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ABSTRACT The Adaptive User Interface (AUI) adapts to the changes in the context of use and provides
improved interaction abilities for different users. The adaptivity in the user interfaces requires in depth
knowledge of context. There is a need to enrich user profiles to achieve the personalized services with
the ability to adapt the user’s context. The context can be reflected in a particular kind of knowledge and
hence modeled as ontology. Ontology based context models are effective means to handle complex situations
that support the sharing or integration of context information. This paper presents ontology based context
model using OWL for adaptive mobile devices. It models the context over its four major elements including
device, user, environment (location and time) and activity. The proposed ontology was derived in different
classes, relationships, associations, dependencies and constraints to model dynamic context. Ontologies
present a standardized, consistent and shareable context model. The context model and consequent context
snapshots can be acknowledged by AUI to present a suitable user interface. The ontology was developed
using Protégé on the basis of each context type having different values. Semantic querying (SPARQL) was
used for knowledge acquisition. Moreover, the Pellet and HermiT Reasoner were used to verify the rules,
relations and constraints to avoid the inconsistency between classes. Comparative to other context models
for adaptive interfaces, ontological model provides more of scalability and growth with learning new context
in to the shared context knowledge.

INDEX TERMS Adaptive user interface, context aware interface, ontology driven interfaces, knowledge
representation, knowledge engineering.

I. INTRODUCTION
The Adaptive User Interface (AUI) is personalized by the
computer without direct user’s intervention and usually
requires automated intelligent decisions [1]. Such adaptive
personalization can be performed more often without con-
suming the user’s time and energy [2]. The AUIs support
automatic adaptability whereas the human computer interac-
tion tends towards adaptive behaviors that allow the users to
customize interfaces [3], [4].The AUIs have been known for
more than a decade for providing context fitting interfaces for
computer devices. Still there are very limited interface mod-
els presented to handle the context variety in an intelligent
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manner [5]. The context-aware systems are capable to adapt
their operations for current context without unambiguous
intervention of user. It is desirable that interfaces may adapt
their behavior when circumstances change rapidly according
to context. The required information can be retrieved by
using the status of device, information of network, applying
of sensors, user profile browsing or other sources [6]–[8].
Furthermore, the context is any information that can be used
to describe the situation of an entity related to interaction
between application and user [9]. It is not easy to count the
important aspects of all situations that will change according
to conditions and circumstances. Some contextual informa-
tion such as localization, time, date and nearby people is
needed to interpret something in context [10]. The com-
prehensive context modeling becomes much difficult due to
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diversity in different life styles and individual or collective
needs of users. There is a need to enrich user profile to
achieve the personalized services with the ability to a user’s
context [11].

The current state of the art provide many semantic and
ontological model developed as lower ontological model for
specialized environment and context. The researchers have
used the ontological modeling and knowledge representa-
tion techniques for the formal modeling of various domain
and application concepts for better information retrieval,
visualization, analysis and interaction design [12]–[15]. The
research under discussion is targeted for a flexible and
scalable middle level ontology for an adaptive user inter-
face development. The ontology engineered generalized all
variants of devices by a device concept, user details by
user concept, geo-spatial dimension and other environmen-
tal elements by environment concepts. The ontology aims
to provide a shareable standard context structure to extend
the knowledge-base by new sub-concepts or materialization
through each context experience. It is a part of an intelli-
gent interface development and adaptation research through
User Centered Design (UCD) approach, currently, focused on
mobile-phones interface.

The paper is organized into VI sections, next section
illustrate research problem, scope and objective. The section
III provides the literature review and the extracted the user
context, usage environment, context elements and ontolog-
ical representation of context from current state of the art.
Section IV demonstrates the research methodology in terms
of ontology engineering for user context, story boarding,
use case scenarios, vocabulary, taxonomy, semantic relations,
constraints, verification through Reasoner and SPARQL
queries. Section V discusses the results generated through
reasoning tools and querying the defined use case scenarios.
Conclusion and future work is presented in the last section.

