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A LARGESCALE TEST OF SMARTPHONE APPs FOR TRAVEL DATA COLLECTION

EXECUTIVE SUMMARY

In recent years, due tthanges in communication technologies (increased use of smartphones,
decreased use of landline phone&glining response rates and other methodological js&ves
approachesre being soughto collectravel surveyaround the worldTheTTS 2.R&Dproject aims

to examine variousiethod®f travel data collection includirige use ofsmartphone app#in

evaluation of existing statef-the-art in smartphone data collection and trace processing, @ore

in TTS 2.0 project in 2016, highlighted the potentials of smartphone apps for travel data collection.
Based orthatinitial study, a field test was deviséo investigate the redife applicability of

smartphone apps for travel survey in Greater Golden Horseshoe (GGH) area. Two already
developed apps, selected based on criteria developed in the initial study, were rebrasde@ i t y
Loggeré fer this purpos

The field test was designed to examine two different methods commonly used in data collection
conducted via smartphone apps: the #t@ak prompt approach and the travel diary approach. In
terms of participant recruitment, two different methods weptoged and later the reported travel
patterns from individuals recruited from each method were compared. First, individuals who
completed the 2016 TTS and expressed willingness to participate in further data collection efforts
weresent an invitation vianeail. Next, other methods such as targeted ads on social media,
traditional media coverage and contacting different advocacy organizations to disseminate the news
about the app among their membership were used to investigate the effectiveness of credvdsourc
methodsData collection effort was carried out in October and November 20hki&. report describes
the design of the field tesh brief description of the apps, a descriptive summary of the collected
data, and data analysis and discussion of the rigsli

Overall, 2041 users downloaded and installed the app, 1082 on iOS and 959 on Android. However,
only 1550 users completed the initial survey and made at least one trip. These participants were
recruited through crowdsourcing avenues (389 particisgell as email invitation to a group of

2016 TTS respondents (1191 participants). The results of the survey reveal that participants recruited
from crowdsourced methods are considerably diffaret@rms of sociodemographic and travel

behaviour charactesticghan the email invitation group and the observed population in the 2016
TTS.With respect to recruitment and crowdsourcing, more resources and greater lead time is needed
to build a properly timed campaign that benefits from different partnersraedia coverages. The
collected data indicate that while the crowdsourcing recruitment method is promising, it might not be
yet the best way to capture a true representatiohapopulation.

Regarding app design and processing, sevindingscan be highlightednd added to the design
recommendatiord the 2016 technical evaluation pild@the field test results clearly justify
recommendation @f single step onboarding process (user account creation and survey regponse)

any future smartgine app travel data collectiofrurtheran event log and a periodic recording of

lower accuracy traces is recommended to be able to distinguish between missing traces, whether the
users deleted the tracer manually stopped the recording,tbe app stoped recording due téack

of signals or lovbattery. Thiswill increase the reliability of the trace processing feature and improve

the quality of generated trip dataset.

The comparison between the two different design approackesealtime prompt andravel diary
validationd provide interesting results. Overall both approaches yield an acceptable quality of data.
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The travel diary approach provides a higher validation rate while thetnee prompt approach,
because of the lower survey burden, resalimore days of ruA combination of the redime and

travel diary approach is recommended for future work. An ideal app would prompt usetisnesal

and create a travel diary so users have the ability to validate, edit or delete the recorded
informaton.Overall, he City Logger project demonstrdtiénat with proper app and survey design,

as well as a streamlined process for quality assessment and corrections, there is potential to cost
effectively collect travel dairy data using smartphone apps.
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1 INTRODUCTION

The Transportation Tomorrow Survey (TTS) is a household travelddiectéyg travel information

which has been carried out every 5 years since 1986. The TTS has historically been carried out as a
large-scale Computer Assisted Telephone Interview &dy. However, changes in communication
technologies (increased use of smartphones, decreased use of landline phones), declining response
rates and other methodological issues have presented challenges to the current TTS method. This has
led to new appoaches being sought to collect the information required fordonge, evidence

based transportation planning.

Smartphones can provide a means by which to collect high quality information on the travel patterns
of individuals without burdening thesevittials by asking them to recall and report every detail of
theirtravel Wi t h 't h e u s elocatibrloggmgcapagityhsmartphen@ apps can provide a

tool with a user interface thamake it possible to ask for validating trip informatieal-timeor

after-the-fact at the end of the dayUse of smartphone apps for travel diary might also potentially
solve some of issues with traditional survey methods such as respondent memory, proxy bias, mode
bias, and rounding of travel times in gejportingsurvey modes.

TheTTS 2.0 project aims to examine varimeshodgor travel data collection including use of
smartphone appdhe evaluation of the use of smartphones for travel survey collection began with an
initial phase in 2016 with the conduct ofexperiment thaassessethe design and performance of

the existingstateof-the-art in smartphone data collection and trace processing @gusling,
Srikukenthiran, Habib, & Miller, 2017; Harding, Srikukenthiran, Zhang, Habib, & Miller,12i316)
experiment used multiple apps and compattezinagainsta ground truth tevaluatehow well they
performed over a range of metrics. These includeddleuracyin recording and inferring leg and

trip endlocation and time, mode inferenaed battery drain. It also providkan assessment best
practices with respect to the design of apps.

Based orthis initial study, a field test was devisedrneestigate the redife applicability of

smartphone apps for travel surgeythe Greater Golden Horseshoe (GGH) areaollready

developed appsselected based on criteria developed in theahd#iudywe r e r ebr anded to
L o g gfa thié purposeThis report describes the design of the field test and the logic behind the

choice of the smartphone apps used in the field test. It presents a brief description of the apps, a
descriptive summapf the collected data, and data analysis and discussion of the findings.

The remainder of this report is organized as folléviter a brief review of largescale smartphone
travel surveys, Section 2 describes the City Logger app design, surveyatgsigoruitment

methods. Section 3 discusses the data collection effort. Section 4 presents the analysis of the data
collectedby City Logger app Rnally, section 5 concludes by summarizing the Eesont and

proposing recommendations for future efforts
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2 DESIGN OF CITY LOGSEOR THE FIELD TEST

This section presents a brief discus$iearber works orthe use of smartphone apps for data
collectionWith advancesnadein smartphone technology in recent yehiese hare been several
studies investigating the potential of smartphone apps for different puypadeding data collection
for travel surveys. However, there are only few efforts laae studiedthe use omartphone apps
for collection at darge scaleand for a long periodRecently, several regions in United States have
used smartphone apps in conjunction with their traditional household travel Banesample,

along with a onalay web-based travel survey, the 2017 Puget Sound Travel Sum&sattle,
Washingtonemployed a oneveek travel diary using a smartphone app for all the household
membergRSG, 2018)Otherexamples of using a smartphone app for travel survey data collection
all of which provided incentives to recruit participaresas follows:

1 Metropolitan Phoenix Aréasvo-day travel survey ofabout 7000 householdMaricopa
Assomation of Governments, 2016)

9 Ohio 7-day travel survey of 617 househol@nderson et al., 2016)

1 Indiana 7#day travel survey of bout 240 participant§Greene, Flake, Hathaway, &
Geilich, 2016)

1 A l4-day travel survey of 550 participantsvhich wagart of the Dutch Mobility panel
study(Geurs, Thomas, Bijlsma, & Douhou, 2015)

1 A l4-day travel survey of 793 participants in Singapondyich wagart of Singapore
national household travel sury&hao et al., 2015)

Recentlythe City of Montreatonducted large-scale data collection using a smartphone. apphe

project the City of Montreal waspecificallyinterested inthe impact of manyconstruction waskhat

were happening at the same time around thearitthe transportation system. The collected data

were used to quantify the impact of construction works el tiene. In addition, the data were

useful to better under st an dplapdetoys aeddraffictighta v e | beh
(0Move and wi n .[Thekcrhitmehtrwas dene througt2cfowdagurce approaches such

as ads on traditional and social media and email invitatfmough different organizatisand

advocacy groups. Participants wemngtered intca raffle after confirming at least 2%ips in 30 days.

Another research effort used a smartphone appvestigate travel satisfactiontlre San Francisco
Area. The purpose of the study was to asgesguality of usettravel experiencgCarrel,

Sengupta, & Walker, 2017)The recruitment was done through various nethodding email,
postcards, #person hiringand fliers. As an incentive goticipantswvere given a mothly transit pas
provided theyreported the quality of their travel experience for one day and ran the app to collect
location data for at least 5 days.

A combination ahe use osmartphone app and a webased diary for travel data collectiowas
carried out in AustraliéGreaves et al., 2015By giving igentives and recruiting via phoneparson
and through advocacy organizatsemd telemarketing firsitravel data from 641 participants for 7
days were collected. Another study in Montrieah university setting/as able to collect 14 days of
travel data of 892 individuals by sending out emails to students, faaualtiystaff. There are also
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several studies that have investigated different dimensions of using smartphone apps for travel data
collection with fewer number of participafRatterson & Fitzsimmons, 2016)

The abovementioned studies varjnio key areas i) app designand user inpytindii) recruitment
methodand incentive In the following sectionlese areas are discussed, leading to the presentation
of theapproach used ithe City Logger project.

