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Abstract. Usability is increasingly considered as a basic determinant
of the Interactive Systems (IS) success. An IS that satisfies all the func-
tional requirements can be rejected by end-users if it presents usability
problems. Unusable User Interface (UI) is probably the main reason that
may lead to the failure in the actual use of an IS. Therefore, several ap-
proaches dealing with the evaluation of the user interface usability have
been proposed in literature. However, these approaches are focused on
the final system and require a large amount of resources to perform the
evaluation (end-users, video cameras, questionnaires, etc.). The ability
to go back and makes major changes to the design is greatly reduced. It
is widely accepted that the evaluation performed at the beginning of the
development process is a critical part of ensuring that the product will
be used and effective for its intended purpose. In addition, an early us-
ability evaluation would be a significant advantage with regard to saving
time and resources.

The purpose of the present paper is to investigate the integration of the
usability issues at an early stage of the development process. A model
based approach is presented and empirically evaluated.

Keywords: Plastic User Interface, Usability Model, Empirical Evalua-
tion, Model Driven Engineering.

1 Introduction

Usability denotes the ease of use of a system for a particular class of users car-
rying out specific tasks in a specific environment. It is widely considered as a
basic determinant of the acceptance of an interactive system [1]. Unusable User
Interface (UI) is probably the main reason that may lead to the failure in the
actual use of an interactive system [2]. For that reason, a variety of approaches
have been adopted in literature in order to evaluate the usability of user inter-
faces ([3], [4], [5], among them). However, these methods involve activities that
require a huge amount of resources (usability experts, questionnaire, several end
users, usability laboratory, etc). They are focused in the final product in order to
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carry out the evaluation. Consequently, changes to the user interface are costly
and difficult to implement.

In recent years, the emergency of a wide spectrum of interactive devices has
raised new issues for user interface designers and developers. They are facing
the challenge of producing not only a highly usable user interfaces but also that
can be adapted in order to enable different classes of users to access information
regardless of the interactive devices they are using even when the environment
changes dynamically. [6] used the term Plastic to indicate this kind of user in-
terfaces. Within this context, several approaches have been proposed. Those
following the Model Driven Engineering! (MDE) [7] principles proved quite ap-
propriate [8]. A renowned work in this context is the Cameleon projet [9] which
provides a unifying reference framework for the user interface development tak-
ing into consideration the context of use wherein the interaction takes place. The
main limitation of the Cameleon framework is that research efforts have focused
only on the functional aspect of the user interface adaptation while neglecting
usability. Usability is considered as a natural by-product of whatever approach
was being used. Therefore, there is a need to expand the Cameleon framework
in order to change perspective and make usability a first class entity in its de-
velopment process.

The main objective of this paper is to promote the usability issue as a first class
entity in the Cameleon framework. To do so, we propose to expand such frame-
work by considering usability engineering as a part of the development process.
We propose to carry out the evaluation from the conceptual models.The objec-
tive is to make usability evaluation independent from the system implementation
and to reduce the development costs involved by measuring the usability late
in the development process. The proposed usability evaluation method is based
on a usability model which decomposes usability on measurable attributes and
metrics. It is intended to isolate potential usability problems so as to determine
a figure of merit of the overall interface.

The remainder of this paper is structured as follows. While Section 2 presents
an outline of the usability methods quoted in the literature, section 3 provides
a brief description of our proposed to integrate usability issue into an MDE
method. The proposed usability model is described in Section 4, and the empir-
ical study to evaluate the proposed usability model is illustrated in section 5.
Finally, Section 6 presents the conclusion and provides perspectives for future
research work.

2 Related Works

The usability evaluation is often defined in [10] as methodologies for measuring
the usability aspects of a user interface and identifying specific problems. There
exist several methods addressing the usability evaluation of the user interfaces.

! Model Driven Engineering MDE: a software approach which promotes a new form
of building software systems based on the construction and maintenance of models
at different levels of abstraction to drive the development process
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In this section, the focal point is on the analysis of model-based methods since
our main motivation is to integrate usability issues into a model driven develop-
ment approach.

Model-based usability evaluation methods specify usability attributes and met-
rics required to assess the user interface in order to identify potential usabil-
ity problems. Usability models are usually based on existing standards such as
ISO/IEC 9126-1 [11] and ISO/IEC 9241-11 [12]. In fact, both standards are
useful in providing principles and recommendations. However, they are abstract
and need to be extended and / or decomposed for their use on different kinds of
systems.

