualitative elements related to willingness to pay for MaaS. This study shows
some significant variation between user groups in the respondents’ willingness to pay relative to
their estimated mobility costs, as well as their absolute willingness to pay. The variation maybe
due to the fact that MaaS is still largely unknown as a concept and the challenge that the mobility
package which fulfils individual needs differs from person to person. According to the results,
Maas should lower the mobility costs for users in order to be financially attractive.

1. Introduction and literature review

Mobility as a Service (MaaS) aims to fulfil individual’s mobility needs in a sustainable way by combining different transport
services to seamless trips (Utriainen and Po6lldnen 2018). The idea is that the user does not need to own a car or a bike to be able to
fulfil daily mobility needs. In this model, trips can be prepaid (e.g. a monthly basis mobility packages including wanted services) or
trips can be paid singly (pay-as-you-go) (Kamargianni et al., 2016). Planning of trips and the payment is made by using digital
platform (Ho et al., 2018). For the users, a single application, which enables the payment and integration of multiple transport modes,
is a benefit compared to the current system, in which individuals are responsible for integration of different transport modes with
several ticket systems. The role of a MaaS operator is crucial as the operator integrates different transport services, such as bike-
sharing, car-sharing and taxis, which enables the whole concept to be realized. (Maa$S Alliance, 2019)
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Generally, willingness to pay can be defined as a maximum price a consumer is ready to pay for a certain product or service (Gall-
Ely, 2009). Willingness to pay for MaaS in this study refers to the amount of money people would be ready to pay for a mobility
package that could cover all their mobility needs. Since the mobility needs as well as mobility packages that could cover all mobility
need of an individual differ heavily from each other, there is considerable variation regarding the issue what to pay for. As Matyas
and Kamargianni (2018) point out, a MaaS offering is a bundled product for which the consumer pays a special price, but the
elements of Maa$ offerings are not yet solidified. This is a challenge for Maa$ studies as the different offerings might be difficult to
apprehend by the respondents.

There are a few previous studies on people’s willingness to pay for MaaS. Ho et al. (2018) studied willingness to pay for Maa$ in
Australia by interviewing 252 people and concluded that 47% of respondents would subscribe MaaS as pay-as-you-go or as a monthly
mobility package. For instance, respondents would be willing to pay 5.9 Australian dollars on a day ticket of public transport and 7.3
dollars on a car-sharing trip. 231 dollars was the average amount people would be willing to pay on a MaaS package with two car
rental days, 15 h of car-sharing (with 30 min advance booking time), 6 public transport days and discounts to taxi and ridesharing.
This Australian study depicts the diversity, which is related to MaaS studies as Maa$S can be e.g. a pay-as-you-go solution or a monthly
mobility package, and it can include versatile mobility services. The study by Ho et al. (2018) provides knowledge on people’s
willingness to pay for a defined MaaS$ offering, though the sample size is rather small and not representative. Ratilainen (2017) used
stated preference method to study, how much survey respondents (n = 252) would be willing to pay on different mobility services
and MaaS$ packages in Helsinki metropolitan area, Finland. 49% of the respondents would be willing to choose at least one of the
predetermined Maa$S packages. Of the four predetermined packages, the package with unlimited public transport, 6 bike-sharing
trips, 3 taxi trips (10 km per trip) and 30 min advance booking time with a price of €120 was the most popular. The results of
Ratilainen’s (2017) study are similar to the results by Ho et al. (2018) in terms of share of people interested in MaaS offering
adoption, but instead of asking for the willingness to pay in terms of amount of money, Ratilainen (2017) asked of people’s interest to
adopt certain packages with predefined prices.

Finnish company Solita carried out an internet panel survey with 1,125 adult respondents in 2017. One part of the survey was
related to MaaS. Based on the results over half of respondents under 30 years of age were willing to give up car ownership if mobility
services would be adequate. The willingness to pay for a monthly package covering all the mobility needs was relatively low as the
respondents were willing to pay less than 150 euros a month on the average, although 10% of the respondents were willing to pay
more than 400 euros. (Solita 2017) Even though Solita’s study had a large number of respondents, the survey was done with an
internet panel without a representative sample of population which would have increased the reliability of the study.

Even though people would not be eminently willing to subscribe to mobility services, high costs of private cars, congestion and
parking problems may direct car drivers to utilize MaaS. Kamargianni et al. (2018) examined Londoners’ attitudes towards car-
ownership and MaaS with 1,227 respondents in Greater London, UK, and found that the monthly costs of vehicle ownership is £233.5
excluding maintenance costs. More than half of the respondents considered the cost as a notable expenditure. The results showed that
43% of the respondents would be motivated to subscribe to Maa$ offering if it gave them financial benefits. Vij et al. (2018) surveyed
3,985 Australians nationwide to understand consumer demand and willingness to pay for Maa$S in Australia. Based on the results,
32% of the respondents would adopt a Maa$ application that includes pay-as-you-go access to public transport and taxi-services for a
monthly cost of $5 and 18% of the respondents would adopt a Maa$S package that offer unlimited access to local public transport and
taxi services for a monthly cost of $500. Vij et al. (2018) as well as Ratilainen (2017) focused in certain MaaS offerings with
predefined prices, and therefore these studies do not reveal how much people would be willing to pay for a Maa$ solution fulfilling all
their mobility needs.

As one determinant for adopting MaasS is the financial advantage Maa$S could offer to the individual or household, the willingness
to pay for Maas$ should be considered in relation to current mobility costs. Mobility costs refer to the amount of money people use on
mobility as a whole (including e.g. capital, maintenance and operating costs for vehicles one own and tickets for mobility services) in
a certain time frame, e.g. a month. Previous studies on willingness to pay for Maa$S have not considered people’s current expenditure
on mobility services and related to expenditure with willingness to pay.

Studies on the final consumption expenditure of households are conducted at regular intervals in Finland. According to the study
on the final consumption expenditure of households conducted in 2016, Finns spent an average of €321 on transport per one
consumption unit, within the meaning of the OECD-modified scale (the first adult member of the household equals one consumption
unit, while other individuals in the household above the age of 14 equal 0.5 consumption units and individuals younger than 14 equal
0.3). In Finland, the monthly expenditure on transport per one adult aged 18 to 64 was €364 in 2016 in single-person households
under the age of 65, childless couples under the age of 65, single-parent households and two-parent households. For these house-
holds, the expenditure on transport in Finland per consumption unit was also €364 per month in 2016. In statistics on consumption,
transport costs include all money spent on transport, such as the procurement and servicing of modes of transport, fuel, use of public
transport as well as independent travel in Finland and abroad. (Statistics Finland 2018) In principle, a MaaS offering could cover for
all mobility needs and therefore the current spending on transport could be replaced by a MaaS solution.

In Finland, households’ consumption on transport is calculated as a sub-category in the household budget survey, which is done
with a sample survey, for which data is collected from households with telephone interviews and diaries filled in by them, and from
purchase receipts and administrative registers (Statistics Finland 2017). As transport is one of the largest sub-categories in the
consumption survey, the relative mean error for the category is relatively small, 2.88% in the 2016 data. Household budget survey is
one of the harmonised surveys in the European Union and thus the results of the surveys are mostly comparable to surveys in other
EU member states. (Statistics Finland, 2016b) For comparison, average transport costs in the USA are $813 per month per consumer
(United States Department of Labor, 2018), which is approximately €737 at the exchange rate valid on 14 October 2019 (European
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Central Bank, 2019b).

According to the statistics, people aged 35-54 spend more money on mobility than older and younger age groups. Among people
aged 18-64, the least amount of money is spent by people aged 18-24. (e.g. Foster, 2015; Statistics Finland 2018) Women typically
use a personal vehicle less often than men, but they use public transport more (e.g. Civitas, 2014; Finnish Transport Agency, 2018).
Because the use of private vehicles usually accounts for a high percentage of mobility costs, the differences between men and women
with regard to their chosen mode of transport also reflect on mobility costs. It should be noted that people often tend not to be aware
of their current mobility costs. According to Allard et al. (2014), households rarely calculate real mobility costs and they usually take
into account e.g. only the costs of fuel in private cars.

