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Abstract: Conceptual models communicate the important aspgcasproblem domain
to stakeholders. The quality of the models is kiglépendent on the usability of the
modeling method used. This paper presents a suceegucted on a method that
integrates the use of a semiformal notation, nantlety Unified Modeling Language
(UML) and a formal notation, namely B. The survegessed the usability of the method
by using the grounded theory, the Cognitive Dimamssiof Notations (CD) framework,
and several criteria suggested by the Internatio@afanization for Standardization
(ISO). Ten participants responded to the survew fEsults suggest that the method is
accessible to users when the principles and rofesach notation are obvious and well
understood, and when there is strong support froenénvironment. Supported by the
findings, a usability profile based on CD for desitg a method that integrates
semiformal and formal notations is proposed.

Keywords: empirical assessment, semiformal and formal natatio cognitive
dimensions (CD), grounded theory, usability.

INTRODUCTION

Modeling is vital in the development and maintereaiof software systems. It allows the
characteristics of the existing and future systamsbe captured and understood. The
modeling process produces models where the reqeiremspecification is one of them.
Software requirement specification is a conceptuadel that establishes the connection
between the user’s needs of a system and the gefswdution to meet them. It is an abstract,
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clear, precise, and unambiguous conception of gesyswhich is developed by using the
appropriate notations. Some examples of notatised uin conceptual modeling include
semiformal notations such as entity-relationshiaggcam (ERD; Chen, 1976) and Unified
Modeling Language (UML; Object Management Group [GIM2008), and formal notations
such as Z (Spivey, 1992) and B (Abrial, 1996). tdition, there are also notations that
integrate both semiformal and formal, such as UMd Z (Martin, 2003).

Formal notations such as Z and B use mathematycabals to describe a system. The
notations have three components: rules for detémgithe grammatical well-formedness of
sentences (syntax); rules for interpreting sentncea precise, meaningful way within the
domain considered (semantics); and rules for imgmseful information (proof theory), which
provides the basis for automated analysis of a mfdm Lamsweerde, 2000). Formal
notations therefore have the ability to increaseaael’s precision and consistency, which is
necessary especially for critical systems (Hincl2®g2). However, the notations are regarded
as being difficult to comprehend, due to the usafgenfamiliar symbols and underlying rules
of interpretation that are not apparent to mangtgraners (Carew, Exton, & Buckley, 2005).
On the other hand, semiformal notations such as BRI UML provide abstract graphical
representations for illustrating system elementgeyTare semiformal because, although they
possess some formal aspects such as support idevéerefinement process, they cannot be
used to verify or predict the vast majority of gystcharacteristics (Alexander, 1996). As a
result, an accurate and consistent model cannguamnteed. Nonetheless, the notations are
perceived as more accessible, since it is easigstialize the mapping of graphical symbols to
the real-world objects they represent (Bauer & 3ohrLaird, 1993).

By integrating formal and semiformal notationsniay be that practitioners can produce a
model that is accurate, consistent, and more abbess them. Ongossible approach to this
integration is to combine the formal notation oaBd the semiformal notation of UML. A
method called UML-B (Snook & Butler, 2006) is oneck product. The rationale of this
integration is that B has strong industrial suppgrttools, such as Atelier-B (ClearSy
Systems Engineering [ClearSy], n.d.) and B-Too{BitCore Limited [B-Core], 2002), and
UML has become the de facto standard for systeraldpment (Pender, 2003).

This paper presents an investigation into the lisabf UML-B. Usability in this context
means the understandability/comprehensibility riability, operability, and attractiveness of the
method. The assessment was conducted by usingahedgd theory and a usability evaluation
framework, namely the Cognitive Dimensions of Niota (CD; Green, 1989; Green & Petre,
1996), with several usability criteria suggested the International Organization for
Standardization (ISO, 2003, 2004). The followingtiss provides the background of the paper,
which includes a brief description of CD and UMLA4BRater, the survey is presented. The final
section concludes the paper with a summary of #ie findings and future work.

BACKGROUND
Cognitive Dimensions

The CD framework provides a comprehensive vocapular discussing the usability of
programming languages, tools, and environmentgadt originally proposed as a broad-brush
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discussion tool, offering a vocabulary to discuse usability tradeoffs that occur when
designing programming environments (Green, 198868 & Petre, 1996). Nevertheless, it is
also applicable beyond the programming environm@inice its proposal, the CD framework
has been used as a basis of usability evaluatioseweeral notations, such as UML (Cox,
2000; Kutar, Britton, & Barker, 2002), C# (Microso€Corporation [Microsoft], 2008)
programming language (Clarke, 2001), spreadsheglicapon (Tukiainen, 2001), and Z
notation and tools (Triffitt & Khazaei, 2002).