[13] proposed a usability model that extends the ISO/IEC 9126-1 model, which
is intended to evaluate the usability of a user interface from the beginning of an
MDE approach. The main limitation of this proposal is the lack of guidelines
about how usability attributes are measured and how to interpret their scores.
An extension of this model is proposed in [14] in order to assess web applications.
[2] reviewed the existing usability standards and models to detect their limita-
tion and complementarities. As a result, a consolidated model (QUIM) based
on the ISO/IEC 9241-11 standard is proposed. Other relevant characteristics
such as Learnability and Security are extracted from ISO/IEC 9126-1 and other
resources to enrich the model. The QUIM model includes metrics that are based
on the system code as well as on the generated interface. This makes the appli-
cation of the QUIM to a model driven development process difficult.

[15] evaluated the usability of multi-devices user interfaces in terms of effec-
tiveness, efficiency and satisfaction. The usability evaluation is based on the
experiments with end-users. This dependency is incompatible with an early us-
ability evaluation.

[16] proposes an early usability measurement method. The usability evaluation
is carried out early in the development process since the conceptual model. The
main limitation of this proposal is that metrics are specific to the OO-method
[17]. Therefore, they cannot be applied to other method, which is a disadvan-
tage. They need some adaptation in order to be used (adopted) in other similar
methods.

Considering the research works just mentioned, three main limitations are un-
derlined. The first problem is the lack of measurement details. The proposals
(except the proposition of Panach) specify usability attributes and metrics with-
out defining how these metrics should be measured and how to interpret their
scores. The second problem is the need for the system implementation. Most
proposals carry out the evaluation at the last step of the development process
which is incompatible with an automatic early evaluation. Regardless of the ap-
proach, none of them takes into account the variation of context elements during
their process activities and the influence it brings to the selection of the most
relevant attributes and metrics.

It becomes clear that integrating usability issues into an MDE method for plastic
user interface generation is still an immature area. Therefore many more research
works are needed. However, it should be noted that the aforementioned models
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are useful in providing guidelines about the most relevant attributes required to
measure the user interface usability. They can be a useful resource from which
we draw our proposal model.

3 Proposed Method to integrate Usability into a Model
Driven Development process

3.1 Overview

As already mentioned, the main motivation of this paper is to integrate usabil-
ity issues as a part of the development process of the Cameleon framework. In
fact, the choice of the Cameleon framework is motivated by the fact that such
framework unifies models, methods and tools for the generation of user interfaces
for multiple contexts of use. The Cameleon framework structures the develop-
ment process into four levels of abstraction, starting from task specification to
a running interface.

— The Task and Concepts: brings together the concepts and the tasks descrip-
tions produced by the designers for that particular interactive system and
that particular context of use.

— The Abstract User Interface (AUI): this level represents the user interface in
terms of interaction spaces (or presentation units), independently of which
interactors are available on the targets.

— The Concrete User Interface (CUI): this level turns an Abstract UT into an
interactor-dependent expression.

— The Final User Interface (FUI): this level consists of source code, in any
programming or mark-up language (e.g., Java, HTML, etc.).

In the Cameleon framework, conceptual models are a primary artifact in the
analysis and design of an interactive system. They are used to define the user
requirements and as a basis for developing interactive systems to meet these re-
quirements. In the software engineering field, the quality of the conceptual mod-
els is usually neglected. Research efforts have focused on the quality of the final
product. However, more that half of the errors which occur during the systems
development are requirement errors [18]. The correction of a post-implemented
error is more than 100 times more costly to correct it during the requirement
analysis [19]. Therefore, it is more effective to concentrate on the quality assur-
ance from the conceptual models. In the present paper, we focus our interest in
the usability characteristic which is largely considered as one, among other, of
the most important quality characteristic. We argue that ensuring the usability
of a user interface, generated according to the Cameleon framework, from the
conceptual model can be an appealing way to ensure the usability of this user
interface.

