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Abstract. Micro-tasking (e.g., crowdsourcing) has the patnio help “long-
tail” senior workers utilize their knowledge andoexience to contribute to their
communities. However, their limited ICT skills arfteir concerns about new
technologies can prevent them from participatingnmerging work scenarios.
We have devised a question-answer card interfacdlde the elderly to par-
ticipate in micro-tasks with minimal ICT skills amgarning efforts. Our survey
identified a need for skill-based task recommermndati so we also added a
probabilistic skill assessment model based onekalts of the micro-tasks. We
also discuss some scenarios to exploit the queatiswer card framework to
create new work opportunities for senior citizedar experiments showed that
untrained seniors performed the micro-tasks effelti with our interface in
both controlled and realistic conditions, and tlifeecences in their skills were
reliably assessed.

Keywords: Micro-Tasks, Gamification, Skill Assessment, AggirElderly,
Senior Workforce.

1 I ntroduction

In many developed societies, increases in the lglg@pulation and declines in the
working-age population are serious social issues.dxample, in Japan, which has
the oldest population in the world, 24.6% of theopation is over 65 as of March
2013 [1]. The retirement of baby-boomers is expedb reduce productivity while
increasing the demand for healthcare and econompipcst. To address these trends,
the senior workforce could be more utilized andrtparticipation in work can help
them maintain their independent lives. It is knavat work benefits people in many
ways, for example by reducing the risk of deathlevimproving their well-being [2].
However, the age-related loss of physical, sensang cognitive abilities and
declining health may prevent senior citizens fraamtigipating in full-time jobs. Only
a few exceptional seniors are highly active, everugh many senior citizens have a
desire to work and contribute to their society. [8% a result, a considerable fraction
of the “long-tail” elderly workforce and their valble knowledge and experience



remain unutilized. They need more flexible work ogpnities, so they can partici-
pate in part-time jobs whenever they want to antheit preferred locations [4]. The
key to success is how to exploit their abilitieatthave not declined with age (e.g.,
linguistic knowledge [2]) while avoiding any riskslated to declining abilities.

The information-communication technology (ICT) ikey to such flexible work.
Online communication tools allow distant collabayas and outsourcing to remote
freelancers. Internet-connected mobile devices vemmestrictions on workplaces.
Among such ICT capabilities, this study particyfefdcuses omicro-tasking as used
in crowdsourcing. It is one of the most suitableysvdo work with a long-tail
workforce, allowing occasional participation in dhtasks at home without require-
ments for continuous commitment. The examples oforiasking range from simple,
labor-intensive tasks to complicated, intellecttatks as sampled in Section 2.
Statistics show that the number of crowdsourcingkexs has grown by more than
100% each year, reaching 6.3 million as of 2011 [5

However, most senior citizens are currently exatudem micro-tasking. For
example, the participants in the Amazon Mechanitatk (MTurk) are mainly
younger workers [6]. A small study we conductedhwiocal senior citizens in
conjunction with [7] found that none of them hagkeparticipated in micro-tasking,
such as contributing to MTurk, Wikipedia, or Q&Argees, even when they had
Internet connections. The literature suggests teasaons: limited ICT skills and
concerns about new technologies. Although Intecoatiected personal computers
(PCs) and mobile devices have become increasingpulpr even among senior
populations, the elderly are often regarded asiymsssers of ICT, whose uses of
technologies tend to be limited and to favor erigfiunctions [8][9][10].

Our work aims to create an encouraging frameworkctelerate elderly participa-
tion in micro-tasking. The primary target usersdive senior citizens who have ICT
devices such as smartphones or PCs but who doctieélst use such technologies,
who appear to be the majority of the senior popartatat least over the next decade.
First, we conducted a questionnaire-based survegdntify the elderly’s require-
ments for the framework and to investigate theirent usage of ICT. Next, based on
the survey results, we introduce two technical fotithe framework: an interface
design that minimizes the effort in learning; andkél assessment mechanism that
allows skill-based task recommendation. The interfases the metaphor of stacked
question-answer cards to allow senior workers tdigipate in micro-tasks with
guided, simple, and consistent interactions (Fig. The skill assessment uses a
probabilistic model to calculate the skill levelskd on the results of micro-tasks.

Here is the structure of this paper. In the negtise, we discuss related work. We
then describe the concept of our inclusive micskiteag framework, followed by a
summary of the questionnaires, descriptions ofiotarface design and skill assess-
ment mechanism, and some practical scenarios foframework. Next we describe
the prototype implementation. In the first expeninthat involved senior and young
participants, we tested the usability of our irdedf and the feasibility of skill
assessment with touchscreen tablets. The secomdiemnt examined the framework
with home PCs. We conclude by discussing the irapibos of the experiments.



