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Chapter 3
Health Assistance for Immigrants

Till Plumbaum, Funda Klein-Ellinghaus, Anna Reeske, Kristin Pelz, and Frank
Hopfgartner

Abstract Our personal health should be one of our main concerns but unfortunately,
due to modern lifestyle, far too many people ignore their own well-being. Conse-
quently, methodologies need to be developed that assist us in living a healthier life.
In this chapter, we present a health assistance system for immigrants. The system
consists of two parts: A health information system that allows users to search for
health information using natural language queries composed of multiple languages
and a prevention service that assists users in their cooking routine and motivates
them to perform frequent physical exercises. The information system uses NLP
techniques to understand the user query, matches it to a health ontology we devel-
oped, and offers the user a comprehensive answer. The prevention service is embed-
ded in a smart home environment. We present the technical details of both systems
and show a user study to demonstrate that the system works well in providing highly
relevant health information.
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Towards a Healthy Life

There were two things that Steven liked a lot about his work: Free coffee and the
view from the kitchen window. The office kitchen was in the thirteenth floor, the
coffee machine right next to the window. Indeed, it happened quite a few times
that he caught himself just gazing outside, observing the tiny looking people pass-
ing by in their tiny little cars. “We really live in a world of constant motion...”’, he
thought while he waited for this Latte Macchiato to come out of the coffee machine.
“Good afternoon, Mr. Marks.” Steven turned away his eyes from the street outside to
check who just welcomed him. It was Selma, the young new employee from Turkey.
Steven turned around and straightened up. “Iyi giinler, Selma. Nasilsin?” — Good
morning. How are you? These were pretty much the only few words he could say
in Turkish. “Tegekkiirler, iyiyim. Sen?”, Selma returned his greeting. “I am sorry,
Selma, but I am way behind with my Turkish lessons. I am fine, if that’s what you
have asked me?”, he responded, switching to English. Selma smirked. “Yes, I was
asking how you are these days.” Steven “Okay, that’s an important sentence to know.
I will try to remember it.” But you know, I am not the youngest any longer, picking
up new languages is very hard.”

Of course Selma knew how hard it is to learn new languages. After all, it was
only months ago that she and her husband decided to leave their beloved home
in Ankara to start a new life in Germany. Although she enjoyed living in Ankara,
the job offer that she received from here was just too good to reject. Working as a
research engineer for a car manufacturer. Developing the cars of tomorrow. When
they saw the job advertisement, both her husband and Selma were hooked. Cars
had been their passion for a very long time. In fact, they first met each other at a
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motor show. And when they eventually got the job offer — both of them — there was
no holding back anymore. In record time, they said good-bye to sunny Turkey and
moved to Germany.

The first problems started shortly after though. Only a few weeks after settling in
her new home, Selma started to feel sick in the morning and hence decided to see a
medical doctor. His diagnosis was a little shock for them. Selma was pregnant! Her
husband and she had tried for quite a while now to become pregnant but the idea
of conceiving a child in a foreign country scared her. So many questions popped
up in her mind: Would she have to change her lifestyle to ensure that the baby can
develop properly? Would she have to give up her job now or would she be able to
get financial aid from the state? After all, she didn’t know anything about Germany
and its health care system.

In fact, it was Steven Marks who managed to reduce her panic level significantly.
Being the deputy manager of the research department, he was one of the first peo-
ple at work that she informed about her pregnancy. “Don’t worry Selma”, he said
back then. “You can get paid maternity leave and have a guaranteed right to return
to work after that. There should also be courses and information services that your
health insurance provider provides.” Indeed, only a few days after she reported her
pregnancy to her health insurance provider, they send her a brochure about their
online health care information system. According to their brochure, the system was
designed to provide information in different languages and should help her in an-
swering most pregnancy-related questions that would arise in the next few months.
She tried out the system on the same day. Being able to query in Turkish, German,
or English, the system provided her a lot of information about pregnancy in general
and information about services she could participate in. Given that all information
is provided in her mother tongue Turkish, Selma grew confidence that they would
manage their new life as young parents in this unfamiliar country.

Selma smiled. “Yes, I know very well, Mr. Marks”, she responded and reached
for a bottle of water from the fridge...