The framework is generally seen as a tool that tid usability evaluation of information-
based artifacts (Green & Blackwell, 1998). The aifrthe framework is to provide general
guidelines that can be used to evaluate the usadiid suitability of an artifact for a particular
setting. An artifact is analyzed based on a ugglpliofile that contains a CD set. The profile
guides the evaluation of the artifact for a patécwser activity. The framework distinguishes
six main types of user activity (Blackwell & Gree®003): incrementation, transcription,
modification, exploratory design, searching andl@gtory understanding. Each of these user
activities is supported by a specific usabilityfpeo

Table 1 provides the 14 dimensions in the CD fraark, with summarized descriptions.
Although the dimensions are conceptually independaany of the dimensions are pairwise
interdependent (Green & Blackwell, 1998). This ngealthough any given pair can be treated as
independent, a change in one dimension usuallyresga change in some other dimension. For
example, reducing a notation’s viscosity may nfecfits closeness of mappirigyt it is likely to
affect other dimensions, such as increasing thiesatisn gradient. The framework considers this
situation a matter of making compromises or tradanfartifact designs.

Table 1. The CD Framework (drawn from Green, 1989).

Dimension Description

Abstraction gradient

Level of grouping mechanism enforced by the notation

Closeness of mapping

Mapping between the notation and the problem domain

Consistency

Similar semantics are presented in a similar syntactic manner

Diffuseness

Complexity or verbosity of the notation to express a meaning

Error-proneness

Tendency of the notation to induce mistakes

Hard mental operations

Degree of mental processes required for users to understand the notation and to
keep track of what is happening

Hidden dependencies

Relationship between two entities such that one of them is dependent on the other
but the dependency is not fully visible

Premature commitment

Enforcement of decisions prior to information needed and task ordering constraints

Progressive evaluation

Ability to evaluate own work in progress at any time

Provisionality

Flexibility of the notation for users to play with ideas

Role-expressiveness

Purpose of an entity and how it relates to the whole component is obvious and can
be directly implied

Secondary notation

Ability to use notations other than the official semantics to express extra
information or meaning

Viscosity

Degree of effort required to perform a change

Visibility/Juxtaposibility

Ability to view every component simultaneously or view two related components
side by side at a time
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In essence, CD provides a framework for assesdieg usability of building and
modifying information structures. Because usabitigpends on the structure of the notation
and the supporting tools provided by the environtnéme dimensions are indeed applicable
to the whole system.

UML-B

UML-B (Snook & Butler, 2006) is a graphical formmabdeling notation and method based on
UML (OMG, 2008) and B (Abrial, 1996). It uses UMLGassandStatechardiagrams as the
graphical representation of its model. The Clasagrdim shows the structure and the
relationships between system entities. The Statechagrams are attached to classes to
describe their behavior. A notatiqrB (micro B) that is based on B notation, is useddatual
constraints and actions for the diagrapiB. has an object-oriented style dot notation that is
used to show ownership of entities, namely attebwind operations by classes. The modeling
environment of UML-B includes Rational Rose (IBMfSare [IBM], n.d.) and a translator
called U2B (Snook & Butler, 2006). Rational Rosevmles the environment for the UML-B
model development while U2B is a tool that traresdad UML-B model to a B model so that it
can be verified by B tools, such as Atelier-B (C8a n.d.) and B-Toolkit (B-Core, 2002).
Figures 1 and 2 illustrate examples of a Claggraim and a Statechart diagram of a UML-B
model, respectively. The Class diagram shows thigiesnand relationships involved in an
Auction System. Two main classes, namé§ERandAUCTION are connected througteller
and highest_bidderrelationships. The Statechart diagram shows thtesstand transitions
(operations) of the AUCTION class with the respactextual constraints specified usjuis.