The conceptual models covers the abstract user interface level and the concrete
one. The concrete user interface is the most affected by usability. For that rea-
son, we opted to perform the evaluation from the concrete user interface (Fig.1).
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Fig. 1. Proposed Method to Early Usability Evaluation in the Cameleon Framework

Conceptual model As far as the early usability measurement method is con-
cerned, it extends the one presented in [16]. In such proposition, the usability
is evaluated from the conceptual model. The usability metrics presented in this
proposition are adapted since they are specific for the OO-method. The applica-
bility of our proposed method is shown in the present paper through Cameleon-
Compliant method presented in [20]. Such method follows the MDE principles
and use the BPMN [21] notion to define the user interface models. The BPMN
notation is built on the Petri networks which allows the validation of the user
interface models.

The extension covers three steps. The first is the add of some other usability
attributes and metrics which are relevant in the context of plastic user inter-
face (e.g., Prompting and Informative Feedback). These attributes are not only
closely related to the user features, but also crucial to better guide a user with
a low level of experience in interacting with computer. This explains the impor-
tance of their measurement in the context of plastic user interface. We also add
the Attractiveness attributes. We argue that this sub-characteristic is crucial
since it presents attributes that are related to the user preferences such as the
color and the font style presented in the user interfaces. The second step is to
adapt the concept of some usability metrics in order to be compatible with the
underlying method. The last step is association of a priority index (weight) with
each usability attribute in the grouping function. This step aims at promoting
the most relevant usability properties with respect to the population character-
istics and/or the task requirements.

Generally speaking, our proposed early usability measurement method is made
up on four stages: 1) attributes specification, 2) metrics definition, 3) indicators
definition, and 4) grouping function establishment.
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3.2 Early Usability Measurement

The proposed early usability measurement method is a model-based approach.
This category of usability evaluation method employs a usability model and a
user interface model to generate a user interface prediction. The usability model
is intended to be used in a plastic user interface development process from the
conceptual models. For that reason, we take into account two key factors when
we propose the usability attributes. The first one is the possibility to be mea-
sured quantitatively from the conceptual model. This allows the early usability
evaluation and the automation of the evaluation process. The second is the re-
lation between each usability attributes and the features of the context of use.
This make the attribute relevant in the context of plastic user interface.

Attribute Specification. With regard to the Learnability sub-characteristic,
we propose to associate the following attributes: Prompting, Predictability and
Informative Feedback. The Prompting refers to the information provided to the
user about the system status, possible or expected actions. The Predictability
focuses on the available means that help the user to predict his future action.
In fact, knowing the possible actions and their consequences may decrease the
probability of errors. The Informative Feedback concerns the system’s response
to the user action. With respect to the user characteristics (expert, novice, etc.),
learnability attributes will be considered as essential or optional in order to
guarantee a high level of user satisfaction. The user without experience in simi-
lar application should be guided at all times.

The Understandability sub-characteristic can be decomposed into many attributes.
The first attribute is the Information Density which is the user’s workload from
a perceptual and cognitive point of view pertaining to a set of elements. Next,
Brevity focus on the reduction of the user’s cognitive efforts (number of action
steps). The short-term memory capacity is limited. Consequently, shorter entries
reduce considerably the probability of making errors. Besides, Navigability per-
tains to the ease with which a user can move around in the application. Finally,
Message Concision concerns the use of few words while keeping expressiveness
in the error message. The majority of understandability attributes are related to
the platform features. For example, the screen size has strong influences to the
information density, the navigability and the brevity attributes.

Operability includes attributes that facilitate the user’s control and operation of
the system. We propose the following attributes: User Operation Cancellability,
the possibility to cancel actions without harmful effect to the normal operation;
User Operation Undoability, the proportion of actions that can be undone with-
out harmful effect to the normal operation; Fxplicit User Action, the system
should perform only actions requested by the user; Error Prevention, available
means to detect and prevent data entry errors, command errors, or actions with
destructive consequences. Interactive systems should allow a high level of control
to users especially those with a low level of experience. Hence, the user interface
is obliged to present interface components allowing such control. The screen size



Title Suppressed Due to Excessive Length 7

of the platform being used can affect this control when it does not allow display-
ing button like undo, cancel, validate, etc.

The Attractiveness sub-characteristic includes the attributes of software prod-
ucts, which are related to the aesthetic design to make it attractive to the user.
We argue that some aspects of attractiveness can be measured with regard to
the Font Style Uniformity and Color Uniformity. The Consistency measures the
maintaining of the design choice to similar contexts. The user preferences in
terms of color or font style are related to the attractiveness attributes. It should
be noted that some environment features (e.g. indoor /outdoor, luminosity level)
affect the choice of the color in order to obtain a good contrast that gives clearer
information.

