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The Experience Sampling Method is used to capture fujgllity in situ data from study participants. Ti& method has
become popular in studies involving smartphones, where ften adapted to motivate participation through the use of
gamification techniques. However, no work to date has evaluated whether gamification actually affects the quality and
quantity of data collected through Experience Sampling. Our stydtematicalf investigateshe effect of gamification on

the quantity and quality of experience sampling responsesmarphones In a field study, we combine event contingent
and interval contingent triggers to ask participants to describe their locatBubsequeny, participants rate the quality of
theseentries by playing a game with a purpog®ur results indicate that participants using the gamified version of our ESM
software provided significantly higher quality responses, slightly increased their respoteseatad provided significantly

more data on their own accor@ur findings suggest that gamifying experience sampling can improve data collection and
quality in mobile settings.
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1! INTRODUCTION

The Experience Sampling Method (ESM) is used for huseasingand across mangisciplines Typically, the
ESM aims taneasurebehaviour, thoughts, and feelings of participantssitu, thus providing detailed insights
about both the participantsO daily life as well as on the topic being studied as experienced by the participant
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[33. This is achieved through repeated observations, allowing for phenomena to be assessed as thig/occur
ESM study findings rely on both the quality and quantity of input, and thus motivating and incentivising
participantsis a crucial component of ESM studig®3y. The Ecological Momentary Assessment (EMA) is
methodologically similar to the ESM, originating from the field of behavioural medicine, and the terms are now
often used interchangeabl¢#J. In this paperwe refer to the term ESM.

While the ESM was originally intended to collegérsonal observations 4 g., one of the first ESM studies
analysed adolescent activity and experierj&p), it is increasinglyadapted forother contexts. For instance,
Connelly et al. [5] have used the ESM to explore knowledge hiding in organisations, and Van Be{e]47]
to quantify smartphone usage behaviour. More broadly, Butke. [ 1] suggested that user input in combination
with sensor readings enables researchersga@kor vital information about the built and natural environment
that was previously unobservableQ[1]. At the same timegthe use of sensor readings now allows researchers to
Ogamify@11] the collection of dataon smartphonesin hopes of increasing thguality and response rate of
participants using smartphoneshis gives rise to an important methodological question for researchers: should
gamification be used in smartphone ESM studies, and if so, what is the effect on the collected data?

Determining the quality of human providedESMdataon smartphoness challenging.Crowdsourcing has
been proposed as a way to radtee quality of human contributionsand is especially useful when the data
concerns a publicly observable phenomenon. For instance, Roib[25 involve members of the crowd to
approve the work of other crowd workers. Similarly, previous research has shown that crowdsowrtiogplic
displays can be used to evaluate the quality of keywords that describe those locations through a majority voting
schemq1§.

In our study,we developed two versions of the same ESM application: one with strong gamification elements
[17], and one without. In a nutshell, our application asks participants to describe the environment around them.
Because our study requires us to evaluate these ESM respansesnploy a mobilgame with a purpose [49
to assess the quality of ESM entrigherefore, ar applicationallows participantsto complete a taskvhereby
they rate the contributions of other participants as either relevant or irrelevaritis enabésus to calculate a
Oscore0 for each contributioreasuring qualityTo the best of our knowledge, our work is the first stutty
systematically investigatgamification as an incentive mechanism in mobile ESM studies

2 RELATED WORK

2.1 ESM Response Quantity and Quality

Experience sampling is used teollect information about both the context and content of the daily life of
individuals({22). This is achieved by asking participants to answer a small set of questions at varionents

over a period of time. By reconstructing the participantOs context and provided answers, researchers can gain
insight into the way these activities and contexts are experienced and percébieen the reliance of the ESM

on participant responses,oth the quantity and quality of theseparticipant responses are important factors.
These two factors ensure that the collected results awdogically valid and capture fBe occurrence and
distribution of stimulus variables in the natural or customary habitat of an individual([24.

Surprisingly, literature reports a wide range of participant respomates in ESM studies. Consolvo and
Walker[7] asked their paicipants to complete 70 questionnaires on their mobile phone, resulting in an average
of 56 completed questionnaires. Van Berkedl. [47] presented a question at each phone unlock, resulting in
an average response rate of 83.78%, ranging from 61.90% to 97.25% across participamt§5guavestigated
participantswillingness to voluntarily submit photographs when completing an ESM questionnaire: 30.80% of
participants submitted at least one photo, with the total number of questionnaires completed with a photo
attached was 3.50% and participatory lexmdig highest on the first day.
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Yueet al. [5( counted the number of words and characters in the collected ESM responses as a measurement
of the quality of the responseiniing that questionnaires which had a photo attached correlated with higher
data quality. Hickset al. [23 show that Oparticipation quality® (defined as number of interactions) decreases as
the battery level of the personOs mobile device drops beleertain value. Furthermore, they categorise
participants as Opower usersO (using the device beyond study participation) or Osurvey only usersO. Participants
using their personal device result in higher quality data when compared to those using-spetfic hardware.

These studies indicate that the response rate significantly varies across contexts and means of presenting the
guestionnaire. In ourstudy, we set to investigate if the rate can be improved through gamifying the ESM
procedure. This is importat because it would make such studies more efficient: more data is gathered in shorter
time, leading into potentially more insights from participants.

2.2 Incentivising Participation

In experimental settings, incentives are a commonly used mechanism to gtitieipation, uphold retention
rate, and ensure sufficient data qualif$,39. Most ESM studies offer a form of monetary compensation to
incentivise participants to wmit more responses. Consolvo akdalker [7] offered $1 for each provided
response, Yuet al. [50 offered participants $150 for 3 days of completed responses and $20@&ys of
completed responses. More complex compensation structures are also applied, with Comis¢ensenet al.