What's the name of this [} Could you revise this H Which is the better
product? sentence? sentence?
( N\

It seems acceptable. “Please find the

attached document.”
It seems to H L )

acceptable. ( )

( Corn )( Beans ) “Attached please find
the document.”

(@) (b) (©

Fig. 1. Examples of micro-task cards, which ask (a) fpr@duct’s name (to help a person
who is blind), (b) to revise a sentence, and (@hmose the better sentence.

2 Related Work

Micro-Tasking. Crowdsourcing, where workers perform small piesesork called
micro-tasks via the Internet, has been used in m&yg such as image recognition to
help people who are blind [11], character recagnif12], translation [13], and even
user studies [14]. Crowdsourcing is typically nelgal as a means to easily access
inexpensive labor, but some approaches such as i¥ifA¥] have been proposed to
exploit social networks for more sophisticated jsgration. Also, crowdsourcing is
useful for enriching the social network informatidself. Guy et al. showed crowd-
sourcing can be used to gather tags for peoplesacidl networks [15]. They showed
that micro-tasks that ask about social networksheglp update obsolete information
in social applications.

Crowdsourcing was originally used for solving simphsks but has expanded into
more complex tasks. Kulkarni et al. proposed a &aork to decompose complex
tasks into micro-tasks [16]. They showed that etren work of decomposing the
complex tasks into simple tasks could be crowdedir Soylent decomposes
crowdsourced text-editing into three steps: firid, &nd verify [17]. Noronha et al.
showed that nutritional analyses can be crowdsoubgyedecomposing the tasks into
several sub-tasks [18]. We assume that some @ihgeased micro-tasks may require
simpler ICT skills while still benefiting from thevisdom of age, and are thus
especially suitable for senior workers.

Senior-Friendly Systems. What assists and hinders the use of ICT by therlgfd

The user interface is a critical factor when deisigra system for senior citizens.
Leonardi et al. found that seniors preferred ingittouchscreen interfaces over
keyboards [19]. Kobayashi et al. reported that iteotouchscreen interactions are
“enjoyable” for seniors and their skills with sudtterfaces improve rapidly [20].
Those studies motivated us to include touchscresiices in the primary targets of



our framework. The user interface needs of senimeas have also been discussed in
Web accessibility research [21]. There are no dgteth accessibility guidelines
specific to the elderly. However, it is known tls@niors have requirements that in
many ways are similar to those of people with digas, since their physical,
sensory, and cognitive abilities tend to declinéhey age.

The Office for National Statistics in the U.K. refea that typical senior citizens
use their mobile phones only for phone calls artineessaging and avoid using Web
browsers and other applications [8]. Kurniawanataded that senior citizens tend to
be fearful of unfamiliar technologies [9]. Shecafsund that seniors are passive users
of mobile phones, which means they mostly receivene calls and text messages
rather than originating them. Leung et al. repottext the preference to use trial-and-
error decreases with age and senior citizens ptefeave instructions [10]. Hiyama
et al. used question-answer interactions througingtcalls and text messages as an
alternative means for the elderly to participatesacial media [7]. Those studies led
us to exploit passive interaction styles that camed without trial-and-error.

Handling Worker Skills. A major problem of crowdsourcing is the difficultyf
assuring the quality of the results. Since the damie distributed to many people,
there are wide variations in workers' skills argksi of vandalism. There are several
ways to remove low quality results. CrowdFlowe?][2one of the major crowdsourc-
ing services, provides a function to filter noisprkers by distributing some tasks
whose ground truths are known. By checking thelresi these tasks, the workers
who do not have skills can be filtered from theutess Another approach to assure the
quality is aggregating multiple workers’ output Vehiassessing the skill of each
worker and the difficulty of each task at the samee [23]. This approach assumes a
correct answer exists for each task and the mailedkvorkers will agree on the
correct answer.

Heimerl et al. showed micro-tasks requiring exgertiould be efficiently done by
distributing tasks to skilled workers [24]. How $earch for the experts is an active
area in information retrieval research. For exampeacdonald et al. proposed a
method that finds experts by using multiple sourseeh as resumes and webpages)
to build skill profiles [25]. Guy et al. showedaththe content in social applications
could help find people related to specific keywof@8]. These projects assumed that
the candidates actively used social tools in tieity lives, an assumption that is
often strained for senior citizens. As already dotie elderly tend to be passive
users of these technologies. Also, they tend tadtdiesin sharing their personal
information due to privacy concerns [27]. Thus deeided to devise a new approach
to obtain the skill profiles, an approach basedapalyzing the results of the micro-
tasks.