For the City Logger project, a global request for proposals was launthedF§pecifications
presented in AppendiX.1. A total of 11 proposals from 6 countriegluding ones frooommercial
firms, starup companiesnd research lahsAfter a rigorous assessment of the proposiats
considering the budget, two different apps for iOS and Android were clansHdabelled as City
Logger As a smartphone app for travel survey is expected to do, both faypusiorby running in the
backgroundand recording location information. As such, tisere need to turn the agon and off,
whichtends to leado incomplete reporting of travel. The sgutomatically uploadheinitial
sociodemographgurvey, validation and location information.

The two apsselected make the use of tleotmain approaches exist validate travel survey data
collected bysmartphone apps: retime promptnd retrospective travel diarynthereal-time
prompt approach, as soon as the trip end is detected, theedppr pompts for the entry dfip
details such as mode amulrposeor asks the user to validate the inferred informatiotndtravel
diary approach, instead of prompting throughout the day as trips are detected, thas&ggor trips
to be validated colletively in the form of dravel diary at the end of the day.

Both approaches have advantages and disattagesin the reaitime prompt approach, a user

might ignore the prompt, resulting in missing information for that trip. Also, the user might confuse the
promptds request for trip destination informat:.i
information for the origin rather than the destination the other handpthetravel diary approach,

there is an increaserkliance on user memory to remember all the tnigde duringhe day. Also,

validating all the trips at the same time might incréasgerceived burden of the survéythis

project, both approaches are evaluated in order to see how people respond tonestobd The iIOS

version of the app follows the retine prompt approach while the Android version of the app

collects data in thform of travel diary validation.

2.2.1 City Loggerd iOS version

The City Logger apfor iOSis amodifiedversion of the Itinerum agpo | t MR lea tufmor m, 6
2017), downloadable from thé&pple app store. The first tintleat usesrun the appthey must
answer an initial surveyhich asks songpical travel surveyguestionsuch as questions related to
age, gender, household characteristics, having a driver license and vehicle ownership (the list of
guestions is presentedAppendix7.1). The app then rgmn the background and records thes e r 6 s
movementhroughthe location service of the smartphone. It has afgece (spatial) and time
(temporal) threshold to detect trip ends.

Once a trip end is detected, aprotmp i s di spl ayed on the sc
you reached a destination?6. The wuser t
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havendt arrived yetoé and ONo, | &m notsfartrippvel i ng
purpose and mode.

The iOS version is designed to be simple. The app only shows traces location points on the map with
countergdisplayed)for number of trips validated and days participatifidhe app stops using the

location services and calteng data wherthe battery levelfalls below15%. When the battery is

charged, the app automaticalbontinuesecording the trace§igurel shows an overview of th@S

version ofCity Logger.

ROGERS LTE  6:12PM

5 What was your purpose for make
5 this trip?

Tuesday, September 26
YYou seem to have stopped.
9 CITYLOGGER 27mago Have you reached a destination?

You seem to have stopped.
Have you reached a destination? Yes, I've arrived
Siide to open

No, haven't arrived yet

No, I'm not traveling

SUBMIT

e P\

1- Trip detected 2- Trip confirmed 3- Trip purpose 4- Trip mode(s) Return to map

FIGURHE CITY LOGGER REAIME PROMPT VERSION FOR

2.2.2 City Loggerd Android version

Forthe Android version of the City Logger app, the Modalyzer épp Mod al yzveas , 6 2017)
adapted. Unlike the iOS version, tAedroid version has a registration procedéer usersnstall

the app and run it for the first timéhey must registe The registration asks for username, password,

and an email address. An activation ensslent, andisersnust go taheiremaisand activate the
accountOnce the account is activatedersan go back to the app and login usingitr@edentials.

In the Android versiom orderfor the appto startrecording the movements, users firaspress the

start recording buttohey carioggle recording any time usirige saméutton.The app stops

collecting data in lovbattery mode (whethe battery leveldrops belowl5%). If that happens, after

the battery is charged, the users nmighuallyturn the recording on agaasthe app does not
automaticallyesumeecording.The appdoes, howevesenda notification to remind the user that
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the recordings turned offFigure2 showsherequiredregistration stepfr City Logger Android
version

= ‘6 City Logger

- .
' City vy oy g
LOg ger Logger _"\ oQger Recording

example@cnylngger ca

______ Enable data transmission via
mobile data
% GPS always on
nfo

LOg IN using your
email and password To website

4 = q o o q 0 o q o} o
FIGURE CITY LOGGER ANDROVERSION REGISTRAN

In the Android version, the survey of individual and household characteristics is not mandatory. Users
must go to the survey tab using the sidebar of the app. The app ahmiication if the survdyas

not beencompletedHowever, users can ignore the notificatiqgoreventthe appfromshoving the
notificationFigure3 presents the steps to complete the individndlteousehold characteristics survey

in the Android version.

= ‘5‘ Surveys

AN
oy .
' ngger

Take the survey

sl Tracks n

Ill Statistics
# Settings

< @]

FIGURB CITY LOGGER ANDROUERSION TAKE THE SUEY

Compared with the iOS version, thedroid version has a more graphic interface with the ability to
see daily statiscs andmappedytrip legs.In the Android version, users can see their daily travel diary.
The appalsoautomatically infers the travel mode. While convenient, this also means that errors can
occur. Therefore, users are asked to validate and confirmrthsirThey can edit the mode, merge
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trip legs, or delete trip legs. The Android version does not ask for the trip pufgnse4 shows an
overview of theravel diary interface of théAndroid version.

= '6‘" Tracks H <  Friday, October 20, 2017 < 10/2017
UNCONF

IRMED (4) CONFIRMED (8) A 0.6 km

.

rain
12:32-12:41 unconfirmed € l
9 min VIA rail

0.6 km
Streetcar
0.7 km
1348-1358 unwnf-med
10min Walk (Recognized mode)
Google
< ®) (m} < O (m] < o m]

FIGURE CITY LOGGER TRAVHARY VERSION FOR ARDID

Forthe City Logger field test, participants were recruited from a subset of the 2016 TTS respondents.
Participants in 2016 T'Mgere selected from addres®-landlineand addresswith-landlinelists,and

random digital dialing of cellphone area codes. Thaise were willing to be contacted for future

travel data collectiosurveys provided their email addresses. A random selection of these email
addressesvasthe base for City Logger field testcruitmentin addition to this email liglifferent
crowdsoure methodsvere employed to recruit participants. These incltdelitional media, social

media, blogsdisseminating the website URL anmaxhgcacy organizationmmembershipnd flyer at
eventsThe effectiveness as well as the sample representativéitiesseomethods are evaluated

this report

Incentives and messaging are reported as important factors to motivate people to participate in
smartphone app based survedaruyama, Sato, Nohara, & Imura, 2018}hile traditional travel
surveys in the region have not had incentsreart phone apps presesdditional privacy concerns
surroundingnstallingan app that collects traces of evernjp made andcan causéattery drain
Thesgustify the use of incentives &ttracting participants to instahe City Logger app. Raffle

draws were used as incentive for the field test. The prizes included one pair of tickets to the Rogers
Cup, a foursome of golf at a ClubLink golf course, 50 KM of free travel on Highway 407 ETR, an
Enterprise Carshare prize pack sisting of tw@pplicationfees, a family membership and a

100$ driving credit, a free bike turep at CycleMania and two (2) $100 CAD Amazon.ca gift cards.
In order to be eligible for the prize draw, usérad tocomplete the sociodemographic surveyinvith
the app, provide a valid email address and validate either 5 travel diary dayshe Android

versioror 20 tripsfor theiOSversiorduringthe data collection period.

Propermessaging to attract participants is also an important factor in motiwradingluals to
participatein the survey. In order to be ablegwaluate sucimpacs, twodifferentversios of
welcomemessagswererandomlyshown to the users. One version empldhieecontribution of
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users by participating in the survey to haveettér city while the other version foais& winning
prizes by participating in the survey. The two vessiere as follows:

1 A:(Emphasizes BETTER CITY)
YOUR help in this project will contribute to the design of improved data collection methods in
theregion. Your invaluable contribution will trickle down to enhance the quality of datasets
used every day by government agencies and industry analysts to plan transportation
improvements for afl whether driver, cyclist, pedestrian or public transit iseshow our
appreciation, after confirming 5 days of travel diary, you will qualify for our various prize
draws.

1 B: (Emphasizes PRIZE)
You can WIN PRIZES by answering this survey and confirming 5 travel diar§a@s
Amazon.ca gift cards and other prizes provided by the 407 ETR, Enterprize carshare and
Cyclemania. Whether you win a prize or not, however, your input will providealsiealu
data for use in shaping the data collection tools in the region and ultimately improve
transportation infrastructure planning at the local and regional scale.

