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ABSTRACT

User-centric developments are on the move, botlbuginess and information technology. Especiallytie mobile
environment, personalization is of great importafide concept of the mobile service super prosusneore of the research
carried out in the project uService. It aims atvding a platform for the creation, discovery ar@hsumption of mobile
services on-the-go. Tailoring fithess applicatifmsmobile phones to the respective needs of patiand hobby runners is
the main goal of uService’s application scenari@RThis use case enables hobby runners to creaternalized, context-
aware versions of mobile services tailored to tepicific personal preferences, health conditiontsteaining plans. Based
on these features, a semantic knowledge base alwilse context-aware search and recommendatmmsefvice creation,
discovery and usage. Compared to traditional coeswmantric health care systems, the depicted appredll be more
personalized and context-aware and will empowesigigns and personal trainers to act more timedn thefore.

Keywords

user-generated mobile services, health and fitmedsle application, mobile super prosumer, Webah@ Web 3.0 enabled
technologies

INTRODUCTION

People are increasingly looking for mobile produstsl services that allow them to track, competeia#ly interact, and

share data related to health and fitness. Furthexnsocial interaction, challenge and reward systare considered future
trends for mobile health applications (Ashbrookl@p In the following a brief overview of mobilenming applications and
Web 2.0 technologies used in the domain of Heatith Bitness is provided. Thereafter the recommeodatiechanism

developed in the project and the incorporation erhantic knowledge is described. Application of teeommendation

mechanism is described by means of the uRun ugescasario. The paper ends with a conclusion atidadusection.

STATE-OF-THE-ART

Providers of mobile running applications can bdedéntiated according to software and hardware igess. The former
develop mobile applications for mobile devices, s the scope of the application is limited byt#whnical features of
the mobile device it is running on, e.g. whetheamera or GPS sensor is available. The most conpmaviders for mobile
running applications are Apple, Google and Nokiamlust be noted that the reviewed applications rave platform-
independent, but usually are bound to certain reolbiperating systems. Hardware providers offer resobiinning
applications connected to a certain device witfed#t sensors. As a result the software applicat@ptimally fitted to the
hardware device. In general, the most common pessidre manufacturers of sports goods such as #dilke or Polar. As
a last category there are hybrid running applicegja.e. hardware and software providers team yprawide applications
that run on a mobile device which in turn is conteddo a another device of a sports good manufactpple is a software
provider who offers different running applicatiomsform of so-called apps. One of the best knowpliagtions is the free
available “Smartrunner” (Smartrunner, 2010). Iniddd to running, “Smartrunner” also covers cyclirtgking and inline
skating activities. The application provides an rgi@v of average and maximum speed, distance travelled alodies
burned. Furthermore, it enables a map view of taened route. The travelled route can then be dinio social networks
like Facebook and Twitter, making it accessibleffands.

Proceedings of the Seventeenth Americas Conference on I nformation Systems, Detroit, Michigan August 47-7" 2011 1



uService - Enabling user-driven fitness services on-the-go

Other fee-based apps like “Runtastic” (Runtasti@]® offer the same basic functions as “SmartrunriRuntastic has -

besides of recording time, speed, distance, adtiarttl the route - additional functions like a cosspaeal-time statistics and
voice feedback. The voice feedback is used to rat#ithe runners to keep their target in mind. ®@oltation is the main

objective of the project “Jogging over distanceddding over distance, 2010). Information about dpard time of the

jogger is sent to a computer via a Smartphone.eSegach runner is wearing a headset, runners camuooivate and

motivate each other, even if they are at diffetecations.

A product of a hardware provider is the sports neotathlosoft RUNNER” (Athlosoft, 2010). Using a dxtbeat belt, the
user can monitor the distance, speed, step fregustep length and heart rate. The logged traideitg can be connected to
a server using Google Earth. Therefore, the trgitiack is transmitted to the Internet, makingigible to others in real-
time. Furthermore, the route can also be transtendnternet-enabled mobile phones, so that atbers can track the path
of the runners and join them if they want, even mtiey are already on the go.