II. PROBLEM STATEMENT
The current situation of the user is normal as well as critical
information that eventually leads to an evaluation of user’s
preferences. For example, user might be ‘‘driving a car’’
and the context changes all the time. Likewise, the situa-
tion ‘‘taking selfie’’ is the user context where mobile phone
usage cannot change during certain time interval [16]. The
variability of actions and displays helps to read the user
context and makes the interface more adaptable.Ontology
based context models are effective means for sharing and
integration of context information [9], [10]. A user con-
text ontological model can be developed on the basis of
user’s characteristics such as personal information, skills,
preferences and personalized services [17]. Generally, human
understanding and conceptualization differ depending on
diversity in situations. It is required to define these concepts
through inference rules or semantic relations or classes on
ontology for computational purpose [18]. Recently, variety
of user interaction styles and modes of mobile devices add
complexity in their user interfaces [19], [20]. In the last

few years, research on user profiling and context has been
encouraged the development of adaptive systems that are
to be used by heterogeneous users [21]. The personaliza-
tion is a focused concern on the detailed level, whilst there
are many generalized context element structures that can
be addressed in interface designing and modeling phases
prior to personalization and interface instantiation. User
interface adaptation methodology can be assisted by the
knowledge of the context values and respective interac-
tion design. There exist many semantically enriched context
aware interaction and information modeling and designing
approaches [12]–[15]. The semantic and ontological mod-
eling is intended to provide a shared, formal concepts for
as knowledge that can be linked, aligned, reuse and grow
through evolution. In this regard, ontological modeling of
user profiles is generally application specific and created
for specific domain or task. These solutions have provided
adaptable user interfaces for specific contexts. They are lack-
ing in intelligent decision making, automatic switching to
the respective mode and learning new contexts. An adaptive
interface needs to be a smart solution that can learn new
contexts, sense existing contexts and modify itself accord-
ing to any unknown context. Formal ontology is a method
to develop such context knowledge-base [22]. It has abil-
ity to keep all the context picture consistent, standardized,
shared and scalable [23]. The ontology intended also used
the previous knowledge to render few concepts reuse or
generalize. As for instantiation of the adaptive user inter-
face, the Mobile-Phone interfaces are the test subject of the
research. Thus, by considering the issues, some competency
questions are defined to develop user context ontology for
adaptive mobile phone interfaces.

CQ1. How usage of context can be formally defined for
mobile-phones?

CQ2. What are the context properties affecting mobile-
phone interfaces?

CQ3. What are the user properties affecting mobile-phone
interfaces?

CQ4. What are the device properties affectingmobile-phone
interfaces?

CQ5. What are the environment properties affecting
mobile-phone interfaces?

CQ6. What are the activity properties affecting mobile-
phone interfaces?

CQ7. How different context properties are related
semantically?

This paper presents a context based ontological model
using Web Ontology Language (OWL) for adaptive mobile
devices. It models user’s context, device parameters, environ-
ment (location and time) and activity. Classes and sub-classes
have been created for the given parameters to establish the
relationships between these concepts. The proposed ontolog-
ical model is needed to preserve context in terms of context
elements and concepts forming these elements. It also cap-
tures the relationship, dependencies and constraints among
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the concepts forming the context. It is also needed to have the
reflection of context model to respective adaptive interface
through their semantic relations and computable mapping
functions. In the larger perspective, this research is part of
User Centered Design (UCD) approach for adaptive user
interface design and development [24]. The major goal of
UCD is to offer optimized, efficient and user friendly prod-
ucts which increase the usability and satisfaction of users [4],
[25], [26].

