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Abstract notation in widespread use for modeling mainstream sys-
tems, has attracted the attention of both HCI and software
The Unified Modeling Language (UML) has been widely engineering communities [9, 11, 14, 16].
accepted by application developers, but not so much by user
interface (UI) designers. For this reason, the Unified Mod-
eling Language for Interactive Systems (UMLi) has been  UML, however, suffers from its lack of support for mod-
proposed to improve UML support for Ul design. UMLi €ling Uls [14]. For example, class diagrams are not en-
introduces a diagram notation for modeling Ul presenta- tirely suitable for modeling Ul presentation. As a result of
tion and extends activity diagram notation to describe col- these difficulties, research has taken place with a view to
laboration between interaction objects and domain objects improving the effectiveness of UML for Uls. For example,
This paper demonstrates using design metrics, in a quanti-Markopoulos’s approach [9], Wisdom [11] and UM[16]
tative way, that UMLi models are significantly structurally ~are conservative extensions of UML, while ConcurTaskTree
behaviorally and visually less complex than standard UML [14] that proposes the introduction of a new notation fok tas
models when describing the same set of properties of an in-modeling constructors into standard UML. By contrast, the
teractive system. notion of task is represented by classes in Wisdom and by
activities in UMLi and Markopoulo’s approach. The exis-
tence of more than one approach to improving Ul support
in UML indicates the necessity of evaluating the benefits of
1 INTRODUCTION such approaches compared with standard UML. Indeed, it

is still unclear how best to improve support for Ul design in
The development of techniques for constructing Ul mod- the context of UML.

els and generating running Uls from these models has been

studied since user interface management systems (UIMSs)

were proposed during the 80s. More recently, model-based Qualitative evaluations based on the verification of the
user interface development environments (MB-UIDES) [6] conformance of proposed improvements with design prac-
have provided additional experience on the construction oftices and guidelines are supported by most of these ap-
user interface models. The use of many different and some{proaches. For instance, [9], [14] and [16] are approaches
times user interface specific notations is one of the well- derived from MB-UIDEs. However, such qualitative eval-
known shortcoming of MB-UIDEs [15]. Indeed, the mod- uations do not identify the extent of the benefits achieved.
est adoption of MB-UIDEs as part of software development Therefore, this paper presents, for the first time, a quan-
practice can at least partly be ascribed to the difficulties titative assessment of the benefits of extensions to UML
associated with the integration of MB-UIDEs with main- for modeling interactive systems. This assessment is de-
stream application development techniques. Therefoee, th scribed in terms of the structural and behavioral compjexit
idea of modeling Uls using UML [12], a standard modeling of UMLi and UML models for interactive systems.
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2 RELATED WORK long-term well-established metric the definition of which

has been naturally translated from a code-level metric to a

Few assessment strategies for Ul designs evaluate thélesign-level metric.
quality of conceptual Ul models. Considering toolkits and
Ul builders, no conceptual specification of Uls is usually 3 CASE STUDY
produced at all. Indeed, the produced Ul codes are al-
ready concrete Ul presentations, generally committed to a The modeling of a library system in both UML and
specific layout and a selected set of widgets. Consider-UMLi is used as the case study in this paper. This section
ing UIMSs and MB-UIDEs, an interaction with generated characterizes the aspects of a generic interactive sybim t
Ul prototypes and Ul codes allows designers and users toare commonly modeled in UIMSs and MB-UIDEs. From
evaluate the quality of a combination of Ul models, tech- this characterization, a brief description of the librayg-s
nigques used to generate running Uls, and toolkits that maytem modeled in the following sections is provided.
be used to implement the running Uls rather than the quality
of the Ul models in isolation. Some quality evaluation can 3.1 Aspects of Interactive Systems
be achieved by the simulation of these conceptual models,
as in ConcurTaskTree [13]. Simulations, however, restrict ~Many aspects of an interactive systems can be described
assessment to the behavioral part of the models. by models. Therefore, there are many possible combina-

The quality of models, however, can be assessed from in-tions of models that can together describe an interactise sy
ternal attributes of the models rather than from attribofes ~ tem. Despite how different these models can be, structural
artifacts produced from them. For instance, object-oeént and behavioral aspects of systems should be considered if
design metrics [1, 2, 4, 10] have been used to evaluate théhe aim is to build Ul models that can be used, for instance,
quality of several aspects, such as the collaboration (cou-to generate running user interfaces.
pling) between classes [3, 4], the cohesion among the op-
erations of a class [2], and the complexity of the control-
flow [10] of as object-oriented design.

