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Abstract

In order to assess Web applications in a more consistent
way we have to deal not only with non-functional require-
ment specification, measurement and evaluation (M&E) in-
formation but also with the context information about the
evaluation project. When organizations record the col-
lected data from M&E projects, the context information is
very often neglected. This can jeopardize the validity of
comparisons among similar evaluation projects. We high-
light this concern by introducing a quality in use assess-
ment scenario. Then, we propose a solution by represent-
ing the context information as a new add-in to the INCAMI
M&E framework. Finally, we show how context informa-
tion can improve Web application evaluations, particularly,
data analysis and recommendation processes.

Keywords: Context Information, Web Application,
Quality in use, Measurement, Evaluation, INCAMI.

1 Introduction

While users are becoming more and more mature in the
use of Web applications (WebApps), there are greater de-
mands for the quality of these applications that match real
user needs in actual working environments. Quality has
therefore become a key success factor for organizations de-
veloping WebApps. Particularly, what definitively matters
is the end user view of a WebApp’s quality, namely, the
quality in use. This means, as for [2], the capability of a
WebApp to enable specific users to achieve specified task
goals with effectiveness, productivity, safety and satisfac-
tion in specified contexts of use.

The quality in use of a WebApp is affected by internal
and external quality features such as usability, functionality,
reliability, content, and efficiency, but it is also influenced
by two resource components of its context of use: (i) the
infrastructure, i.e. the computer, the network, or even the
physical working medium; and, (ii) the user-oriented goals,
i.e. the supported application tasks and the properties of the
user type, such as level of training, expertise, and cultural

issues as well [3]. Note that tasks are the steps or sub-goals
undertaken to reach an intended goal.

As remarked by Bevan, care should be taken when gen-
eralizing the results of any quality in use assessment to an-
other context of use with different types of users, tasks,
or environments [1]. Consequently, when designing and
documenting well-specified quality in use M&E processes,
at least the following information is needed [3]: (i) Qual-
ity in use attributes, metrics, and indicators, i.e. the data
and metadata resulting from the design and execution of
M&E processes, for a given information need; (ii) Descrip-
tions of the components of the context of use including user
type, equipment, environment, and WebApp tasks to be per-
formed by users.

Therefore, if quality in use requirements, metrics, indi-
cators, and context information could be thoroughly and
consistently specified and recorded among different Web
projects, the analysis and comparison of results should be
sounder. Moreover, if we can provide all the above infor-
mation, the external validity resulting from quality in use
evaluations can be made stronger, then giving better sup-
port to the Bevan’s recommendation.

In our previous line of research, support to M&E data
and metadata was provided by the conceptual framework
so-called INCAMI –which stands for Information Need,
Concept model, Attribute, Metric and Indicator [10]. In this
framework, measurement of attributes is specified by means
of metrics, and evaluation by means of indicators. Addi-
tionally, a case study for quality in use evaluation was run
on an e-Learning WebApp [3] but without specifying the
context information consistently. In the present work, we
discuss how a context information approach can be added
to the INCAMI framework in order to strengthen it.

The main contributions of this paper are the following:
we propose to include context information to quality eval-
uation of Web projects as a way to improve the data anal-
ysis and recommendations; we show how to add context
information in the processes of specifying non-functional
requirements, measuring and evaluating; and we give clues
how context information can improve evaluation of a We-
bApp on a particular motivating scenario, i.e. in a quality in
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use evaluation for an e-Learning WebApp (e-LApp).
The rest of this paper is organized as follows: In Sec-

tion 2, a motivating scenario is presented to show the need
of context information for M&E processes. The INCAMI
framework is outlined in Section 3. Then, in Section 4, the
approach to add context information to the INCAMI frame-
work is discussed in the light of the motivating scenario.
Next, Section 5 analyses related work; and finally Section 6
presents our conclusions and future work.