3.1 Introduction

Nowadays, more and more people suffer from so-called “Western diseases”, i.e.,
health conditions that are caused by lack of exercise, poor eating habits and un-
healthy lifestyles [31]. While these diseases of affluence are a serious threat to
our personal well-being, they are even more critical for pregnant women who are
not only responsible for their own health, but also for the health of their unborn
children. Addressing the need for healthier living, large education campaigns and
seminars have been funded to promote healthier lifestyles, advertising low-fat di-
ets, weight management or physical exercises. With the increasing availability of
the Internet, health care providers and governments extended the education cam-
paign to the WWW, offering health information portals for multiple topics online.
Two conclusions can be drawn from this provision of information. First of all, it
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is of high importance to provide accurate information, i.e., the content should be
created by professionals and evaluated for accuracy [10, 9]. Secondly, such infor-
mation sources should not be used for self-diagnosis; their only purpose should be
to allow patients to better understand their physician’s diagnosis. Although health
care providers intend to provide health information services to all their clients, im-
migrants have been identified as vulnerable population [6] that benefit less from
existing health care systems since language and cultural barriers prevent them from
using existing prevention services. This is a problem especially for countries with
significant numbers of immigrants such as Germany, where roughly 20% of the pop-
ulation has an immigrant background [38, 34] and consequently, a potentially large
group of citizens may not able to understand the main language of the host nation.

Apart from providing users easy access to health-related content, an equally im-
portant approach to support people in living a healthier life is to actively educate
them. In the context of food consumption, this is done via nutrition facts labels that
are legally required on most packaged food. Although different regulations exists in
individual countries on what has to be written on these labels, they serve as guide-
lines on different targets for nutrients such as energy, protein, or fat. A study on the
effects of these nutrition fact claims on consumer product evaluation is presented by
Keller et al. [19]. Although providing overviews of ingredients helps raising aware-
ness about individual eating habits, the share of people who cook their own food is
declining. At the same time, we can observe a significant growth of the ready-meals
market. Van der Horst et al. [42] study the association between overweight, cook-
ing skills and ready meal consumptions. Their study illustrates the importance to
actively promote healthy food preparation.

The third important aspect of healthy living is frequent physical exercises. Var-
ious studies (e.g., [44]) report a direct connection between physical activities and
personal well-being. Regular physical activity is a resource for body and soul [39].
On the one hand, a physical active lifestyle can contribute to reduce the risk of car-
diovascular diseases, obesity and complaints of the muscular and skeletal system
[1]. On the other hand, regular physical exercise can reinforce the mental wellbeing.
The World Health Organization describes lack of exercise as the fourth important
risk factor for mortality [46]. They recommend adults a medium intense activity of
2, 5 hours per week. As mentioned before though, lack of physical activity is one of
the main consequences of sedentary lifestyle.

In order to address the issues mentioned above, we introduce a health assistant
for immigrants [29] that consists of two subsystems, namely a multilingual health
information service and a prevention service. Figure 3.1 illustrates the connection
between these individual components. Combined, the services are a comprehensive
approach to support people for healthier leaving by giving them information about
health topics, supporting healthier eating and getting enough exercises.

The multilingual health information service [28] guarantees personalized access
to professionally created health care content. The system, in the remainder of this
chapter referred to as GID, enables immigrants to inform themselves about medical
conditions and preventive health services. By providing them with available infor-
mation in the language of their choice, GID helps those people who have language-
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related difficulties in understanding their physicians. Information is adapted based
on users’ personal context such as pre-existing medical conditions and their loca-
tion.

The prevention service, referred to as PS, consists of a cooking assistant and
a virtual trainer. The cooking assistant provides the user a wide range of different
recipes and nutrition information about different meals. There is also a possibility to
personalize the recipe search with the aid of different criteria. The trainer supports
the physical activity of the user with tree different activity sessions.

This chapter is structured as follows. In Section 3.2, we discuss the health ser-
vices and survey existing work that is related to our system. In Section 3.3, we
introduce the system infrastructure of the health information system and outline the
scientific challenges that it addresses. We then present in Section 3.4 an initial evalu-
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ation of the system. Following that, we present in Section 3.5 the prevention service.
A discussion and conclusion is given in Section 3.6.

3.2 Related Work

This work touches upon various research areas, including the use of online health
information services, knowledge bases, the identification of user context, semantic
information management, healthy nutrition and physical activity. In the remainder
of this section, we discuss related work on these research aspects.