[6] offering participants a flat fee for their efforts (approximately $20 for a week of participation), a physical
remuneration for their efforts on a weekly basisgl movie ticket), weekly drawings for smaller prices, and a
final Ograngrize® at the end of the study. Lyf85 shows that monetary incentives significantly improve
participant compliance, with the strongest effect measured in diary completion (methodologically closely
related to the ESM). Hosiet al. [25 introduced a market model, in which completed tasks are awarded a
monetary compensation in accordance with the current market value. Theipn&tion of completed task
rewards through pricesetting proved efficient in steering participants to a specific task. Finally, a sufficient
diversity in the available tasks ensured a sustained crowdsourcing market.

However, monetary incentives can alsave inadvertently negative effects. For instance, an incentive of
$250 for participation resulted in a low quality of collected dgtd. Accordingto Stoneet al. [49 this was the
result of a participant base not intrinsically motivated to participate (solely participating for the financial
reward). An alternative approach to motivating participants suggested by LaasdrCsikszentmihalyi33 is
to form a @iable research allianceO between participant and researcher. Stend. [45 add that participants
should be specifically encouraged tdnaén from dropping out of a study, even if they forget to input data for
one or two days. Kharet al. [30 combine the ESM with the Day Reconstruction Method in an attempt to
improve quality of the collected responses and reduce data loss. Hsiehh [26 show that providing
participants with a visualisation of their own data increases compliance rates. A different approach is described
by Musthaget al. [39, concerning the use of micrimcentives to compensate parti@pts throughout the study
for completing a small task, as opposed to receiving a-dpalkment at the end of the studiiterature suggests
three types of participant commitment in an online commun|82,:

¥ Affective commitment. Following an emotional connection to the organisation or community.

¥ Normative commitment: A moral obligation to contribute, it is the righteous thing to do.

¥ Continuance commitment: Commitment originating from a certain incentive (either on individual or
group level) that may be lost when leaving the community.

Lui et al [34 classify community contributions into two factorsndividual factors, consisting of both
extrinsic motivation é.g., rewards) and intrinsic motivatione(g., reputation), andinterpersonal factors e.g.,
liking or affiliation). Extending this, various incentiveystems have been developed to encourage user
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participation. Farzanet al [13 consider the following incentive systems; incentivising with rewards,
incentivising by eyplaining community benefit, incentivising by goaktting, incentivising by reputation, and
incentivising by providing setbenefit. Morschheuseet al. [3§ investigate the effect of gamification on
crowdsourcing and report positive effectsg., increased engagement, quality).

Goncalvesgt al. [17 empiricallyvalidate a number of motivatiodapproaches in a ubiquitous crowdsourcing
setting. Their results show participant motivation can be influenced to elicit higher quality contributions and
increase voluntary participation. Altruistic motivation alone is typically not sufficient of a mdiivdo convince
people to contribute. Manipulations sues psychological empowermefitd, location cue$18§), and increased
enjoyment[29 all helped to increase participationwhile simultaneously offering additional benefits.g.,
increased quality of tasks, increased sense of urgency). Hence, literature suggests that contextual caphbilities
ubiquitous devices can be used to increase participation and attitude.

2.3 Gamification and ESM

Deterdinget al. define gamification ast& use of game design elements in non-game contextsQ 11]. Gamification

has been explored in the context of mobile applications -Witdter et al. [15 developed a gamified application

for university students to be used during their orientation. Parts of the application relied on user input to
complete certain quiz items. The researchers report some participants applying a Otrial afdagpeoach to
finish these quiz itemsig., loss of data quality). Furthermore, one of the obtainable achievements asked students
to Ocheeln® to a number of events. The majority of participants stopped using this feature after the achievement
had beerunlocked.

Investigationof gamification aimed to support ESM or EMA collected data is scarce. Maehmik [36]
present Crowdpinion, a tool that allows researchers to setup gamifieBME studies. In their approach,
participants become a partner in the research study (as suggesf88)rand ca gradually unlock information
about the ongoing study results as they submit data and even contribute questions to the study based on
personal interest. This raises concerns on data integrity and quality, as highlighted by the authors. Gamification
in Crowdpinion is limited to triggering the participants® curiosity, and does not include other (potentially)
motivational elements.

Gamification as an element of motivation has been applied more extensively in applications aimed at medical
intervention or healbh behaviour changg9]. While gamified intervention applications have been shown to work
in the short run e.g., over a 6week period27), other literature indicates that this effect declined in the long
run (e.g., after one yeaf12). Additionally, the practise of gamification has also been criticised. For instance, a
challenge of gamification is that the introduction of extrinsic motivatiors;( badges, points) may crowd out
any prior intrinsic motivation (.g., altruistic effort, interest)[31]. Similarly, gamification may lead to a lack of
understanding of the broader context in which thp@ication is used42. A literature review from Hamaret
al. [2Q indicates that gamification does have a positive effect on motivational affordances and behavioural
outcomes, but also notes it is challenging to reliably compare results between studies.

3 STUDY DESIGN

We investigate how gamifying an ESM study influences theantity and quality of participant responsed.o
measure the gudity of responses, our ESM software asks participants to describe their current environment.
To measure the qualitpf ESMresponses, wereateda game with a purpose that requires participants to rate

the quality of words that describe their current locatidtach ESM questionnaitberefore consists of two tasks;

1) submit a word that describes the participart@sent surrounding and 3 rate words submitted by othert

both cases, participants are asked to reflect on their personal observation of the current physical location. We
therefore consider both the task of word submission and word rating to be part of an experience sampling
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BGurveyQDur participants were required to install oueoOulu application on their personal Android phones.
To assess the impact of gamification on the participants® ESM responses, we developed two versions of the
application that only differ intheir gamification elements.

Our experimental design is between subjects, with two experimental conditions: gamified software, and non
gamified software. The outcome variables include: ESM responsebaM, response qualifyand number of
ESM responses.

3.1 Gedulu

Our Android application GeoOulu consists of four screengs shown irFig.1. There are numerous differences
between the gamified and negamifiedversions of our game, as summarisedablel.

Before you begin, please enter a word

that you believe characterises well the
@ Geooulu space you are currently in: @ Geooulu

Welcome back Michael! Finished! Your final score

Highscores
Bugzy 3150

20 points!