USER

&halance : NAT =0

<= e (1

SETOET;TQS Hname o1 Screates> registerinm : STRINGS, pw . STRINGS)
$<cdestroy=» unregister()

®ogininm© STRINGS, pw - STRINGS)

$ogaff()

+password SdfisplayAmount() - amount

1 0.1

+seller +highest_bidder

[ (1
AUCTION

20NN Syreserve | NATT

highest_bid : NAT =0
& admin_amount - NAT =0 highest |
&<<constant=> commission | NAT1

$ccrreates> createAuction(res - NAT1, user - USER)
o SplaceBid(user | USER, il | MATT)
displayAdminAmount() . amount placeBid2(user | USER, bid : NAT1)

®adestroys> win(user : USER)

Operation Specification for displayAdminAmount

Class specification for AUCTION

Semantics:
______________ Documentation:

amount = admin_amount | |eeemeeeeeeeee
INVARIANT
seller /= highest_bidder

Figure 1. An example of a Class diagram of UML-B.
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createAuction] commission == user balance & user.user_state=loggedin ]/
seller .= user || reserve :=res || user balance := user.balance - commission ||
admin_armount := admin_amount + commission

noBids

placeBid 1 user user_state=loggedin & user /= seller & bid >= reserve & bid <= user.balance & highest_bid = 0 & self /. dom($highest_bidder) ]/
highest_bid:=bid || highest_bidder ;= user || user balance ;= user balance - bid

win[ user = highest_bidder & highest_bid = reserve & commission <= seller balance + highest_hid ]/
bidding | seller balance = seller balance + highest_bid - cormission || admin_armount := admin_armount + commission

®

placeBid2[ user.user_state=loggedin & user /= seller & user /= highest_bidder & bid > highest_bid & bid == user.balance & self : domi$highest_bidder) ] /
highest_hidder := user || highest_bid := bid || $balance:= $balance =+ {user |-> user.balance - bid , highest_bidder |-= highest_bidder.balance + highest_bid}

Figure 2. An example of a Statechart diagram of UML-B.

The comprehensibility of the notation used in a lUBI model has been assessed in
previous work (Razali, Snook, Poppleton, Garratt\&lters, 2007). The assessment was
conducted as a controlled experiment that comparé&tML-B model and a B model for
model interpretation task. The measure of inteussd in the experiment was efficiency in
performing the task, that is, accuracy over timee Tesults suggest with 95% confidence that
a UML-B model could be up to 16% (overall compredien) and 50% (comprehension for
modification task) easier to understand than theesponding B model. The subjects
commented that the UML-B model made it easier arnidkgr to understand the scenario and
the relationships between operations; easy to dpyedspecially on computers; and more
logical to developers. Nevertheless, the model said to be useful only with good tool
support. The UML-B model was also regarded as beuitg “messy,” since the information
was scattered around the Class and Statecharadiagr

SURVEY

The controlled experiment described briefly in frevious section evaluated the notation
comprehensibility in terms of how easy it is to arelfand a UML-B model from the
perspective of users who interpret the model. Hseilts of the experiment suggest that the
UML-B model is more comprehensible than the B modéie findings however cannot
suggest by any means that the notation is alsdeufa@mn the perspective of developers who
use UML-B for modeling. Neither could they determwwhether or not the notation suits the
developers’ common needs and expectations.

The following subsections present a further surgegducted on UML-B. The survey
assessed the usability of the notation used in WBMIErom developers’ perspectives,
especially from the point of view of users who hady recently started to use it. Since
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usability depends on the notation and its envirammiie evaluation included the tools that
accompany the method, namely Rational Rose (IBll) and U2B (Snook & Butler, 2006),
whenever appropriate.

Objectives and Methods

The survey was qualitative in nature. Despite tuet that some of the data were quantified
using an ordinal scale, the bulk of the analysis werpretative. This type of analysis was
carried out due to the problem at hand, that es,stirvey attempted to understand the nature
of experience of using UML-B. Since little is knowabout the UML-B method, the survey
aimed to explore and gain novel understandingstofuse through qualitative data and
analysis. The analysis allows the intricate detalil®ut the phenomena, such as feelings,
emotions, and thoughts to be extracted and analyzed

Many different approaches to qualitative data amgpleyed in the social sciences
(Cassell & Symon, 1994; Denzin & Lincoln, 1994; Wweeok, 1994). We adopted one
approach, namely the grounded theory (Glaser &uS#,a1967; Strauss & Corbin, 1998).
There are two variations in the approach, whichbased on different directions taken by its
originators, namely Glaser (1992) and Strauss aoi@ (1998). This survey employed
Strauss’ approach because it is more systematiciaedtive. In particular, it contains more
formal models and procedures to generate thedtiedsso encourages a qualitative study to
have a research question so that the researchstaafocused amid the masses of data. In a
qualitative study, the research question shouldrbad and open-ended.