2 Motivating Scenario

In order to illustrate an actual evaluation problem and its
possible solution, we describe here a scenario for quality in
use assessment. Thus, we will put in evidence that, when
designing M&E activities, the lack of a clearly structured
context information specification can jeopardize the valid-
ity of conclusions drawn from analyzing quality in use as-
sessment results. The motivating scenario is extracted from
a recently performed case study of quality in use evaluation
for an e-LApp [3].

Let’s say we want to understand the quality in use for a
particular e-LApp used in an introductory course of mathe-
matics for pre-enrolled students at our School. A quality in
use assessment is to be performed on this application based
on agreed non-functional requirements, metrics, and indi-
cators. Fig. 1 shows the quality in use instantiated model
used for the case study, which is specified by characteristics
and attributes. For instance, the “Productivity” character-
istic is defined as “the capability of the software product
to enable users to expend appropriate amounts of resources
in relation to the effectiveness achieved in a specified con-
text of use” [2]. The most commonly used resource is the
time spent by users in performing tasks. In addition, one
of its associated attributes is named “Efficiency related to
Task Completeness”, which is defined as “the productivity
of given users to perform the tasks completely”. On the
other hand, the metrics and indicators were designed ac-
cordingly for these requirements following to some extent
what were recommended for quality in use assessments in
Section 1. Refer to [3] for further information.

In order to gather the proper data from the assessed e-
LApp, a user test was designed and performed. The de-
sign included the definition of the user profile as well as the
actual tasks to be performed by specific users. Four tasks
were considered, e.g. “browsing a specific content for the
math course” was one of them. Also, the environment on
which the testing is performed was prepared. This included
the physical space where users were working as well as the
computing facilities needed to run the application, i.e. client
and server machines. The user test and the assessment were
replicated later on to strengthen the results.

Once the first user test was carried out and the M&E pro-

Figure 1. The instantiated model used to as-
sess the quality in use of e-LApp.

cesses were executed, the degree to which the e-LApp sat-
isfied the stated requirements was obtained, resulting in a
value of 57.45 % [3]. Some weeks later, the user test on the
same e-LApp was replicated. New users were carefully se-
lected according to the same user profile, and the same four
task descriptions and the instantiated quality in use model
were used , along with the same environment settings. Sur-
prisingly, the outcome was 74.70% to this second case.

In fact, that big difference between both results cannot
be explained by differences in the user groups, since they
were carefully selected according to the same user profile
likewise the rest of the test. After analyzing the results
both from user tests and evaluations, it turned out that, in
the first evaluation, values corresponding to “Productivity”
were much lower than in the second evaluation. Reviewing
the measurement records, it was evident that both tests were
carried out at different time frames of the day, in which the
local network bandwidth in our School used to differ signif-
icantly, as it was checked in the log files. In the time frame
of the second case the local network bandwidth reached val-
ues twice to three times higher than those that occurred in
the first one. Then, the e-LApp responses in the first test
were much lower than in the second test, affecting there-
fore the users’ productivity. As a matter of fact, if we had
clearly specified the local network bandwidth as a context
property, together with M&E specifications, we would have
recognized in a more straightforward way the differences
between both assessment results.

As remarked above, differences in the context of use may
affect effectiveness, productivity, and satisfaction, and, in
the end, may risk the validity of comparisons among sim-
ilar quality in use assessments. We can say then that the
entity being assessed is context sensitive regarding M&E
goals. Consequently, the relevant context information (e.g.
the local network bandwidth attribute, among others) of the
entity under analysis (i.e., a concrete e-LApp) should be
clearly and consistently specified, together with M&E meta-
data and data, in order to achieve sounder analysis and rec-
ommendations.
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3 Background

When dealing with assessments, organizations may ben-
efit by specifying and storing M&E data and metadata in a
structured way. With this aim, the INCAMI framework is
based on a set of ontological concepts involved in the M&E
activities [10]. These concepts are mainly Information
Need, Entity, Concept Model, Attribute, Metric, Measure-
ment, Indicator, Evaluation, Measure and Indicator value.

