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Abstract. In this paper we propose a modeling and design approach for build-
ing physical hypermedia applications, i.e. those mobile applications in which
physical and digital objects are related and explored using the hypermedia para-
digm. We show that by separating the geographical and domain concerns we
gain in modularity, and evolution ease. We first review the state of the art of
this kind of software systems, arguing about the need of a systematic modeling
approach; we next present a light extension to the OOHDM design approach,
incorporating physical objects and “walkable” links; next we generalize our ap-
proach and show how to improve concern separation and integration in hyper-
media design models. We compare our approach with others in the field of
physical and ubiquitous hypermedia and in the more generic software engineer-
ing field. Some concluding remarks and further work are finally presented.

1 Introduction

The idea of physical hypermedia (PH) was first introduced in [7] to support design
activities and to organize collections of different media, and in [15] as a formalism to
build augmented reality applications. In these software systems, physical objects are
augmented with digital information which can be accessed by the mobile user, for
example while standing in front of the object. Physical objects can be further consid-
ered as nodes in a hypermedia network and thus linked with other nodes either physi-
cal or digital. When dealing with digital objects, the user will traverse the link using
the well-known navigation paradigm (e.g. as in the WWW); in other cases (e.g. when
physical objects are involved) the link will have to be “walked” by the user [9].
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A simple example scenario is a museum in which visitors are equipped with portables com-
puter devices. When the visitor stands in front of an artwork, he gets multi media information
about the artwork in his portable device. Additionally, he is presented with a set of anchors that
allow him to navigate to other objects (hypermedia nodes) related with the artwork. When one
of these nodes is another artwork in the museum, he can be shown how to reach this artwork;
he can then choose to traverse the physical space (walk the link) towards this node, or just
continue his actual tour. Notice that we are not just augmenting the physical object (artwork)
with some digital information but also providing some kind of linking to other digital or physi-
cal objects.

These ideas allow to apply the hypermedia paradigm to the real world; it has been
shown elsewhere [5] that we can also build rich social interactions when users can link
their own comments to a physical object, for example as digital graffiti or recommenda-
tions, and these comments can be accessed or further discussed by other users.

In our research we are interested in how to model and design these applications,
i.e. in analyzing which software modeling and design issues we face while building
PH applications, which software abstractions we need to clearly indicate the intended
structure and behavior of a PH network, and the way in which those abstractions re-
late with each other.

In this paper we present a novel approach for the design of PH applications; this
approach seamlessly extends the Object-Oriented Hypermedia Design Method
(OOHDM) [18] to support physical objects and “walking” navigation. We show that,
by clearly separating the fundamental concerns in this kind of software, we improve
modularity and ease of evolution. We also show how to go further with this approach
in complex application domains, by applying well-known techniques for separation of
orthogonal (or partially overlapping) concerns.

The main contributions of this paper are the following:

e We indicate which design issues must be faced while modeling PH applications,

e We present a concise design approach that can be easily adapted by other hy-
permedia and Web modeling methodologies like UWE [11] or WebML [3] to
extend their scope to the physical world.

e We present an approach for designing navigational structures that depend on
application concerns. We define concern-driven navigation as an extension of
our approach of concern decoupling in physical hypermedia.

The rest of the paper is organized as follows: In Section 2 we introduce our model-
ing approach; we briefly explain the OOHDM framework and indicate how we ex-
tended it to support PH and we analyze several navigation issues. In Section 3 we
discuss how to generalize our basic approach to include other concerns. In Section 4
we compare our work with others both in the hypermedia and software engineering
fields. Some further work and concluding remarks are finally described in Section 5.

2 Modeling Physical Hypermedia Applications

While researchers have emphasized the feasibility of the PH paradigm by building soft-
ware infrastructures that support these ideas [8,9,15] and performing usability studies
[7], modeling and design issues have been so far ignored. We believe that the inherent
complexity of these applications requires a special emphasis in modeling and design.
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To make this discussion concrete, we define a PH application as a hypermedia ap-
plication (i.e. the access to information objects is done by navigation) in which all or
some of the objects of interest are real-world objects which are visited by the user
“physically”. The most usual scenario for these applications involves a mobile user
and some location sensing mechanism and underlying software that can determine for
example when the user is within interaction range of one of these objects.