A hybrid application is the “Nike + iPod Sport SéNike + iPod, 2010). Here, a sensor in the Nikening shoe records the
running data and sends it to an iPod. The userdefine goals such as duration, speed and runnaak tvia the iPod. In
addition, the user can select a motivational samdnis iPod, which is automatically played when speed drops below a
certain level. All information can be sent to frilsnvia Facebook and other social networks.

An activity tracking device with a rather medicatiis is the BodyMedia Sensewear Armband (BodyMe2ia,1). Being
worn the whole day over several weeks the armbalidats all information about physical activityesp efficiency and, by
means of an online system, food intake of the Udee.aggregated data is transmitted to a physinian evaluation-friendly
format, such as Excel or .cvs. Monitoring the p#tge everyday activity, the physician is able tgort the patient in
organizing his/her lifestyle in a healthier wagjito set realistic goals and to achieve themhramte prevent from obesity
or iliness.

Collaboration, flexibility, a pre-eminence of contereation over content consumption and interégtiare considered the
most prominent features of the social web (KamellB® and Wheeler, 2007). In this context, BarskwgletBarsky and
Purdon, 2006) consider amongst others wikis, blegsl the user comment functionality as social neting enabled
technologies relevant in the context of health @plication. For instance, British Medical JourRalpid Responses and a
user comment functionality at Patient.co.uk offex bpportunity to record your experience as a pa#ad for the latter even
rate the experience entries of others, thus extgnttie peer rating functionality with a reputatimanagement system. In
terms of wikis, wikisurgery (WikiSurgery, 2011) & example of an social networking enabled techgylshich aims at
collaboratively building a surgical encyclopedia surgeons and patients. Examples of health relslegs are DrugScope
DrugData Update blog (DrugScope, 2011) or the T&dBabase blog (TRIP, 2011), which is a clinicalrskeangine for
clinicians. In terms of social networking sites,btaryThing Medicine Group (LibraryThings, 2011) a® interesting
example, where users with an interest in booksapeny to medicine and medical science share coatahideas.

An example of a social community offering severatial web enabled technologies is the mental hesdthal network
HealthyPlace (HealthyPlace, 2011). Kamel Bouloale{Kamel Boulos et al., 2007) list several moraraples of social
networking enabled technologies in terms of heafiplications for instant messaging and virtual ingstor online social
gaming. Eysenbach et al. (Eysenbach, Powell, EakislsRizo and Stern, 2004) conducted a reviewtudiss on health
related virtual communities and support groups it effects of online peer to peer interactiohise results lead to the
conclusion that no robust evidence exists on thecef on health and social outcomes of computeed@®er to peer
communities and electronic self support groups.eBigach et al. point out that due to the growing loemof virtual
communities and support groups more quantitativdiss are needed in addition to qualitative studiethis topic.

An American study on social media and health cotetuby the Pew Internet & American Life Project XFand Jones,
2009) found out that collaborative filtering mectsans of the social web are a main feature useis fmowhen using web
2.0 technologies, since they search for “justimetisomeone-like-me”. On the other hand creatiomeaith content is rather
low compared to the consumption of health cont€he survey furthermore found out that social nekivay sites are used
only sparingly for health queries and updates aatlithere is a surge of interest in informationuthexercise and fitness.

USERVICE RECOMMENDATION MECHANISMS

In the following the search and recommendation rapidms are described for the discovery of userigée@ mobile
services. However, the approach is transferablany kind of object which is described with the agqbl description
language. This results in terms of the uRun scenarseveral search indices for the different ofgjef the scenario, i.e.
services, routes, actions based on vital parametsyducts from the health and fitness domain, each object will have an
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ontology describing and relating relevant informatabout the individual object. An overall domaimtalogy will connect
the different object ontologies and enable reagpairer the complete knowledge base of the uRuriGgtjgn scenario.