When we talk about data, we are referring to measure or
indicator values yielded after a M&E process, e.g. 74.70
was the indicator value above. On the other hand, meta-
data means data about data. For instance, it can be the
unit of a metric or indicator (e.g. %, link, second, etc.),
the scale type (e.g. interval, ratio, etc.), among others. IN-
CAMI assures that data always has associated metadata ac-
cordingly. This is also supported by an organizational cat-
alogue, which allows not only the reusing of requirement,
metric and indicator specifications but also the checking
for consistency between outcomes from different organiza-
tion’s M&E projects.

INCAMI is a purpose-oriented framework and is made
up of four main components (see [10] for more details):

The non-functional requirements definition and specifi-
cation module, which deals with the definition of the infor-
mation need for a particular entity category, and the speci-
fication of non-functional requirements by means of one or
more calculable concepts and attributes related by a con-
cept model –see Fig. 2. In our above scenario, the infor-
mation need was “understand the quality in use of a con-
crete e-LApp that supports course tasks for pre-enrolled stu-
dents”, where the purpose is “understand”; the user view-
point, “pre-enrolled students”; further, the focus is on the
“quality in use” calculable concept, and its sub-concepts
like “effectiveness”, “productivity”, etc. In the end, these
are related and represented by a “quality in use model”, in
which an instance combines attributes as depicted in Fig. 1.

The measurement design and execution module, which
deals with the specification of a concrete entity to be mea-
sured, the metrics which quantify attributes and the record-
ing of the gathered measures after performing measure-
ments. This module is centered on the metric concept. For
example, the concrete e-LApp entity was “QPlus Virtual
Campus”. In addition, the indirect metric named “Aver-
age of Task Completeness Ratio” quantifies the “Task Com-
pleteness” attribute (see [3]).

The evaluation design and execution module, which
deals with the definition of elementary and global indi-
cators, decision criteria and elementary and global mod-
els. Indicators interpret the level in which specified non-
functional requirements has been achieved (see [3]).

Despite the INCAMI framework is well defined and
structured, it lacks a key module when specifying and

recording, for instance, quality in use evaluations. That is
to say, a well-developed module for context information is
missing. INCAMI currently supports the specification of
context information in the contextInfo field (see the Infor-
mationNeed class in Fig. 2), however, it is actually a loose
and subjective way to do it.

4 Contextualizing M&E Projects

From the above motivating scenario, the need of tackling
the context information concern for M&E projects –at least
for quality in use assessments- was addressed. In addition,
we highlighted INCAMI lacks a robust support for this aim.
Therefore, in sub-section 4.1 we define what context infor-
mation is. Particularly, we discuss a context information
model and its integration to the INCAMI components. The
new proposal ends up in a framework called C-INCAMI
(that stands for Contextual INCAMI). In sub-section 4.2, we
illustrate how context information is specified, and how can
be used to fulfill the contributions stated in Section 1.

4.1 Context Definition and Modeling

4.1.1 Defining Context. To model context, first, we
must understand what context is about [4]. To this aim we
have analyzed some definitions to build a characterization
of the context term that satisfies our needs. Next, we briefly
present some definitions and views of context.

Dey [4] states that “context is any information that can
be used to characterize the situation of an entity. An entity is
a person, place, or object that is considered relevant to the
interaction between a user and an application, including the
user and applications themselves”. Gong proposes in [5] a
quantifiable definition of context: “the collection of an ob-
ject and its relationships with other objects, including these
objects”. Strang et al [12] define the term context informa-
tion as any information that can be used to characterize the
state of an entity, i.e. a person, place or object, concerning a
specific aspect –a classification- whose states (or instances)
are expressed in a determined scale. Also they define an en-
tity and a relevant aspect based on tasks and a state of such
aspect. Kaltz et al [7] consider that context is determined
by a set of structured context factors according to a context
model, an application domain ontology, as well as a current
perspective of such factors (the context information itself).