CONTINUE

Industry RETURN TO

START!

Word 3/10

Fig.1. (1) Application start screen, including leaderboafd) Submissionf new word.
(3)Ratingof words. (4) Feedback (+ score) and option to return to the start screen.

¥ The start screen of the application welcomes therticipant to the application and also allows the
participant to choose a nickname upanitial launch of he app. The gamified version includes a
scoreboard in this screen.

¥ The second screen asks participants to eraeteyword that describes their current locatioifhe
participantOs locatiorpordinates areecorded simultaneousl§GPS Wi-Filocalisation on Android)

¥ The third screen is the garfis maiscreen. Hereparticipantsare shown wordspreviously submitted
by otherparticipantsin the current location, and are askedrate them as relevant or irrelevanOne
gameround consists ofat most ten words that the participant needs tate. The gamified version
imposes time restrictions on completing the task.

¥  The final screen gives the option to return to the start screaul provides participants with feedback
that the round was finishé. In addition, thegamified version showparticipantsthe score achieveinh
that round

The purpose of the game is tate each word as relevant or irrelevant to the current physical location of the
participant In the gamified version of the applicatipthe words move from the bottom of the screen towards
the top, and participants have 5 seconds to make a choice. If the participant does not rate the word before it has
reached the top of the screen, it is automatically dismissed (and will not be shothistparticipant again). In
the non-gamified version, words appear centred on the screen witlgiilier animation or time restriction.
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At the end of each game round, the data is submitted to the database and a score is calculated. Scores are
based on th@umber of votes already cast on the selected word by other participantat point in time. We
apply a majority voting schemgl§], where agreement with the majority results in +10 points, disagreement
with the majority results in-10 points, and in the case of an equal number of votes (includingstivete on a
word) +5 points will be awardedrhis majority voting scheme is scalable as it does not require a predetermined
Oground truthO. The accumulated score of each participant is calculated and stored in the datdiatse
experimental conditios.

Tablel. Design of gamification elements between the two conditions as classified by game elemeptigvel

Element level Gamified Non-gamified

Game interfaceWords to be ranked will animateWordsto be ranked are fixed to
design patternsfrom bottom to top of the screenthe centre of the screen.

A leaderboard is presented at thNo leaderboard is presented, ar
start of the game, showing the participantsare unaware of their
usernane and accumulated scorOrankO tther participantsof the
of the fiveleadingplayers game.

Game model Following completion of a game Following completion of a game
round, theplayersis presented round, noscoreis presented to
with the score achieved in that the participant However, the
specific round. metricis calculated and stored fi

further analysis.

Game design A challenge of time is introduce(Words will remain staibnary and

patterns and animating the words from bottorwill not disappear over time.

mechanics to top. Once the word reaches tIParticipantis free to take as
top, the word will disappear andmuch time as they want to rank
no vote is cast. each word.

3.2 Zones andBootstrapping

Prior to the study wanterviewedlocals who all had lived inOulu for more thanten years to determinea set

of city landmarks as predetermined zones. The six zones are: the main shopping street, a railway station, a
popular meetugpark downtown, the main market square, the city library, and the university. The areas are
widely known among locals, and weypothessed they feature several distinctive characteristics. Besides the
six predetermined zones, we defined a zone caidé&ther@nhich covers all areas outside the predetermined
zones.

To bootstrap the initial keywords used in the game, we recruiteghiocal volunteers (different from those
involved in determining the zones) to submit keywords. Our volunteers had extensive knowledge of the area
having lived inOulu an average of 20.5 years, and thus being familiar with the locations. The volunteers
submitted 466 words describing those zones. Then, the authors categorized the words and phrases using
emergent coding [21], independently classifying all submissions into mutually exclusive themes, and then
comparing notes until an agreement was reached on the keywords. The 10 most frequently occurring keywords
from the volunteer submissions were used to bootstrap a wordiahiery for each zoneln addition, we
generated 10 random keywords per zone as a control condition, selected randomly from a language dictionary.
Thus, each zone was bootstrapped with 20 wordsf(@® volunteers + 10 random)rhe OOtherébne was
bootstrgpped with 20 random words.
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3.3 Choice ofWords

The main task of our gamesquires participantsto rate the relevancy of words in regard to their current
location.During our bootstrapping,he locations of our initial volunteer keywords were manually assigted
their respective zoneur application usesn elaboratemechanism to choose the words that are shown to
participants in any given game round

¥ First, the system identifies words that were submitted in locations that are physically near the
participant® current location.To overcome bootstrapping issues, words across the whole city were
shown if necessary. For instance, unpopular locations may not have many words submitted nearby, so
our systemuseswords that were submitted elsewhere in the city. Samly, if a participant played
multiple gamesn the same location, the system would eventually present words that were submitted
at far away locations (over 500 m).

¥ Second, the system did not show to a participant a word that they had themselves subonitized
previously at that location. Thisemovedthe potential biasof participants towards their own words.
A word can, however, appear indifferent location ifsomeone elshas submittedt there.

¥ Third, we carefully defined six specifiz@hewithin the city. Within these zones, the distance of
words did not matter and the whole zone is treated as a single conceptual locatiordedissonmade
it easy toavoidparticipants labding the same word twice at the same location.

¥ Finally, for any gameound we apply the rule that if five or less suitable wor@ds., not submitted or
previously ranked there by the participardye found, theparticipantis unable toplay the gameThe
useris presented with the following messageo® have run out of playable words for this location.
Please try a different location or come back later!O.

The criteria we define above achieve a number of goals. First, we ensure that all words eventually receive an
approximately equal number ofatings, and avoid situationsvhere a handful of words receive most of
participantratings. Second, our mechanism allows for spreading of words that are relevant to broadeayeas (

a beach covering 2km area). Our decision to show words from far away locations allowed for thisipibisy
given the right keyword. Finally, we improve the quality and consistency of data giactcipantsdid not rate
their own words, andarticipantsdid not play games that had too few words in them.