Query Formulation

The query mechanism is different from “classic” eggehes that rely on a set of search terms. Weheseoncept of “query
extension” (Pretschner and Gauch, 1999) to exphedjtiery by adding user-related and contextuakimétion. By this
means, higher quality of search and recommendat&msts is achieved and a personalized and coatexte mechanism is
provided.

Whereas search queries are actively defined by f@arecommendations, there are no explicit setenis. However, there
are user’s profile information and contextual dseat by the mobile terminal. The definition of tipeery is sufficient for
both “pull” and “push” recommendations. For “pustécommendations, a background service continualtbyitars the
user’s current situation and provides proactiv@nemendations when a certain “threshold of changeeached. For “pull”
recommendations, the process is similar to a sehmever, without any search terms. In this cieeresults are suggested
by the system based on detected user interestsrafatences.

In the following, we consider a query tetnto be the atomic part of a search quegry
q= (.. t,)

Figure 1. Formula 1

Furthermore, we define a query tetiras follows:
t, =(c,n,v,w)

Figure 2. Formula 2
c = category of the query term; i.e. “keyword”, “cert-information”, or for service creation a “inpotput block”

n = uniqgue name of the query term within a categuithin a single query; (e.g. “name” for the nameaadfiser”, or “name”
as the name of the service)

v = value of the parameter (e.g. the actual nantkeofiser, his current location, the actual seaah,tetc.)
w = weight of the query term within the query

The weight of the query term can be defined byuber or determined by the system. A more detaitstription on how
these weights are actually defined and used, igged in the following.

As the query formulation shows, all kind of reqgefsbm mobile device can be handled by this gerguiery formulation.
The category can be used to describe, whether we hauser-entered search term, automatically gadheontext
information or personal preferences of the userellVa query is formulated, weights are allocateth#different query
terms. This can be done explicitly by users in dwaaced search interface or implicitly by the systeéSome basic
considerations are listed below:

» Search terms: If search terms are defined, i.ehaw@ an actual search and not a proactive reconmatiendthey should
have a rather high weight.

» User profile information: users can define weidbtsdifferent items in their user profile. When exéng a query, the user
profile information is matched to the other queeynts in order to re-rank the profile informationcaling to their
relevance.

» Context information: Context data includes compieformation such as vital parameter of the user andironment
variables. The very generic query formulation asxghabove also allows for such scenarios.

Search index

The search index maps the generic meta data deésorigtructure to object instances. The genericandztta description
structure comprises a set of ontology classeshidnet been used throughout the description of tiiectsh In case the object
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is a user-generated service, when it is creatégpakible combinations of ontological representatiwill be mapped to the
concrete service reference. For instance, a usates a service named “Foodball” which is aboutbiést cooking recipes
for watching a football match. The most obviousobogical representation for the service “Foodbatl'the search index
will be OR, = {football, cooking}, while the term OR standsrfontological representation. However, since fobthad
cooking are part of an ontology, the different sugasses of Football and Cooking have to be cemedl as well for
referencing this service (see Figure 3).

Figure 3. Inheritance hierarchy

Football and Cooking are both subclasses of tresdlgerest. Whereas cooking is the direct subclfbgerest, Football has
the super-class Sports. Therefore, another refereeeds to be stored in the search index, namely=GRports, cooking}.
Furthermore, the single values need to be pahiefaference list as well, @Rfootball} and OR={cooking}. The creation
of references stops when a common super-class @b&ib and Cooking is reached, i.e. in this examplen Interest is
reached.

