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Abstract: Usability evaluation play a key role in the user interfaces development process. It is a crucial part that con-

strains the success of an interactive application. Usability evaluation is usually conducted by end users or
experts after the generation of the user interfaces. Therefore, the ability to go back and makes major changes
to the design is greatly reduced.

Recently, user interfaces engineering is moving towards Model Driven Development (MDD) process. The
conceptual models have become a primary artifact in the development process. Therefore, evaluating the us-
ability from the conceptual models would be a significant advantage with regard to saving time and resources.
The present paper proposes a model-based usability evaluation method which allows designers to focus on
the usability engineering from the conceptual models. The evaluation can be automated taking as input the

conceptual model that represent the system abstractly.

1 INTRODUCTION development process.
The main objective of this paper is to proposes an ex-

The evaluation of user interfaces is a recognized tension of the Cameleon framework by considering
problem and well explored in literature (Grislin and the usability engineering as a part of the development
Kolski, 1996). Several methods, techniques, tools and process. We opted for the Cameleon framework since
criteria have been proposed to ensure the usability of it presents a unifying framework for the development
the user interfaces. However, usability evaluation is of multi-target user interface. The evaluation of the
usually conducted at the last stage of the developmentusability can be conducted from the conceptual mod-
process by end users or experts. At this stage, the abil-els.
ity to go back and makes major changes in the designWe structure the remainder of this paper as follows.
is greatly reduced. While Section 2 presents an outline of the usabil-
In the last decade, the user interfaces engineering isity models quoted in the literature, Section 3 pro-
moving towards Model Driven Development (MDD) vides a description of our proposed usability evalu-
process. In this context, the Model Driven Engi- ation method. A case study is presented in Section 4
neering (MDE) (Favre, 2004) proved quite appropri- in order to show the usefulness of our proposal to the
ate. This approach tends to develop user interfacesuncovering of potential usability problems. Finally,
through the definition of models and their transfor- Section 5 presents the conclusion and provides per-
mations to a less abstract level to the code in the tar- spectives for future research work.
get platform. A renowned work in this context is the
Cameleon project (Calvary et al., 2001). It provides
a unifying reference framework for the user interface
development taken into consideration the context of 2 Related Works
use. Such user interfaces are nameilylti-target
As drawback, this framework ignore usability engi- Usability evaluation is often defined as method-
neering and consider usability as a natural by-product ologies for measuring the usability aspects of a user
property of whatever approach being used. Therefore,interface and identifying specific problems (Nielsen,
there is a need to extend the Cameleon framework in1993). There exist several methods targeting the us-
order to promotes usability as a first class entity in the ability evaluation of user interfaces. In this section,