The theory in the grounded theory approach is ddrivom data, systematically gathered
and analyzed through the process. This approachcivasen because, unlike the controlled
experiment conducted previously, this survey was based on any specific theory. The
grounded theory approach allows the study to b@ted without a preconceived theory in
mind: The researcher can start with a phenomendmatiow the theory to emerge from the
collected data. Because the theory is drawn frota, dais likely to offer insight, enhance
understanding, and provide a meaningful guide tiom¢Strauss & Corbin, 1998). It is believed
that the theory generated from this approach ierikely to resemble the reality, as compared
to theory derived by merging concepts based ondm@thinks things ought to work.

The survey aimed to formulate tentative theorieshef usability of integrated methods,
(combined semiformal and formal notations) suchJd4L-B, based on the understanding
obtained from the qualitative analysis using theugded theory approach. While a single
study can never embrace all possible situations, shrvey sought to provide some
preliminary evidence of the integrated method’®likstrengths and weaknesses when used
under certain defined conditions. It was also ideghto identify any threats that could hinder
the method’s usability and any opportunities thatild improve the method further. The
tentative theories could act as a basis for furithestigation and analysis.

One of the subjective comments obtained from thmiee&ontrolled experiment was that
UML-B was seen as easy to develop, particularlycomputers. The method also was
deemed to be useful only with good tool supporiesehhypotheses were given by subjects
who dealt with the already-developed UML-B modedt the process of modeling. This
could suggest, therefore, that the hypotheses migthbe true from developers’ perspectives
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for modeling purposes. As a result, the surveyuidetl these hypotheses in its investigation
of the phenomenon through the following broad redequestions:
= Do individuals who develop a model using the UMLvgthod perceive them (i.e.,
the method and the model) as usable (easy to uaddrseasy to learn, easy to
operate, and attractive)?
= What are the characteristics of the UML-B method &ML-B model that affect
their usability from the modeling perspective?

Materials

The survey instrument was developed based on thasigroposed in the CD usability

framework (Green, 1989). The framework was adopiedause it captures a significant
number of psychology and human—computer interagttfl) aspects that focus particularly

on the notational design. The framework comprigesdifnensions (see Table 1), which acted
as the response variables in the survey.

The questions for the survey were constructed bywing the proposed CD questionnaire
(Blackwell & Green, 2000). The advantage of usirgjeandard instrumentation, as proposed by
the CD questionnaire, is that it has been assdssgdlidity and reliability by the authors. The
CD framework is widely used by other researchersstigating the usability of notations, such
as UML diagrams (Kutar et al., 2002) and Z (Trift Khazaei, 2002), and so it provides a
mechanism to compare the results of this survely thi2 results of other similar studies.

The CD questionnaire is intended to present theedsions in general terms,
applicable to all information artifacts, rather nharesenting descriptions specialized to a
specific system under consideration. The questioanveas therefore tailored and modified
slightly to reflect the characteristics of UML-B. dvkover, the questions for the survey
were designed to include a set of answers usingrdimal scale together with the open-
ended questions. This approach allowed the survegbtain some guantitative measures
rather than exclusively qualitative measures.

In addition to the CD framework, the questionslom survey were also constructed based
on the usability criteria proposed by the Interoradil Organization for Standardization (1SO,
2003, 2004): understandability, learnability, ofélry, and attractiveness. There were 20
questions on the survey: 14 reflecting the dimerssiof the CD framework, 5 representing
the ISO’s usability criteria, and 1 designed tohgatsuggestions for improvement. The 14
guestions on CD were also mapped to at least osmeiling criterion of 1SO. The mapping
was based on the definition stated in the stand@h® questions on the survey were
presented in random order without following a spedequence of dimensions. To ensure
the questions were purposeful and concrete, thergerguidelines on survey question
construction were followed (Kitchenham & Pfleeg2d0?2).