3.2.1 Online Health Information Services

With the growing importance of the Internet, one could also witness the growth
of online health-oriented information platforms such as PubMed' and Scopus?,
which enable researchers and professionals to check up on latest research results
on biomedical topics [7]. While these databases provide detailed access to state-of-
the-art research results, they are less suitable for the general public who would like
to check up on symptoms that they are experiencing. According to Morahan-Martin,
up to 4.5% of all Internet searches are about health-related topics [24], indicating the
significance of this topic in our life. An overview of different resources in the Web
that can be used for this information gathering task is provided by Johnson et al.
[18]. Generally, three types of services can be identified: (a) Professionally main-
tained health advice and information services where users can check their symp-
toms in a constantly updated database (e.g., the NHS Direct® service maintained
by the English National Health Service) or check up on public service announce-
ments (e.g., by the World Health Organization), (b) unsupervised sources such as
Wikipedia and (c) discussions of similar cases in online forums, blog posts, or bi-
ased advertisements for specific products that can be retrieved by standard Web
search engines. From a medical point of view, relying on such sources is not rec-
ommended and the consultation of a professional is highly advised. Therefore, the
American Medical Library Association recommends to “trust your physician, not a
chat room” [8]. Morahan-Martin suggests to approach this unconsidered informa-
tion handling by asking physicians to point their patients to reliable health portals
and to work on improving such sites, e.g., by improving search and retrieval tech-
niques. Our works builds on her suggestion.

"nttp://www.ncbi.nlm.nih.gov/pubmed/
2http://www.scopus.com/
3http://www.nhsdirect.nhs.uk/
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3.2.2 Computer-Supported Knowledge Bases

In the healthcare domain, an exact and unambiguous definition of diseases, symp-
toms, etc. is indispensable. Only when it is clear what the problem (disease) is,
physicians can say how to treat it. Given the complex nature of this topic, physicians
have to rely on an extensive knowledge base. Traditionally, this knowledge base
has been maintained in books and journals but since the introduction of computer-
based knowledge systems, methods have been developed that support physicians in
the anamnesis process. A promising method that allows for a structured process-
ing of data is the use of ontologies. Ontologies define “the concepts, relationships,
and other distinctions that are relevant for modeling a domain” [11]. Ontologies, in
the context of computer and information sciences, are also machine-readable and
sharable. Thus, ontologies represent an ideal basis for an intelligent healthcare in-
formation system. In the following, we present some approaches to create a unified
model in the health domain

One of the biggest computer-supported biomedical knowledge bases is the Uni-
fied Medical Language System (UMLS)*, a platform that provides a unified vo-
cabulary for biomedical and health terms. UMLS is maintained by the US National
Library of Medicine and updated on a frequent basis. The knowledge base of UMLS
consists of three components: (a) Biomedical terms from various controlled vocabu-
laries (such as SNOMED-CT?) are defined in a Metathesaurus as semantic concepts.
(b) The semantic relationship between these concepts are defined in a Semantic Net-
work and the concepts are categorized into broad categories (semantic types). (c)
Syntactical, orthographic and morphological information about the biometric terms
are defined in a lexicon. UMLS has a strong focus on the US health market, and
hence, multilingual aspects are not fully supported, making it difficult to apply it to
the scenario that is outlined in this chapter.

Other health-related ontologies include MEDCIN and SNOMED-CT, two classi-
fication systems used to store patient health records. The International Health Termi-
nology Standards Development Organisation (IHTSDO) promotes SMOMED-CT
as a standard for health records. The aforementioned approaches define common
vocabularies and their relation to each other for the medical domain, but they define
the terms in a proprietary format that is not machine-readable and shareable. These
constrains make re-using and sharing of data complicated though. OpenGALEN
[32, 37] is a medical ontology developed in the European GALEN project. Open-
Galen offers a comprehensive knowledge base of medical terms and relations. It
provides three types of ontologies: A high level ontology, defining general struc-
tures, a common reference model defining the re-usable parts intended to be shared
between ontologies, and extensions for sub-domains and specific use cases. The
GALEN ontology is available under an open source license.

The presented approaches all contribute to the goal of a common, shareable and
re-usable notion of the medical domain for building health related applications. Nev-

“http://umlsinfo.nlm.nih.gov/
Shttp://www.ihtsdo.org/snomed-ct/
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ertheless, none of these approaches fulfill the requirements to serve as the basis for
a multilingual health information system. In particular, they lack modeling of multi-
lingual descriptions and a connection to related health information is not available.

3.2.3 Identification of user context

An important feature of online information systems is to adapt information based
on users’ individual requirements [17]. Requirements can depend on different fac-
tors such as the users’ demands and context. In the health domain, context such as
health condition of the user and their location plays an important role. For instance,
recommendations for a healthy diet for a person with Type 2 diabetes and a preg-
nant person differ significantly and thus should be reflected in the information that
is tailored to the users’ needs.

Tailoring information based on these user contexts requires storage of user-
centric information. In order to easily connect this information with ontology-based
knowledge bases, i.e., for providing a personalized healthcare system, a promis-
ing approach is to model information using user-centric (semantic) ontologies.
Semantic-based user ontologies are for instance:

o FOAF: The Friend-of-a-Friend model is a RDF-based user model mainly de-
signed for the web. It defines demographic data such as name, age and friendship
relations. Common applications of FOAF are social networks services [3].

o SWUM: The Semantic Web User Model defines a comprehensive user model
designed for the needs of the modern social semantic web. It models information
about the users’ demographics, friendship, etc. [30].

e GUMO: The General User Modelling Ontology tries to provide a user model
covering all aspects of life. GUMO models health related information such as
blood pressure or temperature [15].