we focus our interest in the analysis of model-based The analysis of the related works allows us to under-
methods since our main motivation is to integrate us- line some limitations. The system implementation is
ability issues into a model driven development ap- always a requirement to perform the evaluation. Be-
proach. sides, the majority of the existing proposals lack of
The usability evaluation has attracted the attention of guidelines about how usability attributes and metrics
both Human Computer Interaction (HCI) community are measured and interpreted. Regardless of the ap-
and Software Engineering (SE) communities. The SE proach, none takes into account the variation of con-
community proposed a quality model in the ISO/IEC text elements during their process activities and the
9126-1 standard (ISO, 2001). In this model, usability influence it brings to the selection of the most rele-
is decomposed intbearnability, Understandability vant attributes and metrics. Considering these limi-
Operability, Attractivenessand Compliance How- tations, it becomes clear that usability evaluation in a
ever, the HCI community has shown in the ISO/IEC multi-target user interface development process is still
9241-11 standard (ISO, 1998) how usability can be an immature area and many more research works are
measured in term oEfficiency Effectivenessand needed. In order to covers this need, we propose to in-
User Satisfaction Although both standards are use- tegrate usability issues into the Cameleon framework.
ful, they are too abstract and need to be extended orThe goals of our proposal are: 1) the evaluation pro-
adapted in order to be applied in a specific domain. cess must be carried out quickly in the development
Some initiatives to extend both standards are pro- process and independently of the system implementa-
posed over the last few years. (Seffah et al., 2006) tion, 2) the evaluation must be done in an automation
analyzed existing standards and surveys in order toway. The proposed method is intended to evaluate he
detect their limits and complementarities. Moreover, usability from the conceptual model. For that reason,
the authors unify all these standards into a single con-we propose a usability model wherein usability met-
solidated model called Quality in Use Integrated Mea- rics are based on the conceptual primitives. Metrics
surement QUIM. The QUIM model includes metrics are extracted from existing usability guidelines such
that are based on the system code as well as on theas (Bastien and Scapin, 1993), (M. Leavit, 2006) and
generated interface. This makes the application of the (Panach et al., 2011) with respect to the following re-
QUIM to a model driven development process diffi- quirements: 1) possibility to be quantified based on
cult. conceptual primitives and 2) relation with one of the
(Abrah&o and Insfran, 2006) proposed an extension of context of use elements (user, platform, environment).
the ISO/IEC 9126-1 usability model. The added fea-
ture is intended to measure the user interface usabil-
ity at an early stage of a model driven development - .
process. The model contains subjective measuremenl3 Proposed Usablllty Evaluation
which raises the question about its applicability at the Method

intermediate artifacts. Besides, it lacks of any detail
about how various attributes are measured and inter-
preted. An extension of this model is presented in
(Fernandez et al., 2009).

The usability of a multi-platform user interface gen- The Cameleon framework provides a user interface

erated with an MDE approach is evaluated in (Aquino development process which defines four essential lev-
et al., 2010). The evaluation is conducted in term of €ls of abstraction: Task & Domain, Abstract User
effectiveness, efficiency and user satisfaction. The us-Interface (AUI), Concrete User Interface (CUI) and
ability evaluation is based on the experiments with Final User Interface (FUI). The development process
end-users. This dependency is incompatible with an takes as input the conceptual models in order to gen-
early usability evaluation. erate the final executable user interface. In this frame-
(Panach etal., 2011) proposes an ear|y usab|||ty mea-WOfk, the Conceptual models covers the AUl and the
surement method. The usability evaluation is carried CUI levels. The CUI model is the most affected by
out early in the development process since the con- usability. Therefore, we opted to perform the evalu-
ceptual model. The main limitation of this proposal ation from this level. To do that, we proposes a set
is that metrics are Specific to the OO-method (G(’)mez of Usablllty attributes which can be quantified from
et al., 2001). Therefore, they cannot be applied to by means of metrics which are based on the concep-
other method, which is a disadvantage_ They need tual primitives of this model. The usability evaluation

some adaptation in order to be used (adopted) in othermodule take as input the CUI model and the usability
similar methods. model. As outcome, it provides a set of specific us-

ability problems. Problems are related to the concep-

3.1 Overview



tual primitives that are affected by it. These problems refers to the ease with which a user can predict his
are used to suggest some recommendations in order tduture action. Theénformative Feedbackoncerns the
correct the previous stages or the transformation rulesresponse of the system to the user action. Learnabil-
(see Fig.1). ity attributes are closely related to the user character-
istics. They can be considered as essential in order to
Model

guarantee a high level of user satisfaction.

In order to be able to measure the Understandabil-
Evaluation
Recommendations

ity sub-characteristic, we propose four measurable at-
Cameleon Framework Usability Engineering

‘ Task & Domain ‘ H

‘ Abstract User Interface }(:—

Concrete User Interface

l

‘ Final User Interface ‘ 1
H

tributes. The first attribute is thimformation Den-
sity which is the degree in which the system will dis-
play/demand the information to/from the user in each
interface. TheBrevity focus on the reduction of the
level of cognitive efforts of the user (humber of ac-
tion steps). The short term memory capacity is lim-
ited. Consequently, shorter entries reduce consider-
ably the probability of making errors. Besides, the
Navigability pertains to the ease with which a user
can move around in the application. Finalyessage
Figure 1: The proposed Usability Measurement Method.  Concisionconcerns the use of few words while keep-
ing expressiveness in the error message. The under-
The proposed usability model extend that presented instandability attributes are closely related to the plat-
the ISO/IEC 9126-1 standard. In such model usabil- form features. For example, the screen size has strong
ity is decomposed into five sub-characteristics that are jnfluences to the information density, the navigability