3.4 ESM Notification Scheduling

Notifications were usd to prompt participants to complete the ESM questionndire, launch the app) A
notification is sent to a participant when entering one of the six defined zonessgvent contingent notification)

using Android geofences, or when it has been twaitsosince the participant has last opened the application

(i.e., interval contingent notification). The Android geofence Oenter® event was chosen over OdwellO to best match
the ESMOs philosophy of measuring events as they ¢ddurUsing a OdwellO tinte trigger notifications

would result in the participantOs most common locations being repeatedly triggered throughout theesgudy (

home, work, university) Notifications are shown in the default Android notification menu, and interval
contingent notifications are only generated betwe@8:00and22:00 The outcome of a notification may be:

¥ The participant accepts the notification.
¥  The participant explicitly ésmisses the notification.
¥ The notification expires automatically within 15 minutes, or if the participant has left the zone.
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3.3 Recruitment and Experimental Procedure

We recruited 24 participants using mailing lists of our university (16 males, 8 fenades; 2438 years old,
mean = 27.00 Participants were required to have lived@ulu for at least six months and to own an Andreid
based smartphone. On average oartipants had lived irOulufor 5.8 years (SD = 88), suggesting that they
should have already amassed knowledge of the town and the zones we defined. In addition, our participants had
a diverse range of educational backgroundsg.( Accounting, Edud#on, Plant Eology, Wireless
Communication).

We employed a betweesubjects design in which half of the participants were assigned to the gamified
condition and the other half to the negamified condition. Assigned conditions did not change during the
study. In addition, we asked participants to complete a ptady questionnaire, focusing on demographic
information and mobile phone usage. One of the questions asked participants whether they use their mobile
phone to play games (with the possible answet©neverd, OsometimesO, and Oregularlyd). We controlled for this
variable by balancing participants across the two experimental conditions based on their resploissesulted
in 2 participants wha®egularly(play games on their mobile phone (1 in thamified condition), 15 participants
who @Gometime€play games on their mobile phone (7 in the gamified condition), and 7 participants who
reported to Onever® play games on their mobile phone (4 in the gamified corf@ititin)pantsin the gamified
condition had an average age 26.50 (SD = 2.32),ropared to an average age of 27(50 = 464) in the non
gamified condition A Welch's unequal variancestestindicated no significant difference between conditions
(t =0.67 df = 16.16, p H51). Asfor their duration of stay in Oulu, participants in the gamified ratition
reported an average of 4.63 (SD = pyHars compared t6.54 (SD = 9.3Yyears for participants in the nen
gamified condition A Welch's unequal varianceastest indicated no sigficant difference between conditions
(t=059 df =19.52p = 0.5).

To minimise learning effects, we held individual intake training sessi@ging these sessions, we installed
the application and guided participants through altreensof the application (Fig.1). While doing so, we
provided several examples of both Ogood® and Obadd keywords for the location of the intake session (university).
For example, the keyword OknowledgeO was provided as a good example of a word that desaribenisite
location. The keyword OcouchO gigen as an example of a bad keyword, since it is restricted only to that
specific room. We encouraged participanis take a broad view when submitting and ranking words,
considering not only their current isovist viewe.g., the current room) but alsde setting they are inln order
to keep the explanation offered to participants as similar as possible between the two conditiods] wet
discuss the implementation of the scoring mechanigmly visible in the gamified applicationparticipants in
the nonrgamified condition were therefore nevemare of any score being calculated, as this information was
never presented to them in the applicatiohithough participants in the gamifiedondition were aware that a
score was being kept, we did not exjpldnow this score was calculated and whether it was based on their own
submission or on their rating of words submitted by othdbsiring the data collection phase, participants could
freely launch and use our application at any time, and in addition resebinotifications accoridg to our
scheduling criteria.

After the data collection phasended we invited participants for a oren-one debriefing session with a
researcher. During this debriefingarticipants were asked to completa axit questionnairewhich contained,
inter alia, questions regarding notifications, gamification elements, and potential problems the participants
might have experienced. As a compensation for their participation, each participant received two cinema
vouchers.
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4 RESULTS

Datacollectionwaslimited to a threeweek period as thequality of ESM responséds known todeteriorate after

a period of2-4 weeks[45. During thestudy, 811 game rows were completed, a total o927 wods were
submitted, along with 902 word ratings. The number of game rounds completed is limited by the availability

of new words for people to plafpexplaining the difference between the numbenadrd submissions and total

rounds of rating words. Most rounds were completed in the OOtherd zone (6233dftljote market square

(41), downtown (41), university (40). The least popular location was the railway statiofri{g-2showsa) the

total number of completed game rounds, b) participantsO average score per round, and c) the total number of
submitted words,broken down by study conditioand study day.

A. Completed game rounds 120 B. Average game score 80 C. Submitted words

60
90 60
40 o
¢l ‘\ , "
601 .7 VO e / 40
1 g p
1 -~
2041 ': \‘ \ N
ST WY A 30 200 S\ fel
\"l ‘s' ‘*—‘ {984 \‘ ': ..
0 0 0
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Day of study Day of study Day of study
Gamified = = Non! gamified

Fig.2. A: Number of completed game rounds. B: Averggmescore C: Number of submitted words.
All values shown over the duration of the study per condition.