In this work, we introduce an approach to map users’ demands (as expressed by
the search query) with the computer-based knowledge basis under consideration of
the context that is stored within a semantic-based user ontology, thus presenting a
healthcare information system that can provide answers based on context.

3.2.4 Multilingual Semantic Information Management

As argued above, one main challenge in the described scenario is to deal with differ-
ent languages that might be relevant to provide health-oriented information, e.g., the
difference between the patients’ mother tongue (Language A) and the language used
by the physician (Language B). Multilingual information management has been
studied extensively in literature. A straightforward approach to cross-lingual infor-
mation management is either a direct translation approach [26] or using an inter-
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lingual mapping like EuroWordNet [43], which have been shown to work well at the
CLIR task [5]. Imprecise translations are acceptable for the retrieval performance,
as the document search itself is more important than disambiguation of individual
translated terms [16]. Other approaches map individual documents into a higher di-
mension semantic feature space that is uniform for different languages. Thus, it is
possible to map similar documents to nearby points in the feature space, even if
they do not share a language. Sorg and Cimiano [33] have exploited the explicit
links between related Wikipedia articles of different languages to map documents
to a Wikipedia feature space in which documents are considered similar when they
are semantically similar to the same set of articles. A similar approach is to map
documents to multilingual ontology concepts, which can be represented as points in
a feature vector space [12]. In this work, we employ such ontology mapping method
to link concepts expressed in different languages.

3.2.5 Graph-Based Search

The advantage of ontology-based knowledge bases is that they can be exploited to
identify related concepts. A common approach to identify these related concepts
is to apply graph-based search algorithms. These algorithms infer links between
ontology nodes that are not explicitly stored in the ontology (e.g., [36]). Most graph
search algorithms (e.g., [40, 41]) are based on breadth-first search or depth-bounded
depth-first search. These algorithms find related nodes by calculating a relatedness
score to the input nodes. A high relatedness means that the nodes can be reached by
several parallel short paths [21]. The scoring function should consider the specific
properties of the ontology domain, taking into account edge weights and semantics
while computing the path weights. The nodes with the highest relatedness score are
considered to be most similar to the input nodes. Within this work, we apply graph-
based search to retrieve relevant health information based on the users’ search query
and their personal context.

3.2.6 Healthy Nutrition

Unhealthy nutrition is one of the main reasons for diseases of affluence and conse-
quently, there is a grand need to convince people to choose healthy food rather than
convenience food. Unfortunately, people are constantly facing advertisement cam-
paigns whose main purpose is not to sell healthy products [13]. Active measures
against this situation are information campaigns. This includes approaches such as
the traffic light rating system, i.e., the regulation that food producers and providers
have to clearly state on their product how healthy their product is. Other approaches
include marketing campaigns which are often financed by the government or health
insurance companies. While these are considered to be rather passive information
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campaign, another approach is to actively assist the people to prepare their food.
This can be done in form of cooking classes where exclusively healthy food options
are taught [4], but also in the form of software systems (e.g., [14]) that take over
the task of the chef instructor. In this work, we introduce a software-based nutrition
assistant that assists users in preparing healthy food.

3.2.7 Physical Activities

Various studies suggest that personal achievement is one of the main driving forces
behind sports activities. Nicholls [25] argues, for example, that one of the main rea-
sons for the success of competitive sports such as running, tennis, or swimming is
the possibility to directly compare one’s physical abilities with others. Another mo-
tivation is to experience (and to extend) physical limitations. This can in particular
be observed in extreme sports such as bungee jumping, base diving, or other dan-
gerous sports. He refers in this context to task-oriented and ego-oriented sports. In
both cases, individual achievement, either by outperforming others or by reaching
new limits, is the main reason to perform sports. Hence, in order to motivate peo-
ple to get more physically active, personal aims need to be identified and targeted.
Members of the Quantified Self movement rely on the power of numbers to mea-
sure personal achievements. By recording their physical activities using step coun-
ters, accelerometers, or other wearable sensors, people can directly measure how far
they are from reaching their personal aims (e.g., [35]). A promising method to help
people in determining what to achieve is to rely on badges, points, or leaderboards,
i.e., principles that have shown to be very successful in games (e.g., [45, 23]). The
use of these principles in a non-gaming environment is commonly referred to as
gamification.® Within this work, we aim to motivate people to get physically active
by providing a virtual trainer. This trainer teaches the user how to perform various
exercises. Whenever a user successfully repeats an activity, they receive points as
an indication of personal achievement. Moreover, a personal activity list is created,
thus allowing users to compare their achievements with other users of the system.