Whil e smartphone apps ar e Vv e ntyusiegfthk lecation sereicesoh r e c
the phone, the soedemographic information of the users must be collected through a questionnaire.
Aspreviouslymentioned, this survey was mandatory for iOS ,usbite Adroid userseeded to go

to the sidebar tab othe appin order toanswe the survey. The questionnaire was baseith@nTS

survey witlsomeadditioral questionselated to shared mobility, bicycles and app recruitment. The

Android and iOSersions hagredominantlysimilarsurveg The followinglata were collected via

the survey:

1 Both Android and iO8ersionsage, gender, home location, work/school location, dwelling
type, tenancy type, student status, employment status, occupation type, free parking at place
of work, frequency of telecommute, mgviriver license, shared mobility membership,
ridehailing app, or transit pass, number of household members and children, number of
fulltime and partime workers in household, number of vehicles and liceesem the
household, household annual income, and how hearing about the app

1 Only AndroidversionHaving a landline at home (because of a glitch, this question was not
asked in iOS versian)

1 Only iOSversionPrimary and alternative usual mode of travelijigbto invite other
household memlswithin the app

The list of questions for both Android and W@&ionss presented in Appendik 1.
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3 CITY LOGGER DAT@OLLECTION

TheCity Logger data collection campaign faom October 1 to November 3@017. The website
(citylogger.ca), social media pagé&atebook andwitter) and a press release wereleased orthe
launch dayThe first month of data collection was mainly tseecruitparticipants from crowdsource
approacheswhilethe second monthasusel to send out email invitatiottsthe TTS email ligthe
Android version was available time Play Store for download aouple of days earlier than October
1, 2017.Howeverthe iOS version was delayed and was availablelmmApp Store on October,6
2017. From October 1 to 62017, the users who visited the City Logger webpagee able to
subscribe wittheir email addrss to be notified when the apyasready for release onOS.

Severalcrowdsourcintactics were used to recruit participaAtsletailed report orthe crowdsource
campaign and content is provided in AppendX The first related piece was published on
September 222017 on University of Toror@tasews webpage, describing the project and the app.
Thigiece of content was quite successful as both a tool to use in pitching to advocacy groups and
medig as well as gettingis muclsocial media traction as possible prior to the launch. Many referrals
in the prelaunch days of the campaign were from thigckrtand it remained one of the top tweeted
and shared piecesutside of thenainstream media. Following that, a press releasepublished by
Canadian Press on the launch day (Oct@&017) and published by many of the media such as
CBC, CTV, Globaldws, Toronto Staeic. Itwasestimated that the press releasached an

audience o.14 million. The main effort on social media was focused in OctioP@t7. Tweets

and Facebook posts were posted every day to draw attention to the app. On Octop20Ph the

City Logger app was the main topicDVQ s Afdnaaas part of aninterview with Prof. Eric

Miller on how data cahelpimprovetransportation. The Agenda typically has a broadcast
viewership of approximately 125,000 viewers with additional viewers online through YouTube,
Facebook and Twitter (more than 2000 views in todhe end of the project, 389 participants
reported thd they heard about the app through crowdsource methods.

Bmail invitations were sent out starting OctoberZZR 7 and evenly distributed over a 28ay span.

A total of 17,804 emails weresentOut of these email addresses804 addressefiad been
previouslycontacted in summer 2017 fitve web survey field tesh which 7,411 othe emailsdid

not generate aesporse However 393 out of 7,804had agreed after the summer teti be

contacted again for future studies. In addition, staiiogember 102017, a joint invitatiorfwith a
parallel web-survey field testvas also sent out to 5000 new email addresses with the option of
participating ineitherCity Logger projecbr completing a web survey. The joint invitation was evenly
distributed over 7 daydg-or all email invitations, there were two reminders sent 4 and Saftays

the first email invitation.

Overall,these22,804 email invitations led to 4,692 pageewsof the City logger website linked
through the email§o be able to easily differentiate general web traffic in the City Logger site from
traffic received as a result of email invitations, a-pohlished page was created on the site, such
that only persons thi the link could reach the page. This ydld clickthrough rate of 20.6%. In
addition to this, some persons, upon receiving the invitation, magstasdchosen to use a search
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engineto lookup City Logger or head directly to the App or Play stprexiata are availableon

thiswhi |l e a 6where did you hear aboutd question
mandatory it is impossible etermineghe exact number of participanscruited byeach method.

For iOS, on the other harttlis question was answered by all respondérnitsestimated that about

1687 users installed the app because of the emall invitatemesentingn install rate of roughly

7.4% from the 22,804 emails, or 10.9%amailsfrom the summer that elicitad response ahat

timeare removedIn comparison, the cliticough rates on the email invitatis®ughly 20%6. This

mears thata significant portion ahdividualsvho receivd the email and cligd onthe link actually
followed-through on installatiom the initial survey, 314 users reported that they installed the app
because of the email invitation, i.e. an install rate of 5.8% from all the email addresses or 8.5% if the
7411 email addresses that provided no respongbesummer field testre removedTablel

presens a summary ofhe email invitation effortwith a moredetailed report provided in Appendix

7.4.

TABLEL EMAIL INVITATION SUIMARY

Count Note
New email, test on Oct 22 350
Used in summen no response 7,411 evenlydistributed over 20
Used in summep agreed to participate 393 days, starting Oct 23
New email 9,650
Joint Invitation 5,000 evenly distributed over

7days, starting Nov 10

Total 22,804

Count Rate
Unigue page view 4,692 20.6% (30.5%)
Installed ~1,687 ~7.4% (10.9%)
Installed and responded to survey 1314 5.8% (8.5%)
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4 ANALYSIS OF COLLHTDATA

During the twanonth campaign, 2041 users downloaded and installed the app, 1082 on iOS and
959 on Android. All users of the iIOS app responded tarihial surveyhoweverponly 1006 of the
users recorded at least one trip. Out of 959 downloadthefAndroidversion906 users activated
their account by following the activation link sent to their email addresses during the registration
procedurebutonly572 of these users recorded at least one tAp.thenitial survey was not
mandatory, 621 of users completed the survey and 544 of thbeeampleted recorded at least
one trip.Overall, 1550 users completed the initial survey anradleat least om trip.

This sectiopresents an analysis6fi t y L o gogreonal andsheusehdid characteristissa
benchmark, the soail@mographic attributes of usexse comparedwith of thosdrom the2016 TTS.
Furtheran analysis is done @ity Loggerserseparatedby the recruitment methathmely
crowdsource metho(389 userspr email invitatiorf1314 users)

Comparing to TTi®@spondentghe City Logger usease moreheavilyyounger memvith fulktime
jobs especially irprofessionalmanagement and technical occupatidheytend to befromhigher
incomehouseholslwithfewer vehicles and driver§he home and work locatswof City Logger users
are spread acrosthe Greater Golden Horseshoe region vgtieater concentratiom the City of
Toronto

Socioedemographic characteristics of City Logger usersheaa about the app through
crowdsourcenethod can also be compardd those who received an email invitatiGrowdsource
usersare moreheavilymaleand younger individuals. The number of studehigher and the
number of fulltime workeislower inthe crowdsourag group.Crowdsource usershavefewer driver
licenses and vehicles, well asa higher chancetusea ride-hailing app or enroll in a shared
mobility service program. Also, this group of userd to belocated in Toronto and in housekold
withlower incoméhanemail invited userable2 and Table3 present a descriptive summary of
individual and household characteristics of City LagggnsrespectivelyFigure5 maps the home,
work and school locatisaf City Logger users across GGH region.

TABLE CITY LOGGER USERSDIVIDUAL CHARACTERICS

FREQUENCY (%) CITY LOGGER TTS 2016
In\igfilgn ;rlj):(\;lgj Total | Unweighted Expanded
GENDER
Male 58.4 63.2 59.5 48.0 48.7
Female 40.9 35.2 39.6 52.0 51.3
AGE
16-24 3.2 9.3 4.1 9.6 14.2
2534 24.4 28.8 24.9 12.9 16.7
3544 28.2 23.4 28.0 15 16.5
4554 19.0 14.7 18.2 17.7 18.7
55-64 16.4 14.1 15.3 18.4 16.1
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6574 8.0 7.7 8.1 15.2 10.8
7584 0.8 1.8 1.1 8.1 5.0
85+ 0.2 0.3 0.2 2.9 1.8
STUDENT STATUS
Not student 94.2 87.1 92.6 82.2 78.1
FTstudent 2.6 9.5 4.2 16.2 19.9
PT student 3.2 3.3 3.2 1.6 1.9
EMPLOYMENT STATUS
FTworker 74.1 69.4 73.0 37.5 39.1
PTworker 9.4 8.2 9.2 7.8 8.9
Not employed 16.4 224 17.8 54.7 52.0
OCCUPATION TYPE
General office/ clerical 10.6 9.6 104 13.7 13.3
Manufacturing/ construction/ trades 4.7 3.3 4.4 13.5 14.7
Professional/ management/ technica]  79.3 81.1 79.7 47.8 45.0
Retail sales and service 54 6.0 55 25.1 27.0
OTHER ATTRIBUTES
Having a driver license 93.8 85.6 92.0 70.8 67.6
Having a ridehailing app 55.9 62.0 57.0 = -
Having a landlire 38.4 339 61.6 - -
"ONLY ASKED FROM ANIMRUSERS

TABLE3 CITY LOGGER USEROUSHOLIZHARACTERISTICS
FREQUENCY (%) CITY LOGGER TTS 2016
HH INCOME qull CIrg, Total | Unweighted  Expanded