MaaS may have a major impact on people’s mobility in many ways in the future (Lyons et al., 2019). However, we do not yet
know how ready people are to pay for a Maa$ offering and how their willingness to pay relates to their current mobility costs. There is
a clear research gap related to people’s willingness to pay for MaaS and whether people prefer monthly MaaS subscriptions or pay-as-
you-go alternative (see e.g. Matyas and Kamargianni, 2018). Willingness to pay and the relative willingness to pay (i.e. willingness to
pay in relation to current mobility costs) is important for the viability of MaaS overall. This study aims to explore

(1) whether Finns endorse some of the key aspects related to MaaS: combining several mobility services to be used with one ticket or
application, replacing passenger car use with mobility services, and having a single monthly payment for all mobility costs,

(2) how much money Finns spend on their mobility,

(3) how well they are aware of their current mobility costs,

(4) what is their absolute willingness to pay for MaaS, and

(5) how much they are willing to pay relative to their current mobility costs.

These research questions will be answered with the help of the literature review and an extensive public survey. The article is laid
out as follows: Following the introduction, the second section describes the research method, the implemented survey and the data
collected through the survey. The third section describes the results of the survey and compares them to research results found in
literature. Lastly, the fourth section examines the reliability of the study while the fifth section presents the conclusions drawn from
the study.

1.1. Methods and data

In April - June 2018, a survey was conducted in Finland on the attitudes of 18-64-year-olds towards transport system and people’s
readiness and will to use new transport services like MaaS. The questionnaire consisted of five parts. Total number of questions was
23 and it took about 10-15 min to complete the survey. The survey was conducted in Finnish. English translation of the questionnaire
and its instructions are presented in Appendix A.

The questions consisted of propositions with Likert scale 1 to 5, multiple choice, and open-ended questions. The survey also
mapped the respondent’s background information, such as age, gender, and whether the respondent had a driving licence, to help
categorise the respondents. The survey section on background information did not ask for the respondent’s place of residence, which
was instead determined based on the postcode provided. The respondents’ addresses’ postal codes were connected through Statistics
Finland’s (2016a) database with the seven-level urban-rural classification by Finland’s environmental administration (2017). To
better facilitate our analysis, the places of residence were divided into three categories, which are (I) densely populated urban area
(includes inner city and outer city areas of the original classification), (II) sparsely populated urban area (includes exurbs, local rural
centre areas, and countryside near cities), and (III) sparsely populated area (includes rural heartland and sparsely populated
countryside). In this study, survey’s questions number 3, 5, 6 and 7 are analysed.

Survey’s question 3 presented seven statements, which the respondents answered using a five-level Likert scale (agree — disagree).
Statements aimed to identify people’s general views on Maa$S and mobility. In this research, three statements are analysed: statement
I (it should be possible to combine all mobility services and use them with single ticket and application (e.g. taxi, train and bus with
the same ticket)), statement II (I would like to have all costs of my travelling to be included in a single monthly payment) and
statement VII (transport transformation from using private cars towards mobility services would be a desirable trend.)

In question 5, respondents were asked to define their current mobility habits, based on which they were also provided with an
estimate of the average monthly mobility costs incurred from each mobility habit. The question took into account personal vehicle
ownership, the use of a personal vehicle as a driver or passenger, the use of local public transport, the use of long-distance public
transport and the use of other transport services. The question was presented in the form of a matrix, with each section including four
answer options.

The monthly cost was estimated for each answer option. For example, the first option presented the estimate that owning a car
worth €10,000-25,000 would cause an average of €300 per month in costs, taking the costs of the car’s upkeep, such as taxes,
insurance policies, decrease in value and parking costs, into account. It was similarly estimated that if the annual usage of a personal
vehicle exceeds 25,000 km, its monthly costs amount to an average of €300, taking the costs of fuel, servicing, tyres, washing and
other maintenance into account. The monthly cost estimates for each option were determined according to the calculations made by
the research team, based on typical costs in Finland. These ‘typical costs’ were considered from the viewpoint of typical user in
Finland. We recognize that costs vary a lot depending e.g. on the car used (more expensive vs. less expensive car), taxi prices or ticket
costs of public transport in a competitive environment vs. in a situation, where there is no competition (e.g. only one operator), or for
what type of trips other mobility services are used (e.g. car rental for a long journey vs. taxi for a short trip). The typical costs for car
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use were assessed for a typical Finnish car (average age 12.1 years (Statistics Finland, 2019)) and taxi and public transport costs in a
competitive environment as most Finns live in urban areas. As the typical costs were intended to give an approximate estimate of the
mobility costs, these were rounded up, also to make adding them up easy for the respondents in the next question. The answer options
and the costs estimated for each option are presented as part of the questionnaire in Appendix A.

It is clear that current mobility costs cannot be particularly accurately calculated with this question format and on a paper
questionnaire. However, the purpose of the question was to gain an indicative estimate of people’s mobility costs, as well as prompt
the respondents to consider their current mobility costs and what they comprise of, which is essential in examining their willingness
to pay for new mobility services.

In question 6, the respondents were asked to calculate an estimate of their current monthly mobility costs based on the matrix
question above. After this, the respondents were asked whether the amount in question approximately corresponds to their actual
mobility costs. There were three answer options: (1) I agree, (2) I disagree, and the respondent is able to give an own estimate of the
costs (in euros per month) or (3) the respondent is unable to say/do not know how much money they spend on mobility.

In question 7, an assumption was presented that a suitable mobility package that would include e.g. public transport, taxi and
shared or rented cars (basically a MaaS offering) would be able to fulfil respondent’s all transport needs, and related to this as-
sumption, the respondents were asked to state a suitable price to start using such a package. The respondents had also the option to
answer "I do not know’ or ‘T would not adopt the package’. In the design of survey, it was recognised the MaasS is a new concept and
likely unfamiliar to most respondents and therefore this question was formulated using the term ‘mobility package’ in a way that the
respondents could answer without prior knowledge about MaaS. The concepts of mobility services and mobility package were also
described in the instructions of cover letter (Appendix A).

The sample group for the survey was randomly selected from the population register by gender and age group in proportion to
population’s gender and age distribution. Population Register Centre of Finland extracted the sample per procuration. For study
purposes, the names, addresses, ages and gender of the people were available in the sample data. Throughout our study, we followed
Population Register Centre’s terms and conditions related to data use, and in analysing the survey responses, we followed Finnish
legislation and good academic practices.

The population of the sample consisted of 18-64-year-olds living in Finland. The size of the population was 3,263,361 people,
based on the population projection of 2018 (Statistics Finland, 2015). The sampling fraction was 0.2%, and the size of the sample was
6,000 people. Table 1 presents the sample, number of respondents, and response rate in terms of the various age and gender groups.

Before the questionnaires were mailed, a pilot study was conducted. The pilot study was conducted in a shopping mall, where 20
respondents presenting different socio-economic groups were asked to respond to the questionnaire. The youngest respondent was
20 years old while the oldest was 84 years old. All the respondents in the pilot survey were interviewed after filling in the questionnaire.
They were asked if there were any ambiguities or challenges in filling the questionnaire. A specific question was asked considering
question number 5: was the question difficult to understand. Most respondents in the pilot study considered that the questionnaire was
comprehensible and verified understanding question 5, too. Only the oldest respondents found the questionnaire in general difficult to
fill in. The oldest respondents in the pilot survey were much older than the respondents who were invited in the actual study, who were
18-64 years old. We checked all the responses of the pilot study and found that the questionnaires were filled in correctly, but we didn’t
discuss about all questions systematically with the respondents of the pilot survey. Interviews were quite brief and it is possible that
people might have answered that they understood everything if they were, for example, keen to get on their way, but most of the
respondents did not seem to hurry out of the interview situation. As a conclusion of the pilot study, we found the questionnaire to be
adequately clear and understandable, and the actual questionnaire had the same format as in the pilot study.