Usability
Problems

defined as follows: and the brevity attributes.
¢ Learnability: the capability of the software prod- Operability includes attributes that facilitate the user’s
uct to enable the user to learn its application. control and operation of the system. We propose the

following attributes: User Operation Cancellability
the possibility to cancel action without harmful effect
to the normal operationtJser Operation Undoabil-
ity, the proportion of actions that can be undone with-
- N out harmful effect to the normal operatioBxplicit

¢ Understandability: the capability of the software
product to enable the user to understand whether
the software is suitable, and how it can be used for
particular tasks and conditions of use.

to enable the user to operate and control it. requested by useError Prevention available means
e Attractiveness: the capability of the software to detect and prevent data entry errors, command er-
product to be attractive to the user. rors, or actions with destructive consequences. Inter-

active systems should allow a high level of control to
uct to adhere to standards, conventions, style E'sers espema}ll)t/ trf1ose W'thb? IO\(’;’ ![evel of extp.ertlerflce.
guides or regulations relating to usability. ence, user interface 1S obliged fo present interface
) o ) components allowing such control. The screen size of
Since the sub-characteristics have been described abge platform being used can affect this control when

stractly, we have analyzed some usability guide- it goes not allow displaying button like undo, cancel,
lines presented in the literature ((Bastien and Scapin, gjidate, etc.

1993), (M. Leavit, 2006), (Panach et al., 2011)) in The Attractiveness sub-characteristic includes the at-
order to extract and adapt more detailed usability at- yipytes of software product that are related to the aes-
tributes. Next Sub-Section shows our proposal to de- thetjc design to make it attractive to user. We argue
compose the former sub-characteristics into measur-ihat some aspect of attractiveness can be measured

e Compliance: The capability of the software prod-

able attributes. with regard to theFont Style Uniformityand Color
) . Uniformity. The Consistencymeasure the maintain-
3.2 Attribute Specification ing of the design choice to similar contexts. The user
preferences in term of color or font style are related
The Learnability can be measured interm®ampt- g the attractiveness attributes. It should be noted that

ing, Predictability and Informative Feedback The  some environment features (e.g. indoor/outdoor, lu-
Promptingrefers to the means available to advise, ori- minosity level) affect the choice of the color in order

ent, inform, instruct, and guide the users throughout to obtain a good contrast which give more clear infor-
their interactions with a computer. Theedictability



mation.
Fig.2 shows an overview of our proposal for attributes
specification.
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Figure 2: The Proposed Usability Model.

3.3 Metric Definition

In order to be able to measure the internal attributes
proposed in the previous Section, we need to define

the metrics required to measure each one. It should
be noted that metrics are intended to measure the in-

ternal usability from the conceptual models that is
why they are founded based on the conceptual primi-
tives of the method presented in (Bouchelligua et al.,
2010). Even though the metrics are specified to this
method, the concept of each one can be applied to an
MDE method with similar conceptual primitives. The
main reason of the choice of the method presented in
(Bouchelligua et al., 2010) is that this method is com-
pliant to the Cameleon framework and use the BPMN
notation to describe the user interface models. The
BPMN notation is based on the Petri networks which
allows the validation of metrics. In what follows, we
list the definition of some examples of these metrics.
Information Density

The average of field edit per Ul.

n n
ID1=Y$ xi i. 1
i; / i;y @)
x € (UlFieldEdit), y € (UIWindow).
The maximum number of elements per Ul.
n
ID2=Y xi. 2
i; 2)
x € (UlField).
Brevity

We propose the number of step required to accom-
plish a goal or a task from a well designated context.