III. LITERATURE REVIEW
The literature studied considering two major aspects of
the research including identification of the context factors
effecting interaction design and secondly the ontological
information modeling of user context and user interface ele-
ments. The study presented in 2009 by Hartman showed
that the Microsoft Office hidden smart menus in prior ver-
sions (Pre-2007 version) were affected by many usability
issues. But the menus contained predefined adaptive parts
(e.g. display themost recent used items) in its revised version-
2007 which seemed to have more advantages for users [4].
Likewise, Dostál et. al developed boulevard, a fine-grained
adaptive user interface, for OpenOffice.org writer word pro-
cessor. In this study 12 participants were engaged in which
9 were males and 3 were females, aged from 21 to 53 years
(M=28.75 years). In qualitative measures, users were able to
select their desired commands in cases of toolbars, menus and
boulevard during first attempt around 62.7 percent, 53.3 per-
cent and 66.4 percent respectively. But users failed to select
command during 30 seconds (maximum time) in 20 cases for
toolbar, 67 cases for menus and 11 cases for boulevard part of
experiment [27]. In 1999, Dey et al stated that context can be
used to define the position of an entity. The study described
the four context types and three context-aware features
of the applications. The selected systems contain different
applications of context-aware behavior. For example, cyber
guide, context toolkit, active badge, NETMAN and aug-
mentable reality have context types (identity, location) and
context-aware types (presentation and tagging) [22]. Open
Service Gateway Initiative (OSGi) provided secure service
delivery and reliable remote management of context aware
mobile services. The SOCAMmiddle ware was developed to
provide the support to context-aware systems on the top of
OSGi. For implementation purpose, the ontologies of vehicle
domain were developed consisting 19 classes and 30 proper-
ties. Context interpreter validated and parsed OWL expres-
sions into Resource Description Framework (RDF) triples
while context query received [28]. The sensor based context
ontology for mobile device was derived with the combina-
tion of different sensors implanted in a mobile device. The
ontology supports the rapidmobile applications development,
usage of resources efficiently, knowledge re-usability and
information sharing between communicating entities. The
concept of ontology driven prototyping was proposed for the
display of adaptive information [29]. In 2011, Shahzad et al
discussed ontological modeling approach for Graphical User

Interfaces (GUIs). The end result was User Interface Model
UIM described as RDF/XML files containing the tags of
domain ontology and User Interface Ontology (UIO). It was
evident that user interfaces properties and their relationships
can be defined through semantic and ontological framework
as UIO [30]. Different ontologies have been developed in
different contexts but still there is need to create ontology
for mobile devices in user’s context. The CC/PP (Composite
Capabilities/Preference Profile) is a W3C initiative model
that proposed an infrastructure to express the preferences of
user and capabilities of device. It can be used to guide the con-
tent adaptation presented to the device. The CC/PP is profiles
based architecture which uses RDF language for implemen-
tation. It consists of a hierarchical structure of components
which is divided into three areas such as hardware, software
and application [31]. CoBrA-ONT (Context Broker Architec-
ture) defines some of the common attributes and relationships
related to places, people and activities. The main objective of
this ontology is to enable knowledge sharing and ontology
reasoning within the CoBrA [32]. The CoDAMoS ontology
is used to solve the challenges of automatic code genera-
tion, code mobility, application adaptation and generation
of device specific user interfaces. It defines four main core
entities such as user, environment, platform and service [33].
CONON (Context Ontology) determines the general con-
cepts about person, location, activity or computational entity,
whose terms are thought to be extensible in a hierarchical way
by adding domain specific concepts. This specific ontology
captures the generic features of basic contextual entities [34].
The Delivery Context Ontology provides a formal model of
the environment characteristics in which different devices
interact with concrete services. The major entities modeled
in this ontology are hardware, software, environment and
location. SOUPA (StandardOntology for Ubiquitous and Per-
vasive Applications) is designed and model to support perva-
sive computing applications. It is divided into SOUPA-Core,
which defines such concepts that appears in many scenar-
ios (e.g. time, person, space) and SOUPAExtensions that
supports specific concepts in narrower domains (e.g. office,
home) [32] [35]. DOLCE upper level ontologywas developed
within the WonderWeb project. It showed that how DOLCE
used Onto-Clean methodology and understood some major
WordNet’s semantic limitations [36].

A. USER CONTEXT AND USAGE ENVIRONMENT
Variable regarding user’s environment are already available
in previously defined ontologies providing knowledge in
many dimensions demography, cognitive skills, background,
education, personality and preferences. The different users
interpret the command names, icons and displays in different
ways which is one of the major challenges in Human Com-
puter Interaction (HCI) research [37]. The context and task
define the change that needs to be performed in response to
the specific movement at the user interface [38]. In mobile
computing, the context-awareness or physical environment
includes surroundings of a user and device (e.g. location and
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time) [7], [36]. Context modeling for usage learning has been
defined into three categories such as:

• Based on domain knowledge
• Supervised learning approaches
• Unsupervised learning approaches.