Therefore, object-oriented design metrics are used in this
paper to assess the benefits of using UMimodel an in-
teractive system when compared with the use of standard
UML. In terms of structural complexity, this study uses the
suite of metrics proposed by Chidamber and Kemere (CK
metrics) [4] because:

e Structural models.Classes and objects are the main
structural elements of a system. Relationships be-
tween classes and objects, i.e., associations, composi-
tions and generalizations, are also structural elements.
Thus, structural models describe properties of classes,
objects and their relationships.

— Presentation model€lasses and objects respon-
sible for the visual appearance of user interfaces
are structural elements. Interaction objects are

e Basili et. al. [1] have validated CK metrics for class
fault-proneness [1] (disregarding theck of cohesion
on method$ COM).

e Basili et. al. [1] have provided a valuable indication of
the impact of Ul classes (avidget3 on the the vali-
dation of each CK metrics. Indeed, the experimenta-
tion described there was composed of eight medium-
sized interactive systems built in C++. Further, the
user interfaces of those systems were built using the
OSF/MOTIF toolkit. Therefore, due to the controlled
nature of the experiment, it was possible to describe
the impact of CK metrics on the database and user in-

terface classes, the two categories of classes described

in the paper. Furthermore, the comments in [1] are
contrasted to the CK metrics of the case study in this

paper.

¢ It has influenced many other metric proposals [2].

usually calledwidgets Presentation models are
structural models describing
properties of widgets and their classes.

— Domain models.Classes and objects modeling
the entities of a system are elements of the do-
main. Many of them may be related to interaction
classes and widgets, despite the fact that they are
not inherently related to Uls. Thus, domain mod-
els describe properties of classes and objects of
the domain.

Behavior modelsDynamic elements used to alter the
states of structural elements, i.e., tasks, actions, syent
are behavioral elements of a generic system. Thus, be-
havioral models describe properties of behavioral ele-
ments.

A description of how domain, presentation and behav-
ioral models for the library system can be built using UML

and UMLi are discussed in the following sections. First,
In terms of behavioral complexity, this study consid- however, the functionalities considered in the case stugly a
ers the McCabe’s cyclomatic complexity [10] since it is a described.
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3.2 The Library System Case Study TnteractionClass
B
Books, BookCopi es andLi br ar yUser s classified ishnteracting: boolean
into Bor r ower s andLi brari ans are the main enti- At
ties of the library system. Considering these entities, the
top-level functionalities specified for the library systene Z‘l

defined as follows.Li br ar yUser s are entitled to con- |

Primitive
nect to the systemQponnect use case), search for books hhvokéﬂﬁtcllon TnteractionClass
teractionClass
(Sear chBook use case) and check the status of a book ;:ixu;;ueo
(CheckBookSt at us use case).Li brari ans can ad- invokeAction() setValue()

ditionally check books in (deleting loans), check books
out (creating loans), renew loans, and maintainBbek, |

: | | | | |
BOOka)py andLi br ar y_L_Jser Catalogues' . | Cancel | ‘ Login | ‘LoginText| |Password | ‘PasswordText | |Feedback|
Many other functionalities are not considered in the case I ‘ ‘ I I

study. For instance, users are not allowed to browse the
book catalogue, to get a list of their loans or to make a UserDetailsCH
book reservation. However, this simple specification has
provided sufficient functionality to require the constiant
of quite substantial models for use in the study using met- ConnectUT
rics. Indeed, the library system must be entirely modeled
in order to make the quantitative assessment a restiieof
effort of building complete models of interactive systems Figure 1. The Connect Ul presentation mod-