3.3 Semantic Health Information System

The next sections describe the main components of the multilingual health infor-
mation system. The system builds on semantic technologies to perform the task of
multilingual information supply. We introduce the underlying ontology that allows
us to generate a semantic knowledge base of health information. Furthermore, we
introduce the data acquisition and management tasks, the user modeling technique,
supported querying modes and introduce the user interface.

6 A detailed overview of gamification is provided in Chapter 9.
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3.3.1 The Health Ontology

In order to provide a knowledge base that can easily be maintained by a computer
system, we define a simple health ontology (HO) that defines basic health concepts
and their relations. Figure 3.2 provides an overview of the ontology, detailed de-
scriptions of the concepts and relations are listed in Table 3.1 and Table 3.2. The
concepts in the Health Ontology are enriched with multilingual labels, e.g., the con-
cept pregnancy is labeled with the Turkish term “gebelik” and the German expres-
sion ”Schwangerschaft”. Besides, relevant documents are attached to the concept
nodes. In a health care scenario, information quality is of crucial importance. False
information does not only lead to a loss of trust but also may lead to serious harms.
Therefore, information in the HO should be maintained by a group of experts. In the
GID project, physicians maintained information in the ontology.
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Fig. 3.2: The GID Health Ontology

3.3.2 User Model

As explained above, personalization services rely on the creation of user models
to store personal information in a user profile. User profiles are then exploited to
adapt information accordingly. In the health scenario, the most important factors are
the users’ demographic details (i.e., age, sex) and their personal context (e.g., their
hometown, language knowledge and pre-existing medical conditions). In order to
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Table 3.1: Concepts of the Health Ontology

Concept Description

Context This concept describes a composite information node composed
of property nodes and state nodes. A context concept for instance
can describe that certain therapies are only applicable for pregnant

women.

Property Is connected to a context node and specifies the context, for instance
a certain pregnancy week.

Therapy/Procedure This node describes possible therapies to cure a disease.

Cause Cause nodes describe the reason for a medical condition, e.g., obe-
sity is a cause for diabetes.

ClinicalDiagnostics Describes an approach to make a diagnosis. For instance to take an
x-ray of somebody.

Region Part of the human body plus psych. Indicates where a disease or
injury is situated.

Prophylaxis This node describes prevention procedures, e.g., regular teeth-
brushing helps preventing cavities.

Information The information node is the node that is displayed to the user with

information about the node it is connected too. This can be informa-
tion about diabetes, sport, pregnancy or others. Information nodes
can be a text or website, a video or picture.

State State is the general node to describe a condition of the body. Sub-
nodes are injury or disease.

Injury Injury is a sub-node from State. It is splitted in inner and exterior
injuries

InteriorInjury Internal Bleeding is an example for an InteriorInjury node

ExteriorInjury An abrasion is an example for exterior injuries.

Symptom Symptom nodes define possible clinical signs that indicate a State.

Disease Disease is a sub-node from State and is split into mental and physi-
cal disease.

MentalDisease This node comprises all diseases connected to a human’s psych. For
example, depression is a MentalDisease.

PhysicalDisease The PhysicalDisease node describes all body related diseases.

Synonym The synonym node is important for all multilingual aspects of the

described system. It is explained later in Section Multilingual Se-
mantic Search.

receive personalized health information, users of the GID system are required to
provide above information.

3.3.3 Multilingual Semantic Search

As explained above, concepts in the health ontology are enriched with multilingual
labels. When a user enters a search query, we process the entered text by lowercas-
ing it and pruning unusual characters. The search terms are then used as a query to
retrieve matching concept labels contained in the Health Ontology. We do not per-
form language-specific stemming or remove stop-words of the search input since
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Table 3.2: Relations of the Health Ontology

Relation Description

isTheReasonFor Connects Cause and State nodes. For example, obesity is caused by
bad eating habits.

determines Connects ClinicalDiagnostics and State. Application: Obesity is de-
termined by measuring the BMI.

affects The affects edge defines effects that one State has on anther. For
example, Obesity affects Diabetes.

prevents The prevents edge connects the Prophylaxis and State node. A
healthy diet prevents obesity.

refersTo refersTo connects Symptom nodes and State nodes, e.g., breathing
problems indicate obesity.

treats The influences edge connects the context node with the Region,
Prophylaxis, Therapy/Procedure, Cause and ClinicalDiagnostics
node.

influences This node describes prevention procedures, e.g., regular teeth-
brushing helps preventing cavities.

isAffectedBy Connects Region node with State node, such as Psyche is affected
by depression.

describes The describes edge connects information with the Property, Con-
text, Prophylaxis, Therapy, State node. Thereby, we can add infor-
mation (pdfs, web sites etc.) to a node.

influencesCause Connects Therapy/Procedure with Cause nodes. E.g., the treatment
of respiratory distress is dependent on whether the cause is asthma
or bronchitis.

has has connects Context and Property nodes. This allows defining a
special context. For example, the state pregnant can be constrained
with the Property 9th month, to indicate that a treatment is only
allowed in the 9th month.

isRelatedTo Connects context with state. See example above.