Supervised learning approaches require a serious amount
of domain knowledge while unsupervised learning does not
require domain knowledge [39], [40]. It is very difficult to
collect relevant information about the causes of usability hin-
drance from users. This issuemay create difficulties for appli-
cation developers to develop adaptive applications according
to user’s contextual information [27].

B. CONTEXT ELEMENTS
The defined context elements are represented through seman-
tic relations and their constraints [34]. In our model the
contexts are dynamic that are extracted from environment
which help to identify the situation of a user at certain time
or location. Actually a ‘‘situation’’ is a complex notion that
may be seen at different granularity. In our research, the user
context has been considered as a set of parameters such
as device, user, environment and activity. Context adapta-
tion by user interface can be done in two broad approaches
(i) static context adaptation is user-driven (customization)
in which contents are provided and controlled by user prin-
cipally (ii) dynamic context adaptation (personalization) is
not user driven in which user is essentially inactive or has
less control [41]. In ontologies, the context information is
mostly represented in static form of adaptationwhile dynamic
characteristics are still needed to be incorporated. Though
an ontology permits the existence of multiple instances of
classes that may change with the passage of time [5] (e.g.
living conditions of user). There are plenty of ontologies
developed previously to specify user contexts focusing on
user properties only. There are also ontologies modeling the
environment in different application areas. The devices and
machines are defined in their respective ontologies. The com-
bination of these context elements needed to be presented to
form a whole context of mobile-phone usage for user inter-
face adaptivity. The following are the aspects of ontological
model to context adaptation for mobile users.

1) DEVICE CONTEXT
Devices are used in various kinds of situation which changes
dynamically according to particular context change. Small
screen size, display, mobility, sensor, capacity, processor,
memory, graphics, input and output functionalities affect the
usage of interfaces and interaction [40]. The device should be
smart enough to understand the user’s needs, make decisions
based on the read context and proceed with adequate actions
without interrupting the user [42], [43].

2) USER CONTEXT
User’s context may contain demographic information (e.g.
name, age, country, city, state, gender, education) and be able

to represent the preferences of either a group of users or
a single person. User profiles are generally represented as
sets of weighted keywords, semantic networks, or weighted
concepts, or association rules. User’s willingness and time are
required for the development of a personal profile [16], [30],
[44], [45].

3) ENVIRONMENT CONTEXT
The environment context has four major types such as
(i) physical (ii) social (iii) virtual and (iv) computational
environment. The precision and concentration of environ-
ment context knowledge depends at the sensing abilities of
the application and device to sense the environment such as
weather, temperature, noise, time and location [46]–[48].

4) ACTIVITY CONTEXT
User modeling is required to maintain and update the user’s
profile while task modeling refers to particular user’s activi-
ties to infer further information. A user’s activity may have a
specific location, time and context [17]. The activity context
is used to describe information about the users, tasks and
goals [34].

C. ONTOLOGICAL REPRESENTATION OF CONTEXT
The formal ontology has capacity to communicate informa-
tion and the ability to represent entities to name the concepts
in machine readable form. It can also define these concepts
in different classes and specific instances. Humans have
concepts, based on knowledge cognition including system
devices, senses, experiences and context [49]. These con-
cepts are abstract, vague, composite or real. Humans create
mental models and expect system and device behavior
accordingly. All automated systems comprise of software and
hardware provide computational models of real world con-
cepts. Ontologies are used to express these concepts formally
to define a computational model. Ontology driven informa-
tion systems approach is being used to design the application
in human’s perspective [22]. Thus, we are exploiting the
benefits of ontologies to formally state the usage context of
adaptive user interfaces. The anticipated ontology may be
composed of representational terms for the elements of the
mobile usage context. This type of ontology needs to repre-
sent association amongst entities in the universe of discourse
(e.g. classes, relations, functions, objects or constraints) with
human readable text description.

IV. ONTOLOGY ENGINEERING FOR USER CONTEXT
Ontology engineering is used to develop ontology to formally
define the concepts of usage context in detail. The context
elements can be read and understood by any machine or
computational system with these formal definitions stated in
OWL/RDFs.