UML and UMLi models of the library system are par-  €led in a UML class diagram.
tially described in the following two sections. Documen-
tation containing a complete description of these models
along W'_th the actual UML and UM|Unod¢Is 'S avgllable Behavior can be modeled in UML using activity dia-
athttp://ing. cs. man. ac.uk/umi/metrics. grams and interaction diagrams (i.e., collaboration diagr

Moreover, the models can be viewed and adapted using ; : :
. o . . d d . Int tiond -
Argo/UMLi, which is a UML editor tool that imple- and sequence diagram). Interaction diagrams are more pop

. . _ . ' ular than activity diagrams for modeling behavior and spe-
ments the UML extensions and is also publicly available y dlag 9 P

R . cially for eliciting structural elements required to supipe
K/;:ne hthr;[1t p://img. cs. man. ac. uk/umi/soft specific functionality. However, interaction diagrams-suf

fer from difficulties when representing the non-sequential
behaviors commonly required to model Ul behaviors. In
4 CASE STUDY IN UML this case, activity diagrams as presented in Figure 2 can be
used to describe the possible behavior of a user interface.
Class diagrams are used in UML for modeling classes The Connect activity in Figure 2 represents the behav-
and their relationships. Furthermore, the popular use ofior associated with th€onnect use case. Therefore, for
class diagrams is mainly to model tdemainof software ~ example, theenl object of clasCancel is made active
systems. and awaiting for an action invocation immediately after the
As structural models, presentation models can be builtwidgets in theConnect Ul are instantiated and made vis-
using class diagrams, as presented in Figure 1. Unlike inible in thel ni ti at eConnect Ul activity. Further, the
the modeling of the domain model, the use of class dia- uq object of clasdJser Quer y is instantiated by theew
gram for presentation modeling is not a popular choice. In- User Query action state leading to the execution of the
deed, it is difficult to realize that the class diagram in Fig- Get User Det ai | s activity, all of these actions happen-
ure 1 represents the presentation of a user interface, eveing in parallel with the activation of then1 object.
when many important properties such as interaction ob- Although uncommon, this approach of using activity di-
ject containments in a Ul are actually modeled. However, agrams for modeling Ul behavior is observed in Ul designs
this kind of abstract Ul presentation is conceptually eguiv  produced by practitioners [8]. Furthermore, recalling the
lent to the abstract presentation in MB-UIDEs [6]. Further, design guidelines of Shneiderman [17], activity diagrams
thel nteracti onC ass, | nvokeActi onC ass and allow designers to verify if Uls caaoffer informative feed-
Primtivelnteractived ass classes in Figure 1  back if their sequence of actions are logically grouped in
specify methods similar to those presented by Holub [7], order toyield closure and if they carmpermit easy reversal
a long-term practitioner working with Ul design. of actions For instance, in Figure 2 it is specified that a
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user interacting with th€onnect service can either gain ConnectUl
access into the library system or receive “Invalid Informa- -
tion” feedback. Further, thek 1 object is designed to be the
last action in th&Connect service, which provides a sense
of service closure. Finally, thenl object allows users to
cancel an attempt to connect to the library system when the
Connect Ul is visible.

.
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@ a top-level interaction object which cannot be contained by
any other interaction object, e.g. a top-level window. The

Il sethciivecfalss) |/

pil setéctive(falss)

dashed cylinders;= areCont ai ner s, which can group
interaction objects that are not FreeContainers. The down-
ward trianglesyV, arel nput t er s, which are responsible
for receiving information from users. The upward triangles
A\, areDi spl ayer s, which are responsible for sending
visual information to users. The pairs of semi-overlapped

- POl setéciveifalse)