3 Inclusive Micro-Tasking Framework

This section describes our approach for elderlyroriasking. As noted in Section 2,
various types of tasks can be decomposed into régks and many of them are



expected to be suitable for senior workers. Fomgta, among the three steps (find,
fix, and verify) in crowdsourced text-editing [17}erify” seems to be the most
suitable task for the elderly. It requires less I€Kills (i.e., simply vote to approve
work), but benefits from the wisdom of age (i.enguistic knowledge).

In many workplaces it is known that older and yoemgorkers have complemen-
tary knowledge, skills, and abilities [28], so yoer workers can assist older workers
with their ICT skills while the older workers magsast the younger workers with
their vocational knowledge. If this type of collabtion is supported in micro-tasking,
then elderly participation would be encouragedcS8ithe people with ICT skills can
already use standard desktop interfaces, what e isean easier gateway for senior
citizens who are excluded from micro-tasking oppiities.

3.1 User Requirements Survey

A survey using a paper questionnaire was conductédientify the elderly’s require-
ments for micro-tasking framework. We gave the tjoasaire to 179 senior citizens
in a suburban city and 170 of them responded (foesponse rate of 95%). The
respondents consisted of 99 males and 71 femaegjng in age from 54 to 84
(mean=67.7, SD=5.3). This survey was conducted as a part of gelasurvey
regarding ICT and work.

For the usage of ICT, 78% were PC users, with 6@%gua PC every day and
88% were mobile phone users, with 61% every-daysugdthough most respondents
were frequent users of PCs and mobile phones, tikage was limited. The tools they
frequently used included word processers, spreatishe-mail, and Web search
engines. Meanwhile, they rarely used modern ICTstsach as video chat or a social
networking service (SNS). These results indicagy tre using specific applications
similar to those they used before they retired fionk, confirming previous findings
that senior citizens tend to avoid active use of nechnologies [9]. This suggests
that, although the majority of senior citizens nage ICT, we cannot optimistically
assume that they will start participating in mitagking without additional mecha-
nisms to increase the elderly’s easy access tmréaking opportunities.

As for requirements for micro-tasking, the majontfythe respondents specified:
detailed instructions prior to participation (72%#)d task recommendations based on
their skills and interests (63%). This also confirprevious findings regarding the
preference for instructions and the passive usat€To[10]. Based on the results, we
defined two technical requirements for an inclusiwiero-tasking framework. First,
the interface should be simple and versatile. Tihplgcity makes it easy to learn,
while the versatility provides consistent interans for various types of tasks.
Second, the system should have skill profiles fmktrecommendations. As men-
tioned in Section 2, although skill profiles cam déxtracted from resumes, webpages,
and social tools, these approaches tend not to wetkfor senior workers. We need
a mechanism to assess workers’ skills without exmkill-related sources.

Finally, regarding their interests in micro-tasi® respondents were particularly
interested in the tasks that require linguistiditis in their native language and tasks
that help people with disabilities.



3.2 Question-Answer Cards

To make the interface simple and versatile, we theemetaphor of stacked cards.
Each card shows a question that represents a taisko\Workers perform the task by
answering the question. As shown in Fig. 1, thestjoe can be textual or graphical.
The answer may be input as free-form text or frouitiie choices. Once a task was
completed, the card slides out of the screen amahétxt card appears. This allows the
worker to perform multiple tasks in a passive manmhout actively searching the

task pool for questions to answer. Since a typic@ro-task naturally consists of a
simple request and response, this fits well withdhestion-answer interface.

For example, Fig. 1-a shows a micro-task that adlaut the name of a product
shown in a picture, which simulates a task to hgdpple who are blind [11]. The
worker is asked to choose the correct answer bacsel) from buttons below the
image, where the candidates were generated bykagacecognition engine such as
used in Yeh et al. [29].

The support of multiple choices is important tooall performing micro-tasks
without text entry. It is known that senior peopbeve trouble in using the keypad on
mobile phones, particularly on a touchscreen [dWje problem is more serious in
East Asia, where frequent mode-switching is reguite access thousands of
characters. For tasks involving a question thdbyists nature open, the candidate
answers need to be generated in advance, so thiar seorkers can contribute to
final decisions based on their deep knowledge paréicular domain. The candidates
may be generated by programs (such as the recmgeitigine in the example above),
or by other (possibly less reliable) workers whe adree-form text interface.