Fig. 2 shows an overview of our proposal for attributes specification. The added
attributes are colored red.

Usability

Prompting
Predictibility
e / Informative feedback
— Learnability

Information Density
Brevity

MNavigability
Message Concision

— Understandability

User Operation Cancellability

— Operability —_— User Operation Undoability

Explicit User Action
Errar Prevention

L Attractiveness Font Style Uniformity
_\\ Color Uniformity

Consistency

Fig. 2. Proposed Usability Model

Metric Definition. Metrics definition is crucial in order to be able to measure
the usability of internal attributes. Metrics are intended to be used since the con-
ceptual models. Therefore, they should be founded on the basis of the conceptual
primitives of the underlying method. It should be noted that even though the
metrics are specific to the method presented in [20], the concept of each one
can be applied to any MDE method with similar conceptual primitives. As al-
ready mentioned, our proposed method is intended to evaluate the usability of
plastic user interface from the conceptual models. We opted for metrics that are
closely related to some context features and can be affected when these features
changes. However, it should be noted that the user capacity and preferences, the
screen size of the platform being used and the luminosity of the environment
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are the most considered features when defining the metrics. In what follows, we
list the definition of some examples of these metrics. It is recommended to look
at the description of the underlying method presented in [20] in order to better
understand some specific terminologies.

Prompting. One way to guide the user to enter correct data is to display the
required data format when it is necessary. Hence, user interface should display as
maximum as possible the supplementary information to better guide the user. We
propose to calculate the average of label that display supplementary information
as a metric to measure the prompting attribute (PR).

PR = Zn: StaticField()/n. (1)

i=1

StaticField() returns the number of labels (UIStaticField in the proposition of
[20]) that display additional information.

Information Density. It is usually recommended to have user interface which
are not too dense. The information density can be measured using the number
of elements per interface to keep a good equilibrium between information and
white space. We propose four metrics: the number of input elements (ID1), the
number of action elements (ID2), the number of navigation element (ID3) and
the total number of elements per user interface (ID4).

The average of field edit per user interface (UIWindow in [20]).

ID1 =Y i/ yi. (2)
i=1 i=1

x € (UIFieldEdit), y € (UIWindow).
The average of action elements per user interface.

ID2 = Zmz/Zyz (3)

x € (UIFieldAction), y € (UIWindow).

Brevity. Due to the capacity of the human memory which cannot retain more
than three scenarios, we propose the number of step (counted in keystrokes)
required to accomplish a goal or a task from the source screen (UIWindow) to

the target screen.
M A = distance(z, y). (4)

x,y €(UIWindow), distance(x,y) returns the distance between x and y.
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Navigability. The navigability can be measured by counting the number of nav-
igation elements per user interface (Navigation Breadth).

NB = Zm/Zyz (5)

x € (UIFieldNavigation), y € (UIWindow).

Message Concision. Since the quality of the message is a subjective measure,
we propose the number of word as an internal metric to measure the quality of
the message.

The number of word in a message

WN = zn: ai. (6)
=1

x € (word in UIDialogBox).

Error Prevention. To prevent the user from error while entering data, we propose
to use a conceptual primitive which represents a list (dropdown list, radio button,
etc) when the input element have a set of limited possible values.

ERP = z”: list(z)/n. (7)

i=1

x € (UIFieldIn with limited possible values), list return the number of primitive
which represents a list (UIFieldList).

Indicator Definition. The previously defined metrics provides a numerical
value that needs to have a meaning in order to be interpreted. The mechanism
of indicator is restored in order to reach such a goal. It consists in the attribu-
tion of qualitative values to each numerical one. Such qualitative values can be
summarized in: Very Good (VG), Good (G), Medium (M), Bad (B) and Very
Bad (VB). For each qualitative value, we assign a numerical range. The ranges
are defined on the basis of some usability guidelines and heuristics described in
the literature. Next, we detail the numeric ranges associated with some metrics
in order to be considered as a Very Good value.

— Prompting: Some usability guidelines recommend the use of additional in-
formation (e.g. the required data format) in order to better guide the user
during entering data [22]. At least 95% of the input element labels should
display information (Prompting PR).
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— Predictability: usability guidelines recommend action label that should be
clear, descriptive and meaningful. 95% of action labels should be non-default
labels and display supplementary information in order to increase usability
[16] (Action Determination AD).