Figure 2. The behavior associated with the triangles pointing to the righE,> areAct i onl nvoker s,
Connect Ul user interface modeled in a UML which are responsible for receiving information from users

in the form of events. Essentially, the user interface dia-
gram notation provides two benefits when compared with
class diagrams. Firstly, it emphasizes the notion of cantai

Another benefit of activity diagrams is that they provide ment among interacti_on objects. Se_con(_jly, it ident_ifies the
an explicit way to represent the complex relationship be- abstract roles that widgets are playing in a user interface

tween structural and behavioral diagrams. Indeed, with thePresentation.
use of object flows as represented in Figure 2, activity di-  1he modeling of Ul behavior is simplified in UMLby
agrams can model the data flow in addition to the control €xtending the notation of activity diagrams, as presented
flow of an interactive system. in Figure 4. For example, ther der i ndependent

As stated earlier, there are many different ways of mod- Selection Statep, simplifieg the modeling of a state where
eling an interactive system. The UML model presented USers have a range of choices gefectable statgshat can
here is one approach which conforms with modeling tech- P& performed however many times required, if any. Then,

niques suggested by practitioners [7, 8] as well as with de-{he action statesq. set Logi n( get Val ue())
sign guidelines suggested by HCI experts [17]. and ug. set Password(get Val ue()) are the se-
lectable states for the selection state in Figure 4. Further

. these selectable states correspond to the set -
5 CASE STUDY INUMLI Login(lt1l.getValue()) and ug.set Pass-
wor d( pt 1. get Val ue()) action states respectively in
Some of the limitations of UML, such as the difficulty Figure 2. Moreover, the pattern of action states, transstio
of visualizing widget containment in Figure 1, are appar- and forks within theGet User Detai | s in Figure 2
ent. To cope with these limitations, UNllproposes some  corresponds to theorder i ndependent Selection
extensions to UML. Theser interface diagrama special-  State in Figure 4. Finally, there is a set of powerful stereo-
ized version of the class diagram, aims to support the de-types, e.g.&present®, «cancels>, <interacts>, and
sign of Ul presentations. Figure 3 presents a user interface«confirmss>, based on the use of interaction object flows
diagram for the presentation modeled in Figure 1. There,that reduce the necessity of modeling action states related
the dashed cubé, is aFr eeCont ai ner representing  to the process of making widgets visible, invisible, active

activity diagram.
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and inactive. A description of these stereotypes in terms of
UML constructors is presented later in the paper.

Connect
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7 <<interacts>

ue. setPassword(getValue()) g

<<interacts >

<<interacts>>

i
ToginText i
i

L .
TserDetail s

] - i
3 = H
/_c_gnfmns passwordText !
. H

_Efemcelsz> [Ealse
ancel setValue(“Invalid Information™)
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Figure 4. The behavior associated with the
Connect Ul user interface modeled in a UML
activity diagram.

6 DESIGN METRICS

This section describes the metrics selected to assess th
models produced. It also describes the process of translat
ing UMLI into UML in order to produce a pair of models
specifying arequivalenset of properties of the library sys-
tem.

6.1 Selected Metrics

metric measures the number of activities and action

states reached by transitions triggered by operations
of a class. The assumption regarding this metric is

that the larger the response set of a class, the higher
is the complexity of the class, and consequently the

more fault-prone and difficult to modify is the class.

Behavioral Complexity. McCabe’s cyclomatic complex-

ity (CC) metric [10] is defined as the number of decisions
(or predicates) specified in models, plus 1. Since decisions
are specified in behavioral models, this is a metric for be-
havioral complexity. The reasoning behind this metric is
that CC corresponds to the number of possible execution
paths specified in the models. The assumption regarding
this metric is that models with high CC are more difficult
to understand and consequently maintain than models with
low CC.

Visual Complexity. There is no well-established metric
for measuring the complexity of visual languages [5]. In
the case of Argo/UML, the diagrams can be stored and
exchanged using the Precision Graphics Markup Language
(PGML) format. Therefore, as PGML is a textual represen-
tation for the diagrams in Argo/UMl.the number of lines

6f code (LOC) of the PGML files is the metric for measur-

ing the size of the UML and UMidiagrams in this study.
Size, however, may not be an appropriate metric for visual
complexity since designs with long textual representation
can be very simple ones. Therefore, the following metrics
are used in this paper for measuring the visual complexity

of the models.