All people, who were selected for the sample, were sent a postal questionnaire with a cover letter in April 2018. Cover letter
included basic information and instructions for the respondents. As the topic and concepts related to mobility services and mobility
package (the term, which was used instead of MaaS$ in other questions except of the question where we asked about the familiarity of
MaasS as a concept), were assessed to be somewhat blurry to the respondents, we defined these in the cover letter. The two key
definitions were:

e mobility services = services, which can be used to travel with several transport modes using one payment or one application
e mobility package = a package, for which a definite monthly payment is made, and which retains a certain number of trips with
different transport modes.

Table 1
Sample group, number of respondents and response rate by age and gender.
Men Women
Age groups Sample size Number of respondents Response rate Sample size Number of respondents Response rate
18-24 415 50 12.1% 397 59 14.9%
25-34 666 86 12.9% 632 138 21.8%
35-44 662 107 16.2% 626 115 18.4%
45-54 635 111 17.5% 621 131 21.1%
55-64 663 176 26.6% 683 186 27.2%
In total 3,041 530 17.4% 2,959 629 21.3%
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It should be possible to combine all mobility services and
use them with single ticket and application (e.g. taxi, _ 7%.

train and bus with the same ticket)
Transport transformation from using private cars _ i -
towards mobility services would be a desirable trend. ?
I would like to have all costs of my travelling to be
) B ) 18%
included in a single monthly payment.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Strongly agree M Somewhat agree I Neither agree nor disagree M Somewhat disagree B Strongly disagree

Fig. 1. Respondents’ (N = 1,174) answers to the question Question 3, statements I, II and VIIL

People had the option either to respond on the internet with an identification code or to send the questionnaire back by mail
(postage paid). The last answers were received in June 2018. A total of 1,176 respondents participated in the survey, resulting to a
total response rate of 19.6%. The mean age of all respondents was 45 years, for women 44 and men 45 years, respectively.

The survey results are presented as the number of respondents and frequency percentages of different responses. Also a linear
regression model is composed to better understand the factors affecting willingness to pay. As the parameters usually deployed in
sampling factors (age, gender and residential location) are analysed separately in this study, the results with sampling factors, which
would make the results representative of the Finnish 18-64-year-old population, are not presented. As people’s willingness to pay for
Maas is a very difficult topic to assess before Maas$ is a household word and actual MaaS solutions are available, it should be noted
that the results of this study are mostly indicative and should be supplemented with more in-depth future research.

The statistical significance of the distribution of answers is tested with the chi-square test. The means are compared by using an
independent samples t-test between two groups and a one-way analysis of variance (ANOVA) between several groups. If the con-
ditions for using a one-way ANOVA are not met, the differences in the means of several groups are tested with the Kruskal-Wallis test.
The results are analysed with IBM SPSS software.

2. Results and discussion

In question 3, people’s general views related to different Maa$S’ aspects were asked. Respondents’ views about three statements are
presented in Fig. 1.

Fig. 1 shows that over 80% of the respondents at least somewhat agree that it should be possible to combine all mobility services
and use them with a single ticket and application. This can be interpreted so that the core idea of MaaS has strong support. According
to answers to the second statement, over 60% of the respondents consider that transport transformation from using private cars
towards mobility services would be a desirable trend. This is again a strongly positive view supporting the goals related to MaaS.
However, only 13% strongly agree and 29% somewhat agree that they would like to have all costs of travelling to be included in a
single monthly payment. This leads to the conclusion that a MaaS package with a bundled monthly subscription is not generally
attractive, at least not at this moment. This indicates to need for pay-as-you-go pricing for Maa$ services as this could interested also
the ones, who would not like to subscribe to a monthly package. This should be taken into account when developing the MaaS
schemes.

In question 5 of the survey, presented in matrix format, respondents were asked to specify their current mobility habits.
Additionally, the answer options presented an estimate of how much each mobility habit costs per month on average. This makes it
possible to calculate an estimate of each respondent’s current mobility costs. It should be noted, that mobility cost estimates are
somewhat inaccurate and therefore more indicative than precise as there are ambiguities in how respondents are able to assess their
actual mobility costs as well as the limited amount of options and rounded and approximate figures presented in question 5. The
distribution of answers between different mobility habits is presented in Appendix B.

The estimate of the respondents’ monthly mobility costs, calculated based on the matrix question, is presented in Fig. 2. In
accordance with the Figure, the most common estimate for monthly mobility costs was €300-399. Approximately 23% of the re-
spondents fell into this cost group. The mean of the estimated mobility costs was €348, with the median being €320, lower quartile
being €200, upper quartile being €480, and the standard deviation being €198. The highest estimate was €900 and the lowest €10. In
approximate terms, the mean estimated mobility costs correspond well with the results of the household consumption study, ac-
cording to which the average monthly amount spent on mobility by Finns aged 18 to 65 is €364 per adult (Statistics Finland 2018).

The respondents’ gender, age and place of residence affected the responses to some degree. According to the matrix question, the

103



T. Liljamo, et al. Transportation Research Part A 136 (2020) 99-119

25

20

| III
0 II .I-

M 0-99 W 100-199 ™ 200-299 W 300-399 ™ 400-499 ™ 500-599 W 600-699 W 700-999

% of respondents
.
o

@]

€ per month

Fig. 2. An estimate of the monthly mobility costs of the respondents based on the current mobility habits presented in the matrix question.
N = 1,168.

mean of men’s estimated mobility costs is, to a statistically significant degree (t(1162) = —7.253, p < 0.001), higher than that of
women. Similarly, the estimated mobility costs of young age groups were lower than those of older age groups to a statistically
significant degree (Kruskal-Wallis: H = 97.448, df = 4, p < 0.001), though the differences between the 35-44, 45-54 and 55-64
age groups were not statistically significant. The respondents’ places of residence impacted the answers in that estimated mobility
costs were lower among respondents living in densely populated urban areas than among respondents living in more sparsely po-
pulated areas. The differences were statistically significant (Kruskal-Wallis: H = 16.085, df = 2, p < 0.001), but only between
densely populated urban areas and sparsely populated urban areas. The impact of the respondents’ gender, age and place of residence
on the mean of the estimated mobility costs are presented in Table 2.

Next, in survey question 6, the respondents were asked whether the estimate calculated based on the previous question ap-
proximately corresponded to the respondents’ actual mobility costs. The question presented three options to the respondent: (1) agree
on the estimated mobility costs, (2) disagree with the estimated mobility costs and to provide an own estimate of the costs, and (3)
not able to say, indicating unawareness of the mobility costs. The distribution of the answers is presented in Fig. 3.

According to Fig. 3, the majority, approximately 56%, considered the estimate to be approximately correct. 22% of the re-
spondents considered the estimate to be incorrect and presented a closer estimate of their mobility costs. Another 22% of the
respondents were unable to estimate the amount’s accuracy. Looking at the categories of estimated mobility costs (Fig. 2) formed
based on the matrix question, the answers of those who spend €100-199 on mobility per month differ from the other groups in that a
clearly higher percentage of the respondents in this cost category (more than 40%) deemed the estimate to be incorrect, whereas
approximately 20% of the respondents in the other categories considered it to be incorrect. A situation that is highlighted in the
aforementioned group is one in which the respondents do not own a car, but the cost estimate ends up being between €100 and €200,
which some of the respondents feel is too high.

The respondents’ background information, i.e. age, gender, level of education or place of residence, have practically no impact on
the distribution of answers. In other words, the respondents’ background does not affect how well the respondents are aware of their
current mobility costs or how well the respondents are able to evaluate the estimate of their current mobility costs, which is formed
based on their current mobility habits.

Table 2

The impact of gender, age and place of residence on the mean of the estimated mobility costs, calculated based on the matrix

question.