A. USE CASE (UC) SCENARIOS
Some trial scenarios are built for different contexts in smart-
phone usage. Mobile Phone is a sample device used in this
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FIGURE 1. Device taxonomy.

research; it is selected due to variety of functions and usage
environments such as official applications, entertainment
videos or geospatial services etc. These scenarios are built
for different categories of users, environment and activities
using different tasks (e.g. child is taking selfie in park at
night, office worker attending a meeting in morning at office,
illiterate person using mobile-phone on roadside at noon,
driver is prohibited to take selfie during driving etc.).

1) A child is taking selfie in the park at night.
2) An office worker is attending meeting in morning at

office.
3) An illiterate person is searching nearest hospital over

the web at noon on roadside.
4) A driver is using navigation system in garage in morn-

ing.
5) A cook is using web-services in kitchen at noon.

B. VOCABULARY
The vocabulary constitution for ontological model is pre-
sented in Tab.1. This vocabulary is constructed over the
recognized elements of context especially considerable for
interface design. These elements are identified by many of
the past research work performed in last three decades and
discussed in the literature review section [28], [29], [33], [46],
[50]–[52].

C. TAXONOMY
The taxonomy of relevant concepts are extracted from men-
tioned literature and published ontologies [31]–[35]. The
taxonomy development is performed as the second step
after vocabulary building for ontology engineering. The
Table.1 has provided all the concepts with initial relations of
classes and subclasses along with data and object properties.
The taxonomy was developed using Protégé (version 5.2.0).
The hierarchy is formed on the basis of each context type
having different values of the dimension like user, activ-
ity, time, location (classes, instances, properties). Semantic
queries will be used for knowledge acquisition while the

FIGURE 2. User taxonomy.

knowledge sharing is accomplished through the instances of
concerned branches of context tree [29] There are four basic
concepts of context properties such as user, environment,
device and activity. These concepts are the base classes of
context taxonomy.

1) DEVICE TAXONOMY
Device taxonomy is elaborated in Fig.1 where device prop-
erties provide the device context as part/kind of whole
context class. The properties are made according to the
sample scenario requirements. Camera: object property
and DisplayColor: data properties are examples of the
device properties. The individuals/instances for the scenar-
ios includeMobilePhone, TouchScreen, InternetConnectivity
etc.

2) USER TAXONOMY
Fig.2 shows the user taxonomy in which user properties pro-
vide the user context as part/kind of whole context class. The
properties are made according to the sample scenario require-
ments. HasDevice:object property and Age: data property,
are examples of the user properties. The individuals/instances
for the scenarios include OfficeWorker, Driver and Child
etc.

3) ENVIRONMENT TAXONOMY
Environment taxonomy is described in Fig.3 where envi-
ronment properties provide environmental context as part of
whole context class. The properties are made according to the
sample scenario requirements. HasLocation: object property
and HasTime: data properties are examples of the environ-
ment properties. The individuals for the scenarios include
RoadSide, Gym, Garage and Morning etc.

4) ACTIVITY TAXONOMY
Activity properties provide the activity context as part/kind of
whole context class which is shown in Fig.4. The properties
are made according to the sample scenario requirements.
HasTouch: object property andDisplaySize: data property are
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TABLE 1. Vocabulary representation for ontological model development.

FIGURE 3. Environment taxonomy.

FIGURE 4. Activity taxonomy.

examples of the task properties.The individuals/instances for
the scenarios includeWorkout,,TakingSelfie,etc.

5) SEMANTIC RELATIONS
The concept of semantic relations is shown in Fig.5 where
these relations are defined according to the user requirements
of selected scenario. Here each concept has its semantic
relations within the developed taxonomy.

6) CONSTRAINTS OF SCENARIOS
The defined constraints are applied on different individuals
allowing them to be in a relation with specific range of
values.Some Use cases are having different constraints dis-
cussed below.
• As an example from the exercised scenario, the indi-
vidual child has constraints over the age, location and
activities. In Fig.6 the given scenario shows that child
HasLocation: Park, HasActivity: TakingSelfie, Has-
Device: MobilePhone, HasTime: Night and HasAge:
15. The constraints are shown that child HasActivity:
Meeting, Workout, SearchingNearHospital, Kitchen,
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FIGURE 5. Semantic relations.

FIGURE 6. Semantic constraints.