Structure, behavior and visual appearance are the three e Density of coupling between objects in diagrams (DC-

dimensions of interactive system designs considered $n thi
case study.

Structural Complexity. CK metrics [4] is considered in
this paper for measuring structural complexity. However,
from the CK metrics, only the CBO and RFC metrics, de-
fined as follows, are mentioned in this paper. In fact, ac-
cording to the study in this paper, the other CK metrics were
not significantly affected when modeling Uls using standard
UML.

e Coupling Between Object Classes (CB®jefined as
the number of classes to which a class is coupled. This
metric measures the complexity of modifying and test-
ing a class in relation to other classes. The assumption
regarding this metric is that highly coupled classes are
more fault-prone than weakly coupled classes.

Response For a Class (RF®) defined as the num-

BOD). This is defined as the ratio of the level of
CBO in the models and the total number of LOC of
the PGML files representing the diagrams. The non-
validated assumption is that high densities indicate that
more relevant structural specification, e.g., structural
complexity, can be represented by fewer graphical ele-
ments than with low densities.

Density of cyclomatic complexity in diagrams

(DCCD). This is defined as the ratio of the cyclomatic

complexity in the models and the total number of

LOC of the PGML files representing the diagrams.

The non-validated assumption is that high densities
indicate that more relevant behavioral specification,
e.g., behavioral complexity, can be represented by
fewer graphical elements than with low densities.

6.2 Using the Design Metrics

ber of methods that can be executed in response to Measuring the metrics in the models of the library sys-
a message received by an object of that class. Thistem is a straightforward task. The major concern regarding
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the use of these design metrics is the production of mod-Thus, the mapping of each stereotype must be individually
els using two different notations to model a common set of explained.

properties from the specification of a system. Therefore, a
systematic mapping strategy should be defined in order to
ensure that the same reuse strategy is used in both models.

The diagrams in Figures 3 and 4 correspond to the mod-
eling of theConnect use case using UMl.while the dia-
grams in Figures 1 and 2 correspond to the systematic trans-
lation of the UML models into UML models. Therefore,
the mapping rules from UMiLinto UML can be explained
with reference to the Figures 1, 2, 3 and 4.

InteractionClasses to  Classes.|I nteraction-

Cl ass, |nvokeActionlnteractionC ass and
PrimtivelnteractionC ass in Figure 1 are
classes of the UML metamodel used to represent the
I nteracti onC asses, viz.,, FreeContai ners,
Cont ai ners, I nputters, Di spl ayers, Editors
and Acti onl nvokers. Therefore, thel nt erac-
tionCl asses in Figure 3 are mapped int@ asses

in Figure 1. This is a natural mapping since the UML
I nt eracti ond ass is asubclass of UMICI ass. Asa
consequence of this mapping we can observe the following.

e Placement to Composition In UMLi, an
I nt eracti on- Qbj ect which is not aFr eeCon-
t ai ner must be associated with @nt ai ner.
Thus, the association of almteractionObijectto its
Cont ai ner is specified in UML by the placement
of thel nt er act i onCbj ect into theCont ai ner
in the diagram. In UML, however, this association is
specified by a composition. Therefore, a composition
is created from eachnt er acti onCl ass in Fig-
ure 1 that is not &r eeCont ai ner to its immediate
Cont ai ner. For instance,Cancel is placed in
Options in Figure 3, so there is a composition
betweerCancel andOpt i ons in Figure 1.

e Visible(), Active() and InvokeAction() operations to ex-
plicit class methodsThese operations originally em-
bedded in the UMLmetamodel are explicitly modeled
in the UML presentation model in Figure 1.