Mean of mobility costs (€) SD (€)

Total (N = 1168) 348 198
Gender
Women (n = 628) 311 189
Men (n = 536) 394 200
Age groups
18-24 (n = 109) 219 158
25-34 (n = 224) 289 185
35-44 (n = 223) 383 205
45-54 (n = 244) 409 202
55-64 (n = 367) 361 184
Location of residence
Densely populated urban area (n = 588) 327 210
Sparsely populated urban area (n = 368) 376 189
Sparsely populated area (n = 211) 359 173
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= Yes

= No (respondent gave his own
estimate of mobility costs )

= Cannot say / | do not know how
much money | use for my mobility

Fig. 3. Respondents (N = 1,169) answers to the question, do the estimated mobility costs presented in the matrix question approximately corre-
spond to the respondent’s actual mobility costs.

The respondents’ own estimates of their current mobility costs varied between €0 and €1,500. The mean was €211, with the
median being €150. The majority of those who provided their own estimate of their mobility costs considered the estimate that was
formed for the matrix question based on mobility habits to be too high. However, approximately 17% of the respondents considered
the estimate to be too low. On average, the respondents’ own estimate was approximately 70% of the value calculated based on the
matrix question. Fig. 4 shows how many percent the respondents’ own estimate of their mobility costs was in relation to the estimate
provided by the matrix question.

As shown in Fig. 4, the estimate provided by approximately 25% of the respondents was roughly 40-60% of the estimate provided
by the matrix question. Similarly, the estimate provided by another 25% of the respondents was roughly 60-80% of the estimate
provided by the matrix question. Additionally, approximately 9% of the respondents were of the opinion that their actual mobility
costs were over 40% higher than the estimate provided by the matrix question.

As Allard et al. (2014) have stated, people are only seldom able to estimate their mobility costs, which may affect the reliability of
the results. The matrix question (question 5) was formatted in a way which was intended to make it easier to perceive and calculate
the costs. The format in question 6, where the first option was the easiest for the respondent, to agree with the estimated costs based
on the matrix question, could lead the respondent to choose this option, as especially the second option would require more effort and
thinking.

The use of the term ‘approximately’ in the question caused some variation in the answers. Some of the respondents provided their
own estimate of their mobility costs, even though the estimate provided by the matrix question deviated < 20% of the respondents’
own estimate. On the other hand, many of the respondents may have considered an error margin of e.g. 20% to be so small that they
responded that the estimate was approximately accurate. Furthermore, a large number of the respondents are likely unable to provide
a particularly precise estimate of their actual mobility costs, which means that the respondents may consider the estimate to be
approximately correct, even if the estimate provided by the matrix question in truth differs significantly from the respondents’ actual
mobility costs. The matrix question can also induce a learning effect in a way that the respondent is better aware of sub-categories
related to mobility costs and therefore increasingly capable of estimating the mobility costs.

The next question assumed that a suitable mobility package could cover all of the respondent’s mobility needs and asked what
price would a mobility package comprising e.g. public transport, taxis and car sharing have to be in order for the respondent to adopt
it. The content of the mobility package was not defined in any more detail. In addition to being asked to specify a suitable price, the
respondents were provided with the alternatives ‘I do not know’ and ‘I would not adopt the package’. The distribution of answers
between different answer options is presented in Fig. 5.

30

25

% of respondents
-
wv

(6]

[0-20[%  [20-40[%  [40-60[%  [60-80[%  [80-100[% [100-120[% [120-140[% over 140%

0

Own estimated costs in relation to the estimated costs provided by the matrix question

Fig. 4. The respondents’ own estimate of their mobility costs in relation to the estimate provided by the matrix question. (n = 257).
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= "Defined a price in which would
adopt the package"
= | do not know

® | would not adopt the package

Fig. 5. Share of respondents’ answers to the question 7: Adopting a mobility package. N = 1,172.

As shown in Fig. 5, 43%, i.e. a total of 507 respondents, provided some estimated amount in euros of a suitable price for a mobility
package at which they would adopt the service. 31% were unable to say and 26% were not willing to adopt the service (at any price).
The percentage of respondents who were willing to adopt MaaS is at the same level as in previous studies, which found that 47% (Ho
et al., 2018) or 49% (Ratilainen, 2017) of respondents were willing to adopt at least some type of MaaS. Fig. 6 shows how the
respondents were distributed based on their willingness to pay.

The estimates provided by the respondents of a suitable price varied between €10 and €700. The mean was €137, with the median
being €100, lower quartile being €50, upper quartile being €200, and standard deviation €114. As shown in Fig. 6, approximately
41% of the respondents were willing to pay less than €100 for a mobility package. As lower quartile was €50, this means that 25% of
people would be willing to pay less than €50 for MaaS. Approximately 29% were willing to pay €100-199, while approximately 29%
were willing to pay more than €200. In a study conducted in Australia by Ho et al. (2018), people were willing to pay, on average,
AUD 231 for a MaaS package, which is approximately €143 at the exchange rate valid on 13 May 2019 (European Central Bank,
2019a). However, this study had a very different research design and definition of a Maa$S package, which is why the research results
are not directly comparable. The results are also well in line with the results of Solita’s (2017) study, where the internet panel
respondents were willing to pay, on average, less than €150 for a MaaS package in Finland.

For comparison, the price list of Whim, a company that offers MaaS services in Helsinki, Finland, includes a MaaS package
comprising of unlimited use of public transport and, with certain restrictions, use of city bikes, taxis, car sharing and rental cars at
€499 (Whim, 2019). On the other hand, a mobility package does not necessarily have to be unlimited in order to meet people’s
mobility needs, in which case people’s willingness to pay and the prices of existing services are not directly comparable. These results
include many uncertainties, which are discussed in section 4. In the future research, these results should be supplemented with
qualitative research to further understand people’s willingness to pay for MaasS.

When the respondents’ willingness to pay is compared to the estimate presented by the matrix question of their current mobility
costs, it is found that all respondents who would be willing to adopt a mobility package are willing to pay, on average, approximately
50% of their current mobility costs for the mobility package (n = 507). If the comparison is focused only on the respondents whose
response to the previous question was that the estimate of their current mobility costs, provided by the matrix question, is accurate,
then the willingness to pay relative to the mobility costs is slightly higher. On average, these respondents (n = 286) were willing to
pay approximately 56% of their current mobility costs for a mobility package. If the comparison is focused on the respondents that
provided a closer estimate of their own mobility costs than the matrix question for the previous question, the respondents (n = 141)
were willing to pay an average of approximately 81% of their current mobility costs for a mobility package. Relative willingness to
pay is calculated based on questions 5 (current mobility costs) and 7 (willingness to pay), which both include many uncertainties, and
therefore the degree of approximation increases in the results presented below.

Fig. 7 shows how many percent of their current mobility costs the respondents were willing to pay for a mobility package that
meets their daily mobility needs. The Figure only takes into account the respondents who considered the estimate of their current
mobility costs, provided by the matrix question, to be approximately correct or who provided a closer estimate of their current
mobility costs. The total number of such respondents was 427. On average, these respondents were prepared to pay 64% of their
current mobility costs for a mobility package, with the median being 50% and standard deviation 61%.
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Fig. 6. The willingness of the respondents to pay for a mobility package. n = 507.
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Fig. 7. Respondents’ willingness to pay for a mobility package relative to their current mobility costs. The Figure only includes the respondents who
specified a suitable price at which they would be willing to adopt a mobility package and who also considered the estimate provided by the matrix
question to be correct or who provided a closer estimate of their current mobility costs. n = 427.

Next, we examine how the adoption of a mobility package and people’s willingness to pay varied in different mobility cost
categories. This examination only takes into account the respondents who considered the estimate provided by the matrix question to
be approximately correct or who provided a closer estimate of their current mobility costs. The total number of such respondents was
907. In order to clarify the analysis, the respondents are divided into three groups based on their current mobility costs: respondents
who spend €0-199, €200-399 and over €400 on mobility. Each group consisted of 272-353 respondents. Table 3 shows how the
answers of the respondents in these groups were distributed in the question concerning the adoption of a mobility package, which
asked what price a mobility package would have to be in order for the respondent to be willing to adopt it.