UsingWebServices, SearchingForNearestPetrolPump
and HasLocation: Office, RoadSide, Garage, Gym.

• The scenario of OfficeWorker is discussed in Fig.7 along
with its constraints. OfficeWorker HasTime: Morning,
HasActivity: Meeting, HasLocation: Office, HasDe-
vice: MobilePhone and Has age: 35. The constraints
are shown that OfficeWorker HasTime: Night, Has-
Activity: SearchingNearHospital, SearchingForNear-
estPetrolPump, TakingSelfie, UsingWebServices and
HasLocation: Kitchen, Garage, Park, RoadSide.

• The scenario of OfficeWorker is discussed in Fig.8 along
with its constraints. The properties of IlliteratePerson are
shown in Fig.8 as: HasDevice: MobilePhone, HasLo-
cation: RoadSide, HasActivity: SearchingNearestHospi-
tal, HasTime: Noon and Has age: 30. The constraints
are shown in this scenario that IlliteratePersonHasActiv-
ity: Meeting, UsingWebServices, SearchingForNearest-
PetrolPump, Workout, TakingSelfie and HasLocation:
Office, Gym, Park, Garage, Kitchen.

7) VERIFICATION THROUGH REASONER
Specifically, reasoning over rules is monotonic with addition
of new piece of observation cannot change already inferred
knowledge. There is a strong relationship between context
modeling and reasoning to produce effective and efficient
results [53]. However, the proposed ontological model is
derived for non-monotonic rules in which dynamic observa-
tion can be treated. Validation Protégé provides third-party
Reasoner likeHermiT and FaCT++ and others to validate the
ontologies [54]. Reasoner detects and finds inconsistencies
or contradictions of ontologies structure and data based on
mathematical models [55]. It provides logical deductions
based on inference rules defined and specified in description
logic and uses forward chaining or backward chaining to
perform inference [56]. Pellet Reasoner is used to validate our
ontology model. Previously researchers and ontology engi-
neers use reasoner to validate their work [57]–[59]. It can be
used in unification with Jena and OWL APIs.Reasoner were
used to verify the rules, relations and constraints to detect the
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FIGURE 7. Semantic constraints.

FIGURE 8. IlliteratePerson constraint scenario.

FIGURE 9. Validation of Ontology consistency and coherency using Pellet
reasoner.

inconsistency among concepts definition and relations in the
built ontology.

8) CONTEXT KNOWLEDGE REPRESENTATION THROUGH
ONTOLOGY
The developed context ontology formally defines the usage
context. It provides answer to the first competency question
that requires a formal description for the usage context of
smart devices. It consists of all the classes and individuals
for the provided scenarios. These classes and individuals
include Device, User, Environment and Activity properties
that reflect the solution to CQ2 and sub-questions CQ2.1 to
CQ2.4. This Ontology also preserves the semantic relations
and constraints among defined classes and instances. With
the provided results through consistency checking by the
Reasoner, the suitable response to the CQ3 is also ensured
in developed ontology. Furthermore, the ontology has been
developed and verified through SPARQL query language.

The OWL DL and OWL2 are ontology languages to capture
the context of elements of interest (e.g. persons, events, activ-
ities, locations) and their appropriate relations by mapping
the information to respective class properties [60]. SPARQL
can be used to express queries across diverse data sources,
optional graph patterns along with their conjunctions and dis-
junctions. SPARQL also supports aggregation, sub-queries,
negation, creating values by expressions, extensible value
testing, and constraining queries by source RDF graph. The
results of SPARQL queries can be result sets or RDF graphs.1

The sample sets of queries performed through SPARQL have
been taken from the defined semantic

V. RESULTS AND DISCUSSION
Context has been defined and preserved in user context ontol-
ogy with their semantics as individuals of given use case
scenarios. These scenarios can be extracted using SPARQL.
The Fig.9 to 13 provide the SPARQL queries of defined
use case scenarios.The adaptive environment adjusts the
operational and usage parameters according to the contexts.
Adaptivity deals with automated processes which require
reading the context and deciding about the operations of
interaction model. Overall, the computation needs machine

1https://www.w3.org/TR/2013/REC-sparql11-query-20130321/
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FIGURE 10. Use Case 1 description using context ontology.