In this specific domain we need to express, in an implementation-independent way,
which are the objects of interest and their properties (including their location), how
they are linked, which links should be implemented as conventional and which should
be “walked” by the user. We should be able to cope with technology evolution and
heterogeneity, i.e. the design model should not be compromised with details on loca-
tion-sensing technology and at the same time it should allow to build models that can
gracefully evolve together with new technical possibilities.

We have extended the OOHDM [18] design approach by adding a few concepts
such as physical objects and slightly changing some navigation semantics to adapt
them to the physical hypermedia field. The object-oriented nature of OOHDM and its
open meta-model allowed us to achieve this objective easily, without changing the
basic assumptions and primitives of the methodology. In the following sub-sections
we stress those modeling constructs that are fundamental to the development of this
kind of context-aware software. In particular we emphasize how to describe basics
structures and behaviors in a high level way. We purposely ignore aspects related
with user modeling and user context-aware adaptation that have been discussed else-
where [1,10,19].

2.1 The OOHDM Design Approach

OOHDM partitions the development space into five activities: requirements gather-
ing, conceptual design, navigation design, abstract interface design and implementa-
tion. The first step is to elicit stakeholders’ requirements which helps to identify ac-
tors and the tasks they must perform. Scenarios are collected by means of User inter-
action Diagrams, a special form of Use Cases. During conceptual design we describe
the application classes and their relationships using UML [21].

For each user profile we can define a different navigational structure according to
the tasks this kind of user must perform. The linking structure of a Web application is
then defined by a navigational schema, built from navigational meta-classes such as
nodes, links, anchors and access structures such as indexes. Each node is defined as a
view over conceptual objects, acting as an Observer on those objects [6]. The separa-
tion between objects and their views allows customizing the structure of nodes and
the linking topology to the needs of the corresponding user profile and task.

Additionally, the navigational contexts schema defines the meaningful sets of
nodes that the user will traverse and the intra-set navigation topology. For example,
we can specify the navigational context “Artworks by Painter” to denote the set of
paintings of a particular painter, and specify that sequential navigation (from one
artwork to the next, according to some specified ordering) is allowed. Since the same
artwork might belong to different sets, e.g. Artworks in a Time Period or Artworks in
a Room, the differences when accessing it in one context or others, are expressed
using InContext classes, that extend the basic features of a node in the particular navi-
gational context. Details on these primitives can be found in [19].
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The abstract interface model defines which interface objects the user will perceive
(in particular how nodes will look like) and which interface transformations will take
place. Finally, during the implementation activity the whole set of models is mapped
into a run-time environment. Though OOHDM does not prescribe a particular strat-
egy for implementing a hypermedia or Web application, its approach can be naturally
mapped to object-oriented languages and architectural styles, such as the Model-
View-Controller. In the following sub-sections we concentrate in the conceptual and
navigation design activities.

2.2 Dealing with Physical Objects

We extended the OOHDM conceptual meta-model by adding the concept of Physical
Object and a simple User Model. Though the user model is not described here for the
sake of conciseness, it suffices to say that it contains information about the current
user’s position together with his (general or application specific) preferences. Details
on the introduction of user’s information in OOHDM models are discussed in [19].

A physical object is an application object that can be explored “physically”, i.e. it
has a physical presence in the system and the user can be tracked if he is within inter-
action range of it. In the museum example, we can be interested in modeling artworks,
rooms, corridors or other places as physical objects.

To find a suitable approach for modeling physical objects, we need to consider that
not all objects of the same class (e.g. Artwork) should be tagged as physical: for ex-
ample, in the museum, we might want to relate artworks in the museum with others
that are not in exhibition, or are in another geographical place, or simply do not exist
anymore. The “physicality” of an object is a completely separate concern from its
other characteristics, such as its (sub) type. Therefore, representing physical objects as
sub-classes of a particular class (e.g. Artwork) introduces a specialization criteria that
might collide with others in the intended domain (paintings, sculptures, etc) and also
prevents us for considering an artwork alternatively as physically accessible or not for
when it is not longer in the museum or when it is presented in an exhibition. To ac-
commodate this, we have then chosen to model physical objects as roles that can be
assumed by conceptual objects. Roles have been extensively used to model and inte-
grate different points of views on the same reality [13], both as conceptual modeling
and design artifacts [14,20]. Roles can easily be mapped to simple implementations
either using decorators as shown in [14] or even Java interfaces.