Invitation  sourcel

$0 to $14999 1.7 2.6 1.9 4.0 4.8
$15000 to $39999 5.1 6.9 5.5 14.6 14.8
$40000 to $59999 6.2 8.5 6.7 14.2 14.3
$60000 to $99999 22.0 19.0 21.3 20.8 21.5
$100000 to $124999 14.2 13.4 14.0 9.8 10.0
$125000 and above 34.6 33.7 34.4 17.4 17.0
Decline / don't know 16.2 15.9 16.1 19.2 17.8
HH SIZE
1 21.8 20.8 21.6 25.3 24.6
2 36.5 39.3 37.2 37.7 30.4
3 16.8 16.2 16.7 15.8 17.0
4 17.4 15.7 17.0 13.9 16.8
5 5.3 4.9 5.2 4.8 7.6
6+ 2.2 3.1 2.3 2.4 3.5
NB VEHICLE
0 16.7 31.1 20.0 12.2 13.8
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1

2

3+

NB DRIVERS

0

1

2

3+

NB FT WORKER
0

1

2

3+

DWELING TYPE
House

Apartment
Townhouse
HOME LOCATION
Toronto

Outside Toronto
OTHER ATTRIBUTES
HH Having membership ¢

shared mobility services

42.6
33.0
7.6

20.5

31.6

40.9
6.9

15.8

39.3

40.9
4.0

51.3
35.2
11.5

55.1
44.9

155

39.3
21.9
7.7

16.2

31.6

44.7
7.5

21.6

32.4

40.9
5.2

49.4
38.8
10.5

67.1
32.9

32.1

41.9
30.5
7.6

19.6

31.6

41.8
7.1

17.1
37.8

40.9
4.3

50.9
36.1
11.3

57.8
42.2

19.3

40.8
35.6
11.3

6.4
31.5
48.5
13.6

36.0

34.2
25.9
3.8

61.2
29.2
9.6

33.4
66.6

38.7
34.7
12.8

6.6
31.0
45.0
17.4

29.3

37.2

28.4
52

55.1
35.4
9.5

33.4
66.6
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FIGUREB HOME WORKAND SCHOOLOCATION OF CITY L@ER USERSEFT: EMAIL INVITON, RIGHT: CROWDSROE)
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Inthe City Logger projectwo different apgwere usedor the Android and iOSmartphone
platformsin order to compar¢hetwo design approaches. Both versimagetheir own native (app
specific) algorithm to identify trips based on the recorded GPS trageseric trace processing
suite(Tdx)previously developed ithe TTS 2.0 projedHarding et al, 2017)was also usetb detect
trips from the GPS tracaggardless of the app versipto be able to consistently compare the trips.
Further, th&dxalgorithm helps to remove noise and ensure legs of trips are merged togethes.
report, tripsreported by this travel diary extractor is referred to @dxwhile the appspecific trips
are labeled as Native.

In additionduring data processinghiere was also work carried out to make mode responses uniform
(Android and iOS making use of slightiffetent response alternatives), associate trip ends with
provided anchors locations (which needed to be converted to coordinates in Android), correct for cold
starts on trip start times and locations and label any issues idemiifi@dyver, gven that nigher app
recorded data orsuch problematieventsit was not possibl® differentiate most issudhese range

from location recording suspension caused by manually pausing receagipgdavice shut down,

app crash, entering lowattery mode (whictisables background location trace recording), absence

of sufficient quality location information (too few GPS satellites in line of sight) or location services
accuracy or permissions being changed (some persons manually disable location serviaes to reduc
battery drain when immobile, a behaviour especially prevalent among persons with older handsets).
All these issues can lead to spatial and temporal gaps in location recording, but without information on
the events that precede and follow gaps in recaydihese are indistinguishable from stationary
episodes.

Overall, City Logger users made 1812 trips in the two months of the campaf@ut of these trips,
the users validated (trip confirmation in Android and responding to prompt in iOS) the trigtioform
for 65,925 trips this isabout half of all trips madeAbout 91% of the trips by Android usense
confirmedcompared taonly 33.3% of the prompts theiOS versionit is interesting to see that the
Android version which used the travel digpproach providemore confirmation in trip reporting
than the iOS which used the raile prompt approach. The result was expected as the chance to
miss/ignore a prompt is higher thimmgetting tolater validate trips.

While the results indicate a hagtcertainty in trips reported by Android, two aspects should be
considered. Firdtjpsdeletedin Android version were not saved in the dataskese could include
trips that the app mistakenly detected, leading to a deletion by UsETEheiOS vergon,however|f

the user ignored the prompt for such trips, those were still repoitgtbred prompt trips. Second,

the travel diary confirmation in Andraldes nonecessarily mean that users who confirmed the diary
had actually checkettheinformatonfor all legs Table4 summarizes the trip validatitor thetwo
different versios
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TABLE TRIP VALIDATION

Android Frequency Percen
Confirmed trip 28674 85.9
Edited (changed modg 974 2.9
Edited (merged into) 755 2.3

Unconfirmed trip 2973 8.9
Total 33376 | 100.0
i0S Frequency Percen
Responded®rompt 32549 33.3
IgnoredPrompt 65087 66.7
Total 97636 | 100.0

Given the differences between tAadroid and iOS versions of the app, the requirement for users to
complete the survey and be eligible for prizes were based on the number of days confirmed and
number of prompts responded the Android andOS versios, respectivelyAndroid users were

asked to confirm at least five days of travel and iOS users were required to answer at least 20
promptsOn average Android and iOS useranthe app forl2.3 and 18.7 daysrespectivelyBoth

type of users on average vahted more trips thamequired indicating that these ofthe app isnot
significanthburdersomeOn average Android users validatebout 11 days of travel diaryor

4.59 validated trip per daywhichresulsin about 50.5 overall validated tripgind iOS users

responeéd to about 34 promptgor 1.95 responded prompts per dayhich results in about 17.5

days) iOS userg&ept the app running for more days than the Android version. This might suggest that
the realtime prompt approacks perceived tdbe less burdensome for usérgweverijt is important

to note that other factors such as battérgin and data usage might influenttésdecisionFigure6
showshe cumulativelistribution othe number of users e number days run for Android and iOS.
Figure7 presents the frequency of users by number of days confirmé@adooid and by number of
prompted responded for iOS.
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This examinatiasfurthered byexploring the breakdownof user retention and persistence. This
involves dividing users into those that installapp butdo notreport any trips, those whanstallbut
runthe appfor only one or two daysind those thatomplywith the prize protocol (five days of
confirmedrip for Android or 20 responded prompts for iO@able5). Overall, nealy 70% of users
fulfill the prize protocol with lower compliance sftemthe crowdsoura# subgroupand users
outsideof City of Toronto. The higher percentagemwdsourcedsers who onlyn the appfor one
or two days might be indicativ# this subgroup eithdéindingthe survey burdensomefordingthe
incentives inadequate to contirkeeping the app runniné\ higher rate of Android users install the
app butdo notreport tripsor onlyrun the appfor one or two daysThisndicates that the Android
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designismorecomplicated than the iOS desigime difference in these rates masy comes from
the oO0start r etbedAndddid degignin bootriadt with theutomatic recordingf trips
followinginstallation inheiOS design

TABLE COMPLETIORATE

OveralljAndroid ??dsrgr%aérr]g\/rvﬂgourcios 1IE)I'SS EnggwdsourcToront('Il\'lg:oigtc
L”osttfgggrtbe“; 92 | 122 125 115 |75 7.7 67 | 86 100
T;t?j'g;‘i’ Al g7 | 149 14 171 |54 51 67 | 75 85
compled g9 | 700 714 664 (682 702  60.8 | 701 67.2

4.2.1 Trip Rates

The information regarding trips and trip ratesummarized ifable6. As mentioned before, trips

are labeled by the type of algorithm used as Native and Tdx. i§dxpected taeport higher

numberof trips as it iapplied after data collection in post processing using all the information
recorded by the app. Further, in calculation of trip rates, it is important to not consider incomplete
days. Thus, first day, last day, and any daigha big gap in reported tracesre removedOverall,

City Logger users on average report about 80 trips (Native) and use the app for 16 days. The
average trip rate is 5.1 trips per day (Native) or 5.6 trips per day (Tdbis interesting to note that

the trip ratedfor TTS 2016 is 2.26 indicating that the smartphone apps reported significantly higher
trip rates.

iOS versiomsers report higher trip rate&ssuming theren®inherent difference in travel behavior
betweenAndroid and iOS smartphone users, thismiffee in trip rate comes from the different
design of the two versions of the afpecifically sinceusers validated more than 90% of their trips
on Android but only responded to about one third of prompts onth@8eanghere is ahigher
chance that users merged legs to one trip or deleted wrong trips on Android. Different legs of one trip
mightbe reported as several tripgn iOS.It must be noted that in the cleaning prodessT dx
algorithm automatically tries to detect such mistakestill there might be trips mistakenly reported
by the app wthouta confirmation from the usefie crowdsourdegroup of usergept the app
running slightly more than other udetsrestingly, the trip rate olie crowdsourad groupislower
thanthe email list group, indicating that users who hear about the app from crowdsource
approaches might have different travel behavior.
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TABLE TRIP RATES

Total

Users Minimun Maximunmr Median Mean SD

Days 1550 1 61 13 16.4 12.9

o T1rips 1550 1 599 59 82.8 76.5
.2 Trips, incomplete daysmoved 1368 1 591 56 79.9 73.9
S Trip rate 1550 1 16 459 47 19
Trip rate, incomplete dayemoved 1368 1 22 500 51 20
Trips 1574 1 703 72 98.5 89.8