In general, the algorithm for the creation of tearsh index works as follows. At first the metaadand its permutations for
describing the new object provided by the createrstored in the search index. In the example ablaigewould be OR
OR; and OR. Having identified the location of the meta daents in the ontologies, the inheritance hierarchtaken into
account for creating all possible combinations wtotogy representations for the new service (ingkample this refers to
ORy). As this could lead to millions of ontology repemtations for a single service we do not onlytlitidy the inheritance
hierarchy, but also by using a generalization depttich signifies, how often a given class canrferred to its respective
super-class.

Pre-processing of the search query

The simple task for query matching is to perfornmgtmatching between submitted query term(s) amdlogical concepts
and metadata descriptions. However, this will lithi¢ content discovery to a direct matching metand will be keyword
and vocabulary dependent. Using look up tablegxicél chains will support finding other variatioata query term and
also extending the domain of the search for a gaery. The search engine needs to perform an addditebel matching”
in searching the ontology and metadata descriptibhs will extend simple string matching mechanigith an advanced
solution which is able to look for other variatioasa keyword (or a set of keywords) and is alske ab utilise distance
measurements to match similar concepts in ontoligy metadata descriptions. Lexical chains, Lateméhtic Analysis
(LSA) (Landauer, Foltz and Laham, 1998), distaneasurement functions used in traditional text asialgpnechanisms (e.qg.
Cosine Distance (Garcia, 2006)) employing commoocabalaries for synonyms such as WordNet (WordNet,1? and
other similar methods can be utilised to suppast tiesk.

The possible duplicates have to be consolidatedfadssociated weights have to be merged. Famiost if the keywords
“football” and “soccer” in a search query map te tsame concept in a domain ontology, they will kerged into one
representation. According to that, the weight & therged ontology should be higher according towk&hts of the
respective search terms.

Filtering

From a process view the filtering can be illustdatess in Figure 4. The filtering is triggered withqaery and starts the
matching of each search term. Having ontologiesémh search term an overall ontological repretientaf the query can
be built. This ontological representation is usedjtiery the instance space where each servicenggsia matched to an
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ontological representation. At this stage, two typé results are possible: either a list of senittstances is found which
match the ontological representation of the quieryhis case the filtering process ends; Or noisesvinstances are found so
that the instance cache has to be queried agamamMieduced ontology set. Reduction is conductedemoving the term
which has the lowest weight..

Searchterm
Query Match search represen- ontology
received terms tations as representation
ontologies

Ontology
representation
of query

Query instance
cache

No Service
instances
found

Service

Reduce

instances ontology set

found

Figure 4. Filtering Process

The filtering process described above mainly aitrthediscovery of service instances which matehaverall search query.
For some use cases we need to extend this mechamibmitem-based evaluations that have even to édopmed
throughout the filtering.

For instance, a service might not be valid anynoorthe user might not have access rights to thacgerAnother example is
a service which provides information that is outste physical range of the user. The role of & has to be taken into
account for the second filtering round, whetherubker wants to create, provide or consume a service

As these interpretations already contain some inddion which are needed throughout the rankingsehatermediate
results should be cached for the ranking latelDmpending on the search scenarios we have (lochtiead, time-dependent
search, etc.), we need a configuration which dessriwhich parameters should be evaluated throuditeung.

For all the different aspects that need an evalnatihile filtering, this information needs alsolte included in the table that
maps ontology representations to service ids. ifwe there could be an additional attribute that lsarqueried throughout
the filtering.

Ranking

After the filtering process, the services are raniecording to their relevance described by therstied query. The ranking
includes an evaluation of the different terms iquary. It uses the different aspects of servicerjgsons, user profiles and
also implicit feedback e.g. from the service usigevaluate the relevance of a service in compatfisghe given query.