Once the previous definitions and approaches were anal-
ysed, we extracted a set of elements that allows us to charac-
terize context information: (i) it is relative to or references
a specific object or entity; (ii) the entity to which it refers
should be relevant with regard to the task for which it is
involved; (iii) it corresponds to internal or external entity
properties and their relationships, under a specific situation;
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Figure 2. The main components and key terms of the INCAMI framework.

(iv) it should be relevant information with regard to (a) the
specific task related to that entity, (b) the specific purpose
related to that task, (c) the relevant properties of the en-
tity (i.e. those involved in the task for which the entity is
considered), and (d) the situation of the entity with regard
to the task, and its interaction with other context elements;
(v) it corresponds to a set of structured contextual factors
(aspects) and properties, including the set of relationships
between them, and an associated lexicon that makes their
interpretation explicit.

As for INCAMI, the relevant entity for which context
will be specified is the entity subject to M&E activities sat-
isfying a specific information need (see Entity and Entity-
Category classes in Fig. 2). For example, it can be the
particular e-LApp in the motivating scenario, or any partic-
ular entity of a product, resource, process, or service. These
entities are part of a project performed in an organization.
Therefore, the relevant context information will be that af-
fecting the stated information need for the entity and par-

ticularly its calculable concept, related to a) the project to
which the entity is related to; b) the processes applied to the
entity; c) the organization that runs the project itself, and;
d) possibly, the environment external to that organization.
For instance, the “local network bandwidth” is part of the
relevant context related to the resources available for the
project in which e-LApp entity is included, since it affects
the application’s quality in use, and in turn, its productivity.

4.1.2 A Context Model for INCAMI. A context model
is a key element in the development of systems following a
context information approach [12]. The chosen representa-
tion for such a model should match the intended purpose for
the context information taking also into account the trade-
off between acceptable complexity and needed expressivity.
In this sense, different representation approaches as those
presented in [11] have been analysed in the light of a set
of requirements of interest to our proposal, some of which
are common to those identified in that work for ubiquitous
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computing approaches: (i) context information should be
able to be validated against a context model both at struc-
ture and instance level; (ii) contextual information should be
precise and unambiguous allowing the coherent and consis-
tent reuse of it; (iii) the context model should be able to be
applied to current systems; in our case, to the current envi-
ronment supporting the INCAMI framework; (iv) the model
should be simple enough to be specified and processed with
the aim of maintaining the system cost-performance trade
off; (v) the model should be domain specific since it has to
be focused on the M&E activities; (vi) the model should be
flexible enough to allow its adaptation based on specific or-
ganization needs. Next, we describe the designed context
model itself, and then, how it is integrated to INCAMI.

Regarding the context model itself, context is repre-
sented as an aggregation of context properties –as shown
in Fig. 3. A context property is a specialization of the At-
tribute class (from the INCAMI requirement component).
Hence, its semantic can be fairly defined (by means of a set
of metadata), as well as the types of its values by means of a
metric (recall Fig. 2), in order to avoid ambiguities for anal-
ysis, interpretation and comparison purposes. “Local Net-
work Bandwidth” is, for example, a context property name,
which is quantified by a designed metric using a numerical
scale with a kb/s unit and a measurement method underly-
ing in the netperf1 tool. On the other hand, by means of the
relatedContextProperty association it is also possible to es-
tablish relationships among any number of context proper-
ties, in order to reflect organization-specific domain issues.
Related context properties may help discovering additional
relevant properties as well. Following the previous exam-
ple, “Time Frame” is a context property related to “Local
Network Bandwidth” since the latter may change at differ-
ent time frames of the day. Moreover, each property has an
associated context property type whose semantic can also
be defined. The types are mapped to key concepts to the
software and Web engineering domain. In addition to this,
and following the Kaltz et al [7] approach, context prop-
erty types can be arranged in a taxonomy by using the sub-
TypeOf association. This way, the types and its taxonomy
can be defined and designed according to the organization
needs. The idea behind defining context properties and con-
text property types is to allow an organization to use its own
software process ontology to describe context when design-
ing M&E activities. Therefore, these activities are tailored
to the organization and not vice versa. For example, the
“Local Network Bandwidth” property is of the “Resource
Property” type –where “Software Project Property” is its
super type. These and other context property types were
shown in Molina et al [8].