As shown in Table 3, those who currently spend less than €200 on mobility more often expressed willingness to adopt a mobility
package and defined a suitable price for the package compared to others. Correspondingly, the higher mobility cost categories
included more respondents who were not prepared to adopt the service. All cost categories included a fairly even share of re-
spondents, who were unable to say. The differences presented in the table are statistically significant (chi-square test: p = 0.005).

Table 4 shows the willingness of the respondents to pay for a mobility package in the different mobility cost categories. The table
shows the respondents’ willingness to pay relative to their current mobility costs as well as their absolute willingness to pay in euros.

According to Table 4, the more the respondent currently spends money on mobility, the less one is relatively willing to pay for a
mobility package. On the other hand, the absolute amounts increase significantly according to how much each respondent currently
spends on mobility. This result is logical as such, considering that the respondents who spend less than €200 on mobility often already
use various transport services, as approximately 80% of the respondents in this cost category do not own a passenger car, for example.
Correspondingly, almost all respondents in the other cost categories own a passenger car.

However, it should be noted that a Maa$ service that meets people’s current mobility needs may be very different for different
people. For example, at present respondents who either do not own a car or do not use one much would likely not use the car rental
and car sharing options included in MaaS as much as respondents who currently drive a great deal. Therefore, these respondents are
prepared to pay a clearly lower amount for a mobility package than the other respondents. On the other hand, these respondents are
people who could increasingly adopt MaaS as part of their car use, which could lead to an unwanted shift in mobility habits from the
perspective of sustainability.

Next, we examine the differences between groups of users with regard to their willingness to pay. These examinations only take
into account the respondents who specified a suitable price at which they would be willing to adopt a mobility package and who also

Table 3

Willingness to adopt a mobility package in different mobility cost categories. The table only takes into account the respondents, who considered the
estimate of their mobility costs, provided by the matrix question, to be correct or who provided a closer estimate of their current mobility costs.
n = 907.

Current mobility costs

€0-199 €200-399 more than €400
”Defined a price in which would adopt the package” 55% 43% 45%
I would not adopt the package 18% 26% 30%
1 do not know 27% 31% 25%
In total 100% (n = 272) 100% (n = 353) 100% (n = 281)
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Table 4

Absolute willingness to pay and willingness to pay relative to current mobility costs in different mobility cost categories. The table only takes into
account the respondents who specified a suitable price at which they would be willing to adopt a mobility package and who also considered the
estimate provided by the table question to be correct or who provided a closer estimate of their current mobility costs. n = 427.

Current mobility costs

€0-199 (n = 149) €200-399 (n = 152) more than €400 (n = 126)

Willingness to pay relative to current mobility costs 0-40% 14% 37% 43%
40-80% 30% 46% 48%
80-120% 30% 15% 9%
120+% 26% 3% 0%
Mean of willingness to pay relative to current mobility costs 96% 50% 43%
Mean of absolute willingness to pay €69 €138 €244
Standard deviation of absolute willingness to pay €38 €81 €140
Range of absolute willingness to pay €10-200 €10-460 €50-700

considered the estimate provided by the matrix question of their current mobility costs to be correct or provided a closer estimate of
their current mobility costs. The absolute willingness of different groups of users to pay and their willingness to pay relative to their
current mobility costs is presented in Table 5.

There was no statistically significant (t(424) = -0.508, p = 0.612) difference between men and women in their willingness to pay
relative to their current mobility costs. In contrast, men’s absolute willingness to pay for a mobility package was higher than that of
women to a statistically significant degree (t(363) = -4.988, p < 0.001), which is explained by the fact that male respondents’
mobility costs were higher than those of women in the study. The standard deviation of answers was also slightly higher among men
than among women.

With regard to age groups, younger respondents seem to have been willing to pay slightly more for a mobility package relative to
their current mobility costs, but these differences were not statistically significant (Kruskal-Wallis: H = 9.230, df = 4, p = 0.056).
Older respondents were willing to pay higher absolute amounts for a mobility package than younger respondents to a statistically
significant degree (Kruskal-Wallis: H = 34.612, df = 4, p < 0.001). Similarly, respondents living in densely populated urban areas
were willing to pay, to a statistically significant degree (Kruskal-Wallis: H = 11.346, df = 2, p = 0.003), more for a mobility package
relative to their current mobility costs, but their absolute willingness to pay was lower (one-way ANOVA: F(2,424) = 7.069,
p = 0.001) compared to respondents living in other areas.

To better understand the factors affecting the willingness to pay for MaaS, an explanatory linear regression model is developed.
The following explanatory variables are tested for the model: current mobility costs (continuous, euros), gender, age (continuous,
years), location of residence (dummy, densely populated urban area — others), household’s income per month (groups: 1 = €0-2000,
2 = €2000-4000, 3 = €4000-6000, 4 = over €6000), level of education (dummy, primary and high school — bachelor’s and master’s
degree) and people’s recognition of the term MaaS (dummy, have you ever heard or read about the concept of MaaS). SPSS’s
backward-algorithm is used as a method to find the suitable variables to the model. In the first round, there were a couple of
divergent observations in the residuals plot, which is why the highest values from variable ‘current mobility costs’ were removed.

Table 5

Absolute willingness to pay and willingness to pay relative to current mobility costs and their standard deviation (SD) among different groups of
users. The table only takes into account the respondents who specified a suitable price at which they would be willing to adopt a mobility package
and who also considered the estimate provided by the matrix question of their current mobility costs to be correct or provided a closer estimate of
their current mobility costs. n = 427.

Absolute willingness to SD of absolute willingness Relative willingness to  SD of relative willingness
pay (€) to pay (€) pay to pay
Total (n = 427) 145 116 64% 61%
Gender
Women (n = 221) 119 92 66% 46%
Men (n = 205) 174 145 63% 74%
Age groups
18-24 (n = 42) 91 113 81% 48%
25-34 (n = 105) 121 100 74% 100%
35-44 (n = 91) 163 131 61% 42%
45-54 (n = 88) 180 122 57% 38%
55-64 (n = 101) 145 102 56% 35%
Location of residence
Densely populated urban area 128 112 72% 76%
(n = 234)
Sparsely populated urban area 176 125 56% 30%
(n = 125)
Sparsely populated area (n = 68) 146 116 50% 36%
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Table 6
Linear regression model for willingness to pay for MaaS$, final version.
Coefficients®
Model Unstandardized coefficients Standardized coefficients t Sig. Collinearity Statistics
B Std. Error Beta Tolerance VIF
5 (Constant) -12.826 15.916 -0.806 0.421
Current mobility costs 0.324 0.023 0.575 13.813 0.000 0.772 1.296
Gender 15.419 8.638 0.067 1.785 0.075 0.937 1.068
Household’s income 15.400 4.492 0.139 3.429 0.001 0.814 1.229

2 Dependent variable: Willingness to pay for MaaS.

Three values, in which the current mobility costs were over €1,000, were removed. The final model is presented in Table 6. Model
formation with backward-algorithm is presented in Appendix C.

In this model, coefficient of determination (adjusted R square) is only 44.1%. As the standardized coefficients in Table 6 show,
current mobility costs is the dominant factor in the model. Gender and household’s income explains some of the variation and based
on the model, other tested variables do not have statistically significant effect to the amount that people are willing to pay for MaaS
services. This leads to the conclusion that current mobility habits explain some of the variance between responses, but other factors
(such as age, gender and people’s recognition of the term MaaS) have less influence on the willingness to pay for MaaS.

According to Table 6, tolerance and VIF values of the variables are close to 1. Also Durbin-Watson value of the model is
1.941 = 2. These values show that there are no problems with correlations between variables in the model. Residual plot and
residuals’ normal distribution pattern are presented in Appendix C. There are no serious errors in normal distribution pattern, but
from residual plot it can be seen that variances of residuals are not equal. This decreases the reliability of significance level test of the
model, but it does not mean that the model itself would be invalid. Based on ANOVA presented in Appendix C, the model is
statistically significant (F(3,115) = 110.970, p < 0.001).