The ranking function is a combination of weightstlod different search terms and implicit and expliser feedback:(qs)
describes the overall ranking result of a sersiagich was returned as a result for quent first the search terms of query
g are considered in the ranking function. The s r(t;)) describes the overall evaluation of the differsgdrch terms.
Each search term is evaluated by its assigned warghadditional parameters. For instance, searchtt specifies that the
desired services should provide information noteplthan an hour. If the servieemeets this requirement the Boolean
parameter 1 is assigned, if the servisednes not meet this requirement the Boolean pamn@ets assigned(t;) in this
particular example is 1 multiplied with the weigt#signed to terry for the first case and 0 in case sensabes not meet
the requirement. Henc&-; r(t}) adds the different evaluations of each search teof queryq. r(s) represents the feedback
about the service provided by the users. Hereemifft aspects of feedback are considered, e.gboo#tive or hybrid
mechanismg:.(or) is feedback about the description of the servieewhether it was helpfult(inst) andr(ext) are statistical
parameters obtained from the knowledge warehaeet) evaluates the context of a user which can be pashmeters or
routes matching a users fitness profije.d, ¢, ¢, 4 enable a variation of the relevance of the diffieterms of the ranking
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function and thus, a variation of the order of &y in the result list. Furthermore, parameterss, ¢, ¢, 4 have to be
adjusted in relation to the user role. For instaifdfie user searches for services for consumptiwill be assigned a higher
value thery. In the reverse conclusiop,is assigned a higher value, if the user acts ra$ces creator.

r(a,) =Zr(ti)+yDﬁ(s)+5Di(or)+£D1(inst)+¢Di(ext) + A [ (cxt)

Figure 5. Formula 2

r(gs) = Ranking of services which was returned as result of the filtering gssfor search quergy

r(t) = Evaluation of the search tertp

r(s) = Feedback about servi

r(or) = Feedback about service description of serdcehich isrepresented via its different ontologies
r(inst) = Feedback about how often servigevas installed

r(ext) = Feedback about how often servig€ewas extended to a new services

r(cxt) = Feedback about how serviG&matches the context of a user (e.g. vital paraisiete

y, 0, &, ¢, A = Parameter to emphasize or reduce relevancenofifun terms of ranking equation

Overall the ranking and filtering mechanisms follawmodular design approach which makes them eeastgndable with
additional filters and ranking sub-functions. Setimknowledge is used to enrich a query and a beiaex entry of a
service with additional semantic information. Th®ldem of incorporating information which is veritle related to the
initial query term or service description is tackley introducing weights which indicate how relevéme added semantic
information is.

URUN — A USE CASE SCENARIO

In the uRun scenario, people use the uService framieas a mobile running assistant. As describedveldifferent
recommendations are provide to the user, to sugporbefore, during and after the training. Furthere, users can create
their own custom mobile services on the mobile ceior gathering data from different sources dutimgjr runs and for
making this information accessible to others (dog. doctors or personal trainers) in a secure mank@reover, the
framework can be used for networking aspects, ferggetting in touch with like-minded people or fessional fithess
service providers. Thus, individual support by pssional trainers or medical surveillance is pdssim the following, an
example scenario is described with graphical inatfmock-ups.

The uRun Scenario

Robert is a runner, who has recently registeredufun. He is living in Paderborn. On his way to kvam the bus, he

remembers that he wanted to look for a runningnesrtHe activates the uRun framework on his madnilé starts a search
((a), Figure 6). The results do not match his nebds an interesting advertisement appears ondrees, promising that
Robert can easily build his own search serviceaf@mall fee ((b), Figure 6). The advertisementds sent randomly to

Robert, but is matched to Roberts unsuccessfutseard user profile. Robert decides to give ityaatmd starts creating his
own service ((c), (d), (e) Figure 6). Henry, anothRun user is on a business trip in Paderborndmed not know the city
very well. With the uService platform, he wantsfitad out whether there are any interesting runrémgnts he could join
during his stay. When looking for running eventsfimels the Robert’'s uService ((f), (g), (h), Figu® Since Rober’s

running services is described with the terms “ragnpartner” and “search” and the system knowsnfthhe semantic
knowledge base that a running event contains rgnpartners, the Recommendation Engine returns basdtie current

location of Henry, Roberts’s service. (a), Figurshdws a targeted advertisement about a running which is the favorite
brand of the user and input options for the trajniarget. (b), Figure 4 shows GPS based navigdtiothe running route

with monitoring and recording of different sensaalues like temperature, speed and pulse rate. Dext-related

subfunction of the ranking function is able to newoend different actions to the user based on theemu context

parameters. (c) Figure 7 shows a recommendaticanf@quipment rental service offered by Henry'shiot Paderborn.
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CONCLUSION AND OUTLOOK