Regarding the context integration to the INCAMI frame-
work we decided to keep two different information spaces,

1http://www.netperf.org/netperf/

Figure 3. The model to add context informa-
tion to the INCAMI framework.

namely: (i) the space of domain elements, i.e. the current
INCAMI framework components as described in Section 3;
and (ii) the space of context elements, as presented above. In
doing this, the contextualization of the domain elements is
achieved by establishing relationships with elements from
the context space [7]. Thus, to describe the actual con-
text of the entity being measured and evaluated in a specific
project, the Information Need class maintains an association
with the Context class (see Fig. 3). Besides, other elements
of the INCAMI framework were found to be context sen-
sitive, particularly, the concept model, metric, and elemen-
tary and global indicators. Their applicability in a M&E
project may depend in turn on the context specified for the
latter –e.g. for a more effective and coherent metric selec-
tion process at measurement design time. These elements
were called contextual entities (see [8] for further details).

Lastly, to facilitate an organization-wide integration of
context information, a common context catalogue may be
used –as made with the metric and indicator catalogue [9].
Thus, context property types as well as definitions of con-
text properties can be incorporated and stored by means
of a collaborative reviewing system, as explained in [8].
Hence, each particular project in the organization will be us-
ing agreed context properties relevant to its specific needs,
therefore, keeping the consistency with the rest of the orga-
nization’s projects both at data and metadata levels.

The resulting C-INCAMI framework is made up of the
following modules –packages: (i) the incami.requirements,
incami.measurement, and incami.evaluation modules,
which are the former INCAMI modules (as presented in
Section 3), and (ii) the incami.context module, which con-
tains the concepts that define the basic structure for context,
as well as those relationships that define its interaction with
the INCAMI modules (see Fig. 4).
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Figure 4. Integration of modules in C-INCAMI.

Summarizing, the proposed approach is simple, specific,
flexible, semantically defined and able to be validated, orga-
nization oriented and loosely coupled, as discussed in [8].

4.2 Using Context Information

Here we show how context is specified together with
M&E data and metadata, and how can be used to fulfil the
stated contributions.

Let’s consider again the scenario from Section 2. As
made before with INCAMI, we start by specifying the in-
formation need that guides the whole assessment process
and, against which, outcomes are analysed. This includes
defining the purpose, the entity, and the concept model that
represents the focus concept –i.e. the quality in use. Fol-
lowing the new proposal, the relevant actual context is also
specified as part of the information need (Fig. 3).

In order to do this, the evaluator selects from the orga-
nization’s context catalogue the relevant properties. For
example, the context for the case includes a context prop-
erty named “Local Network Bandwidth’’, defined as “The
available bandwidth in the local network in a specific
time frame”. Other properties like “Time Frame”, “Web
Browser”, and “User Profile” are included as part of the
actual context. The values that actually describe the context
are obtained by using a Metric associated to each property
(see Fig. 4) likewise attributes are quantified in a concept
model during the measurement implementation stage. Con-
text properties’ values are specified by means of a Measure-
ment object which in turn produces the corresponding value
using a Measure instance. Specifically, the “Local Network
Bandwidth” attribute is quantified by the “Amount of Band-

width Available” metric, which includes metadata like the
measurement method, the scale, the unit, and so forth.

Once the context was designed and context properties’
values were collected, in order to assess the focus quality in
use model –like in INCAMI- metrics and indicators are se-
lected to quantify and interpret the attributes and character-
istics accordingly. Also, user profiles and tasks are designed
as discussed in Section 2. Finally, M&E are performed ob-
taining the final values.