The questions used an ordinal scale that providedespondents with five potential levels
of agreement, from2 (very difficult)to 2 (very easy)An uneven number of levels were used
because, by allowing for a neutral opinion, unemambers contribute to the achievement of
better results (Bonissone, 1982). In addition ® sklection on the scale, justification for the
answer given was also required through open-endestigns, such as Why? or Which part?
This acted as the qualitative data, which were tsgdther with the quantitative data on the
scale for the analysis. There were also questi@igequired an answer of Yes, No or Not sure.
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The survey questions and raw data can be foundralR(2007). As an overview of the
questions, Figure 3 provides some examples of timeeg questions. The first question
concerns the visibility and juxtaposability dimension, which also relates the
operability/attractiveness criteria of the 1SO. Texond question involves the hard mental
operations dimension that also implies the ISOdeaunstandability/learnability criteria.

The CD framework describes the necessary conditamngsability based on the structural
properties of a notation, the properties and ressuof an environment, and the type of user
activity: incrementation, transcription, modificat exploratory design, searching and
exploratory understanding (Blackwell & Green, 2008) particular, it addresses whether the
users’ intended activities are adequately suppdnetihe structure of the notation used and its
environment. For the survey, the identified user@nded activity was exploratory design, in
which the users employed UML-B (notation and enwinent) to design a conceptual model.
The survey questions and analysis therefore wioeetd towards this aspect.

The survey guestions were reviewed by a focus gpyigr to distribution. There were
four people involved in the process. The purposthefreview was to identify any missing or
unnecessary questions as well as to identify aryiguous questions and instructions.

Participants

Ten participants responded to the survey. They wasester's students of a software
engineering program at the University of Southamptwho registered for the Critical

Systems course in spring 2006. They were chosen due o pogential contribution towards

the development of usability theory for integrameethods such as UML-B. Specifically, they
were selected because they received formal traiomdd (9 hours) and UML-B (1 hour)

during the course. They also had completed cowsethe object-oriented technology and
formal methods of developing at some points inrtistudies. Basic knowledge of those
aspects is necessary to develop a UML-B model. M@e the participants had some
practical experience in using UML-B and its toolksfdre participating in the survey. In

particular, they used the method to develop a mofial system as part of their coursework
towards the end of the Critical Systems course.

If you need to compare different parts of your UML-B model (e.g., between diagrams or windows of
different operations, etc.), how easy is it to view them at the same time in Rational Rose?

Very difficult Very Easy
-2 -1 0 1 2

Why?

Do you find any complex or difficult tasks to work out in your head when modeling your UML-B model?
No Not Sure Yes

If Yes, what are they? If No or Not Sure, why?

Figure 3. Examples of the survey questions from Razali (2007)
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The survey adhered to the university’s ethical ged and guidance for conducting
research involving human participants. The parsiots were aware that the survey was
intended for research purposes. They were motivadeparticipate as it helped them in
exploring the method in addition to providing a apéor reflection on their learning prior to
their course examination.

The subjects were in the final semester of theisterégs program. They therefore had a
reasonable amount of experience and knowledgeftwa® development. Some of them had
some professional work experience in this areay Hne the next generation of professionals,
thus they represented closely the population ustiaty: software developers who are new
users of the UML-B method.

Results and Analysis

The survey adopted the grounded theory approachthirdata analysis. In addition to
capturing the informants’ experiences of using UBILthe survey aimed to formulate
tentative theories on the usability of such integgamethods in general. The theory in the
approach denotes a set of discrete categoriesatigatsystematically connected through
statements of relationship. The categories in &€&sane abstract concepts that describe the
phenomenon under study, whereas the statementlafionship are the interrelated
properties of those categories.

Employing the grounded theory approach entails embmr of coding and analysis
processes. The first one applied wgen codingwhere the responses were examined for
objects of interest based on the stated resear@stiqns. The technique used was
microanalysigStrauss & Corbin, 1998). The analysis focusedentifying major themes or
categories and how often they emerged in the dadarwarying conditions. The idea was to
form a theoretical framework, thus the analysisolmegd the formulation of general
categories rather than ones specific to any indaliccases. For example, issues of using
Rational Rose (IBM, n.d.) and running U2B (SnoolB&tler, 2006) were conceptualized as
Availability and Usefulness of Supporting Tools.eTanalysis did not intend to specifically
delineate every single limitation of the tools. IRat the objective was to identify and
propose a set of categories that can be used asisfor examining the usability of other
similar methods in future.