A role type (in this case a sub-type of the basic role Physical) indicates those prop-
erties and behaviors of an object when playing that role, i.e. when the object has a
physical presence. In Fig. 1 we show a simple conceptual model for the physical mu-
seum; roles are described using the notation in [14]. Small white boxes indicate that
the corresponding class can play the corresponding physical role, i.e. any object of the
class can be considered physical.

Physical objects are characterized by an attribute location whose semantics de-
pends on the location model being used, and an operation to change location (if the
object is mobile or can be changed of place); location can be just an identifier (e.g. if
we use code bars or infrared sensing), or we might need a more complex representa-
tion. In our meta-model we provide a set of basic geometries and reference systems
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Fig. 1. Conceptual Model of the museum including physical objects

for locations as shown in Fig. 2. A designer might choose one of them or define his
own location model. Using the simple solution of Fig. 2, we can deal with different
representations and location-sensing technologies even for the same class of objects; for
example if an artwork is located in a square outside the museum we could use global
coordinates, as usual with GPS technology. This design structure also simplifies evolu-
tion when location or sensing technology changes, as the design model can be seam-
lessly adapted to the evolution, for example by adding a new type of reference system.
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Fig. 2. Decoupling Location model from physical objects

The location of a physical object involves a value expressed in a Geometry (point,
line, polygon, etc.) and interpreted in one reference system. For the sake of simplicity
we do not explain details of location interpretations, which has been well covered in
the literature of geographic information systems [12].

Physical (role) objects possess a default behavior that allows them to handle the
event signaled by the user being within interaction range, by opening (activating) the
corresponding node. Additionally, they could be able to inform how the user can
reach them from any location; this behavior is triggered by “walkable” links (See 2.3)
to indicate how the user can “navigate” physically to the object. The object can either
answer its absolute location, a plan or the route one must follow to reach it from the
actual location. The designer must specify this last and eventually other behaviors as
they are application dependent. In Fig. 3 we schematize the fundamental spatial be-
haviors.
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Fig. 4. Relationships among Physical Objects

Physical objects may be related using a variety of spatial and geographical rela-
tionships and predicates which give us a tool to build interesting navigational struc-
tures as will be described in Section 2.3. In Fig. 4 we show some well-known spatial
relationships. Notice that their implementation in a particular system might need that
they are specified in an instance basis (e.g. an artwork in_front_of another). In other
cases they can be calculated using the corresponding geometrical behaviors [12].
Designers can devise new relationships specific to their domain of interest. These
relationships will be shown in the model of Fig. 1 as relationships between the physi-
cal roles of the corresponding classes.

2.3 Navigation Issues

Navigation in PH applications is also described by a navigational schema with the
OOHDM semantics. This allows us to eventually let a user explore a physical object
even when not physically near it, by just defining the corresponding Node class; in
our example this is useful for those artworks under restoration, which will be only
accessed physically by specialists.

There are, however, two major differences between a conventional and a physical
hypermedia regarding the operational semantics expressed by the navigational
schema: the activation of nodes and the semantics of link traversal.
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In conventional hypermedia a node is opened when we navigate a link having that
node as a target. While we want to preserve this behavior for “pure” digital nodes, a
node that stands for a physical object should be opened when the user is within inter-
action range of the object. Of course we might also want to build a “conventional”
web interface for that object which can be trivially done using the viewing mecha-
nisms of OOHDM, so we won’t discuss this possibility here.

We decided not change the basic Node class hierarchy; as we explained in Section
2.2, a node corresponding to a physical object will be opened when the user is within
interaction range of the object as a consequence of the default behavior specified for
its role as a physical object. We can of course implement more sophisticated context-
aware or personalized activating behaviors; this can be done by using the strategies
discussed in [19].

Meanwhile, to implement a different navigation semantics, we defined “walkable”
links (or WLinks) as those links whose target node is the digital counterpart of a
physical object. The main difference between the operational semantics of a naviga-
tional and a walkable link is that, while the former usually closes the current node and
opens the target node, the latter just indicates the user intention to reach the corre-
sponding physical object.