3.3  Skill Assessment

To obtain workers’ skill profiles without explicgources, we use a mechanism to
estimate the skills from the micro-task results doa®n a probabilistic model
introduced by Whitehill et al. [23]. This mechamianeasures a worker’s skill by
aggregating the results of multiple-choice taskse Pprobabilistic approach is needed
because, in realistic micro-tasks, the correct ansiw often unknown and it is
impractical to provide all of the workers with tkame sets of tasks to compare their
skills. We extended the model in [23], which cadess only the completed tasks, to
use both completed and uncompleted tasks. Thinggie is needed because we aim
to assess the skills for each worker, whereas thggnal work aimed to assess the
ground truth for each task. Once the skill levebsimated for each task type, the
system can recommend appropriate tasks for eadkewor
The probability of worker giving a correct answer for tagks represented as:

p(L =k|Z =k, af, ) = a(aif5),
whereas$ is the skill of workeii in task typec, 4 is the difficulty of task in c, L§ is
the answer by for j in ¢, is a logistic function, and’ represents the true label that

cannot be known directly. The probability is alwaset to O wheri has not yet
completedj. The values of:f and s} are estimated by an Expectation-Maximization



(EM) approach. A largesf means the worker has a higher skill while a layfer
means the task is easier. If a worker has a higitadrability of giving correct answers
in a task type, then that worker is believed toehawhigher skill for that type.

34 Elderly Micro-Tasking Scenarios

In addition to micro-tasks such as those samplegeiction 2, there are other types of
promising scenarios where our framework could bedu®r elderly micro-tasking.
Since the knowledge of the elderly will be moseefive in various types of advisory
tasks, we believe that the question-answer metajhparticularly suitable for the
senior workforce.

« Decision Making: Based on their extensive experience, senioregiizcould give
advice on difficult topics such as careers and rfass options. Our card-style
interface can be used both for collecting candidaiswers and for voting to
choose the best answers.

« Authoring Support: Senior citizens could contribute to the creatidreducational
material by using their expert knowledge and lisgaiskills. The types of contri-
butions may include translation, proofreading, attter supportive roles as well as
writing new material.

» Crowd Accessibility: People with disabilities could benefit from wargi with
remote senior workers in many ways. In additiorrdal-time assistance such as
VizWiz [11], examples include captions and aud&satiptions for videos, and
making accessible books and websites.

* Product Evaluation: It is difficult for product designers to meet theability and
accessibility requirements of senior consumers.gxample, text information such
as menus and instructions must be easy to unddrstards can show prototype
interfaces for products and senior citizens catuata them.

» Marketing Research: Because of the rapid growth of the senior markehsumer
products and service companies are reaching otltetsenior population. In the
process of developing products and services, aegoneed to research market
acceptance and the card-style interface can bechanesm for such surveys.

In many of these scenarios, the collaboration betwbe people who create candi-
date answers and those who make final decisioagasus. Our framework provides
interfaces for those who have weaker ICT skillswdro use mobile devices, thus
allowing senior citizens to participate in apprapeiroles, whenever they want to and
at their preferred locations.

4 Prototype | mplementation

We implemented a prototype based on this framevesrlka Web application with
support for various types of devices. The userfate written in JavaScript works on
the client side while the skill assessment engingtem in Java runs on the server
side. The Web-based model allows using a standaxetisside program for multiple
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Fig. 2. (a) A card on a mobile touchscreen device, (bpAlseen as a widget in a desktop
browser, and (c) Estimated skill visualization.

types of micro-tasks, while sharing much of themtiside code for multiple devices.
We currently have two variations of the implementatone for mobile touchscreens
and one for desktop browsers.

Fig. 2-a shows a card on a mobile touchscreen éevVibe card is asking for the
name of the object in the picture, which represanisicro-task similar to [11]. The
card can be completed by tapping an answer frorerabeptions. Once an answer is
selected, the next card will appear on the screiimam animation. The worker can
also skip cards or go back to previous cards bgging across the card to the left or
right, respectively. Fig. 2-b shows a card in akt®s Web browser. The card is
embedded in an SNS interface as a widget, askinge¥tse a sentence which
represents a micro-task similar to the “fix” task drowdsourced text-editing [17].
The card can be completed by editing the text diclicg on the submit button. The
basic design is to the same for the mobile and tdpskexcept that the desktop
interface has “skip” and “back” buttons on top loé tcard.

The two targets, mobile touchscreens and desktdgets, were chosen to increase
the exposure of senior citizens to micro-tasks. himbile touchscreen device is
known to be easy to use and preferred by the gIfl2@l]. Although smartphone users
are still a minority in the elderly population dtig time, it is expected to be an
increasingly common device in the next decade. Kimd of devices is usually kept
switched on and carried on all the day, so it effectively increase their exposure.
The desktop widget can be embedded in any existitegfaces that support HTML-
based widgets. The exposure will increase by mttire widget in an interface the
users frequently access, such as SNS websitesouljth SNS websites are still
unfamiliar to most senior citizens, they are besappopular with them.

Fig. 2-c shows a view that visualizes the estimatetl levels, which we devel-
oped to motivate the workers. The skill valuesdach task type are normalized from
0 to 100 and presented in a radar chart. The ageralges of all of the workers are
also displayed in the chart.