FIGURE 11. Use Case 2 description using context ontology.

readable and computable elements of contexts. The SPARQL
queries have retrieved the context details that can be used
in UCD for interaction style development of respective AUI
e.g. the mobile interface of a driver, child or office worker
etc.

The query, in Fig.9, extracts the information about use
case scenario 1 where ‘‘A child is taking selfie in the park at
night’’. The result shows that the subject ‘‘Child’’ along with
the properties and objects provide relations like HasLocation:
Park, HasDevice: MobilePhone, HasActivity: TakingSelfie
and HasTime: Night.

In use case scenario 2, ‘‘An officeworker is attending
meeting at day time in his office’’. The Fig.10 shows
information that the subject ‘‘OfficeWorker’’ along with
the properties and objects provide relations like HasLoca-
tion: Office, HasDevice: MobilePhone, HasActivity: Meet-
ing and HasTime: Morning. The Fig.11 shows the result
of description of using context ontology for use case sce-
nario 3 where ‘‘An illiterate person is searching nearest
hospital over the web on roadside’’. The result getting
through given query shows that the subject ‘‘illiteratePerson’’
along with the properties and objects provide relations like
HasLocation:RoadSide,HasDevice:MobilePhone, HasActiv-
ity:SearchingNearestHospital and HasTime: Noon.

The query given in Fig.12 extracts the information about
use case scenario 4 where ‘‘A driver is using navigation sys-
tem in garage in morning’’. The result shows that the subject
‘‘Driver’’ along with the properties and objects provide rela-
tions like heHasLocation: Garage, HasDevice:MobilePhone,

FIGURE 12. Use Case 3 description using context ontology.

FIGURE 13. Use Case 4 description using context ontology.

FIGURE 14. Use Case 5 description using context ontology.

HasActivity: SearchingForNearestPetrolPump and HasTime:
Morning.

‘‘A cook is using web-services in kitchen’’ representing
use case scenario 5. The query given in Fig.13 shows the
result that the subject ‘‘Cook’’ along with the properties and
objects provide relations like cook HasLocation: Kitchen,
HasDevice: MobilePhone, HasActivity: UsingWebservices
and HasTime: Noon.

User context elaborated the details formally to facilitate
adaptive user interfaces (AUIs) to define user interaction
modes and styles accordingly. Selection of interaction can be
done dynamically such as if it detects the use case 2 situation,
the device may go to silent mode or any specialized settings
for the context.

VI. CONCLUSION
Currently, there are millions of mobile phone users available
globally due to the rapid adaptation of mobile computing.
Excessive usability concerns of mobile phones have brought
gigantic data collections of user preferences. User profiles,
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contexts, situations and description of semantics provide the
basis for a demand-driven personalized information and ser-
vice logistics. All these descriptions are based on hierarchical
set of attributes that characterize an entity, instantiated as
user profiles, situation profiles and service profiles. Sensors
within the mobile devices gather context values of all users
automatically and whenever a user significantly changes his
or her context, the (new) situation is derived dynamically
by the inference engine. Finally, the service matching pro-
vides all appropriate values of the user’s context and pro-
file, grouped into categories. AUI, with the consideration
of user’s updated value, updates the actual set of recom-
mended services at the user’s smart phone. All of this is done
using semantic rules defined on the basis of different context
dimensions e.g. device, user, task and environment. In cur-
rent point of discussion, this semantic context model tar-
geted to bring an adaptive usage environment. This research
has concluded with a scalable, technology independent, and
semantically verified shared context knowledge framework.
Ontology here presents the reasoning base for intelligent
adaptation in user interfaces. The targets achieved include the
ontological context elements representation for interaction
design that can be instantiated for while interface develop-
ment. As the next step of major research, the resultant User
Context Ontology(UCO)2 will be used as input for intelligent
Context to Interface mapping algorithms. The UCO enables
us to populate the knowledge base through variations of inter-
action contexts beyond the device or usage specifications.
This property will be exploited for knowledge discovery over
context pattern and context-interface correlation identifica-
tion. The resulting context knowledge, as future research
directions, can be adopted for different mobile usage context
mining, analysis and context aware systems with machine
learning and AI algorithms.
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