% Tripsincomplete daysemoved 1361 1 576 46 66.7 64.6
= Trip rate 1574 1 16 524 54 21
Trip rate,incomplete days remove( 1361 1 16 525 56 21

Android

Days 544 1 60 9 12.3 11.2
Days Confirmed 544 1 59 8 11.1 10.9
Days Not Confirmed 544 0 32 1 1.2 22

o T1rips 544 1 569 35 57.7 67.0
.2 Trips, incomplete days removed 429 1 405 27 47.1 56.6
8 Trip rate 544 1 13 400 424 20
Trip rate, incomplete days remove 429 1 15 425 458 2.1
Trips 561 1 703 41 67.4 79.6

% Trips, incomplete days removed 434 1 506 31 52.8 65.0
= Trip rate 561 1 13 475 499 24
Trip rate, incomplete days remove 434 1 14 500 525 24

i0S

Days 1006 1 61 15 18.7 13.3
Prompts Responded 1006 1 197 24 34.3 26.9
Prompts Ignored 1006 1 518 43,5 64.3 63.3

o 1rips 1006 1 599 75 96.4 77.8
.2 Trips, incomplete days removed 939 1 591 72 94.8 76.0
S Trip rate 1006 1 16 488 501 138
Trip rate, incomplete days remove 939 1 22 514 540 1.9
Trips 1013 1 698 94  115.8 90.6

% Trips, incomplete days removed 927 1 576 55 73.2 63.4
= Trip rate 1013 1 16 550 5.70 1.9
Trip rate, incomplete days remove 927 1 16 540 571 2.0

Crowdsource

Days 359 1 60 12 17.0 14.9

o Trips 359 1 569 56 81.7 83.0
.2 Trips, incomplete days removed 305 1 405 56 79.8 76.2
S Trip rate 359 1 15 440 452 19
Trip rate, incomplete days remove 305 1 15 475 486 1.9

. Trips 361 1 703 64 98.4 98.9
2 Trips, incomplete days removed 300 1 506 50 74.3 77.5
Trip rate 361 1 14 510 5.27 21
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Trip rate, incomplete days remove 300 1 15 508 540 2.1
TTS email list
Days 1191 1 61 13 16.3 12.3
o 11ips 1191 1 599 59 83.2 744
.2 Trips, incomplete days removed 1063 1 591 55 79.9 73.3
S Trip rate 1191 1 16 464 480 1.9
Trip rate, incomplete days remove 1063 1 22 500 522 20
Trips 1213 1 698 73 98.6 87.0
% Trips, incomplete days removed 1061 1 576 46 64.6 60.3
= Trip rate 1213 1 16 530 550 21
Trip rate, incomplete days remove 1061 1 16 531 561 21

To further investigate the influence of the app design, recruitment methageaomdthe number of
day rursand trip rate reported by City Logger users, a trm@ay ANOVA analysig/as conducted
Thusthe dependent variables in the ANOVA analysis are the trip(fed& to be consistent between
the two app and the number of day renhdependent variables are operating system (iOS and
Android), recruitment method (Crowdsourced and TTS email lisfyeagrdups Table7 presents
the results of AN®@A analysis for number of day runs and trip rates.

The following observatisnan be made from the ANOVA analys$isstthe design approach
(operating system), i.e. the rghe prompt or travel diary validation, has statistically significant
impact orboth umber of day runs and trip rat&econdtherecruitment methatbes not have any
significant effect oritherthe number of day rung the trip rate.Age group has statistically
significant impact on both dependent variapéssexpectedThere areno significant interaction
effects except for the joint effect tiie three independent variablesperating systemecruitment
methodand age- on the number of day rurSverall, the analysis shows that even after controlling
for the i mgeatrtatesahd days & nursadestatstically influenced by the differences
of the two apps employed and their design approaches {tiea prompt vs travel diary validation).

TABLE THREERVAY ANOVA ANALYSIS

DAYSOF RUN TRIPRATES (TDX)

VARIABLE ss vaP|ue Sig ss F V:lue Sig
oS 39447 250 0.000 vyes 45.6 10.6  0.001 yes
RECRUITMENT 26.0 02 068 no 1.5 03 055 no
AGE 5822.1 53  0.000 yes 115.3 38 0.000 yes
OS *RECRUITMENT 539.1 34 0.065 no 0.3 01 0792 no
OS *AGE 1701.6 1.8 009 no 40.4 1.6 0154 no
RECRUITMENTAGE 1820.6 1.7 0117 no 20.8 0.7 0681 no
OS *RECRUITMENTAGE 2643.5 28  0.010 yes 20.9 08 0562 no
ERROR 243366.7 6645.9

TOTAL 735977.0 53765.3
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Trip Mode and Purpose

TheCity LoggerAndroidversion automaticaligentifies theéravel mode for every leg of a tripJsers
thenhavethe option to confirm or edit the mode in the travel diargontrast, th®©S versiorasks

about the mode and purpose of the trip in the prapptsentedvhen a trip endsdetected. Since

the 10S version mods specifiecat thetrip level while theAndroid versicls mo d e atshespeci f
trip leg level, the mode alternativepsesented areslightly differenbetween the twapps They

were, howevergdesigned in a way tallow them to beaggregated to an acceptable set of common
modesTheAndroid version did nphoweverreport the trip purpose.

Overall, therewere neally 66,000 tripscollectedwith mode informatioff.able8 presents a summary
of mode share for all usemas well as groups by operating system tyel recruitment method.
Overall, the car modbaasthe highest share of thepsj whichagreeswith the overall mode share in
the region. The transit mode shera&bout 13.4% which is close to the observed sha281i6 TTS.
The walk mode share, howevssignificantly higher than the typical reported share in the region.
The reaon for this big difference isatthe trips fronthe smartphone survey include all the trips
made by userseven very short walk trip©n the other hand, in typical travel surveys, short walk trips
are notcollectedor usually omittedThe mode share between the Android and iOS veisaiso
significantly different. Onpossibleeasonisthe missinghodeinformation from ignored prompts in
the iOS versiorkurther, theresa clear difference between the mode share of crowdsdusrod TTS
email users. The crowdsodrasershavelower car mode sharand higher transit and active modes
of travel.Overall, the results indicate that the crowdsaligreup hasa significantly different travel
behavior than the email list group or fhieSbasedexpected observed behavior in the region.

TABLB MODE SHARE

Frequenc) Share
Mode Total |Total Android iOS|Crowdsourc ETnIzil TTS 2016 Tgsnliznoem
|Car 33945 |51.5| 42.0 61.2 31.8 58.4 76.9 75.0
[Car+Trans| 743 |11| 22 0.0 1.8 0.8 123 133
Transit 8833 (13.4| 114 154 18.9 11.7 ' '
Bicycle 3726 | 57| 7.7 35 115 3.4 1.4 1.7
Walk 17856 |27.1| 35.5 18.5 34.6 24.5 6.6 7.4
Intercity 483 0.7 11 04 1.0 0.6
Motorcycle 282 04| 01 0.7 0.2 0.5 2.8 2.8
|Other 60 01| 00 0.2 0.1 0.1
Total 65930 [100| 100 100 100 100 100 100

Trip purposewasonly reported for the responded promptgheiOS versionTable9 presents the
trip purposes for iI0OS version users in total and by recruitmethocl the purposes from TTS 2016
are presentedas a benchmark. Overall, trip purposee similar for the two groups of users by
recruitment typeShopping and other tripare significantly higher in City Loggdan the TTS 2016
data. The comparisondicateghatthe TTS data undereports shopping and other trips. The lower
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share of home trips alsodicatesthat these undereported tripsare most likely done as stops within
trip tours.

TABLB TRIP PUTPOSEDS VERSION

i0S FrequenciPercentag|Crowdsourd TTS Emg TTS 201¢ T-(I;ﬁliznglf
Home 9736 29.9 30.3 29.8 42.4 42.5
Shopping and errands 8217 25.2 24.3 25.5 8.8 8.3
Work / Work-related 7726 23.7 23.2 23.9 21.7 235
School / Education 863 2.7 3.0 25 6.1 6
Picksomeone up 289 0.9 0.9 0.9 77 78
Drop someone off 212 0.7 0.5 0.7 ' ’
Recreation, sports, leisure, § 1637 5.0 5.0 5.0

Restaurant, bar, coffee shop| 1495 4.6 4.9 4.5

Visiting friends or family 1078 3.3 3.4 3.3

Health and personal care 758 2.3 2.6 2.3 13.3 11.9
Services 218 0.7 0.8 0.6

Worship, religion 117 0.4 0.4 0.4

Other 209 0.6 0.7 0.6

Total 32555 100 100 100

Inthe TTS2.0 project, a webasedhousehold travedurey, conducted usinttpe TRAISI platformyvas

also conducted at the sammmé of the City Logger proje@Chung, Srikukenthiran, Habib, & Miller,

2018). The partipantsof theweb surveywere also from the pool of individuals who completed the

2016 TTS and expressed willingness to participate in further data collection @ffisrtsection

presents a comparison betwabe main characteristics of the data collédtem the two different

method: smartphone app and the web survey. It must be noted that there were two version of the web
survey with the differences only in tiegail collectecconcerningrip routes; the firstollected routes

for all tripswhile the seconcbllected routes only for transit trips.