4.1 Quantity of Responses

Participants in the gamified coiibn completed 516 game rounds and submitted 877 words, versus 291 rounds
and 320 words in the negamified conditionrespectively The total number of game rounds completed per
week did not change considerably over the duration of the study, with 238,881 271 number of game rounds
completed forweek one, two, and thregespectively. No statistically significant difference was found between
the participantsO tendency to play mobile games on their phone and their final participant score, as determined
by a oneway ANOVA (F(2,21) = 0.06, p = 0.9 provide a boxplot of ahe total number of completed game
rounds, b) participantOs average score per round, and c) the total number of submittethvgdsto visualise
the distribution between conditions

Of the 1197 words submitted, 610 words were unique submissions. A Ki&khs test on the number of
words submitted (per day) per condition shows a statistically significant difference between the gamified and
non-gamified condition (H(1) = 12.98, p 00), with a respective submission mean of 5.38 and 2.89 per day. The
majority of submitted words was unique across the stuidy they were inserted only once (N=490). Wever,
120 words were inserted more than once, implying participant agreement daicatharacteristics of the zone.
Fig. 4 depicts the breakdowrof reoccurrences, i.e. how many times a word was inserted again by other
participants dter its initial entry to the dictionary.
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A. Completed game rounds B. Average game score C. Submitted words

80 200

60
. 60 150

40
40 100

20 20 50 ’

0 0 0

Gamified ®  Non! gamified

Fig.3. Boxplot showing distribution between gamified and ngamified participants.

I-____
1 2 3 4

5 >6
Reoccurence of word submissions

Fig.4. Number of reappearing word submissions.

4.2 Quantity and Location

Fig.5 shows the humber of game rounds completed in each of the six zones in our study, split per condition.
Participants in the gamified condition oapleted more game rounds (126 vs. 58 when considering the aggregate
sum). A twofactor ANOVA shows a statistically significant interaction effect between the experimental
condition and the zonen the number of completed game rounds (F(1, 176) = 5.56,04x

The number of game rounds completed per day averaged 5.38 and 3.03 for the gamified -gaanifeed
conditions respectively. The effect of study condition on number of game rounds completed was statistically
significant (F(7, 176) = 13.34, p < ).6% was the effect of location (F(7, 176) =89.71, p < 0.01) -AouoBtikey
HSD on the different locations shows a statistically significant difference between the OOther® zone and all
predefined zones (p < 0.01) for all combinations, with the OQtheeChaving a higher number of completed
game rounds compared to all other zones. There was no significant difference between any combination of
predefined zones=inally, as shown in the map presentedHig. 6, the gamified condition led to an increased
density of contributions, though no considerable difference in geograpbieragecan be detected between
conditions.
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Fig.5. Completedgame rounds per predefined zone.

Gamified _ Non-gamified

Fig.6. Location of completed submissions

4.3 Application Entry and Notifications
We compare the various ways in which participants could launch the game and contribute:

¥ Clicking on the application ico to launch it.

¥ Accept a notification triggered by-Bour interval rule.
¥ Accept a notification triggered by entering a zone.
¥  OReplay gameO after completing a game round.

Table 2 provides a distribution of these frequencies. A -slgjuare test shows a statistically significant
difference between entry and study conditior?& 11.98, df = 2 -palue < 0.01). For thigst,we do not consider
the OReplay g0 entry as it always follows one of the other categoNese that for both conditions it is
possible that incoming natifications primed participants to open the application directly from the homescreen

rather than by opening a notification. In our daténis would register as launching the application through the
application icon.
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Table2. Distribution of application entriesleading to completion of a game round

Entry % Gamified Non-gamified
Applicationicon  42.87% 235 111
Notification (time) 25.65% 111 96
Notification (loc.) 10.53% 49 36

Replay game 20.94% 121 48

(0.31 replay ratic(0.20 replay ratic

Table 3 shows a breakdown of all 1908 notifications sent during the study, grouped by condition. The
difference inthe number of notifications between the study conditions is the result of multiptgdrs including
participants® mobility, daily routines, and motivation to travel. We note that these notifications did not all lead
to completed game rounds.£., ignoring notification), explaining the lower total number of notifications
reported inTable2. A chi-square test shows a statistically significant difference between study condition and
notification interaction (‘2= 44.96, df = 3, p < 0.01). Pearson residuals show an overrepresenfadismissing
notifications and expiring (loc.) notifications for the negamified condition (respectively 3.94 and 2.53).

Table3. Overviewof notification interaction

ESM Notif. Gamified Non-gamified Total

Answered 302 (283%) 204 (24.23%) 506 (26.52¢
Dismissed 71 (6.66%) 121 (14.37%) 192 (10.06¢
Expired (time)680 (63.79%)487 (57.84%) 1167 (61.16¢
Expired (loc.) 13 (1.22%) 30 (3.56%) 43 (2.25%
Total 1066 (100%) 842 (100%) 1908 (100%)

Participants responded to a total of 506 notifications, giving a response rate of 26.52%. Overall, 10.06% of total
notifications were actively dismissed by participants. The majority of notifications (61.16%) was dismissed due
to expiration of the notificion timeout (15 minutes), and 2.25% of notifications were dismissed due to the
participant leaving one of the predetermined areas.

4.4 Quality of Responses

While most game rounds were completed in the OOtherO zone, we exclude it from the anglydis af the
submissions. This is because the study, by design, yields heterogeneous words in this zone, as participants were
free to roam anywhere. For the same reason words submitted in this zone ranked considerably diffieoemtly
words submittedn the six predefined zones (mean score of 42.34 for OOtherQ, whereas all other zones have a
mean score ~ 80, sEig.9). In addition aur volunteersubmissions did not cover the OOtherO zone due to the fact
that this area was not limited to a specific location. It was therefore not possible to provide a set of lecation
specific descriptive words. This lack of volunteer words potentially skews theltsesas participants did not
have Oexampled words.

To measure the quality of submitted words, we rely on the ratings obtained through our game ¢cativwg).
Participants classified words to be either relevant or irrelevant, with a participant unabladsity a wordhey
have submittedthemselves Each wordOs score is calculated by dividing the number of relevant votes by the
total number of votes for that word. We distinguish between words submitted by our volunteers (bootstrap),
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the random words (bostrap), words submitted by participants in the OgamifiedO condition, and words submitted
by participants in the Onegamified® condition.

0.04

0 25 50 75 100
Word score ratio

Volunteers [l Gamified B Non-gamified

Fig.7. Density plot of word score ratio of submitted words.
Average score petuman word source indicated by vertical lines.