After completing open coding, an axial coding psxevas conducteddxial coding
involves moving to a higher level of abstraction laentifying relationships between
categories based on their properties. This forreshifisis for the theory construction. The
properties for the categories were derived by hlpyjoeries such awhat why, how and
whenduring the analysis process. For example, respasdeentioned the issue of learning
UML and B several times in their answers. Therefdearnability of Notations and Tools
was recognized as one of the categories. On ther didind, it is necessary to know what
aspect of the notations and their tools was easgifbicult to learn, when and why they
happened, in order to understand the phenomenoranwer the queries, evidence was
obtained and accumulated from various parts ofginestionnaire. This included both the
quantitative (ordinal scale) and qualitative (sabje) data. The use of CD framework and
ISO’s usability criteria that shaped the dimensiofsisability investigation facilitated the
identification of the categories and properties.
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The following paragraphs list the categories amdb@late their properties. The properties
(reasoning based on CD and ISO usability critetha} support the statements are stated in
the parentheses in the paragraphs. The properées gvouped into categories based on the
respondents’ qualitative answers and data on tiearscales (for details, see Razali, 2007).

Category 1: Model Structure and Organization. The UML portion of UML-B allows the
system properties and behaviors to be illustradguthe Class and Statechart diagrams.
Each diagram represents the system from a spqudfispective. For example, the Class
diagram shows the attributes and relationships émtwentities in the system while the
Statechart diagram delineates the states andttanssinvolved in the system operations. In
modeling a UML-B model, the users employ the diatgdo illustrate the system properties
from these perspectives.

The diagrams are equipped with formal semanticseravhthe characteristics and
behaviors of the systems are more precisely spécifrormal semantics in the form of B
syntax are added at different parts of the diagraonthat the diagrams and semantics can be
transformed to a B model. For example, the glolaaiables and invariants are placed at the
Class diagram level while the conditions and effeat the behaviors are placed at the
Statechart diagram level. Despite being scattdremlighout several parts of the model, the
method has the ability to transform the diagrant @nsolidate the semantics as a single B
model through its tool, namely U2B.

Despite being logical, having the formal semangitdifferent parts of the model causes
an accessibility issue for the users. They neeswiitch to different parts of the model to
specify the formal semantics. Rational Rose suppbe display of multiple windows at one
time. However, having to deal with several dispthyendows simultaneously in Rational
Rose seems to be a problem (Property: visibilitgg arxtaposibilitydimension). The users
have to view not only the windows that display @lass and Statechart diagrams but also the
pop-up windows that carry the semantics for eacthefdiagrams. In fact, some of these
windows have to be on top of each other due tadichscreen space. This leads the users to
overlook certain aspects of the model and to becpnome to errors (Property: error
proneness dimension). The users can view and suésty check the model using B tools
by translating it to a B model using U2B at any mlody stage they like (Property:
progressive evaluation dimension). However, hawmgransform the model, particularly
while formulating and synthesizing ideas, has lregarded as a “noise.” In addition, model
transformation at early stages, where many asests yet to be carefully thought through,
will generate error messages in B tools. And stgrthodeling with many generated errors
can be a daunting experience, especially to nevgsuse

This finding supports the comment obtained from ¢batrolled experiment where the
UML-B model had been regarded as messy. The messiise caused not only by the
scattered information but also the display of nplétivindows simultaneously. The structure
of the model does affect its accessibility for batbdel reading and development, even on
the computer screen. The cognitive psychology th#wt underpins this phenomenon is that
humans have a limited amount of information that ba processed at one time. The way
material is organized and presented has an ef@gar(dler & Sweller, 1992). When the
related information is separated on the page @esgrusers have to use cognitive resources
to search and integrate it. Users are less ablolt the separated information in working
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memory simultaneously, especially if the informatibas a high intrinsic cognitive load
(Sweller & Chandler, 1994). In general, a formatation such as B syntax is high in intrinsic
cognitive load because it involves concurrent extdons between its syntactical and
semantic characteristics.

Because a UML-B model always involves the use ofentban one UML diagram that
carries the respective B syntax, the issue of eadtinformation is seen as unavoidable.
However, the effect of split-attention can be restudf the modeling tool allows more
convenient and less distracting switching to amaving different parts of the model.

Category 2: Availability and Usefulness of Supporting Tools. Rational Rose and U2B are
the main supporting tools in UML-B. These tools @&een useful in some aspects (Property:
consistency dimension; secondary notation dimendiearnability and Utility of U2B). On
the other hand, several problems in user-friendineiere discovered by the users. For
example, Rational Rose does not support some chaag®matically, which causes the
modification process to be unnecessarily tediougp@ty: viscosity dimension). If a variable
name is changed in the Class diagram, the changs reflected in other parts, such as in the
Statechart diagram or in the semantics where thabla name is used. A similar situation
applies to variable deletion. Thus, the changes tavbe done manually by visiting the
respective parts of the model.