Interaction Object Flow to Object Flow. Interaction ob-
ject flows in Figure 4 were translated into object flows in
Figure 2. Despite missing the information as to which role
each object can play in a Ul, this is a natural mapping since
I nteracti onObj ect is a subclass ofbj ect in the
UMLi metamodel.

Interaction object flow stereotypes into fragments of a
standard activity diagram. There is no one-to-one map-
ping between UML constructors and UML constructors.

e The «Presents> stereotype in Figure 4 specifies that
theConnect Ul FreeContainer is a presentation unit.
This means that the widgets directly and indirectly
contained byConnect Ul must be instantiated (if not
previously explicitly instantiated) and must be made
visible when theConnect activity is reached. Fur-
ther, these widgets must be made invisible and de-
stroyed when th€onnect activity is left.

e The «Cancels> stereotype in Figure 4 specifies that
theCancel Actionlnvoker is active and can finish the
Connect activity anytime when the control-flow is
there. This behavior is modeled in Figure 2 by the
Cancel object that is made active immediately after
the instantiation o€onnect Ul .

e The <Interacts> stereotype can be associ-
ated with a Container or Prinitive-
I nteracti onObj ect . If the stereotype is
associated with aCont ai ner, this means that
contained interaction objects are made active when
the associated activity or action state is reached. If
associated to aPrimitivelnteracti onCb-
j ect, this means that the object is made active (if
its Cont ai ner was not previously activated by
another<Interacts>) and ready to interact with a
user through theget Val ue() andset Val ue()
operations.

e The Order | ndependent SelectionState in Fig-
ure 4 corresponds to the fork with each selectable ac-
tion being recursively invoked, as presented in Fig-
ure 2. Thus, thegConfirms> stereotype in Figure 4
is mapped into three sequential action states associated
to theOK object in Figure 2. The first action state ac-
tivates the associatetct i onl nvoker , the second
waits for the performance of thenvokeAct i on(),
and the last deactivates thet i onl nvoker . There-
fore, the performance of thenvokeAct i on() isre-
sponsible forconfirmingthe end of the selection state
in Figure 2.

e The «Activates> stereotype, not used in Figure 4, is
mapped into three sequential action states, as in
<« Confirmss. The important characteristic of
< Activates>, though, is that these sequential action
states are placed before the activity/action state to be
triggered by the associated Actioninvoker.

RESULTS

Two set of files containing a textual representation of the

UML and UMLi models were produced using Argo/UNML
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In terms of LOC of these sets, the consolidated size of the
textual representations of the models and diagrams are 3.4
times higher and 4.01 times higher in UML than in UML
respectively. Size usually does not say much about how
difficult it is to construct model of an interactive system or
how difficult it is to understand such models. By contrast,
the metrics in this paper are designed to quantify the inher-
ent difficulties of constructing and understanding models,
since they measure many dimensions of the complexity as-
sociated with the models. Table 1 presents the metrics for
the UML and UML models. The following results can be
observed analyzing Table 1.

60

UL
mUML

RFC

o

Structural Behav. Visual

Model Complexity Cmplx. Complexity

Data| CBO | REC CC [ DCBOD | DCCD Ranges of frequency of classes
UML Mean | 2.7582 | 6.7582 77 0.0019 | 0.0006

Sum 251 615 ) o ) )
UMLi | Mean | 2.8523 | 1.1818 66 | 0.0080 | 0.0021 Figure 5. Distribution histogram comparing

Sum 251 104 the RFC of the UML and UML i models.
UML/ Mean | 0.9670 | 5.7185| 1.1667 0.2484 | 0.2891
UMLI Sum 1.0 | 5.9135

can be confirmed by users. This reduction may have a
significant impact in the design of large-scale interac-

tive systems since it provides an uniform treatment for

the canceling of tasks in order to allow users to reverse
their actions [17].