5 Experiment 1. Controlled Study

Our first experiment sought to test the usabilifytiee card-style interface on a
touchscreen device and the feasibility of skill emssnent, tested in a laboratory
setting with simple micro-tasks.

51  Settings

Participants. A total of 15 seniors in their 60s to 80wefn=70.1,SD=6.8) partici-
pated in the experiment. We also involved 16 yourggople in their 20s to 40s
(mean=33.5,SD=3.6) as a baseline. A total of 8 of 15 seniors aadf 16 younger
people had experience with mobile touchscreen dsviefore the experiment. The
senior participants were recruited locally whilee ttyounger participants were
employees in a global technology company. All oé tharticipants were native
Japanese speakers, and the experiment was condludtgshnese.

Apparatus. The participants used an iPad. As senior citizamsly have their own
tablet devices at this time, the devices were whdue the experimenters and the
experiment was conducted in a laboratory. We uded tbuchscreen interface
presented in Fig. 2-a.

Target Micro-Tasks. We tested four types of micro-tasks asking abouhalo-
specific knowledge: Fish, Flowers, Kanji, and EslgliFish and Flowers asked for the
name of a pictured fish or flower, which simula@@wdsourced image recognition
[11]. Kanji asked for the readings of Chinese ahtars, simulating part of crowd-
sourced proofreading of digital books [30]. Enlglessked for the meanings of English
words, simulating part of crowdsourced translatja8]. We hypothesized that the
senior participants would be better at Fish, Flewand Kanji since they have deep
knowledge about natural things and their nativglmmge from their long experience.
We also hypothesized that the younger participauaisld be better at English since
they were working at a global company.

The Fish and Flowers types used visual questiongevthe Kanji and English
types used text questions. For all of the four $ypee tested multiple-choice answers
in the kind of interface shown in Fig. 1-a, whene tandidate answers were provided
in advance by software or other people. The fremftext input was omitted in this
experiment because it is known that text entry anobile device is troublesome for
the elderly as described in Section 3.2, and kilirassessment model is suitable for
multiple-choice tasks as described in Section 8@®. each of the questions, the
experimenters knew the correct answer.

Procedure. Each participant saw 20 different cards for eask type. Thus they each
processed (completed or skipped) a total of 80xcartie presentation order of the
cards was balanced. Prior to the tasks, the paatits were given a few minutes of



@ 25 OSeniorm Young wlOO%— O Senior@ Young

() +—

S ¢ 80%-

= 20 - % 80%

S 15- = 60%-

3 <

g' 10 - +— 40%
[S]

S IS

© 5 5 20%

% O

c 04 0%

Fish  Flower Kanji English Fish Flower Kanji English
(@) (b)

Fig. 3. (a) Task completion times, (b) Actual correct amsrates, by task type with 95% Cls.

instructions on how to perform the tasks. After gaaticipants completed all of the
micro-tasks, they then answered several multipteegh questions that asked for
feedback on our framework. Each experimental segsiok less than 30 minutes for
most of the participants.

5.2 Reaults

Task Completion Times. Fig. 3-a shows the average time to complete orleftas
each task type (skipped cards were excluded frasetitalculations). We used this
measurement to examine whether untrained usersl emd the card-style interface
without confusion. For the senior participants, tiverall average values were 10.2,
8.1, 9.3, and 17.7 seconds for Fish, Flowers, Kamid English, respectively. For the
young participants, the values were 7.2, 7.7, @& 5.2 seconds. Analysis of
variance showed significant main effects for the &g 30579.59, p<.005) and task
type (s21672.96,p<.05). There are also significant interaction effelsetween the
age and task typer{,16-5.96, p<.001). A post-hoc analysis found that the senior
participants were significantly slower than the gguarticipants for Kanjip<.05)
and English <.001). There were no significant differences fashFand Flowers.
This indicates that seniors tend to take longgrézess text questions, but they are as
fast as younger people at visual questions.

Correct Answer Rates. Fig. 3-b shows the percentages of questions amsshwer
correctly for each task type. We used this measentno assess the actual skill
levels, which were calculated using knowledge efdbrrect answers, as a baseline to
test the accuracy of our skill estimation mechaniBor the senior participants, the
values were 52%, 77%, 61%, and 55% for Fish, Flewé&anji, and English,
respectively. For the young participants, the valwere 48%, 53%, 60%, and 90%.
Analysis of variance showed a significant main etffler the task typeR; ~=10.64,
p<.001). It also showed a significant interactiofeef between the age and the task
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type F35~=17.77,p<.001). A post-hoc analysis found that the sen@tigpipants were
significantly better at Flowers than the young ggraints £<.001). For English, the
young participants significantly outperformed thenisr participants p<.001). The
age did not significantly affect the results fostrand Kaniji.