As expected, the OrandomO words have the lowest asemageatio (3.49)ig.7 shows a density plot of the
three differenthuman word sources and their respective relevance rat{golunteers, Ogamified participantsO,
Onorgamified participants®). A Kruskalallis test evealed a statistically significant difference between the
word souces (even when excluding the OrandomO source), (H(2) = 8.05, p = 0.02), with the mean acceptance
ratios shown inTable 4.A posthoc test using MariWhitney tests with Bonferroni correctin showed a
significant difference between gamified and nrgamified word source (p < 0.09)he boxplot inFig.8 shows
the distribution of participansOnean word scores between conditions.

100

©O
o

é

o]
o

Gamified ™  Non! gamified

Word score ratio
~
o

(=2}
o

Fig.8. Boxplot showing distribution between gamified and ngamified participants.

Table4. Word score ratio per submitted word source

Mean score ratio St. Dev.
Random dictionary words 3.49 9.02
Volunteers 79.16 22.58
Gamified 85.31 21.62
Non-gamified 76.28 28.52
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4.9 Quality and Location

We also compare thquality of the submitted words (the crowdsourced relevance ratio) per zone, as shown in
Fig.9. A KruskalWallis testshowsa statistically significant difference in relevance ratio between the different
zones, %(6) = 384.39, p <0.01paAirwise comparison with Bonferroni correction shows a statistically significant
differencebetween all preassigned zones and the OOtherOBpastatistically significant difference was found
between the remaining zones.

0.04

0 25 50 75 100

Word score ratio
Downtown M Library M Other University
Park B Market square [ Railway station

Fig.9. Density plot of word score ratio of submitted words.
Average score pdocationindicated by vertical lines.

4.4 ParticipantGameScores

Average scores per completed game for the gamified and-gaonified conditions were 53.10 and 60.26
respectively.A KruskalWallis test on the achieved score (per day) per condition shows no statistically
significant difference between the two conditions(l) = 1.14, p = 0.29). Average total score at the end of the
study for gamified and nogamified participants was 550 (SD = 409.84) and 291.25 (SD AGp8spectively.

This discrepancy between the slightly lower average score per game round and the much higher total score for
participants in the gamified condition can be explained by the higher number of compigter rounds (see
Table2). Lowest and highest participant scargvere 0 and 1460 respectively. Of the eight best performing
participants, six were ithe gamified condition. Of the eight participants with the lowest score, two were in the
gamified condition.

4.7 Application Entry and Quality

Table 5shows the quality of submissions (word quality score ratio and participant score) per entry type. The
OReplay game entry can follow any of the other entry types. Quality of word submissions remains roughly equal
across entry types. The mean scores per gleted ranking show a considerable lower score for entries that
originate froma time notification Low number of time notifications islue tothe study design, in which a
location notification was sent when entering one of the predefined zoffedle 5shows that notifications are
responsible for enticing most interactiofthis as opposed tdable2 (which includes the OOther zone), where

the appliation icon resulted in most interactions.
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Table5. Word quality and game round score following different application entry categories

Word Game n n
quality  score gamified non-gamified
(mean) (mean)
Application icon  90.55 50.70 33 24
Noatification (time) 93.23 32.78 7 2
Notification 89.05 54.19 41 27
(location)
Replay game 89.41 66.30 45 5

5! DISCUSSION

ESM studies rely on human participants providing highality responsesWhile the importance of both the
guantity and quality of these responses has been investigated previf@@lysurprisingly little work examines
motivators other than financial stimuli (studied for example [[#25). One could even argue research has
regarded participating in ESM studies as an annoyance that can be potentially reduced through intelligent
notification techniques[14]. Our results indicate that gamification ahe ESM increased participation
motivation and led to a considerable higher number of-4aative data contributions. We now discuss both the
quantity and quality of contributions and the gamification elements we used.

5.1 Gamification Improveuantity of Contributions

Participants in the gamified condition submitted significantly more words (+174%) and completed a significantly
higher amount of game rounds (+77%) when compared to particigarttse nongamified condition. When
considering the number of compksd game rounds over thredefined zonedHg.5), we foundthat participants

did not only complete more rounds in all zones, but were more willingr&wel to zones not part of their daily
routine (i.e., the park, library, and railway statioripthis observation was also reflectadparticipantinterviews.

We note that the difference between conditions could be even larger, but that the restrictionly rating
words once per location has deterred participants from starting the application altogether and thus not submit
any new words. One of the participants notegt app didn't restrict me [on the] number of plays for the location,

I would keep playing moreOQ (P21). This is supported in the collected data, wherebygaorified participants
submitted only 29 more words than completed game rounds (additional 10%), versus 361 more words than
completed game rounds (additional 70%) for participanthéngamified condition. All these submitted words
could have resulted in completed game rounds, were it not for the aforementioned restriction.

The stark difference in number of completed rounds in the OOtherO zone versus all predefined zones is the
resut of a positive feedback loop. In the OOtherO zone, a sufficient number of words was often available, resulting
in a continuous flow of new contributions. The predefined zones were unable to create or sustain such a critical
mass, leading to exhaustion dfie available words. This effect can be observed as an (unintended) extra
gamification element, in which the number of available games (and thus available points) were linited
requiring more active effort from participants to be able to complete gameadsu

As shown inTable 5 the gamified condition did not lead to considerable higher response rates on incoming
notifications. Participants in the gaffied condition were, however, more willing to both proactively launch the
application themselves, and firovide multiple rounds of input in succession. This latter findisigpportsthe
findings by Junget al. [28], who show that providing feedback results in a higher number of contributibns
especially in the case of contributions using pseudonyms (as opposed to anonymised contributiadd]ti¢m,
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participants from the norgamified condition were more likely to actively dismiss incoming application
notifications, indicating a lower level of interest or commitment to the application.

Following the terminology from Chang:t al [3], we consider a participant proactly opening the
application to be engaged in participatory sensiBgvhereas reacting to notifications is considered context
triggered in situ sensing. Literature suggests that the number of participatory sensing contributions can be
increased through garfication [4€]. These results are supported by our findings.