WLinks are designed by changing the default link traversal algorithm, which is ex-
pressed in OOHDM as a Strategy [6] on Link classes as described in [18] and shown
in the left of Fig. 5. In order to achieve the desired behavior, the link traversal algo-
rithm invokes the howToReachFrom behavior (Fig. 3) in the physical object corre-
sponding to the target node; the actual user location used as a parameter is the loca-
tion of the link source node. A schema of the decision structure of the WalkingLink
traversal is shown in Fig. 5.

Link

LinkTraversal
EtravAlg -
Btraverse() Ftraverse() B
‘ A
SimpleT | DynamicTraversal WalkableLink
Straverse()

bl ™ traverse (L) \:
ravAlg. traverse (self) return (L.targethowToReachFrom (L.source.position) ﬁ

Fig. 5. Walkable links as Strategies on Links

This design style allows implementing different types of “walking” semantics by
specifying a different algorithm as another Strategy class, either at the same level of
WalkableLink or as a concrete sub-class that re-writes the method traverse. For exam-
ple, in a production line application, we might want that the target object moves to-
wards the user, so instead of asking for a map we could send a message such as
L.target moveTo (L.source.position).

Decoupling links from their traversal algorithms also allows us to express differ-
ences at the link instance level, for example when an instance of a WLink class has an
exceptional “non-walking” semantic, i.e. it behaves as a conventional link, and we
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show digital information of the object even if the user is not in front of it. In Fig. 6 we
show the navigational schema for the visitor user role that corresponds to the concep-
tual model in Fig. 1. WLinks are shown with a <<W>> in the style of UML stereo-
types [21]. We omit the name of link classes for the sake of simplicity. With this solu-
tion we also cope with evolution problems that are mapped to changes in instances of
the corresponding Link class instead of requiring changes in the overall class.

WLinks, in the same way as navigation links, allow us to explore physical objects
by mapping conceptual relationships shown in Fig. 1 into walkable links. For example
two artworks that are closely related might be linked to suggest the user a less con-
ventional museum visit. Notice that additional usability issues arise, e.g. to avoid
suggesting the user to perform long walks: they also become a design concern. Inter-
esting discussions on this subject can be found in [7,8].

Physical objects can also be related through rich spatial relationships either generic
as shown in Fig. 4 (e.g. near, in front of) or application specific (e.g. in the same
room), that may also induce interesting navigation relationships and structures. These
relationships can help to create navigational contexts by grouping objects according
some location property; for example we can describe the set of Rooms close to the
Boutique, or the set of Artworks located not far from a certain zone in the Museum. In
a tourist application we might want to visit the monuments along a road or a river, or
those that are near a particular place. It is interesting to note that, when using WLinks
to implement intra-set navigation in a navigational context, the context represents a
real guided tour along a geographical space. Furthermore, these location-based rela-
tions can be combined with the other types of relations in defining meaningful con-
texts; for example, while traveling in southern France, one may wish to see the Art-
works by Van Gogh depicting scenes in that region.

<<W>> Technical
I \
] \, _ [bate
y e
[

e |<<We>

—
|
\

Fig. 6. Navigational Schema with WLinks

3 Advanced Concern Separation

In previous sections we showed how to decouple conceptual properties from spatial
properties of physical objects. We have also shown that the spatial perspective opens
new yet unexplored possibilities for building navigation structures. While the spatial
concern is crucial for physical hypermedia, we can generalize this discussion to other
non-spatial concerns. Some of them will be orthogonal with the others: for example,
the user model could be described without directly affecting application classes [19].
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Other types of concerns however are more difficult to handle. Suppose that in the
Museum example we want to model the history of the museum, e.g. how the building
and collections evolved over time, when artworks arrived at the museum, and why.
Should we clutter the existing model (e.g. Fig. 1) with information and relationships
related to this new concern? Additionally, how do we deal with the cognitive over-
head eventually produced by links belonging to different “themes”? We introduce
these ideas in the following sub-sections by first formalizing how to clearly separate
spatial from conceptual modeling.

3.1 Conceptual Versus Spatial Modeling

By using well known techniques for concern separation such as Role Modeling [16]
or Subject-Oriented Design [4], we can re-think the conceptual model of Fig. 1, as
dealing with two separate sub-models and specify them as shown in Fig. 7, with UML
packages, namely KernelMuseum and PhysicalMuseum.