Symptom Symptom nodes define possible clinical signs that indicate a State.

notationOf Connects Synonyms with all type of nodes to add multilingual in-
formation.

this enables us to easily extend the GID system with additional languages without
requiring any changes to program code. Rather, we use a fuzzy search based on the
open-source information retrieval system Lucene’ to cover slight alterations in term
surface forms. Taking the multi-lingual search query “Hamilelikte hangi besinleri
yememeliyim?” (Translation: “Which food must I not eat when I am pregnant?”) as
an example, the language-independent concepts Pregnancy and Malformation are
identified, since they have been labelled using the keyword “pregnant”. Further-
more, the concepts Nutrition and Alcohol are identified by the label “besinleri”.
Using the retrieved query-relevant ontology concept nodes, we employ a graph-
search to find conceptually related information nodes. Different concepts from on-
tology classes like diseases, diagnostics, and treatments are semantically linked with
weighted edges in our HO. Our algorithm performs a full graph search along these
edges, bounded in depth. Information nodes found during this traversal are ranked

Thttp://lucene.apache.org/
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based on the proportion to the edge-weights of the path of the originating concept
and anti-proportional to that path’s length. Information nodes found via multiple
paths receive the sum of the relevance values of all of those paths. Using the exam-
ple query above, we find amongst others an information node concerning Alcohol
Consumption during Pregnancy. The information node is ranked highest because it
is linked very closely to all of the three health concepts found for our keywords. As
mentioned above, information nodes in the HO have documents attached to them,
which are used as search results. These documents can be of any language, and have
a language tag attached. Direct translations of documents are marked as copies. In
order to gather search results for visualization, we collect the documents attached
to the most relevant found information nodes during the graph search step and rank
the list of documents depending on their relevance values combined with the user’s
language preferences. Depending on these values, it is possible for users to find
documents in a different language near the top of the list, if the document is not
available in the preferred language but is very highly relevant. Thus, users will al-
ways see a list of results balanced by relevance and their language preferences. The
results on this list are independent of the language of the search query, since the
results were found via a mapping to language-independent ontology concepts.

In above example, multiple documents of Turkish and German languages are at-
tached to the information node Alcohol Consumption during Pregnancy. Assuming
the user specified a Turkish language preference, the first search result presented
to them would be the document “Gebelikte alkol kullanimi” (Translation: “Alcohol
consumption during pregnancy”).

3.3.4 Graphical User Interface

In addition to the search result list, the GID Web User Interface provides several
supportive Ul elements that help serve the users’ information need and let them
adjust the search. A screenshot is shown in Figure 3.3. In the remainder of this
section, we introduce different features of this interface.

Entering the website, the user can log in to receive context-based search results.
On top of the interface, the user can type in a search query. Since GID matches
search terms with concepts in the health ontology, the search query can be formu-
lated in different languages. In the screenshot, the user Selma has logged in and
typed in the search query used in the example above: “Hamilelikte hangi besinleri
yememeliyim?” (Translation: “Which food must I not eat when I am pregnant?”’) Un-
der the search box, the interface lists the concepts that GID extracted from the search
query. In the example screenshot, the following concepts have been detected from
the search query: malformation (Bigimsizlik), pregnancy (Gebelik), non-alcoholic
fatty liver disease (non-alkolik yagli karaciger hastaligi), and gout (Gut) in the con-
text of nutrition (beslenme) and pregnancy (gebelik). Furthermore, the following
context has been extracted from Selma’s profile that will be considered when rank-
ing search results: home town (Berlin) and pre-existing medical conditions (Diyabet
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Fig. 3.3: Screenshot of the GID Search Interface

Tip II, Type 1I Diabetes). Under this visualization, the interface provides a topic box
containing professionally edited information for the identified concepts. Under this
topic box, the search results are displayed in descending order of relevance. The
user can adjust their language setting by dragging a slider seamlessly between two
languages. This sets a gradual preference of one language over the other and can
exclude a language completely if dragged to the very end of the other language.
Changing this setting immediately affects the search results and re-sorts the result
list to reflect different language preferences. The user can seamlessly observe how
search results are rearranged based on their language settings.