Table10 presents a comparisonthie main socia@emographic characteristics of participanthé
smartphonand web survey,as well agheirtrip rates Citylogger users compared toeb
participantsare more heavilyyoung femalecoming from larger households. Wed survey was a
household travel survey, and therefbes a higher burden for larger househal@fielower size of
the household in the web survaeight be due to this fact. City Logger useport higherhousehold
incomecompared to the web survey. Further, the share of participants who diéclareswer the
income questiashigher inthe smarphone survey. Ttebovg thatthere mighstill beprivacy concerns
regarding the smartphone survey compared teeb surveyA comparson ofthe City Logger TTS
email group with the web survey participants (as both groups were drawn from same pool of email
addressesindicatea significant difference in sogi@mographic attributesf participantsFurther, as
expected, the smartphone trip rates are significangjigdr than trip rates reported vidne web
survey.
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TABLELO SMARTPHONE AND WEBRVEYOMPARISON

Smartphone Survey Web Survey
Variable Total Crowdsourct TTS Emg routes for all trips routes only for trans
Female 39.6 35.2 40.9 52.0 47.0
Age 44.39 42.73 44.88 49.21 50.82
HH Size 2.55 2.55 2.55 2.14 2.11
HH Income
$0 to $14999 1.9 2.6 1.7 2.0 1.0
$15000 to $39999 5.5 6.9 5.1 7.0 9.0
$40000 to $59999 6.7 8.5 6.2 11.0 12.0
$60000 to $99999 21.3 19.0 22.0 26.0 24.0
$100000 to $124999 | 14.0 13.4 14.2 16.0 16.0
$125000 and above | 34.4 33.7 34.6 23.0 28.0
Decline / don't know | 16.1 15.9 16.2 15.0 11.0
Trip Rates
Native 5.1 4.9 5.2
Tdx 5.6 5.4 5.6 2.9 3.0
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5 CONCLUSIONS

In theFall of 2017, this City Loggerproject tested on a large scale the potential of locatemying
smartphone appto better understand what role they may play within a broader portfolio of data
collection instruments. Two different designs for the app, namelymegrompt and travediary,

were selected based on the lessons learned from the 2016hitbf where theéechnical potential

of theappswasexplored The goals ofthe City Loggermrojectwere to assedbetravel data
produced bysmartphon@ppsin a large-scale realworld field test, to better understand recruitment
avenuesand examinedifferencedn the travel behaviour of respondergached through
crowdsoutiag methodslin addition, there was a desire to validate earlier findings regarding
differences between repted and passively inferred travel behaviand compae (demographis

and trip rates?YTS2 web survey, TTS2016 and City Logger app respondieeGity Logger

involved recruiting individuals from both the TTS 2016 list of respondents who agreeitifmapart
inthefurther studies, as well as a broader recruitment effort where social media, traditional media,
targeted advertising and tperson (event) recruitment were put to use. Incentives, in the form of
raffles, were also employed.

Overall, 2041 users downloaded and installed the app, 1082 on iOS and 959 on Android. However,
only 1550 users completed the initial survey aradieat least one trip. These participants were
recruited through crowdsomgavenues as well as email invitatioratgroup 0of2016 TTS

respondents. The overall clibkough and response ratior email invitations were 20.6% and 7.4%
10.9%, respectively, indicating that a significant group of individuals who received the email and
clicked the link actually followeddlugh on installation. The crowdsourcing campaigpragineda
reasonable number of usajiven the budgetand available resourceand time, resulting in 389
participants by the end of projeatlative to an iitial anticipated target of 500 responses

Users recruiteffom crowdsource avenus® significantly different than the email invitation group
and the observed populationtine 2016 TTS. Specifically, the crowdsodrgsersare moreheavily
maleand younger individuals. Tipeoportionof studetsis higher and the number of fulltime workers
islower in the crowdsourdgroup.Crowdsource userdavefewer driver licenses and vehiclasd

a higher chance tosea ride-hailing app orbe enrolledin a shared mobility service program. Also,
this goup of userare morelikely located in Toronto and in housekeWith lower income compared
to the email invited users. Ttadyo havdower completion ratand reportlower trip rates,while
beingmore likely to travel using sustainable nemfd@ransport.

The comparison between the two different design approachesealtime prompt and travel diary
validationd provide interesting resul@verall both approaches yield an acceptable quality of data.
The travel diary approachrovides ahigher validation rate while the reéime prompt approach
because of the lowesurveyburden resulsin more days of rurThe error in the redlme prompt
approach due toa low response ratean bedecreasd for users with multiple days of datiaing

post processing techniguiss is because portionof the ignored prompt information can be
inferred. The mode share between the Android and iOS veisaiso significantly different. One
reason for that can be the ignored prompts in the iOS version while mode inforsnation
reported/inferred for all of the trips in the Android version.
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Comparing the characteristics of smartphone users to thHeaset houshold travel survey and TTS
2016 data, the differenceare mostly in age, gender, occupation type and househotume
attributes.The smartphone usarg younger, moréeavilymale individuals with professional
occupatiog,and from larger households witigher inconseThe smartphone usars mostly from

higher density pastof the GGH region. Thus, to better represent the actual population in the region,
proper weighting methods should be exercised.

Overall,the Ciy Logger project was a relative success. Both at the recruitment stage, as well as the
data processing stage, lessavese learned that can help in maximizing the quantity and quality of
data collected.

With respect to recruitment and crowdsourcing, contptine City Logger experience to MtITrajet

has allowedor a better understandg of theminimum amount of resourtted must be allocated in

order to gain traction and successfully recruit respondents. Greater leadusnbe given to allow

for a canpaign to build, partners to be brought on board and media outlets to organize coverage
properly timed with launches and key dates. Additional time is also needed if any advertising is to be
purchasean transit vehicles or billboards. Another broader leissomot focus efforts too narrowly

on one date or event, but aim to have multiple points at which the story can be picked up, with
important milestones and crpssmotional opportunities in addit to a launch.

Having the City Logger app be released subsequent to the 2016 TTS as a pilot project, instead of an
integral part of the actual data collection effort, also was a problem that limited the potential for
recruitment. As faced all field ests of thel TS2.0 research programméhe messaging is less
effective if it cannot be said that the data collected will be put to use in modeling work that will
determine which infrastructure projects and policies go forward. With a-faditig recruinent

effort, such as was attempted with City Logger, having expliciirbisgm government and being
able to state that data would be put to use would clearlyablgantageousind would increase the
potential for recruitment effectiveneRegarding the swo-demographics and travel behavigrip

rate and mode share)f participants recruited bgrowdsouiog methods, the results clearly indicate
that while the crowdsourcing recruitment magqm@misingit might not be yet the best way to
capture a tre representation of populatiomhe question of merging crowdsourced @ihér sample
frame respondenis one of weighting and data fusion, the mechanics of wheidts tde explored

in future research

Regarding app design and processing, several tessan be highlighted. Given the experience of

the City Logger projectsome of the app configuration and design recommendationshiea?016
technical evaluatigpilot should become requirements for future smartphone travel surveysproject
The issuesith the registration proceduretire Android version of the apgesulsin loss in response

rate. The mukstage user account creation proaessilts in a loss buindreds of userSurther, the
norrmandatory socilemographic survey within the apgmultsin having trips of participants without
knowing their personal and household characteristics. This can bestrsedtgustify the case for a
single step onboarding process (user account creation and survey response). Further, the lack of any
information on deleted traces, whether the user stopped the recording manually, due to low battery
or lack of signals did not allofer these events to be distinguishEde absence of event records has
led to hundreds or thousands of travel days that camgiderable uncertainty regarding their
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completenesén event log and a periodic recording of lower accuracy traces will increase the
reliability of the trace processing feature and improve the quality of generated trip dataset.

In terms of limitatiorud the collected data, while the Android version of the City Logger app
collected the mode of travel, it did not ask for the purpose of the trip. This resulted in daily travel
diaries that lacked an important information for modeling purposes. Any funte@ftollect travel
information should ask for tqqurposeas well as mode of travel. On the other hand, while the iOS
version of the City Logger app prompted wfer both mode and purpose of a tripsers could

ignore the prompts. This resultedipstcollected without mode and purpose information.

A combination of the rediime and travel diary approach is recommended for future work. An ideal
app would prompt users reiime and create travel diary so users have the ability to validate tedi
or delete the recorded information. The City Logger prdjeetefore confirnsthe design
recommendatiaof the 2016 pilot report.

The City Logger projedemonstratethat with proper app and survey design, as well as a
streamlined process for quality assessment and corrections, there is potentiaffectosty collect
travel dairy data using smartphone apps. The data collected, in turn, can be used to better
undestand the limitations of other methods of travel data collection, generate trip correction factors
and carry out research regarding different travel behavior dimensions such geemstvaal travel
variability.
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7/ APPENDICES

(Text reproduced, not layout)

Dear colleagues,

As part of a broader initiative to modernize th
OD survey), a series of pilot tests and field experiments investigating core and satellite solutions for

data collection will be conducted. One of the fiedsits set to begin in the coming months is an

assessment of the potential of smartphone applications for collecting resident travel.d&tés is a

follow-up to a pilot test conducted in 2016, where a controlled experiment assessing the strengths and
weaknesses of multiple location logging smartphone apps, as well as trace processing algorithms and
software, was conducted.