Thus, each model can be engineered separately, and relationships can be thought
and evolve independently thus improving modularity. When two classes with the
same name exist in both models (e.g. Room, Artwork, Boutique) we need to solve this
overlap when integrating the models. We did this as shown in Fig. 1 by using roles in
classes with the same name. Fig. 1 therefore represents a design refinement of the
higher level model in Fig. 7.

PhysicalMuseum KernelMuseum
Technical
PhysicalObject ’—‘ Data
Room
— ,
7
Room ‘ ‘ Artwork ‘ ‘ Boutique ‘
[ | [ I ]
[ ] [ | ]
3 Historical
Context

Fig. 7. Decoupling design concerns

Notice that the PhysicalMuseum model might also contain relationships between
application classes, that will be mapped onto relationships between the corresponding
(physical) role classes.

3.2 Extending the Approach to Other Concerns

We can use the same design philosophy shown in Fig. 7 when introducing other con-
cerns into the conceptual design activity. Generalizing the ideas behind Fig. 7, we
show in Fig. 8 a model that adds the Historical concern of the Museum to the previ-
ous example.
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Fig. 8. Multiple concerns in conceptual models

In Fig. 8 we considered the KernelMuseum concern as the central one; historical
and physical classes and relationships should be further integrated with those in the
kernel. This can be done again using roles in overlapping classes; in this example we
will have a Historical role for Artwork and Museum; each role will host attributes and
relationships that belong to the corresponding concern. Interesting problems arise
when dealing with more complex applications or behavioral requirements (see for
example [4]). Other techniques such as Subject-Oriented Design [4] or Aspect Ori-
ented Design [2] can be used to describe the conceptual model when cross-cutting
requirements exist, though they are usually applied to more technical or programmatic
concerns as discussed in section 4.

3.3 Discussion: Towards Concern-Driven Navigation

It is interesting to analyze the impact of introducing multiple concerns in the naviga-
tional model; in our example, what does it mean to navigate the hypermedia space
following one of those concerns? What kind of software abstractions do we need in
order to support this kind of navigation?

We say that a hypermedia application supports concern-driven navigation, when it
is possible to choose one particular application concern and emphasize the informa-
tion and links corresponding to that concern, even at the expense of eliminating oth-
ers. For example, a user exploring the Historical concern of the museum might want
to ignore all information not related with this concern, or perhaps be able to “switch”
from one concern to another. Meanwhile, a person on a tourist trip might just want to
be “pointed” to places of interest, instead of just navigating through digital data. Some
concerns might be mutually exclusive, while others might be pervasive; e.g. in the
physical museum, the spatial concern is always accessible, since the user is traversing
the museum physically.

The discussion in 3.2 also applies to the navigation model; a designer might derive
different navigational schemas, one for each possible concern, using OOHDM primi-
tives, and then integrate them in a single schema, once again using roles. In the role
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model, while the base node class specifies information that the nodes always exhibit,
a role type will indicate which additional information and links a node will show
when playing the corresponding role, i.e. when accessed within the corresponding
concern. Navigational role types are derived from those roles representing concerns in
the conceptual model. It is a designer choice to decide which navigation concerns are
useful for a particular user profile or task, e.g. using the OOHDM viewing mechanism
for a specific hypermedia application. A similar solution has been used in [17] for
solving more general navigation problems.

We do not impose a particular kind of association among roles and nodes. Whereas
the standard unidirectional association is taken as a default (roles know about base
nodes but not vice versa), a designer might want to make nodes aware of the roles it
can play, in order to provide additional navigation operations. He can design an op-
eration for changing the actual concern (role) by another to allow more flexibility in
the user navigation; this can be useful, for example, for adaptive hypermedia. For
example, while exploring one node from a historical point of view, we might want to
see the “other face” of the node and continue exploring the physical concern. The idea
of concern-driven navigation opens many additional design issues, outside the scope
of this paper.

4 Related Work

Some of the design problems addressed in this paper have been the focus of interest-
ing research projects in the hypertext and object-oriented communities. We next dis-
cuss some of them to highlight our contributions.

4.1 Hypermedia

In [8] a comprehensive framework (HyCon) for deploying applications in which the
hypermedia paradigm is extended to the physical world is presented. The authors not
only show how to provide situated authoring and browsing but also show different
usage patterns in this kind of applications. In [15] meanwhile, an object-oriented
framework called HyperReal, based on the Dexter hypertext reference model is pre-
sented. As in [8] the authors show a powerful software substrate for building aug-
mented reality software. Our research is more oriented towards the modeling and
design of physical hypermedia applications: once the intended structure and behavior
of a PH application has been specified using the extended OOHDM, it could be im-
plemented for example using HyCon or HyperReal. We believe, however, that for
these technologies to become mainstream, some standardization at the level of im-
plementation architectures is needed. We are now studying how to extend the MVC
metaphor to include the physical dimension (See Section 5).