With an average response rate of 26.52% to notifications, the studyOs response rate appears relatively low
compared to other studieg.§., [5] with 65%, and41] with 52%). Theurrent study contained a total of 1908
notifications, an average of 79.5 notifications per participant over the duration of the study, or an average of
3.79 notifications per day. The aforementioned studies have very different study designs (1 daily cueve
five successive working day$], 10 tasks per day overfaur-weekperiod[41]), making it difficult to compare
and discuss response rates between studies. Multiple factors explain the relatively low average response rate.
The application automatically dismissed notifications aftemadout of 15 minutes, as well as when leaving the
premise of one of the predetermined locations. Therefore, a total of 63.41% of notifications were automatically
discardedby the system, while participants actively dismissed only 10.06% of notificatidrerefore, the
apparently low response rate can be explained by our strict expiry mechanisms (time and location) while
participants only dismissed a relatively low percentage of ESM notifications.

Furthermore, the number of tasks required to be completed retatively large in comparison to other ESM
studies. The acceptability of a certain number of notifications is highly dependent on the time and effort required
to complete each questionnaifg]. In comparison to a previous studi7] for example, where participants were
immediately presented with a single question on screen unlock, our study required considerable more effort
from participants. Lastly, the nature of the application could have deterred participants from replying to some
notifications; @] didn't feel the need to answer about the same place as I have done just before.O (PO7Y.herefore,
we conclude that the design of the ESMOs contingency, in which a participantOs change in location would result
in a new notification (event contingent), has led to an overflow of irrelevant notifications. Future studies should
embed more inteljence in their event driven notifications, for example by inferring whether a participant
recently answered a question related to the triggered event.

The number of completed game rounds are not equally distributed over the duratitee study Fig.2- A).

Given the fact that this effect is observable in both the gamified andgamified condition webelieve this is

the result of the game designdgicipants are only allowed to rate each word once) rather than participants
increased interest when their position on the leaderboard is endangered. Other external factors such as the
weather could also have influencéie participantOs willingness tortabute.

5.2 Gamification Improveguality of Contributions

The quality of the words submitted by gamified participants was significantly higher than those of the non
gamified participants. Word quality of gamified participants was higher than that of baotstrapping
volunteers, albeit not statistically significant, this difference is remarkable as our volunteers are local experts.
A possible explanation for this might be the that otwootstrapping volunteers did not provide their
contributions in situ, dthough this needs further exploratiorContributions made by participants in the nen
gamified condition had on average a slightly lower score than words given by our volunteers. Since we did not
explain how scores were calculated, those in the gamifigdiition might have been under the impression that
the quality of their submission influenced their scoBeincreasing their motivation to provide high quality
submissions.

Despiteparticipants in thegamified condition submiting words of higher quality, hey were unable to
achieve a higher average game score. In fact, their average game score per submission round was lower than
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those in the norgamified condition (although nattatistically significantly). The gamification element of time
restriction, in which participants in the gamified condition were given a maximum of 5 seconds per word to
decide on the classification of a word, might have influenced this result. Although the log data shows that a
participantOs word timed out during gameplay just oncerie of the predetermined zones, the added pressure
of the time constraint might have influenced the participantsO judgement. Cechanowic?] include a timer

as gamification element in an online questionnaire, and note how it might have led to shorter answers on free
form text input. They thereforeconsider timebased game elements a fundamental traffebetween data
quality and the effect of gamification. It can also be considered that participants in the gamified condition were
aiming for a high final score, but did not so much aim for a high sdarindividual game roundsj ®ied to use

up all the words the app provided from the places I visited, to gain maximum points.O (P09).

We highlight the difference in scores obtained hyr garticipants following their entry into the application.
Although only including a limited number of sampleBable 5shows a lower mean score for those participants
who opened the application following a time notification. This effectist present for those opening the
application through a location notification. Meotra et al. [37] suggest that iltimed notifications might result
in dismissed or hastily completed questionnaires, reducing quality of collected user data. A sesedr ba
technique is proposed that predicts userOs receptivity to answer incoming ESM notifications. Although our data
does not allow for conclusivéindings on this matter, it provides further indication of the importance of
interruptibility -related workon manual data collectione(g., Visuri et al. [48]).

Lastly, we compare the quality of submitted words with the study presentgdéh which features a similar
majority voting scheme and contained various gamification elementsnv€ding the obtained overall
participant score from that study to our ratio results in an average word ratio of 66. This word ratio is lower
than that obtained by both our negamified (76.28) and gamified (85.31) participants. The system used by
Goncalva et al. [16] to collect these words ran on a public display, and was unable to keep a personal record of
word submissions. Since contributions were not linked to an individual, participants might have felt less enticed
to submit quality contributions.

5.3 Perceptions ofzamification Elements

Analysingthe exit questionnaire, we identify the leaderboard as a crucial element in fostering competition and
encouraging participants to submit datd:mdmore competitive because of the leaderboard.O (P19), and fed to

use up all the words the app provided from the places I visited, to gain maximum pointsO (P09) indicate how
participants in the gamified condition experienced the leaderboard. At the same time, some of the participants
indicated that the leaderboard functionalitid not influence their application usage. This is in line with earlier
findings on gamificatior{1(. Standard deviation of the number of game rounds completed daily is considerably
higher for the gamified condition (3.45 vs 2.47 respectively). This might indicate that gamification motivates a
set of the participants, while it mightave no direct effect (or even act as a deterrent) for others.

Participants® motivation, or rather the lack of it, has been mentioned as one of the challenges for the ESM
[43, influencing whethersomeone will successfully complete an ESM study. Our data shows that the use of
gamification elements had a positive effect on participants® number of contributions, aexittheestionnaire
results confirm the effect on motivationy.(J when someone was before me [in the leaderboard], I was more
motivated to gain points and beat the other playersO (P21). Although gamification proved beneficial in increasing
the number of submissions in this case study, the technique is not suitable for all studiepuihgamification
of the ESM in line with other methods focused on increasing participant contribution suggested in the literature.
Some examples are: reducing the number of ques{ié8ls engaing participants to feel part of the studg3,
complex remuneration structurd$], offering feedback visualisatiorjg€], or simply extendig the duration of
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the study[6]. It is up to the researcher to determine which method is suitable to be applied in the camgerni
study.