3. Validity and reliability of the study

The research design caused some problems that may decrease the reliability of this study. In the study, current mobility costs were
estimated with the help of a matrix question on respondents’ current mobility habits. However, a survey implemented on a paper
form limits the scope of the question, making several compromises necessary in the matrix question. Therefore, the question cannot
deliver particularly precise estimates of the respondents’ current mobility costs. Due to the limitation of this approach, the mobility
habits and ranges in the matrix question are somewhat inaccurate, which is why the cost estimates are mostly indicative. On the other
hand, most of the respondents considered the estimate presented in the matrix question to be approximately correct. Respondents
may have answered this option because it is the ‘easiest’ option, which decrease the validity of the question. Additionally, in question
6, we used the term ‘approximately’, which is not a specific term. These aspects might decrease the reliability of the results as
descripted in the results and discussion section. Additionally, the given amounts in question 5 may have had a framing effect to the
respondents when they consider giving their own estimate of mobility costs in question 6 (second option) as well as when expressing
their willingness to pay. However, the mean of the answers with regard to current mobility costs was very close to the outcome of the
study conducted by Statistics Finland on Finnish people’s mobility costs, making it reasonable to assume that the accuracy of the
estimate on people’s current mobility costs was at least moderate for most respondents.

In the question concerning the price of a MaaS package, the question was formulated in a way that the respondents could answer
without prior knowledge about MaaS. A Maa$S package was defined as meeting all of the respondent’s current mobility needs through
the use of public transport, taxi services and car sharing, for example. This already in itself causes a situation in which the MaaS
package presented in the question is, in practice, different, with each respondent interpreting it from the perspective of their own
needs. As a result, comparing absolute amounts in particular between respondents may cause distorted results. We did not want to
define a Maa$S package in any more detail in this study, as the target group in the research design included all Finns aged 18 to 64
living in Finland, and a possible suitable mobility package would have a very different content in rural areas and cities, for example.
We sought to take this problem arising from the research design into account by also relating the answers to the respondents’ current
mobility costs. The current mobility costs formed based on the respondents’ current mobility habits are also relatively representative
of the respondents’ mobility habits. There was also a separate analysis of different genders, age groups and respondents living in
different areas.

In order to improve the reliability of the results, the analysis of the respondents’ relative willingness to pay for a MaaS package
was conducted by using only respondents who considered the estimate drawn from the matrix question regarding the approximate
amount of their current mobility costs to be correct or who provided a closer estimate of their current mobility costs. However, it
should be noted that due to the uncertainties related to, e.g. some respondents choosing the approximate amount in the question 6 as
it was the easiest option, the uncertainty affects also the relative willingness to pay. Also, the number of such respondents, who also
specified a suitable price for a mobility package, was relatively low (n = 427), making it impossible to conduct further analyses
reliably. Furthermore, the standard deviations of answers were very large. This was expected as the large standard deviations indicate
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that the current mobility costs (and mobility habits) as well as willingness to pay vary considerably among the respondents. There is
also considerable variation among these in the population overall (Finnish Transport Agency, 2018). Nevertheless, the number of
respondents is sufficiently high in order for the statistical significance of the differences between groups of respondents to be analysed
by using statistical tests.

The questions used in the study and, for example, the calculation of the respondents’ current mobility costs may be challenging for
some respondents to understand. In the cover letter of the questionnaire, we instructed the respondent to assess mobility and mobility
costs from individual’s point of view, instead of household perspective. As some of the mobility costs can be shared in a multi-person
household (especially car costs), approaching mobility costs from individual’s viewpoint is somewhat challenging. Also, the will-
ingness to pay is related as the use of a car shared between household members, should be acknowledged from the perspective of the
whole household. Development and marketing of MaaS should acknowledge the mobility needs of individual as well as households,
and MaasS could be offered as a household service instead of or in addition to a service for individuals.

The questions and structure of the questionnaire were simplified in the planning phase, and we found in the pilot study that the
respondents were able to understand the questions, especially the critical question 5. Conducting the pilot study and interviews in a
shopping mall may not have been the best way to verify the comprehension of the survey questions, but based on open feedback from
the actual study, the respondents considered the questionnaire to be clear. Additionally, almost all respondents were able to fill in the
form correctly, which, for its part, supports the conclusion that the questions were understood correctly.

Culturally, Finland is relatively close to other Western countries in Europe. However, there are significant differences between
countries in the pricing of mobility. In Finland for example, the costs of owning and using a passenger car are relatively high
compared to many other Western countries (Eurostat, 2017). This may make it difficult to compare people’s absolute willingness to
pay between countries, which is why relative willingness to pay should also be taken into account in comparisons. All in all, these
study results can be considered to be relatively applicable to other developed countries and to Europe in particular.

4. Conclusions

The aim of this study was to explore people’s willingness to pay for new MaaS services as well as to collect data on people’s current
mobility costs and how they relate to people’s willingness to pay with the help of a large survey with a representative sample. This is
the first study where the mobility costs are compared with willingness to pay for MaaS.

Based on the study, Finns aged 18 to 64 spend, on average, €350 on mobility per month, which is also very close to the estimate of
€364 per month that was determined in the consumption study by Statistics Finland (2018). However, due to many limitations of the
study, respondent’s current mobility costs are only indicative. In this study, 43% of the respondents specified a price at which they
would be willing to adopt MaaS. The estimates provided by the respondents of a suitable price for a mobility package varied between
€10 and €700, with the mean being approximately €140. Based on the results, the respondents were willing to pay, on average,
approximately 64% of their current mobility costs for a mobility package. However, Maa$S studies and the results related to will-
ingness to pay for Maa$ include many uncertainties. First, as MaaS and mobility packages are still unfamiliar to most people, there
are ambiguities concerning people’s understanding regarding the topic. Secondly, the mobility needs of people vary considerably, and
thus also the mobility services which would cover these needs vary. Additionally, it can be questioned, how well the stated will-
ingness to pay would relate to the actual use of money for a mobility package. People are not typically highly aware of their mobility
costs which has an effect on estimating the willingness to pay relative to current mobility costs, too. Due to the uncertainties, this
study should be supplemented with the future research.

We found that the respondents who use least money for mobility (under €199 per month) are the ones, whose relative willingness
to pay for a mobility package is the highest. The study also identified many differences between groups of users with regard to both
their current mobility costs and willingness to pay, but based on the linear regression model, background information of the re-
spondents explain only a small part of the variation in the amount people are willing to pay for MaaS. Willingness to pay for MaasS is
mostly explained by current mobility costs and the related mobility habits.

The research highlights that MaaS should be able to be competitive in terms of costs as willingness to pay is relatively low when
comparing it to people’s current mobility costs. People’s willingness to pay for a mobility package is still relatively far from the prices
of existing MaaS$ services that combine several mobility services. Therefore, it is reasonable to consider whether MaaS has the
potential to succeed on a large scale if people’s willingness to pay does not meet the costs of delivering such a service. This means a
considerable challenge for launching successful Maa$S operations, especially when considering the lack of interest towards a monthly
payment for all mobility costs. A pay-as-you-go Maa$ solution may be the pathway for increasing the awareness of mobility packages
as people in this study show that the general foundations for Maa$ are shared: several mobility services should be available with one
ticket or application and there should be a shift from private cars to mobility services.

This study defined a Maa$S package as meeting all of the respondents’ current mobility needs through the use of public transport,
taxi services and car sharing, for example. In practice, this means that a Maa$S service within this definition is different for the
respondents, depending on their current mobility needs and, for example, the transport services available. Therefore, a comparison of
the absolute willingness to pay in particular is not always meaningful, and results must also be examined in the light of current
mobility needs. The standard deviations of the research findings were also very large. However, large standard deviations were quite
expected result as the people’s current mobility habits and costs also vary greatly.