Table 1. Design metrics of the UML and UML i
models of the library system.

e The total of CBO is same in both models. e DCBOD is 3 times lower and DCCD is 2.45 times

The difference in the mean is due to the ab-
stract | nteracti onC ass, | nvokeAction-
InteractionC assandPrim -

tivelnteracti onC ass classes which are ex-
plicitly specified in the UML models and implicitly
specified in the UML metamodel. This means that

higher in UML than in UML. This indicates that the
capability of UML to visually represent both struc-
tural and behavioral complexity is higher than that of
UML. Thus, with a fixed number of graphical ele-
ments, UML should be able to represent more relevant
information than UML.

CBO is not affected at all by UMiLeven with a model

corresponding to 29% the size of the UML model. From a metric point of view there is no trade-off involved

in the use of UMILL compared with UML for modeling in-
RFC has been reduced 4.88 times when using UML teractive systems. In fact, no metric has demonstrated any
since much of the behavior in UMIclasses is embed- disadvantage to the use of UMfor modeling interactive
ded within the UML constructs, making the models systems when compared with UML.
more straightforward and easier to maintain. As a re-
sult of such improvement, Figure 5 presents a graphi-
cal representation of the distribution of RFC per num- 8 CONCLUSIONS
ber of classes. In this distribution, small areas are bet-
ter than big areas since low RFCs are better than high ~ This study has demonstrated in a quantitative way that
RFCs. Further, according to [4], the reduction of REC the UMLi proposal [16] is an improvement on UML for
indicates that UML classes are less fault-prone and Ul design. Further, it has demonstrated that UML can use-
easier to maintain than UML classes. Therefdhe, fully be enhanced for modeling Uls, as qualitatively iden-
reduction in RFC is a significant achievement of UMLi  tified in studies on the use of UML for modeling Uls [14].
In fact, significant reductions in structural complexiter
CC is 16% higher in UML than in UML This is due duction of 87% in RFC) and visual complexity (increase of
to the «cancels> and «confirms> stereotypes that 402% in DCBOD and 345% in DCCD) along with consider-
eliminate the necessity of specifying how activities can able reductions in behavioral complexity (reduction of 14%
be canceled by users and hoption selection states  in cyclomatic complexity) are achieved in UMmodels by
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improving the support of UML for Ul design. These met-
ric improvements, according to their validated assumggtion
mean that the construction and maintenance of models of
interactive systems should be simpler and easier in UML
than in UML. Indeed, the introduction of the user interface
diagram with its interaction classes has simplified the-visu
alization of Ul presentations. The introduction of the in-
teraction object flow with its stereotypes has simplified the
modeling of actions related to Ul widgets. The introduction
of selection states has simplified the modeling of behaviors
usually observed in Uls.

As well as providing a systematic comparison of UML
and UMLi, the paper establishes a foundation for a produc-
tive discussion on how to assess UML extensions for Ul
design using design metrics. Any other proposal to extend
UML for Ul design, e.g., [9], [11] and [14], can be con-
trasted, for example, with UMI. by comparing the met-
rics presented with those for standard UML. This approach
would allow researchers to systematically identify thetbes
combination of improvements in UML to support Ul de-
sign.

Finally, this paper has demonstrated that well established
object-oriented design metrics can contribute to the evalu

tion of user interface designs early in the process of devel-[11] Nuno J. Nunes and Jo3o Falcio e Cunha. Towards a

oping Ul software. For instance, using design metrics, Ul
models in UIMSs and MB-UIDEs could be evaluated before
any running Ul is produced from them. Indeed, user inter-
face design attributes can be directly evaluated from their

[6] Tony Griffiths, Peter J. Barclay, Norman W. Pa-

ton, Jo McKirdy, Jessie B. Kennedy, Philip D. Gray,
Richard Cooper, Carole A. Goble, and Paulo Pin-
heiro da Silva. Teallach: A Model-Based User Inter-
face Development Environment for Object Databases.
Interacting with Computersl4(1):31-68, December
2001.

[7] Allen I. Holub. Building User Interfaces for Object-

Oriented SystemsJavaWorld July-November 1999,
January 2000, March 2000.

[8] AriJaaksi, Juha-Markus Aalto, Ari Aalto, and Kimmo
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