— Information Density: several usability guidelines recommend minimizing the
density of a user interface [23]. We define a maximum number of elements per
user interface to keep a good equilibrium between information density and
white space: 15 input elements (ID1), 10 action elements (ID2), 7 navigation
elements (ID3), and 20 elements in total (ID4) [16].

— Brevity: some research studies have demonstrated that the human memory
has the capacity to retain a maximum number of 3 scenarios [24]. Each task
or goals requiring more than 3 steps (counted in keystrokes) to be reached
decreases usability (Minimal Action MA).

— Navigability: some studies have demonstrated that the first level navigational
target (Navigation Breadth NB) should not exceed 7 [25].

— Message Concision: since the quality of the message can be evaluated only by
the end-user, the number of the word in a message is proposed as an internal
metrics to assess message quality (Word Number WN). A maximum of 15
words is recommended in a message [16].

— FError Prevention: The system must provide mechanisms to keep the user
from making mistakes [22]. One way to avoid mistakes is the use of ListBoxes
for enumerated values. [16] recommend at least 90% of enumerated values
must be shown in a ListBox to improve usability (ERP).

It should be noted that ranges are established with two different ways. For
metrics which are extracted and adapted from the proposition of [16], only the
concept of metrics is adapted. We opted for the same ranges of values since they
are empirically validated. This is the case of Predictability, Information Density,
Error Prevention, etc. For the other metrics, the value to be considered as Very
Bad is estimated taken into account the value recommended as Very Good. The
discussion with some usability experts is crucial in order to benefit from their
experience and help us to estimate the value to be considered as a Very Bad.
After that, we equitably distribute the values for the Good, Medium and Bad
categories since we have the two extremes. May be some slightly adjustments are
necessary. The Table 1 shows the list of indicators that we have been defined.

Grouping Definition. The grouping function aims at putting metrics and at-
tributes together in order to obtain a single usability measure. We adapt the
grouping function proposed by [16] by the ad of weight to each element of the
usability model tree. The attribution of the priority index requires usability
expert and domain expert. This step aims at promoting the most relevant us-
ability properties with respect to the population characteristics and/or the task
requirements. As an outcome, the usability model will be annotated by the pri-
ority index. The model annotation is performed at the usability requirements
establishment phase which precedes each evaluation.
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Table 1. Proposed indicators

Metric| VG G M B VB
AD |>0.95| 0.95<AD=<0.85 | 0.85<AD=<0.75 | 0.75<AD=<0.65 | AD<0.65
ID1 | <15 15<ID1<20 20<ID1<25 25<ID1<30 ID1>30
ID2 | <10 10<ID2<13 13<ID2<16 16<ID2<19 1ID2>19
ID3 <7 7<ID3<10 10<ID3<13 13<ID3<16 ID3>16
ID4 | <20 20<ID4<30 30<ID4<40 40<ID4<50 1D4>50
MA | <2 2<MA=<4 4<MA<5 5<MA<6 MA>6
NB <7 5<NB<10 10>NB<13 13<NB<16 NB>16
WN | <15 15<WN=<20 20<WN=<25 25<WN=<30 WN2>30
ERP |>0.90{0.90<ERP<0.80{0.80<ERP=<0.70|0.70<ERP=<0.60|ERP<0.60

11

While executing the evaluation, metrics are applied. The obtained numerical val-
ues are converted into their corresponding qualitative one. Next, each categorical
value is converted to numerical values with respect to the following hypothesis.
VG =5 G =4, M = 3, B= 2, and VB = 1. The final result is calculated
with the formula presented by equation 8:

AVG = ipivi.

i=1

(8)

Where pi represents the weight of the item and vi represents the numerical values
of the item.

The last step in the aggregation function is to convert the obtained numerical
value into an ordinal value. We assign VB to the value between 1 and 1.5, B to
the value between 1.6 and 2.5, M to the value between 2.6 and 3.5, G to the
value between 3.6 and 4.5 and VG to value lower or equal to 5.

The three steps are applied for each grouping. Groupings are performed bottom-
up from indicators until the overall user interface usability is reached.