BR= distancéx,y). 3)

Y,

X,y €(UIWindow), distance(x,y) returns the distance
between x and y.

Navigability

The average of navigation elements per UL.

NB= ixi/liyi.

x € (UlFieldNavigation), ye (UIWindow).

Message ConcisiorSince 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

n
MC = zixi.
i=

x € (word in UlDialogBox).

Error Prevention To prevent user against error while
entering data, we propose to use a drop down list in-
stead of text field when the input element have a set
of accepted values.

(4)

(5)

n

ERP= Zldropdownlis(x)/n. (6)

1=
x € (UlFieldIn with limited values), dropdownlist re-
turn the number of UIDropDownList.
3.4 Indicator Definition
The metrics defined previously provides a numerical
value that need to have a meaning in order to be in-
terpreted. The mechanism of indicator is restored in
order to reach such 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 numer-
ical range. The ranges are defined build on some us-
ability guidelines and heuristics described in the liter-
ature. Next, we detail the numeric ranges associated
with some metrics in order to be considered as a Very
Good value.

¢ Information Density: several usability guidelines
recommend minimizing the density of a user in-
terface (M. Leavit, 2006). 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 ac-
tion elements (ID2), 7 navigation elements (ID3),
and 20 elements in total (ID4) (Panach et al.,
2011).

e Brevity: some research studies have demonstrated
that the human memory has the capacity to retain
a maximum number of 3 scenarios (Lacob, 2003).



Each task or goals requiring more than 3 steps e Attribute: An entity which can be ensured during

(counted in keystrokes) to be reached decreases the model transformation process.

usability (Minimal Action MA). e Metric: A set of metric used to quantify an at-
e Navigability: some studies have demonstrated  tribute.

that the first level navigational target (Navigation e Indicator: qualitative value assigned to each set of

Breadth NB) should not exceed 7 (Murata et al., values used to rank metric to give meaning.
2001).
. . . . D <<enumeration=>>
e Message Concision: since the quality of the mes- sy | | e indicatorrype
- = Learnahili B
sage can be evalugted only by t.he end-user, the T oy | |- —
number of the word in a message is proposed as an - Qperablty oy _
internal metrics to assess message quality (Word = 4B
Number WN). A maximum of 15 words is recom- LT Compased
. =z ibutes "
mended in a message (Panach et al., 2011). e —_E -Inﬁ;i?t;mpe _— L
. . = Predictability ZE\ : f EDobl £ ubc :arac ristic
e Error Prevention: The system must provide mech- | - ifrmatveFeech.. || - prcy epoieie = Coremiy - o
anisms to keep the user from making mistakes | - ety .
. . . = Message Concision 1. MeasuredBy
(Bastien and Scapin, 1993). One way to avoid | - navigabilty | pssociated 1o
. . . = UseropC -
mistakes is the use of ListBoxes for enumerated | - ieeropun ENCT: . [Eresmshai
- Explicit User Action = name ; EString 1 9 g
values. (Panach et al., 2011) recommend at least| - & rremnton = WPririy : Ebauble [~ = APriority : EDouble

90% of enumerated values must be shown in a | _ St tnifarmity

= Color Uniformity

ListBox to improve usability (ERP). - Consistarcy

Metrics which are extracted from the proposition of
(Panach et al., 2011), they are extracted with their
ranges of values. in fact, this ranges are empirically With regard to the usability report, we propose a sim-
validated. For the others metrics, the ranges of valuesple meta-model which explain the usability problem
to consider the numeric value as Very Good are taken using the following scheme: théescriptionof the
into consideration in order to estimate the value to be usability problem, theelated attributeis the sub-
considered as Very Bad. The Medium, Bad and Good characteristic and attribute in the model that are af-
values are equitably distributed once we have the two fected by the usability problem, tHevel of the de-
extremes. The Table 1 shows the list of indicators that tected problem and trecommendatioto solve such