Estimated Skill Levels. To confirm that the skill estimation mechanism ksrwe
compared the participants’ estimated skills withitlactual correct answer rates. Note
that the actual rates are often unknown in realisticro-tasking situations because
the ground truths for the micro-tasks might alsabknown.

Fig. 4-a compares the average estimated skill $efegleach task type, which were
calculated without using knowledge of the corretsveers, as described in Section
3.3. For the senior participants, the values 2eBex 10% 4.7 x 10%, 1.2 x 10°, and
1.5 x 10" for Fish, Flowers, Kanji, and English, respectvefor the young partici-
pants, the values were 3.4 x40L.5 x 10° 3.8 x 10% and 4.8 x 10. Analysis of
variance showed there was a significant main efédcthe task type H;g~=3.94,
p<.05). There was also a significant interactioreefffoetween the age and task type
(Fs574.29, p<.01). A post-hoc analysis found that the seniortigipants had
significantly higher skills in Flowersp&.005) while the young participants had
significantly higher skills in Englishp&.05). For Fish and Kanji, no significant
differences were found. This result matches up wéh the actual correct answer
rates. This confirms that the differences in skilis least between the senior and
young groups, were correctly detected from the Itesof the micro-tasks. This
indicates that the same mechanism could effectiasbess the individual workers.
Note that, since the skill levels produced by thebabilistic model are relative values
compared to other workers, the absolute valuekeoskill levels are not known.

The probabilistic model estimates the correct andweaggregating the answers
while considering the estimated skills of the waoskél'he correct answer rates of the
aggregated answers are much higher than the aveategeof the individual workers
for all of the task types (English: 95.0%, Flowed5:0%, Kaniji: 85.0%, Fish: 80.0%).
This also indicates that the skill levels are eatad successfully.



As explained in the Section 3.3, we extended tlobabilistic model proposed by
Whitehill et al. [23] to support the cases in whiworkers did not complete, e.g.,
skipped, some cards. To confirm this extension worke compared the estimated
skills in English for four participants. They coraf#d 20, 11, 9, and 0 English cards,
respectively (the first participant skipped no Esiglcard while the last one skipped
all of the English cards). They did not produce &morrect answers for the cards
they completed. Their estimated English skills we& 1.9 x 10, 1.2 x 10f, -2.5 x
10*. The more cards skipped, the lower the estimatidid as expected.

Subj ective Feedback. First we askedMow much would you want to be paid for each
card if you were doing this work as a job?” The answers were clearly different
between the senior and young groups. More peogleeisenior group said they were
willing to do this work even for free. At the sarime, more of the seniors answered
they would not work on cards regardless of comptosaThis result suggests that
seniors were less concerned about the rewardedanicro-tasks.

We then askedHow many cards would you work on in one day?” For this ques-
tion, about half of the participants answered tbeyld do about 100 cards in one day
regardless of age. Finally we asked/ds the system enjoyable?” The majority of
participants said that they enjoyed it. In inforrmakt-experiment interviews, several
participants commented that they felt the stackadl énterface was enjoyable and
game-like. The results for the first two questians shown in Fig. 4-b.

6 Experiment 2: Live Study

The second experiment sought to test the card-sitdeface and the skill estimation
mechanism in a realistic Web-based setting thatli@d more practical micro-tasks
that would benefit more from the wisdom of age.

6.1  Settings

Participants. A total of 28 senior citizens participated in atst one task, with 9
answering the post-experiment questionnaires. Eference, 13 younger people
performed at least one task, with 8 answering thestionnaires. The senior partici-
pants were members of an experimental local SNSdbior citizens, with no overlap
with the participants in the first experiment, blére may have been some overlap
with the respondents from the anonymous prelimirargey described in Section
3.1. The younger participants were employees iglabal technology company,
including four of the earlier participants. Noneth& participants who answered the
questionnaires had prior experience with crowddogrcexcept for one member of
the young group. The experiment was conductedparisse.