Each search result offers a button that when clicked shows a view of the paths
of the Health Ontology that were traversed to find this search result. A screenshot
is shown in Figure 3.4. The semantic graph allows the user to understand why this
search result is relevant to their search query. It also makes transparent the under-
lying workings of the ontology. Additionally, the interface enables users to visually
browse through the ontology concepts by expanding concept nodes and traversing
semantic edges between concepts, and also finding documents attached to a con-
cept’s information nodes.
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Fig. 3.4: Graph Search Explanation

3.4 Evaluation

In order to assess immigrants’ expectations and needs for a personalized health in-
formation assistant, we conducted a demand analysis among Turkish migrants in
a midsized town in Germany. In addition, we evaluated the development and im-
plementation of the health assistant. Applying a qualitative research approach, we
recruited a small study cohort from the local Turkish community as well as a Ger-
man control group. In the second phase of the evaluation, they were asked to interact
with the system in a supervised scenario and were further asked to assess the assis-
tant with respect to its technical implementation, relevance of the presented content,
usability in daily life and its potential to present health information in a structured
manner. In particular, we focused on the following research questions: (a) How do
the participants assess the adaptation of search results based on personal context?
(b) How do they evaluate the system’s handling of cultural differences? (¢) How do
they evaluate the usability of the graphical user interface (especially the ability to
change language settings)? In the remainder of this section, we outline the set up of
the user evaluation.
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3.4.1 Participants and Recruitment

Building on experiences from former migrant studies [47], we applied a cultural-
sensitive recruitment concept using key persons from existing social networks (fam-
ily and youth centers) in order to establish the access to our study population. We
recruited nine families with a Turkish migrant background and four German fami-
lies as a control group. As suggested by Lamnek [20] and Pelz et al. [27], we invited
a homogeneous focus group of six participants with similar socio-economic back-
grounds from two different districts to participate in the user evaluation.

3.4.2 System Interaction

During the user-centric evaluation of the system, the study group was separated into
a German-speaking group and a Turkish-speaking group due to limited knowledge
of the German language of some participants. Both groups interactively tested the
health assistant prototype in a supervised user-scenario. During the test, they were
asked several questions concerning the design, usability and cultural sensitivity. The
moderated focus group discussion was held in Turkish language. First, the partic-
ipants had the opportunity to summarize their impressions on the health assistant.
Second, the discussion was moderated according to our interview guideline and fo-
cused mainly on the usability and the potential for the implementation and use in
daily life. We compiled the main messages in a mind map during the focus group
discussion for discussion structuring and subsequent data analysis.

3.4.3 Evaluation Outcome

For data analysis, the bilingual interviews and the focus group discussion records
were transcribed and translated. The data was analyzed using the method of content
analysis by Mayring [22]. A summary of the group discussion is summarized in the
remainder of this section.

How do the participants assess the adaptation of search results
based on personal context?

Participants found the search results to be appropriate and clearly presented. It was
suggested by some members of the group that the detailed answer box should con-
tain specific advice on actions to be taken. Most participants found the adaptation of
search results based on the context of a personal user profile useful and found that
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this feature helped in making an individualized search experience. However, some
users were reluctant in providing certain pieces of profile information and wished to
know specifically how they would be used.

How do they evaluate the system’s handling of cultural differences?

Users wished for specific information about the Turkish governmental health sys-
tem, especially compared to the German system.

How do they evaluate the usability of the graphical user interface
(especially the ability to change language settings)?

Performing semantic search was found to be intuitive by a large majority of users
in the study. Many users entered full health related questions, as intended, without
needing any instructions. The feature to enter mixed-language queries was found
to be very useful by all participants, and was considered to be of high importance
for everyday use by the group. However, most users needed to be made aware of
functionality, since it was not readily apparent from the interface itself.

Language preference settings were found to be especially helpful by people
with little proficiency in the German language. At first however, the difference in
functionality between the language preference slider and the language selection
dropdown-box was not intuitive to some participants and needed to be explained.

Additional comments

Asking the participants for advice on how to improve the system further, they sug-
gested that GID should also enrich their results with pictures and videos. They re-
marked that reading a lot of text makes interaction with GID unappealing. Addition-
ally, we noted that the ontology graph helped younger users to understand how their
search results were found, but did not help older users that much.