Figure 3: Usability Meta-Model.

we have been defined. problem.
Fig. 4 shows the proposed usability report meta-
3.5 Automatic Usability Evaluation model.
PrOCGSS <=<enumeration=>
= Jsahitt H UsabilityReport :E:SZ:?;JES?;;
. . N pupsistiiitc e = Leamatilty
Conducting the usability measurement manually is a | - nfrmatiereedhack = Uty
. . . = InformationDensity Cantain Operahility
tedious task. That is why we propose to automatize | - ey - Attractiveness
this process by implementing it as a model transfor- | - e compiensn .* .
mation process. The model transformation process re-| - it |- _ IESW% UsabiliyProbem ® Pk
quires two model as input (the user interface model | - jareeaoncare = UssbSubtharactrtc ess.ecrarac | |~ ©
e . - = Lisal bute © Usal
and the usability model) and provides as outcome a | - Bwlcitseracton < Level : ProblemLevel -B
. . . -1 ~ ErrarPrevention . = Recommendation @ EString - VB
usability report which contains the detected usability - EmiesE Ty
problem. In the model transformation literature, the - Gl
- .y . . . . = Conssenc
definition of the meta-modelis a prerequisite in or- !

der to use a model.
Concerning the usability model, the proposed meta-
model is composed of hierarchy with four levels:
o Sub-characteristic: A set of abstract concept used !t should be noted that the use of internal usability
to define usability. attributes anq metrics which are based on the concep-
tual models is recommended as an appealing way to
1A meta-model is a language that can express models. predict the usability perceived by end-users (Panach

It defines the concepts and relationships between concepts€t al., 2011). However, the validity of the proposed
required for the expression of the model. method need to be tested empirically.

Figure 4: Usability Report Meta-Model.



Metric | VG G M B VB
ID1 <15 | 15<ID1<20 | 20<ID1<25 | 25<ID1<30 | ID1>30
ID2 <10 | 10<ID2<13 | 13<ID2<16 | 16<ID2<19 | ID2>19
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 | 256<WN=<30 | WN>30

Table 1: Proposed indicators.

4  An lllustrative Case Study

This section investigates a case study in order
to illustrate the applicability of our proposal.
purpose is to show the usefulness of our proposal in
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research question addressed by this case study is:
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Does the proposal contribute to uncover usability
problem since the conceptual model?

The object of the case study is a Tourist Guide
System (TGS). The scenario is adapted from (Hariri,
2008). The mayor's office of a touristic town decides | "o
to provide visitors a tourist guide system. The system
allows the visitors to choose the visit type (tourism,
shopping, work, etc.). During the visit, the TGS
offers tourists several choices of visit traverses,
indicate the paths to follow and provides information
about the nearby points of interests. Tourists can use
the system to find places (restaurant, hotel, etc.) and
know the itineraries of visits. The system will run
on terminals of visitors (laptop, PDA, mobile phone,
etc.). Therefore, the user interface must adapt to the
context of use. For example, the computing devices
being used, the tourist language, preference, etc. It
should be able also to bring a feeling of comfort
and ease of use in order to increase the satisfaction”aP:
degree.

Since the tourist guide system is large, we focus
our interests in the generation of the concrete user|= & i,
interface for the «Search itinerary» task. We suppose| =% Ut
to have the abstract user interface from Fig 5 as a T e
result of the transformation of the task model «Search

itinerary» following the model transformation ex-
plained in details in (Bouchelligua et al., 2010). The
result of the transformation is an XML file which is
in accordance with the AUI metamodel (left part of
Fig. 5). To better clear up the user interface layout,
we develop an editor with the Graphical Modeling
framework (GMF) of eclipse. The sketch of the user
interface presented by the editor is shown in the right An ordinary transformation which takes as input the
part of Fig. 5. abstract user interface model allows producing the
The abstract user interface contains LAGroup concrete user interface model of Fig. 6. It should be
called «Search itinerary» which gives access to two noted that this transformation was done taken into
UlUnitSuit called «Enter Coordinates» and «Result». account a context of use defined by the analyst. The
The «Enter Cordinates» container gives access tocontext is the following: a laptop as an interactive
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Figure 5: Abstract User Interface.