Thegoal of this field test is tbetter understand what are cogfffective recruitment methodss

well as appropriate messaging andar feedback mechanisms to be employed to maximize the
volume and quality of smartphone data that can be collected. The simplest way to obtain realistic
information on these aspects is to roll out apps that allow for randomized assignment of treatments
and use these as data collection instruments, keeping track of how respondents were recruited and
observing the effect of each variable or treatment on participation, reteatidmuality of data.

To recruit participants for our projewe will attempt to replicate a public rolout, but at a more
manageable scale. Certain avenues will be explored for recruitment of individuals, including targeted
ads on social media, traditional media coverage and contacting different advocacy organizations to
disseminatéhe website URL among their membership. Next, individuals who completed the 2016 TTS
and expressed willingness to participate in further data collection efforts will be sent an invitation via
email. The latter group of respondents will generate travel dditizh we can compare with self

reported TTS 2016 travel. Raffles will be used to incentivize participation.

Our team will publicize the data collection effort and handle creation of all promotional material
as well as maintenance of a project websit@pdu on a technical level will be required, but any
emails or other communication will initially be fielded by UTTRI/UofT project members.

Why patrticipate If your lab or company believes it has a great location logging app, this is the
perfect opporturty to demonstrate this. Resources will also be expended to better understand the
effect of certain treatments using a particular app. The field test will seek to recruit participants in a
broad manner, allowing for significant data to be collected andghti® use to improve your app

and ecosystem.

Important dates Candidate submissions to be received no later®an20, selection of participants
to be confirmedune 11 Apps need to be ready for rollodtugust 1.

Apps and processing suites can be cential or from academe, btite test environment will focus
on realworld application: the apps must not only be able to provide high quality data, but must be
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designed in such a way as to be compatible withwealr | d r espondent sdiainl i f esty
cannot be excessive, nor can the app place the burden of starting and stopping location logging on
respondents). To submit a bid, one need not have both an Android and iOS app.

More information: For those interested or further information, pleaséact Chris Harding at
or-Ahmadreza Faghih Imaniai cif the
guestion cannot be answered by €loii Ahmadreza, you can contact me directly.

Sincerely,

Khandker M. Nurul Habib, Ph.D.
Professor, Department of Civil Engineering
University of Toronto

Tel: 416946-8027

Email:
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Invitation to Quote for Services, TTS2 Smartphone apps
A. Background

Travel data collection apps for Android and iOS are soudpoth are needed for the project, but
need not come from the same research lab or comg@apaate bids should be placed for Android
and iOS appseven if the materials that describe the app and bidding entity are identical.

Apps must be capable of running in the background (not require respondents manually start and stop
logging at beginning andrel of travel episodes), generating high quality traces without causing
excessive battery drain. Apps must also make possible the collection of additional information on trips
made, either in real time or periodically via validation of travel diaries.

B. Minimum Requirements
The proposed app must satisfy the following criteria:

a. Passive location logging
b. Trip and/or leg detection
c. Simple installation that does not require individual token ofptaiform account creation
process
d. Firstinstall survey (iapp) tha allows branching (alternative sets of questions)
e. Easy to use interface with automatic upload of traces and trip information that privileges
Wi-Fi (no upload button)
f. Realtime trip end prompts OR travel diary with simple to use validation component
i. Mustbe available irapp or link to a very simple, mobifeendly web interface if
not built into app: should not require user to log on to a website on a tablet or
desktop
ii. Efficient input method for requesting mode and purpose information
g. White labelling, sutthat the Android and iOS apps can be referred to by the same
name. App designers will be recognized in Play/App store description, project web page
andinapp O0Aboutd section. The requirement I
and avoid any confsion.

This particular requirement gaotentiallype disregarded if the same company or team submits the
chosen bids for both Android and iOS.

B.1. App Ad Android App

Must be compatible Android OS 4.4 and up
B.2. App BaiOS App

Must be compatible aRhone 5 and above
C. Desired or Optional Requirements

a. Option for user to consult travel information collected and correct at a later date if errors
are found (travel diary feature for apps that request trip information in real time)
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b. Popups for clarificatio of definitions for mode, purpose or other questions and response
alternatives if deemed a valuable addition
c. Validationspecific:
i. Mode and purpose suggestions, to speed up validation
ii. Inthe case of an app with retime trip end prompts: capability ofsébling trip
end prompts after X responses have been given (to allow for longer duration
survey with lower burden)
iii. In the case of an app with travel diaries and validation within that format:
capability of sending daily reminders to users tofilloutthed ay 6 s di ary un
number have been submitted (to allow for longer duration survey with lower
burden)
iv. Possibility to merge trips or legs incorrectly inferred as being separate
v. Possibility to divide legs or trips incorrectly inferred as one
d. Option to inite participants for a followup survey after validation requirements are
complete (#app or via email)
e. Option to invite other household members that enables linking of household level data (in
app or web)
ff. oLaggedd features, |buteMUSTIO&laYtbe madesavailablato ar e ¢
respondents AFTER validation information has been received for a given amount of days
(if using travel diaries for validation) or a given amount of trips (if usingdinealprompts
to collect mode and purpose inforroabi- these cannot be presented to users
beforehand, as they would promote a change in travel behavior:
i. Badges or other rewards that appear for
(walking, cycling, transit)
ii. Feedback provided in terms of GHG emissions digfnce mode split, etc.

D. Delivery Requirements

a. Must make a current version of the app available to the survey team at time of bid.
Languagenota concern initially, but must be translated to English by launch.

b. At end of project, must deliver datadatabase format or series of csv/json files with
unique IDs for users, days, trips and/or legs. Raw or processed/filtered location points will
also need to be delivered, not uniquely trip tables.

c. An admin portal, or equivalent, is required such that & stafff member can monitor the
incoming stream of data and flag problems should they occur

d. Legsl/trips shapefile or equivalent format nice to have, but not a requirement.

E. Warranty and Postnstallation Service

Respondent support will be taken care of byErsity of Toronto staff, but technical issues, should
they arise, will be required to be addressed within 1 business day during the data collection period.
UofT staff will review any incoming emails or communications and only relay issues if they are of
technical nature.

F. Timelines
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Project is on tight timeline: must be ready teowtl] with modifications, by August 1, 2017.

Quotes will be evaluated May 20 to June 11, with June 12 to July 31 for modifications and any
testing required.

The TTS2.0teammee t o be provided a meancsutbyr ewhdyegd app@s
July 10, so as to find bugs or look for any issues that may exist in the functioning of the app or
wording of any of the prompts or questionnaires.

Data collection will begiAugust 1 and run to September 30, 2017.

Raw location traces and user IDs must be delivered within 14 days of the close of data @llection
October 14, 2017. Processed data (trips and/or legs) must be delivered within 31 days of the close
of data collectim d October 31, 2017.

G. Ownership and Security

The project can be referred to by the winning bidder in promotional materials and collaboration on
analysis of the data, as well as joint publications, will be encouraged. The data collected will remain
property of UofT, however, and is to be stored affatober 31,2017, on servers at the Data
Management Group (DMG) at University of Toronto. The developer must delete all the collected
respondent and location data upon delivery of the data to the DMG at University of Toronto.

H. Payment Terms

T h e Un ipaymenttaernisyvid Ise payable to 50% after the app(s) have been installed, tested
and accepted by the Universityds authorized des
be paid upon delivery of the collected data.

Al so, t he Unrdipayraantdeirnts waré reet therfive (B5) days which means that payments
will be issued thirtfive (35) days from the date of each invoice.

Material Disclosure

Due to budgetary constraint, one or more app(s) may not be pursued if the total pricesaisll it
exceeds the available total budget.

Evaluation

Bids will be evaluated based on prior experience and qualification of applicant, compliance with
minimum requirements, presence of additional or optional requirements, proposed warranty and post
installaton service, and finally pricing.

Apps having been previously rolled out to a large number of users (e.g., not only a handful of
research assistants or students in a pilot study) will be given preference.

In order to assist the University in its evalaaities strongly recommended that proponents submit
separate proposals for each app

Page36



A LARGESCALE TEST OF SMARTPHONE APPs FOR TRAVEL DATA COLLECTION

How to submit a Quote

If you wish to have your app(s) considered for the TTS 2.0 smartphone app field test, please send the
following toChris Hardingt orAhmadreza Faghih Imani

1) Contact information
-  Name

- Title

- Organization

- Telephone number
- Emall

2) Productescription

- List of projectelated conference, journal or white papers published, with the most relevant
highlighted

- Link to your app/company/ |l abds website
- Download link for your app
- Short description of the largest rollout of your app

o The number of usemho ran the app, as well as the number of peidays of travel

for which datawere collected and, if available, the number of trips identified.

- List of requirements (sections,Bn@D above) thatanbe met
- List of requirements (sections,Bn@ D above) thatcannote met

3) Quote

- Indicate bid for modification to, and use of, your app, for the period of data collection
(August 1 to September 30)
o Includes app modifications, technical support, data processing and delivery of final
data product
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The following table is the list of questions and response alterrfatitles app initial survey.