3.5 Prevention Service

The second service of the health assistant is the prevention service, referred to as PS.
This service consists of two subsystems focusing on nutrition and activity support
for people: a cooking assistant and an activity assistant. In this section, we first
introduce the cooking assistant that uses structured knowledge about food, healthy



3 Health Assistance for Immigrants 95

eating habits and user information to build a personalized cooking and eating plan
for a single user or a group of users. Additional services such as a food-shopping
assistant complete a service that allows creating healthy eating behaviors. Then, we
present the virtual trainer which uses 3D-camera techniques to track users doing
exercises at home. To motivate users doing their sports, the trainer combines serious
games to make it more fun with motivational parts such as the combination with the
cooking assistant. If a user makes more sports, the cooking assistant gives positive
feedback by allowing the user to choose 'unhealthier’ menus.

3.5.1 Nutrition Assistant

The nutrition assistant, shown in Figure 3.5, helps users eat in a healthy way. Users
can get a list of cooking recipes that are tailored to their physical activity, medical
conditions and cultural background. For example, if the user has diabetes, recipes
with high sugar content are avoided. Besides, the interface provides an overview on
how healthy their current lifestyle is with respect to physical activities and nutrition
habits. This helps users to learn about the food they eat.

Qi L Lo W
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Fig. 3.5: Screenshot of the nutrition assistant.

The assistant provides the user with different cooking sessions. The user can
select their meal from a range of different recipes. For the selection they can choose
different health criteria, their country, the level of difficulty and the category of
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the dishes. In the category they can decide if they want a dessert, a main meal or
a vegetarian meal. Furthermore they can select if they eat alone or with another
family member. Therefore, they have the possibility to preset the likes and dislikes
or diseases of the persons. When connected to a smart home, the system can also be
used to control the domestic appliances such as the stove or the microwave. After the
step-by-step cooking sessions the dinner will be ready. In some cases the cooking
sessions are video-tailored. Furthermore the cooking assistant gives an overview of
all ingredients needed for the meal. So the user has the possibility to create their
own shopping list and can send it to one of the family members. The user also gets
nutrition information about their meal so that they have an overview of the calories,
protein, carbohydrates, sugar, fat and fibers.

3.5.2 Activity Assistant

The activity assistant intends to defeat one’s weaker self. By using game mechanics
and rewards, people are motivated to do physical exercises at home [2]. As shown in
Figure 3.6, users see a digital trainer who demonstrates an exercise (e.g., Jumping
Jacks) that should be imitated by them. The user has the possibility to select his
trainer of three different figures — women, man or ogre. The trainer offers the user
three different activity sessions. Users’ motions are tracked using a XBOX Kinect
3D camera and compared to the instructed movements. During the training sessions
the virtual trainer is giving a feedback, if the exercises are performed correct or not.
For each activity, the users can earn activity points. The more exercises the users
perform, the more activity points they earn. These points are directly fed into the
nutrition assistant, i.e., the food suggestion depends on the users’ individual energy
expenditure.

3.6 Conclusion and Discussion

In this chapter, we presented a health assistant that addresses the specific needs
of immigrants. The system consists of two parts: A health information system and
a prevention service. The health information system provides a search facility on
a semantic database to assist people in finding health-oriented information such as
details about services provided by the health insurance provider answers for specific
health-oriented questions. The system is mainly designed to assist immigrants with
limited knowledge of the national language used in their host country in finding rel-
evant information. Therefore, the system allows users to formulate search queries in
their mother tongue, the host’s language and in a mix of both languages. Addressing
the specific immigration situation in Germany, we focused on the implementation
of German and Turkish languages. Due to the structured data processing method
that is introduced in this chapter, other languages can easily be incorporated. Search
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Fig. 3.6: Activity Assistant: The user, shown in the upper right corner, is captured
by the XBOX Kinect 3D camera and should follow the exercises of the trainer (left).

results can be adapted based on the users’ preferred language and other personal
contexts such as the users’ location or pre-existing medical conditions. The under-
lying technology of this system is a health ontology that has been introduced in this
chapter. Relevant information is retrieved by exploiting semantic relations between
different concepts in this ontology. In order to evaluate the usability of this system,
we followed a qualitative analysis scheme. Discussions in a focus group following
this evaluation indicate that the system can be employed to assist immigrants to find
information in their own and in the host nations’ language.

The second part of the system, the prevention service, consists of two parts. The
first part is a cooking assistant that, based on users’ profiles, assists the users in se-
lecting healthy food as well as in preparing the meal. Apart from providing detailed
information about the ingredients of various dishes, the system recommends meals
on the users’ individual requirements. The system provides a step-by-step guide on
how to prepare the meal and allows the user to control the home appliances needed
for cooking. Moreover, the prevention service offers an activity assistant that mo-
tivates users to perform exercises in a fun setting. Choosing from different virtual
trainers, users have to repeat physical exercises. Users can earn points by accurately
performing these exercises.
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