Apparatus. The participants used their own desktop or laft@at home or in their
workplaces. We used the widget interface shownignZb. For the senior group, the



widget was embedded in the portal of the local SNS.the young group, the widget
was embedded in an enterprise SNS for the employees

Target Micro-Tasks. We tested two types of micro-tasks for proofregdinhich is
similar to the “fix” and “verify” tasks in Soylentl7]. We chose these tasks since
linguistic knowledge is known to be an advantagetha elderly [2]. Also, our
preliminary survey (Section 3.1) suggested thaiogecitizens are motivated to use
their native language skills. The Fix task askedigpants to revise a sentence to
make it more polite and correct. It first asked thlee or not the sentence required any
revision, and if the participant answered “yeskrtithe system asked for a free-form
text answer via a card similar to Fig. 1-b. The ifyetask asked the participant to
choose the more polite and correct sentence from dandidates. It asked for a
multiple-choice answer via a card similar to Figc.1For both types of task, a brief
context (e.g., the person who will use the senfem@s included on the card as a
note. The scenario assumed that at first somecpatits would create candidate
revisions through the Fix interface, and then otpeople would make the final
decisions through the Verify interface. This expemt is intended to test realistic
micro-tasks and the sentences to be proofread preqgared based on actual prob-
lems and the correct answers were unknown for testh

Procedure. Each participant was presented up to 45 and 2€relift cards for Fix and
Verify tasks, respectively. Thus they completedap5 cards at their own pace. The
presentation order of the cards was randomizedr Ryithe tasks, the senior partici-
pants were given a brief explanation of the purpafsehis study and instructions on
how to perform the tasks. The young participantgireed an introductory announce-
ment via email or a blog post. After the experimeinéy were asked for feedback as
in the first experiment. The second experimentfoarapproximately one week.

6.2 Results

Participation Status. During the experimental period, a total of 42 senisers were
shownone or more cards (counted based on the user Hd)28 of them completed
906 cards in totalnfean=32.4, SD=27.4). A total of 387 young users were shown
cards (counted based on their IP addresses), araf fif8m completed 104 cards
(mean=8.0,SD=11.0). Since 12 of the seniors completed all efd¢ards for at least in
one task type, it seems likely they would have qrened more tasks if they were
available. None of the young group completed atheftasks. This might suggest that
the card-style interface motivated senior peopleenthan young people, but the
relevant experimental conditions were not the siameach group.

Task Completion Times. Fig. 5-a shows the average time to complete osie far
each task type (skipped cards and neglected cetush we defined as cards that
took more than 5 minutes to respond to, were exclifcom the calculations). For the
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Fig. 5. (a) Task completion times for each task type ®&Bo Cls, (b) Distribution of
estimated correct answer rates for each task type.

senior participants, the overall average valuesv2.4, 27.5, and 22.1 seconds for
Fix-Yes, where they actually fixed the sentencehwite free-form text entry card,
Fix-No, where they stated that the sentence didremqtire any revision, and Verify,
respectively. For the young participants, the vaelwere 77.9, 45.3, and 29.3 seconds.
Note that the value for each trial may be affedigdhe network delay. Analysis of
variance showed significant main effect for thektagpe ,04557.93,p<.001). The
age had no significant effect. A post-hoc analyfsisnd that Fix-Yes tasks took
significantly longer time than Fix-No and Verifystes 0<.001).

Estimated Skill Levels. For the senior participants, the average valueshef
estimated skill levels were 0.11 and 0.23 for Fid &/erify, respectively. For the
young participants, the values were 0.29 and (\&fle that the skill levels for Fix
were calculated based on the results of the yeguestions that asked the necessity
for revisions. The actual content of revised sergsrnwas ignored in this calculation
due to a limitation of our skill assessment modgelich cannot work well with open
questions.

Analysis of variance showed significant main efféot the age K;44,75.19,
p<.05) and task typeF( 3;=5.18, p<.05). Despite the assumption that senior people
would be better at linguistic skills, the young gposhowed higher skills in this
experiment, perhaps because all of the young faatits were highly educated and
can be expected to have better-than-average limgslslls. Meanwhile, the effect of
the task type seems to be caused by the differiantte percentage of the “skipped”
trials (17.1% for Fix, 9.3% for Verify). As confired in Section 5.2, skipped trials
make the estimated skill lower in our skill assesstmodel.

Fig. 5-b shows the distribution of estimated cdarraaswer rates, calculated by
assuming that the aggregated answers are alwagectorhis indicates that the skill
for Fix is not always positively correlated withetiskill for Verify (R°=.18) and the
values are vary widely depending on the worl8=.28 for Fix,SD=.18 for Verify).
This result suggests that we have to carefully shaskilled workers for each task to
insure high-quality results.



Subjective Feedback. We asked similar questions as in the first expenin
Although only some of the participants answereddihestions (since this experiment
was conducted in a real-world setting), the ressdtsmed to generally confirm the
previous results. For the question asking abouttmpensation, the majority of the
senior participants were less concerned about égands. The young participants
tended to want 5 to 10 yen per card. To the questisking for a number, the
participants generally responded that they couldadmnd 100 cards per day. In
contrast to the first experiment, many of the jggtints stated that they would not
work on Fix and Verify cards regardless of comp&osa(50% for seniors, 38% for
youths). This might indicate that realistic micesks can involve some unenjoyable
work, and thus some additional motivational mecsamnivould be needed.