Question item

Question? [type]

Response alternatives/type

Conditionals/

Notes
Age What is yourage? 0-125
[numerical entry]
Gender What is yourgender? Male
[radio buttons] Female
Nonbinary/ third gender
Prefer not to say
Hear about How did youhear about TTS 2016 opt in If TTS 2016
app [appName]? Household member invited 1 opt-in, the next

[radio button, with Other triggering
a text entry]

within app

Advocacy organization
(email)

Media (eg. Star, Sun, Metro)
Friend / Family (in person or
online)

Advertisement on Social
Media

Blog

Other (specify)

screen shown
should be a
short apology
message saying
that while
information wa
collected for
the TTS, a few
similar question
will need to be
asked again in
case conditions
changed.
6Househ
member invited
me wi t h
only asked in
iOS.

Household codk

What is thecodeprovided for your
household?

text entry, with check agains
a database.

Only
applicable for
iOS.

Once code is
validated,
trigger
skipping
household
guestions

Home location

Please indicate thiecation of your
home (primary residence)
[map/text input]

Pin drop with map or
validated address
entry/valid 6 character

Android

postal code
Dwelling type | What type of dwelling do you live | House
in? Apartment
[radio buttons] Townhouse
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Other
| dondt know
Tenancy Do youown or rentyour home? Own
[radio buttons] Rent
Landline Does your household havéame | Yes
phone lin€? (i.e. land line) No
[radio buttons] Dondét know

Student status

Are you currently attendirgchool?
[radio buttons]

Not a student
Fulitime student
Parttime student

Only ask if
respondent is
over 139
assumption
being they have
to be attending

[numeric entry OR likéype button
layout]

if younger
School location| Please indicate thiecation of your | Pin drop with map or Only ask if
school validated address person is a full
[map/text input and alternative entry/valid 6 character or part time
radi o button f ofpostalcode student
Not applicable (distance Android Only.
learner)
Employment | What is youremployment statu8 | Fulitime worker
status [radio buttons] Parttime worker
Not Employed
Retiree
Homemaker
Occupation How would yoweharacterize your | General Office/Clerical Only ask if
type occupatior? Manufacturing/Construction/ person is
[radio buttons] rades employed full
Professional/Management | or part time
/Technical
Retail Sales and Service
Free parking Is therefree parkingat your usual | Yes Only ask if
place of work? No person is
[radio buttons] No usual place of work employed full
or part time
Habitual work | Please indicate thiecation of your | Pin drop with map or Only ask if
location usual place of work validated address person is
[map/text input andlternative entry/valid 6 character employed full
radi o button f ofpostalcode or part time
wor ko] No usual place of work Android Only.
Frequency How manydays per weekdo you | 0-7 Only ask if
telecommute | typically work from homeinstead person is
of travelling to the office or work employed full
site? or part time

Driver's license
status

Doyouhaved ul | dri ¥

Yes
No

Hide if person
age<16
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Thiscan be a G, G2 or unrestricteq
license issued outside Ontario, bu
NOT a G1

[radio buttons]

Shared mobility,

Are you or another member of yol
household members otarshare
(ZipCar, Enterprise Carshare,
Car2Gg or bikeshare(Toronto
BikeShare, Hamilton SoBi, Dropb

Carshare member
(personally)

Carshare member (other
household member)
Bikeshare member

Hide
(personally)
alternatives if
person age<16

equivalent)dr i ver 6s |
(do not include
permit)

program? (personally)
(check all that apply) Bikeshare member (other
[checkbox] household member)
None of the above
Ridehailing Do you have aide hailing app Yes While not
installed on your smartphone? No supposed to
(UBER exist on the
[radio buttons] phone of a
minor, entirely
possible a
parent installed
for them
Ownershipf a | Do you currently have a MONTHL GO Transit Pass Hide if person
monthly transit | or ANNUALtransit pas® (check all| Metropasgmonthly local age<11
pass that apply) transit pass)
Do NOT take Presto*, tickets or | Combination or Dual Pass
weekly passes into account. Other Agency Pass
Can be TTC, GO, VIVA, MiWay, € Do not own transit pass
[checkbox]
Presto owner | Do you own &restocard? Yes, with fares loaded or
autofill
Yes, but with no fares loade
or autofill
No
Nb hh membery How many peoplelive in your 0-15
household?cluding yoursel)
Nb children How manychildrenyounger than | 0-15 Hide if HH size
16 live in your household? [preser =1
an o0(including
respondent i s u
Nb FT workers | How manyull-time workerslive in | 0-15 Hide if HH size
your household? (including yoursg =1
Nb PT workers | How manyparttime workerslive in | 0-15 Hide if HH size
your household? (including yoursg =1
Nb members | How many people in your 0-15 Hide if HH size
with full license| household have @2 (or =1
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our monthly raffle for 100$, please
enter a valid email address:

Nb hh vehicles | How manyehiclesdoes your 0-15
household have available for
personal use?
Household What is youthouseholdincome? | $0 to $14,999
income (notmandatory) $15,000 to $39,999
[radio buttons] $40,000 to $59,999
$60,000 to $99,999
$100,000 to $124,999
$125,000 and above
| decline to answer/ | don't
know
raffle email If you would like to be entereidto | Text field, normandatory

Invite hh others

Finally, do you think another
member of your household might
interested in contributing to the
[appName] project?

If so, we will give yoa survey
code to link your responses and
unlock a shortened version of the
survey. We can also email you theg
code.

Yes, show me the code
Yes, show and email the co(
[triggers request for email
address for the invitation IF
email address above is blan
No thanks

Only show if
HHsize>1

The following table presents the response alternatives for the purpose and mode prompts of iOS
version of the app.

at destination

Purpose*Choose main purpos

to the current trip

Modes* Check all that apply|

2nd levelmodes

Home

Walk (entire trip)

Work / Work-related

Bicycle

School / Education

Transit

Shopping and errands
Restaurant, bar, coffee shop
Services

Health and personal care
Visiting friends or family
Recreation, sports, leisure, ai

Car (private, shared, taxi)

(nesting)

Driver, alone

Driver, with passenger
Passenger in private car
Motorcycle, moped, scoote
Uber

Worship, religion

Drop someone off
Pick someone up
Other

Taxi

Intercity (coach, train, plane

Other Ferry
Rollerblade
Skateboard/Longboard

Motorcycle, moped, scootg
Other
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The City Logger campaign consisted of three phases: preparation (4 weeks), execution (2 weeks) and
follow up (2 weeks). Overall, given the resources, the team put forward a solid media campaign. Of
coursethere are areas to improve for future outreach déimalse insights are detailed throughout this
appendix.

There were a few key limitations that may have impacted outreach success ibaildiig

stakeholder and media contact lists from scratch; budgetary limits; time allotted to build relationships
withsponsors and mostly with municipalities; graphics and design resourcing. The cities targeted would
have been ideal to get on side to help promote and act as partners in promotion, however, these
relationships take several months to build and I think giveimeline and budget, the sponsorship

partners and media placements that were secured put a good foot forward.

7.3.1 Content and Design

It is important that in future campaign, a dedicated graphic and content design resource would be
considered to create emanore consistency and professionalism to the campaign. The followings are
the sample of items created for the project.

Content Executed Worth Noting

OAbout 6 video The video is used on City Logger website.

LINK https://www.youtube.com/watch?v=990XeSmH8K4

OHow tod vi deo |Two separate videos were created for how to use the apj

iOS and Android.
iOS:
Android:

Press Release

[
BN
A
' Lglgtger

FOR IMMEDIATE RELEASE

University of Toronto Researchers
Launch App to Improve Regional
Transportation

The Press Release was to act as a support to the main nj
relations effort, the targeted media pitching.

As the University of Toronto does not do routine press

releases over PR wires (the cost is thousands of dollars)
independently was createtlltimately, the targeted pitching
resulted in the majority of the media pickup.

Newsletters:
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City
Logger

'

Android app available today!

V

Android users can download City Logger today via the button below. The iOS Clly LOQQEI' Now Available for iPhone
version (for iPhone) will follow later this month. Enter your email
at CityLogger.ca to get an alert as soon as the iOS app is available via the

App Store.

The iOS (iPhone) version of City Logger is now available for download. Follow
the links below to download the app for iOS and Android respectively.

T

‘||||||Il_ r
!.-r - |

The newsletters were created for a few reasons:

1. To reach out to those who wanted to be notified when the app was ready, and;
their networks via email.

Android mailout results:

2. To reach out to advocacy groups and interested parties with something they could share

Open rate 78.1%
Click rate 34.4%
25 11
Opened Clicked
24-hour performance Opens

4

1 ///__d\\\ ///\\\

- B:00PM 12:004M 4:00AM E:00AM 12:00PM 4:00FM

M Clicks
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iPhone mailout results:

Open rate

Click rate

24-hour performance

42.3%

22
Clicked

Opens M Clich

7\

A:00F M B:00PM 12:004M 4:004M

U of T News Article by Tvler
Irving

This piece of content was quite successful as both a tool
in pitching to advocacy groups and rnieeds well as getting

social media traction as much as possible prior to the lau
Many referrals in the prdaunch days of the campaign wer
from this article and it remained one of the top tweeted a
shared pieces aside from mainstream media.

Flyer

The flyer was created as a tangible item we could hand g
to engage citizens on the launch date at Sheppard West
station. Less geared toward downloads and more toward
awareness building, approximately 450 flyers were handg
out on the morning of Octob?, 2017. L isrecommened
that this be a QR code in future with budget, recruiters cd
get people to download the app on the spot. Also having
something free right there (food, giveaways that are sma
might help.
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