4 An Experiment to Evaluate our Proposal

We argue that measuring the internal usability is an appealing way to predict the
external usability of software product. It is recommended that internal metrics
have a relationship that is as strong as possible with the external metrics. The
experimentation elaborated in this Section aims at investigating the relationship
between the proposed metrics and those perceived by end-user.

4.1 Objectives

With respect to the GQM template [26], the goal of the experiment is to analyze
internal measures of usability for the purpose of evaluating it with regard
to their relationship with those perceived by end-users from the viewpoint
of the researcher in the context of end-users evaluating the interactive system
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that is automatically generated from conceptual models.

The main research question conveyed through this study is:

RQ: is there a significant coherence between user’s perception about the usability
of the final product and value obtained with the proposed usability method?
We identify two hypotheses related to RQ:

— HO: There is not a significant difference between the usability obtained with
our proposed method (EUE) and that perceived by the end-user (PU).
HO: ¢ EUE= p PU.

— H1: There is a significant difference between the usability obtained with our
proposed method (EUE) and that perceived by the end-user (PU).
H1: u EUE # p PU.

4.2 Designing the Experimentation
Identification of variables. We identify two types of variables:

— Response variable: variable that corresponds to the outcome of the exper-
imentation [27]. We identify each usability sub-characteristic as a response
variable.

— Factors: variable that affects the response variable. We identify the Evalu-
ation Method. This factor has two alternatives: 1) early usability evaluation
without end-user, 2) usability evaluation with end-user.

Objects. The object is rent a car system.. It is specified using the conceptual
models presented in [20] and the final system is (semi-) automatically generated
from these models.

Subjects. The subjects were Thirteen undergraduate students from the Sfax
National School of Engineering. Their age ranged between 27 and 35 years.
Although the subjects did not have any experience in conceptual modeling, they
had high level of knowledge in Human Computer Interaction. The number of
the subjects is chosen according to the recommendation presented in [28].

4.3 Executing the Experimentation
Instruments. The instruments used to carry out the experiment were:

— A demographic questionnaire: A set of questions to know the level of ex-
perience of each user in interactive applications similar to the rent a car
system.

— Tasks: A list of tasks that the user must carry out. The definition of tasks
is intended to guarantee that all the users interact with the same contexts
that are the most significant.
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— Survey: A list of fourteen questions defined to capture the user’s perception
in a 5-point Likert scale format. Each question refers to one of the defined
metrics to measure the usability of the internal attribute. PR and AD use
the same question and the same thing for ID3 and NG. Using this survey, the
user’s impressions for each metrics is obtained. Hence, the usability values
obtained by means of the proposed method can be compared with those
perceived by the end-user. It should be noted that we need a specific question
for each attribute that is why we could not use any existing questionnaire.
Fig. 3 shows an example of questions from the survey.

MC: error message clearly explain the problem's causes. O0000
ID2: the number of function button per Ul is optimal? O00Q0O
MA: user is lost among screen and does not remember the source? 00000

Fig. 3. Example of question from the survey

— Spreadsheet: It was used to accelerate the metric calculation based on the
conceptual models.

4.4 Validity Evaluation

The validity evaluation is an important concept which is intended to ensure that
the experimental results are valid for the target population.

Conclusion Validity. This type of validity refers to the the degree to which the
conclusions made about the null hypothesis are reasonable or correct. Our eval-
uation was threatened by random heterogeneity of subjects. This threat appears
when some users are more experienced than others. In our experiment, the expe-
rience is related to the use of interactive applications. This threat was resolved
with a demographic questionnaire that allowed us to evaluate the knowledge
and experience of each participant beforehand. The demographic questionnaire
revealed that most users had experience with this kind of systems.

Construct Validity. One of the most basic issues in validity is the construct
validity. It provides an answer to the following question: are we measuring what
we intended to measure? We have used an inter-item correlation analysis to eval-
uate the construct validity of the response variable. For each item, we made use
of two criteria: Convergent validity, which refers to the convergence among dif-
ferent indicators used to measure a particular construct; and the Discriminant
validity, which refers to the divergence of indicators used to measure different
constructs [29]. If the convergent validity was higher than the discriminant va-
lidity, the item is validated. The results of the validity analysis show that the
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Convergent validity value was higher than the Discriminant validity value (see
Fig.4) for each item, except for ID3, ID4 and MA.
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Fig. 4. Inter-Item Correlation Analysis

In order to conduct the reliability analysis on the survey, we calculate the Chron-
bach alpha for every question of the survey. The value obtained for the whole
questionnaire was 0.966, which is a very good value for reliability. The reliability
for the response variables were: 0.584 for learnability, 0.848 for understandabil-
ity, 0.671 for operability, and 0.756 for the attractiveness. We argue that these
values are also very good for an academic experiment.