The goal of Adaptive Hypermedia (AH) [1] has been to improve the usability of
hypermedia applications by taking into account user interests and profiles. In this way
adaptive hypermedia has studied how to adapt the contents (nodes) and topology
(links) of the application according to a user model. Mature research in AH has led to
separating the user model from adaptation rules and from the domain model. The
UWA project [10] meanwhile has dealt with providing ubiquitous access to Web
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applications. A comprehensive modeling and design approach including user models
and adaptation rules has been devised.

Although PH is a kind of ubiquitous and adaptive hypermedia software, our re-
search has a different intent with respect to providing adaptive behaviors. First, we are
studying how to design applications in which real and digital objects are linked with
the hypermedia paradigm, and exploring how to build meaningful navigation struc-
tures that take into account the spatial domain. Besides, we are carrying separation
one step further than in UWA and AH by applying it to specific application concerns,
e.g. the physical concern.

4.2 Object-Oriented Modeling and Design

Separation of concerns has been a recurrent theme in the software engineering and in
particular the object-oriented field. Many researchers have argued that the object
abstraction is not enough to solve problems such as cross-cutting concerns, misalign-
ment between requirements and designs and evolving behaviors. These problems have
been addressed using Aspect-Oriented Programming [2], Subject-Oriented Program-
ming and Design [4] and Role Modeling [16]. Aspect-orientation has focused mainly
on technical domains, such as persistence, caching, security, etc. Subject-Oriented
Programming has been first used at the programming level and more recently for
aligning requirements with designs.

Our work is grounded on the ideas of Role Modeling (in fact we use the role con-
struct heavily in our approach), but with an original application focus: to separate
physical from more conceptual aspects. Subject and Aspect Orientation have not been
used in the field of hypermedia so far. Our concept of concern-driven navigation
meanwhile has not been addressed previously in the literature, although the original
OOHDM InContext class primitive can be seen as a first step in this direction.

5 Concluding Remarks and Further Work

In this paper we have presented an original approach for modeling physical hyperme-
dia applications, i.e. those applications in which physical and digital objects are re-
lated using the hypermedia paradigm. We have shown how to extend our approach to
a broader domain: to build hypermedia applications in which there are many different
concerns, for example corresponding to application “themes” or subjects. For space
reasons we have not discussed customization and personalization issues; given that
PH applications are a particular example of context-aware software, these issues are
fundamental. It is relatively straightforward to apply previous ideas on Web applica-
tions customization [19] in this extended OOHDM framework.

We are currently working on several research directions. One of them relates with
providing better modeling tools to express navigational structures. Physical naviga-
tion introduces a new kind of context, different from the OOHDM idea of naviga-
tional context: the actual location of the user is relevant to provide him (physical)
navigation cues, for example in the form of links or landmarks. Suppose that the user
is in front of an object of interest (e.g. an artwork); the corresponding node exhibits
two kind of links: navigational and Wlinks, the latter ones allow navigation to other
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physical objects in the environment. A reasonable design decision could be to keep
those links active (visible) while the user navigates to other digital objects related
with the artwork (as he is still in the same physical position). In this way, he is always
aware of the actual physical navigation options he has from this location. This is cer-
tainly a navigational design problem; we want to express that some of the nodes
reachable from one particular node (the one corresponding to a physical object) “in-
herit” the walkable links of this node. We are studying how to solve this design re-
quirement by using a slight modification of the OOHDM concept of composite nodes.

We are also improving our notation to make it more “standard” by exploring the
use of UML stereotypes and the OCL [21] to express design constraints. We are also
researching on the exploitation of the geo/spatial dimension in order to find a better
way to integrate it into other design concerns. We are finally working on implementa-
tion issues, such as adapting the MVC architectural style to physical hypermedia
applications. In the context of a prototype implementation for the Museum of Natural
Sciences in La Plata we are also experiencing usability aspects and their relationships
with the concepts presented in this paper.
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