specify the starting point and the destination point.
The tourist should choose the category (Address,
Landmark, Station) before specifying the starting
or the destination point. The validation of the

coordinates allows tourist to choice the planning
(Pedestrian, Cyclable, Vehicule, Metro, Train, Bus).
After that, the TGS system shows the list of possible
itineraries. The TGS system can shows the list in a
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Figure 6: Concrete User Interface.



device (normal screen size), an Englishman as ation to such platform raises a new redistribution of
tourist with a low level of experience. the user interface elements. The small screen size
In order to evaluate the concrete user interface, we (240x320) is not sufficient to display all information.
pursue a reduced version of the usability evaluation The number of the concrete component to be grouped
process presented in (Ammar et al., 2012). The is limited to the maximum number of concepts that
purpose of the evaluatias to evaluate the usefulness can be manipulated (5 in the case of «iPAQ Hx2490
of the proposed model to discover the usability Pocket PC»). Therefore, the user interface elements
problems presented in the evaluated artifact. The are redistributed on several windows. The redistri-
product part to be evaluateis the concrete user bution of interface elements on several windows will
interface model. Theselected attributesare the bring more steps to reach the goal. It should be noted
Information Density and the Error Prevention. The that with a small screen size theformation Den-
metricsselected to evaluate the former attributes are sity and theBrevity are the most relevant usability
ID2 and ERP. Thendicatorsare those presented in attributes. The problem is that these two attributes

Tab. 1.
The result of the evaluation is a usability report model
which contains the detected problems (see Fig. 7).
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Figure 7: Usability Evaluation Process.

e Usability problem N1: There is no means which
prevents the user against error while entering data.
Related attribute: Operability / Error Prevention.
Level: VB

Recommendation: Each input element with lim-
ited values will be displayed in a dropdown list
to protect user against error while entering values
(e.g. typos).

Usability problem N2: There are enough elements
in the user interface which increase the informa-
tion density.

Related attribute: Understandability / Information
Density

Level:B

Recommendation: It is recommended to replace
panels with a window.

have a contradictory impact. It is recommended to
distribute the concrete components on several screens
in order to obtain betteinformation Density How-

ever, redistribute elements from one screen to several
will influence negatively th@revity attributes.

Learned Lesson

The case study allow us to learn more about the po-
tentialities and limitations of our proposal and how it
can be improved. The proposed method allows the
detection of several usability problems since the early
stage of the development process. The evaluation pro
cess may be a means to discover which usability at-
tributes are directly supported by the modeling primi-
tives or to discover limitations in the expressiveness
of these artifacts. The ranks of indicators are ex-
tracted from existing studies which do not consider
the context variation. Therefore, many more exper-
imentations are needed in order to propose a repos-
itory of indicators in several cases (medium screen
size, small screen size, large screen size). The same
things for other metrics which are influenced by the
context variation. Another important aspect which
must be studied is the contradictory affect of usabil-
ity attributes. For example, for computing platform
with small screen size the information density and the
brevity has a contradictor affect. Increasing the in-
formation density will decrease certainly the brevity
attribute. Finally, the case study was very useful for
us. We can state that the method presented in this pa-
per can be a building block of an MDE method that
generate a user interface taken into account the con-
text variation of use while respecting human factors.

5 Conclusion and Future research
Works

This paper presents a method for integrating us-
ability issue as a part of a plastic user interface de-

The second transformation to be conducted takes anvelopment process. The proposed method extends the

«iPAQ Hx2490 Pocket PC» as platform. The migra-

Cameleon reference framework by integrating usabil-



ity issues to the development process. The early us-Calvary, G., Coutaz, J., and Thevenin, D. (2001). A unify-

ability measurement has the objective to discover the
usability problems presented in the intermediate arti-
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