Ultimately, from now on, not only M&E data and meta-
data are stored –as made before with INCAMI- but also the
associated context data and metadata are stored as well. All
this information can be used afterwards in the interpretation
of assessment outcomes, allowing to improve undoubtedly
the quality of analysis and recommendation processes. Re-
calling both results in the motivating scenario, if we had
clearly specified the local network bandwidth as a context
property, together with M&E specifications, we would have
recognized in a more straightforward way the differences
between both assessment results. Particularly, after looking
at a simple and automated analysis report we would have
identified the context differences and, then, concluding that
both studies were not so closely comparable.

In short, following the C-INCAMI approach, if meaning-
ful and sufficient context information is specified for M&E
projects, we can assure that we won’t be “comparing apples
and oranges”; thus, we can improve evaluations.

5 Discussion and Related Work

In this paper, we have shown how to add context in-
formation to an existing domain-specific framework, i.e.
to INCAMI. It is worth mentioning that this approach is
closely related to the so-called context-aware approach,
which started to gain importance to the ubiquitous comput-
ing field, as well as recently to mobile devices as a smart so-
lution to offer better services. For example, for applications
like tourist or museum guides, a mobile user is the target
entity, and the most relevant context aspects are time, loca-
tion, user preferences, among others. However, we would
like to make a distinction between our context information
approach and the context-aware one as applied to the ubiq-
uitous computing field. In the latter, the term aware gains
more relevance in the sense that the actual context is cap-
tured by the application actively, i.e. it is continuously
sensed as it changes. This raises additional issues than those
covered by our proposal. Hence, we have chosen to distin-
guish the approach applied here by calling it context infor-
mation approach. On the other hand, regardless the above
distinction, and taking into account different context-aware
applications [4, 5, 7, 11, 12], as well as the definition of
the term aware2 as “having knowledge or perception of a

2From Ask Oxford Website
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situation or fact”, we believe the context-aware approach
could be therefore applied to any field in which the relevant
context information is necessary and useful to offer basi-
cally better services to its users. In this way, the applica-
tion will be built regarding the application domain, the rel-
evant properties of the context (e.g. position, time, or more
specific ones), and current requirements. As an example,
in [6] the context-aware approach is applied to knowledge
management in business environments to ease and improve
the use of organizational information. Nevertheless, both
approaches possess the same challenge when dealing with
context representation in a machine-readable fashion and its
integration into existing applications. For instance, the sim-
plicity, flexibility and expressiveness requirements are key
issues. In our approach, a context model that is both simple
and domain specific has been achieved, with such a level
of semantic expressiveness and flexibility that can be fit-
ted to diverse software and Web organization’s information
needs with regard to M&E processes. Moreover, the con-
text model can be applied to different domains and reused
to existing applications due to its loose coupling with the
INCAMI framework’s components.

6 Conclusions and Future Work

In this paper, we have discussed the C-INCAMI ap-
proach, and particularly, how the INCAMI framework can
be strengthened by adding and integrating to it the context
component. From now on, not only M&E data and meta-
data are stored –as so far performed with INCAMI-, but
also the associated context information data and metadata
are recorded as well. In this way, a more comparable and
robust data and information processing can be made, then
potentially improving the quality of analysis and recom-
mendation processes.

To illustrate the need and usefulness of our proposal, a
motivating scenario based on a previous study of quality
in use assessment has been considered, in which the im-
portance of specifying context information was highlighted.
Specifically, it became clear that differences in the context
of use may risk the validity of comparisons among similar
quality in use assessments.

Lastly, C-INCAMI offers not only a simple, flexible,
goal-oriented organization approach for M&E programs but
also a consistent, semantically defined and able to be vali-
dated mechanism for representing context information. By
including in decision-making the relevant context informa-
tion that bears on the interpretation of M&E results, we
hope ultimately to make the quality of key entities in the
organization more visible, consistent and comparable .

An ongoing research is the implementation of the M&E
organizational memory system integrated to the contextual
INCAMI framework and tool.
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