Further research should focus on what types of Maa$ services people wish to use, what their willingness to pay for these services is
and at what cost level the provision of such Maa$S services would be possible. It should also be examined how the attractiveness of
MaasS services could be increased in order for people to be prepared to pay for them and be willing to adopt them. Further studies on
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people’s willingness to pay should be conducted on a targeted population. For example, people’s willingness to pay could be ex-
amined between cities and rural areas with different, targeted questions, with Maa$ services defined more closely or in several
different ways. Compared to this study, conducting a study only as an Internet survey would allow a more detailed estimate of
people’s current mobility habits and costs to be made, which would also improve the accuracy of the results with regard to people’s
relative willingness to pay. Related to internet surveys’ potential for Maa$ studies, Matyas and Kamargianni (2018) have highlighted
the possibilities of advanced survey methods to capture the multidimensionality of Maa$S offerings and people’s mobility habits. We
find that further research should also approach MaaS also from the household point of view as the mobility services should be
developed for both individuals and households point of views. Also the qualitative research should be done to complement the overall
understanding of willingness to pay for MaaS. It should also be studied what types of effects adopting MaaS would have on people’s
mobility habits with regard to the modal split or car ownership.

In future, it should be studied how the MaaS operator can offer a competitive scheme and run a commercially viable business. If
the costs of running a MaaS scheme are higher than willingness to pay (indicated currently), Maa$S should be able to offer more value
for the money and increase the willingness to pay, if not benefitting e.g. from public subsidies.
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Appendix A. Questionnaire and cover letter instructions
A.1. Instructions given for the respondents in the cover letter

A.1.1. Instructions for filling the questionnaire

Current transport system is approaching a point, when mobility turns more into a service. Transport is developed to be more
seamless and an easier wholeness by the means of developing services. This can mean simplicity, e.g. a passenger can purchase the
trip from door to door with one payment and one ticket. The compilation on mobility services are often referred to with the term
Maas, which comes from English words Mobility as a Service.

Terms related to filling the questionnaire (you may take this page close to you when filling the questionnaire)

e A mobility service refers to a service, by which one can travel with many transport modes by using one service or one appli-
cation.

e A mobility package refers to a mobility service, in which one pays a fixed monthly payment for a mobility package, which
includes a certain number of trips with different transport modes.

o A shared car refers to a car, which is owned by a company or community and which can be used by the customers of the company
or the members of the community. A shared car differs from traditional car rental in that it can be booked also for a short period of
time and the booking is done with a mobile device or other smart device.

o Long-haul public transport refers to trips over 30 km in this survey. Trips shorter than this are referred to as local public
transport.

Instructions for different questions:

e In question 5 the right alternative is selected according to the current use. If you own more than one car, answer to the question
related to car ownership on the grounds of the car, which you use the most.
The figure in the brackets describes how much each option causes costs on average in a month. For example, if your car is
currently worth 10,000-25,000 euros, it causes about 300 euros of costs a month, when taxes, insurances, depreciation, parking,
etc. are considered.

We wish to have answers from all, regardless of owning a driving licence or an own car. If you find that none of the alternatives

offered in a question is not appropriate, you may choose the alternative which is the least bad. When needed, you may elaborate on
the answers in the open comment fields in the end of the questionnaire.
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1. Have you ever heard or read about the concept of Maas (Mobllity as a Service)?

[ Yes [ nNo

2. What are your views on the following mobility pricing options?

a) Package pricing: a fixed monthly fee is paid for mobility. Mobility package can include for example
unlimited local public transport and a certain amount of taxi rides or use of a rental car.
Very Somewhat Neutral Somewhat Very
D positive D positive EI D negative D negative

b) Current form mixed pricing: both fixed fees and taxes (e.g. vehicle insurance and vehicle tax) and fees
based on use (e.g. fuels and single tickets in public transport)

Very Somewhat Neutral Somewhat Very
D positive D positive D D negative D negative

c) Usage based travel or kilometer-based pricing: fee is solely based on the amount of use of mobility
service or private car

Very Somewhat Neutral Somewhat Very
D positive D positive D D negative D negative

Strongly  Somewhat Neither agree Somewhat Strongly

3. What do you think of the following statements? sgres  nofdisagree disagree  ‘disagree

It should be possible to combine all mobility services
and use them with single ticket and application
(e.g. taxi, train and bus with the same ticket).

U o o 0o

1 would like to have all costs of my travelling to be
included in a single monthly payment.

| think that the cost of my mobility is currently low
enough so | can fulfil my daily mobility needs.

1 think that it is difficult or cumbersome to use public
transport (including long-distance public transport)

| think that personal space, time and peace in private
car are important criteria for me when choosing the
mode of transport.

1 think that | can fulfil my daily mobility needs by
using other modes of transport than private car.
Transport transformation from using private cars
towards mobility services would be a desirable trend.

oo o g o o
o 0o o o g d
0o oo o g d
o oo o g g
0o oo o g od
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4. How interested would you be in the following mobility services if they were available for use in your

Shared taxi

Works like a conventional taxi, but there may

also be strangers as passengers so travel time
can be slightly longer but the cost of travel is

reduced
O O

Somewhat Not atall

Very
interested interested interested

Shared car

Very
interested

Shared cars would be available nearby to be
booked and claimed with a mobile device. The
cost would be approximately 1€ / km

O

Somewhat
interested

Not atall
interested

5. Which of the following describes the best your current mobility habits and mobility costs? Choose
one option for each row that best describes your current mobility habits. In the parenthesis is the
estimate of average monthly cost of each option (see the cover letter for more instructions).

a

Owning a car
(incl. taxes, insurances,

: : Nocar
decrease invalue, parking) (0€/mo.)
Use of a car as a driveror O
passenger No usage
(incl. fuel, maintenance, tires,
washes etc.) (0€/mo.)

U]
Use of local publictransport Housage
(0€/mo.)
OJ
Use of long-distance public Nousage
transport
(0€/mo.)
Use of other mobility LJ
4 Nousage
services
(taxi, rental car) (0€/mo.)

O

Car, value less
than 10 000 €
(150 €/mo.)

Lessthan 10 000
km peryear
(50 €/mo.)

|

Low usage

(10 €/mo.)

a

Usagea few
timesayear
(20 €/mo.)

|

Usagea few
timesayear

(20 €/mo.)

O

Car, value
10 000 — 25 000 €
(300 €/mo.)

10 000 — 25 000
km peryear
(150 €/mo.)

Weekly usage

(30 €/mo.)
O

Monthly usage

(50 €/mo.)

Monthly usage

(50 €/mo.)

O

Car, value more
than25 000 €
(450 €/mo.)

Over25 000 km
peryear
(300 €/mo.)

Almost daily
usage
(50 €/mo.)

O

Weekly usage

(100 €/mo.)

Weekly usage

(100 €/mo.)

6. Using the table above, you can cal

you think that this sum corresponds to the real costs of your mobility?

[ Yes

[ No, the real costs of my mobility are approximately

[] 1 do not know how much money | use for my mobility

euros per month

of the monthly cost of your mobility. Do

7. Assume that a suitable mobility package could cover all your mobility needs. What price should
the mobility package have so that you would buyit?
The mobility package would include e.g. public transport, taxi and shared or rented cars.

euros per month
[ 1 do not know
[] 1 would not adopt the package
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8. Assume that you would buy a mobility package and you would not own a car at all. How much
would you use the following mobility services? Choose one option for each row!

O O O O
Shared or rented car Over 15 d/mo. Approx. 10 d/mo.  Approx. 5 d/mo. Less than 2 d/mo.
(over 20 000 km (10 000-20 000 (5 000-10 000 (less than5 000
per year) km per year) km per year) km per year)
Use of local public D . D D D .
Usage almost daily Weekly usage Monthly usage Usage a few times
transport
ayear
O O O O
Lot e Usage almost daily Weekly usage Monthly usage Usage a few times
transport
ayear
Use of other mobil ity 0 . U 0 0 .
—— Usage almost daily Weekly usage Monthly usage Usage a few times
ayear

(e.g. taxi, city bikes)

9. Would you travel more often or longer trips, if
a) The mobility costs were cheaper than currently? D Yes D No

b) You had a fixed price monthly package that included an unlimited [ ves [ no
number of trips?