The project uService develops a framework for gsererated mobile services and will evaluate thendnaork with a
scenario about health and fithess mobile applinafidhe goal is to combine Web 2.0 and Web 3.0 exbtechnologies and
recommendation mechanisms to provide a user-cehtereactive system which can support a user anyenvdued at anytime
with staying healthy. In the following differentpests are of the uService system are discussed:

Expert vs. layperson knowledge

As described in the state-of-the-art section mohilening applications and social web technologiegliad in the health
domain provide the possibility to collect inforn@ti about health topics provided by professionaisaddition, individual

experiences mostly in form of blogs can be providgdndividuals. Quality of the former is ensurddce information is
provided and supervised by professionals. Howewésrmation is usually more general and more slétdab get a general
understanding of a health issue. Information alopdrticular health situation or issue is moreljike be found in the latter
case. However, information sources are usually desgns, so that quality and thus usability of théorimation is

questionable. A combination of information sourcesnsisting of laypersons with similar experiencé®. (using

collaborative experiences) and professionals presris improve the quality of health information.

Proactivity vs. reactivity

The approaches mentioned above of applying so@al @nabled technologies all described approaché&hveine reactive
and mainly monitor the health status or activités user. Despite the fact that there are exanyphese user can share the
collected data with others, the system does notigeoany recommendations on how to use the infaomathich was
collected about a user. Here, uService providegbaichapproach for a system, which on the one tginds professionals
remote access to a user, but also automaticaltys¢a certain data.

User-induced motivation vs. system-induced motivati on

Motivational aspects are reduced to the applicadiosocial web technologies which are assumed teigee the necessary
motivation just because they are social web tedgies. By enabling a user not only to create cdrem also to create
health and fithess services it is expected to preduhigher motivation for users to use the madmslgistance system. Mobile
user generated services will allow users to devslpices tuned to their actual needs providinipranade services that
will satisfy a Long Tail demand, i.e. small but feed services demanded by a small group of usersa Pesult, the
collective creativity is expected to create sersigdich can motivate every user to work on imprgviis/her individual
health.

Fitness application vs. health application

As described above, the survey of the PWE Inteainet American Life Project observed a surge of @gein information
about exercise and fitness. In terms of the denpdgeal change, prevention is becoming more and rmoprtant so that
platforms such as uService promise to have a gréafm|ct on an aging society, since the focus ipm@venting health
issues rather than managing them. Nonethelessytiiem is suitable to serve all kinds of individbahlth profiles, making
it suitable for all types of users.

Mobile vs. stationary

Health and fitness applications on-the-move guaemain increased value for users. The ability toaghldata and receive
recommendations anywhere in combination with a aderabout running — an activity which can be earbut almost
everywhere - provides the necessary flexibilityataser to stay health and well. Gathering additiorfarmation about the
current location of the user (e.g. running routéhim vicinity or healthy food restaurant) which cpport a user to continue
with his/her individual recovery or fitness plareaf particular importance for a society on-the-maw addition, access via
stationary devices is ensured as well.

An aspect which has not been discussed in dsttiki security of the collected data of a usethisicontext, it is planned to
use an approach based on SIM card to ensure theeseansfer of sensitive user data.

Overall, the depicted idea can implement intelligemntext-aware assistance in various applicationtexts, taking into
account several types of complex characteristicsh 8is vital parameters of runners or running rpubéiles.
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