When asked what could motivate participants to submit more data, responses were diverse. Two of-our non
gamified participants suggested gamification elements without primeeir® system in an interconnected
network of usersO (P13) andHere could be some kind of ‘reward’ or points based systemO (P18). Others believed
the timing of questionnaires to be of importanceh&phone can give notification to remind, when I am trying to
relaxO (PO5).

While the application showed a feedback screen feilg the completion of aound to all participantsFig.

1- 4), those in the gamifiedondition received more direct feedback on their perfame inthe form of an
obtained scor® something naturally not included in the negamified condition. The inclusion of additional
feedback could have resulted in an increased participant engagement, as for example obsptfledtiere an
automated voicemail system used to deliver responses occasionally changetiigsices. Since participants
never rated the same word in the same zone and were not made aware of which words were labelled correct or
incorrect, we believe that the display of the score did not result in any learning effect to these participants.

While we were unable to directly compare the effect of the four different gamification elen(@iatsle 1),
participant answers from the posttudy questionnaire indicate that gamification (leaderboard) and, to a lesser
degree, individual score, were considered to be main influencesgzsQomehow motivated in being in the top
position. That's why I've started many times the application, even more than once in two hoursO (P19). The
challenge introduced to our gamified participants through the use of a tinasr likelyintroduced unintended
pressure, resulting in dower average score per round. Although this cannot be concluded with certainty, other
studies indicate a similaisk in time-pressure operationf?].

5.4 Motivation in Experience Sampling

As suggested byhe related workon experience samplingnonetary incentives are the most commonly used
motivators to both attract study participantnd entice continuous data submissioag.( minimum number of
data submissions to obtain a study reward, mig@yments per submissiorVhile Lynn [35 shows that these
monetary incentives do have a positive effect on participant compliance, teralso reports on theegative
effectsof momentary incentives such as a low quality of submittiada[45. While other motivational methods
have been discussed in the literatuegg(, constructing a Oresearch allianf8®, checking orthe participant
contributions from time to time), the effect of these methods have not been empirically studiedwdtieof
Hsiehet al. [26 on visualisation as a method to improve response rate is aggian to this. The study design

of that work is similar toour own, where a control group is introduced and provided with the exact same
notification schedule and questionnaire configuratiBronly removing the tested motivational stimuli.

Compared to thecurrent literature in ESM motivationpur work provides a new way for researchers to
motivate their study participants. While the concept of gamification in itself has been widely tested in other
methodologies, th@ature of experience samplirgin which bothquantity and quality of user submissiorse
challenging factor® does require for gamification to be applied in a coherent mannerodsresultsshow,
Ogamifiedd participants outperformed those in thegaorified condition on bothsubmission quantityand
quality, but achieved a lower average score per game round. We believe thisimtivertentresult of agame
mechansm, in which participants experienced (tirpressure to answer the presented questiddssearchers
should take note of this in their own study designs, avoiding game mechanics that can adversely affect
submission quality€g., time pressure, distracting visuals / noises, and sensory information overload).
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5.9 Limitations

First, while our stidy allows for obtaining insight on the quality of user contributions, we acknowledge that
such assessment is not always feasible for ESM studies that aim for collecting individual accounts, and not for
aggregating opinions like ours. Thus, our method fatermining response quality does not generalise to all
ESM studies. Second, our participant population consisted mostly ofdaeby and relatively young individuals

who all had experience in using smartphones and responding to phone notifications. Vée/bato investigate

how gamification would in practice affect if the respondents were for example elderly people, or if the study
was run in entirely different cultural or geographical contexts. However, our methodology can be directly
replicated for thee contexts. In addition, we did not explicitly indicate which ratings were Ocorrect® or
OincorrectO as this information was irrelevant forptimgose of our data collection. However, including such
feedback could affect ESM respondeastly, our study $ limited to a set of four gamification elemer(fBable

1), assuch,other gamification elements were not explored. We for example did not include(gayeplay)
soundsas it is common for smartphone users to mute their device during daily usage

6! CONCLUSION

In this paper we systematically investigatéhe effect of gamification on ESM respondgbsough a userstudy

with 24 participants We use docation-basedgame with a purpose to collectand rate submissionsThis game

with a purpose asked participants to submit and subsequently rate labels describing their current location.
Through a majority voting scheme, ightype of collecteddlocation dtionary® can prove useful for a variety of
purposes including city planning, commercial activities by local shop owners, and localised search eédgimnes.
results indicate that gamification enticed participants to provide 174% more word submissionstariy %
more submissions of other participants. Given the nature of the ESM, this is an important finding since a higher
number of submissions allows for a more complete overview of the participantOs daily experiemdes
behaviour. This increase in conlitions was primarily the result of user initiated activity. Finally, the
submissions from participants in the gamified condition received significantly higher ratings than those in the
non-gamified condition Given the limited sampleof 24 participantsour results offer the starting point for a
plausible discussion on this matter within the community interested in this subject.

The use of a leaderboard and score as gamification elements ptowmthe most effective in motivating
participants. Our usefca Otime challengeO as a gamification element however may have had a negative effect,
as those participants in the gamified condition had a lower average score per completed game round. Although
gamification is not suitable for all ESM studies, our resghow that it does entice participants to provide more
information throughout their dayto-day activities. A combination with other sources of participant motivation
(e.g., visualising contributiong26]) couldbe considered usefulhe downsides associated with motivating ESM
participation (solely) through monetary incentivgd5 call for the investigation of other potential incentives.

This paper shows the potential for gamification in an experience sampling studyribiegcboth its effect on
response quantity and quality. Given that these motivators have been shown to work, researchers can apply
this incentive in their own studies, or extend and improve the work by investigating other potential incentives.
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