4.5 Data Analysis

In this Sub-Section, we compare the usability perceived by end-user with the
outcomes of our proposed usability evaluation method. Fig. 5 represents the
comparison for the rent a car system.

We can state that the trend is similar for most metrics. For example, values are
similar for PR, AD, ID1, ID2, ID4, MA, UOU, UOC, ERP, CU, and CS.

On the basis of the observed values, we can state that there is a relation between
the values obtained from our proposal and the user’s perception. The significant
difference observed for some attributes can be explained by the range of values
used as indicators. We may adjust some of them in order to better improve their
accuracy since they are extracted from other research works that focus on other
domains.

In order to study the comparison of factors in depth, we performed a statistical
study called standard deviation. This test is a statistical procedure that is used
to determine the mean difference between a sample and the value of a popula-
tion mean. In our case, the sample was composed of the evaluation performed
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Fig. 5. Comparison of user’s perception with the early usability method

with thirteen subjects (the experiment) and the population mean was the level
of usability obtained from metrics and indicators (early usability evaluation).
The results of the standard deviation test show that there are no significant
differences between the population mean and the sample for most of metrics.
Only three metrics have a significant difference (IF, NB and FSU). This can be
explained by the sources from which indicators are extracted. Some adjustments
are recommended in order to improve the results.

The application of the grouping function to the two methods (User’s Perception
UP, Early Usability Evaluation EUE) provides the results shown in Table 2.

Table 2. Usability level of the underlying system.

Learnability |Understandability | Operability| Attractiveness
Up M M M G
EUE M G M VG

Considering the results, we can state that the null hypothesis is true for 52% of
the proposed metrics. We argue that this results can be considered as encourag-
ing as to build on it and conduct many more experiments to improve our study.
The first experience with the empirical evaluation of our proposed method allows
us to learn more about the potentialities of our method in the the prediction of
the usability perceived by end-user. However, the accuracy of results and their
acceptance rate is the main questions to be resolved in further experiments. The
considerable contribution to the development costs of the final application is the
main advantage of the early usability measurement method presented in this
paper. The experimentation emphasizes the importance of the empirical evalua-
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tion to improve our proposed measurement methods. It is not enough to provide
an apparently adequate set of metrics and indicators. An empirical evaluation is
usually recommended to assess the accuracy of the measurements.

However, it is essential to conduct many more experiments with other types of
system and try to verify if the results will be the same. It is also crucial to
more adjust the indicators estimated based on the value defined on the usability
guidelines and surveys.

5 Conclusions and Future Work

In the present paper, an extension of the Cameleon framework is presented. The
extension aims at integrating the usability issues during the development process
of user interface where features of the context of use are taken into account. To
reach this objective, we propose an early usability measurement method. The
objective of this paper is to show the importance of early evaluating the usabil-
ity from the conceptual model. To do this we propose a model based approach
that evaluate the concrete user interface. The usability model used to perform
the evaluation gather usability attributes that can be quantified using usability
metrics which are based on the conceptual primitives of the underlying method.
However, the concept of these metrics can be adapted in order to be used in
other similar approaches.

The proposed method have two objective. The first one is to detect usability
problems from the design phase which allow their correction early and with a
low cost than correcting them after implementation. The second objective is to
predict the usability level of the generated user interface. The present paper fo-
cus on the second objective.

To better consolidate our method, we conduct an empirical evaluation. to do
that, an experiment was conducted with thirteen participant in order to inves-
tigate the relationship between the value obtained by our method and the value
perceived by end-users. Results show the usefulness of the contribution in the
prediction of the usability perceived by end-users. It also allows us to learn more
about the potentialities and limitations of our proposed method. Results show
the importance of the empirical validating a proposal rather than be justified it
by logical or theoretical arguments alone.

Further research works are intended to investigate the implementation of an au-
tomatic usability evaluation process. The implementation of the usability driven
model transformation process is a crucial target for further research work. The
accuracy of the results requires a slightly adjustment of the indicators and to
conduct many more experiments in order to validate the new proposed values.
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