The national energy and climate strategy of Finland aims to promote mobility services so that
travelling alone by a car reduces and the growth of car traffic in urban areas stops despite
population growth.

10. What do you think of the following Strongly Somewhat Neitheragree Somewhat Strongly
statements regarding the climate strategy? agree agree  nordisagree disagree  disagree

O O o 0O

Private car traffic should be limited to reduce
emissions

Public transport should be funded more with tax
revenues to decrease headways

Transport investments should be allocated more to
the construction of railways and tramways instead of
road and street construction

The obligation of building parking spaces should be
waived when building new apartments

In city centres, there should be more pedestrian and
public transport streets and limited private car traffic.
Shared cars should be exempt from car taxes and
parking fees

Congestion charges should be implemented in the
metropolitan area

The amount of the tax deductibility of commuting
should be same for all mode of transport

Ooo0o0oo0oo o oaog
o0 o0oo0oo o o
I I I I N
Oo0o00o0o oo
Oo0o0oo0oo o o
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11. Would you want or need to own a private car, if
a) Public transport connections were good enough to fulfil your daily mobility needs ?
OYes [InNo

b) Rentalor shared car were always available within 500 meters and the annual cost of using it was less
than the annual cost of an own car?

D Yes D No
c) The annual cost of the mobility service (incl. e.g. public transport, shared taxis and shared cars) was
significantly lower than your own car and you could fulfil all your mobility needs with it.

OYes [Ino

12.How old are you? 18. What is your household gross income per
years month?
SR —— [ Lessthan2000€ [] 4000-6000€
D Woman|:| Man DOther D AT D ert QL
. 19. How many cars do you have in
14.Do you have adriver’s license? your household?
COYes [Ono
car(s)

15. How many people are in your

Bowsehiold; yeurseiFindisied? 20. Have you registered for one of the following

mobility services: Whim, Kyyti, Kateva Seinajoki,
person(s) DriveNow tai OP Kulku? (MaaSoperatorsin Finland)

DYes DNO

16. What kind of house do you live in?

D Apartment house D Row house 21. What is your highest level of education you
D Detached house D Other have graduated or studying at the moment?
D Primary school D High school
17. Do you have any permanent injuries or )
Bachelor”
ilinesses that affect your driving? D SIS D Wiaster's
degree degree

DYs DND

22. Open feedback regarding mobility services

23. Open feedback regarding this survey
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Appendix B. The distribution of answers between different mobility habits
See Fig. B1.

Owning a car (incl. taxes, insurances, decrease in value, parking)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B No car (0€/mo.) M Car, value less than 10 000€ (150€/mo.) M Car, value 10 000-25 000€ (300€/mo.) M Car, value more than 25 000€ (450 €/mo.)

Use of a car as a driver or passenger (incl. fuel, maintenance, tires, washes etc.)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
M No usage (0€/mo.) M Less than 10 000 km per year (50€/mo.) M 10 000-25 000 per year (150€/mo.) M Over 25 000 km per year (300€/mo.)

Use of local public transport

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
M No usage (0€/mo.) M Low usage (10€/mo.) m Weekly usage (30€/mo.) M Almost daily usage (50€/mo.)

Use of long-distance public transport

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M No usage (0€/mo.) M Usage a few times a year (20€/mo.) ™ Monthly usage (50€/mo.) ™ Weekly usage (100€/mo.)

Use of other mobility services (taxi, rental car)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
M No usage (0€/mo.) M Usage a few times a year (20€/mo.) M Monthly usage (50€/mo.) M Weekly usage (100€/mo.)

Fig. B1. Distribution of answers to the question 5: Current mobility habits and estimate of monthly cost for each option. N = 1168.
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Appendix C Linear regression model
See Figs. C1 and C2, Tables C1 and C2.
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Regression Standardized Residual

Scatterplot
Dependent Variable: Willingness to pay for MaaS
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Fig. C1. Residual plot of the linear regression model.

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Willingness to pay for MaaS
1071
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Fig. C2. Normal distribution pattern of residuals of the linear regression model.
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Table C1
Linear regression model, backward algorithm.
Coefficients®
Model Unstandardized Coefficients Standardized Coefficients t Sig. Collinearity Statistics
B Std. Error Beta Tolerance VIF

1 (Constant) —9.390 34.823 -0.270  0.788
Current mobility costs 0.321 0.024 0.570 13.163 0.000 0.716 1.397
Age 0.108 0.337 0.013 0.319 0.750 0.858 1.165
Gender 14.021 8.856 0.061 1.583 0.114 0.894 1.118
Household’s income 14.785 4.558 0.133 3.244 0.001 0.793 1.261
Level of education (dummy) 8.229 8.851 0.036 0.930 0.353 0.898 1.113
Location of residence (dummy) 2.693 8.958 0.012 0.301 0.764 0.880 1.136
Heard of MaaS —11.472 9.936 —0.044 —1.155 0.249 0.927 1.079

2 (Constant) —5.842 32.727 -0.179 0.858
Current mobility costs 0.323 0.024 0.572 13.528 0.000 0.748 1.338
Age 0.122 0.333 0.014 0.366 0.715 0.876 1.142
Gender 14.057 8.846 0.061 1.589 0.113 0.895 1.118
Household’s income 14.736 4.550 0.133 3.239 0.001 0.794 1.259
Level of education (dummy) 7.777 8.712 0.034 0.893 0.373 0.925 1.081
Heard of MaaS —11.418 9.923 —0.044 -1.151 0.251 0.927 1.078

3 (Constant) -1.192 30.124 —0.040  0.968
Current mobility costs 0.324 0.023 0.575 13.822 0.000 0.771 1.296
Gender 13.953 8.832 0.061 1.580 0.115 0.896 1.117
Household’s income 14.966 4.501 0.135 3.325 0.001 0.810 1.235
Level of education (dummy) 7.112 8.511 0.031 0.836 0.404 0.967 1.034
Heard of MaaS —-11.075 9.868 —0.042 —-1.122 0.262 0.936 1.069

4 (Constant) 12.322 25.404 0.485 0.628
Current mobility costs 0.325 0.023 0.575 13.832 0.000 0.771 1.296
Gender 13.293 8.793 0.058 1.512 0.131 0.903 1.108
Household’s income 15.199 4.491 0.137 3.384 0.001 0.813 1.231
Heard of MaaS —12.368 9.743 —0.047 —-1.269 0.205 0.959 1.042

5 (Constant) —12.826 15.916 —0.806 0.421
Current mobility costs 0.324 0.023 0.575 13.813 0.000 0.772 1.296
Gender 15.419 8.638 0.067 1.785 0.075 0.937 1.068
Household’s income 15.400 4.492 0.139 3.429 0.001 0.814 1.229

# Dependent variable: Willingness to pay for MaaS.

Table C2
Statistical significance (ANOVA test) of the linear regression model.
ANOVA?®
Model Sum of squares df Mean square F Sig.
1 Regression 2452076.965 7 350296.709 47.750 0.000°
Residual 3015144.606 411 7336.118
Total 5467221.570 418
2 Regression 2451413.665 6 408568.944 55.816 0.000¢
Residual 3015807.905 412 7319.922
Total 5467221.570 418
3 Regression 2450435.026 5 490087.005 67.093 0.000¢
Residual 3016786.544 413 7304.568
Total 5467221.570 418
4 Regression 2445334.942 4 611333.736 83.753 0.000¢
Residual 3021886.628 414 7299.243
Total 5467221.570 418
5 Regression 2433572.688 3 811190.896 110.970 0.000°
Residual 3033648.882 415 7309.997
Total 5467221.570 418
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