7 Discussion

Based on the experimental results, we discusshthkeages and future work to invite
senior citizens to do micro-tasks.

7.1 Interface Usability and Acceptability

Overall the results indicated that our approach agexjuately usable for and accepted
by the target users. The senior participants caotterstand how to perform all of the
types of tasks and complete them with only bristrinctions. We also confirmed that
the proposed framework worked even in a live situathat involves realistic tasks.
However the experimental results also indicatedl ttia performance largely depends
on the users and the task types. Since we did owitrat for the participants’ ICT
experiences or age-related losses of abilitieshéuresearch is needed to discuss the
realistic usability and accessibility of our inteeé for specific users and tasks.

We also need to address the range of applicatginee the card-style interface
basically supports only simple question-answer rggtons. Task-decomposition
strategies such as discussed by Bernstein efld].dre promising ways to handle
more complex tasks. They tried to assure the gualitheir results by using a voting
mechanism. As indicated in our second experiméuet,nixed use of free-form text
and multiple choice cards can support such an argwte strategy. Once the task is
split into micro-tasks, the question-answer intgoas will work well because each
micro-task is typically represented as a pair witsimple request and its response. In
such cases, multiple choice cards may be prefemddmore effective than free-form
text cards, i.e., with fewer skips and quicker oeses. Some participants suggested
that it would be helpful if voice input is availablAs we used Web-based implemen-
tations, the voice input functions supported by eradNVeb standards are available.

7.2  Skill-based Task Recommendations

Since the elderly are regarded as passive usé@Tothey will not actively explore a
pool of tasks to find tasks they like, so our sys&hould offer to the senior workers



tasks that fit their skills. The experimental réswonfirmed that our skill assessment
model could assess the differences in skills. Tigsns that once a worker answered
several cards for one type of task, the systenmdcasgess whether or not the task type
is good for that worker. For example, if Alice istter at “fix” and Bob is better at
“verify”, then the system would provide Alice anaBwith more “fix” and “verify”
tasks, respectively. The second experiment indicttat the skills of the elderly vary
widely. Even if a worker is better at a type ofigsit does not necessarily mean the
worker is also better at a related, but differgmiet of tasks (e.g., “fix” and “verify”
tasks). As the probabilistic approach can estimatekers’ skills with a small number
of samples, it would allow quickly determining téldlls for each specific domain.

A collaborative filtering approach [31] can hegrommend task types even when
a new worker has never tried those tasks. Our egilmation mechanism produces a
skill profile matrix that can be used for this pose, where the value of each element
represents the skill level of a worker for a taghket We can use a similar approach to
Yuen et al.’s work [32], which used a task prefieee matrix to recommend tasks
based on a collaborative filtering mechanism.

7.3  Motivation M anagement

Our experimental results show that seniors did cae much about the monetary
rewards. This indicates that we need special car¢thé design of the incentive
mechanism for senior workers. For example, somécpzants commented that the
skill visualization (Fig. 2-c) allowed them to diser that they had greater knowledge
in a particular domain, and that motivated theme Totivation may also be affected
by the enjoyability. It is worth noting that many e participants found that the
card-style interface was enjoyable and like a gamen though we did not intend to
include any gamification mechanisms in our framdwadtowever, we also have to
note that, in the second experiment, the partit¢gpgave less positive feedback than
in the first experiment. At this time we cannot clude whether this resulted from the
differences in the participants’ communities, ire tinterfaces (touchscreen vs.
desktop widget), or in the task conditions (labomatvs. realistic), which means
further investigation is needed.

Another key to success would be increasing the sx@oof senior citizens to
micro-tasking opportunities. We believe that thebiteinterface and widget interface
will be effective for this purpose, as describedSection 4. Also, the card-style
interface could be applied to other situations. 8@andidate situations include smart
TVs, kiosk terminals, vehicle navigation displays;flight entertainment systems,
and even when waiting in front of a microwave [33]

8 Conclusion

This paper described a framework that aims to asmethe participation of senior
citizens in various types of micro-tasks with a pgien and versatile card-style
interface. It uses a probabilistic model to as#less skill profiles, which is necessary



for task recommendations and for quality assessnentd improvements. The
experimental results showed that even untrainetbisenould handle micro-tasks by
using the card-style interface in both controlletl aeal-world settings. We also
confirmed that the differences in skills can besased by analyzing the results of the
micro-tasks. We still have challenges to deploy ftenework as a platform for
senior citizens who want to work. The scope of $ashould be broadened, but more
importantly, enjoyment and motivational factors @dobe evaluated and improved as
well as the economic efficiency. We hope that theppsed framework will help
senior citizens participate in the workforce anlfiyfutilize their broad experience and
knowledge in the society.
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