U2B in general has received a fairly good acceptaamong the users. This is due to its
obvious role, that is, to transform a UML-B modsbi a B model. By executing several simple
steps, the users can generate a B model and exleewterification task using B tools (Property:
progressive evaluation dimension). This is theaeasghy the tool is seen as easy to learn and
use (Property: Learnability and Utility of U2B). @rautomatic transformation has alleviated
some pains that would occur when modeling a B méaeh scratch. At the very least, it
provides basic structures for the B model, whi@ukers could extend further by adding more
details. However, in order to keep the U2B simjpldpes not contain a verification feature; the
user would need to return to the B tools to achisfication. As a result, no matter how
simple to use, U2B, or even Rational Rose, doesuqgport any type of checking. This means
users have to transform the UML-B model to a B nhaahel run it in B tools each time they
change an idea, even if it involves only a mincarade. Otherwise, there is no way to be sure
whether or not the change is acceptable. The gexdeBamodel will contain numerous types of
errors from the simplest to the most complex, wigan only be recognized during model
verification using B tools. Because of this reaamers feel that the method is less supportive
for experimenting with ideas (Property: provisigtyatlimension). Users would benefit from
having some simple checking abilities, such aseshwsriables and typing errors of B syntax at
the modeling and transformation levels. This caadtl as the frontline checking to eliminate
minor errors before pursuing more extensive veiifon in B tools. Rather than introducing all
types of errors at once, evolutionary phases oflehg could make the verification task less
daunting and troublesome for the users. Becaus®theurrently lacks these elements, it does
not fully meet the users’ expectation (Propertyaroability and Utility of U2B).

This finding supports the comment obtained from dmmtrolled experiment where
several subjects in the experiment believed thatniethod is useful only with good tool
support. Although the necessary tools are availdbkre are several aspects that should be
improved in order to increase their utility (Prayeruture Improvement). Perhaps a more
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seamless modeling environment should be createthatousers do not have to perform
several individual and intricate steps during mivdgl

Category 3: Learnability of Notations and Tools. The successful use of UML-B relies on
the fact that users have to be familiar with UMLdaB. Otherwise, the integration of both
notations could not be understood or valued. Froerésults of the survey (Razali, 2007), it
has been found that it is difficult if not impodsilto obtain the understanding of the notations
used in both UML and B at the same time (Propdsarnability of UML-B). Even though the
users have been exposed to UML and B for some tinteyel of mental burden still occurs
during the process (Property: hard mental operat@imension). Having to think, integrate,
and harmonize two styles of modeling from two diéf& methods seems to be problematic.

The model transformation provided by U2B also rezgiisome learning (Property:
Learnability of UML-B). A UML-B model, in essencearries two types of semantics:
explicit B syntax specified by the users in the Ubllagrams that U2B transforms as it is in
the B model, and implicit B syntax that U2B impliasd generates automatically from the
diagrams. For example, behaviors of the operatiave to be specified by the users using
the B syntax in the UML diagrams whereas classek associations in the diagrams are
translated automatically as the respective setsvandbles in the B model. Users have to
understand these transformations and why they @engplished in such ways (Property:
Learnability and Utility of U2B; hidden dependergidimension), since it affects the way
they should do the modeling (Property: closeneseaygping dimension). Moreover, learning
of how to do modeling in Rational Rose is also nexgi(Property: Learnability of UML-B).

Modeling the UML diagrams is regarded as quite igittborward (Property: role
expressiveness-diagram dimension; error pronenagsadh dimension), which eases the
process of describing what is intended (Propeiffuskness dimension; closeness of mapping
dimension). Despite the fact that B modeling imgosame task ordering and requires users to
define and group things beforehand, the diagrame samehow diluted the effects (Property:
premature commitment dimension; abstraction gradienension). Perhaps these factors help
to explain why a UML-B model is seen as more apgable than a B model and, thus, UML-
B is preferred for formal modeling (Property: Omlity and Attractiveness of UML-B).

On the other hand, specifying the UML diagrams wite correct formal semantics is
perceived as difficult and error-prone (Propertyoeproneness-syntax dimension; hard mental
operations dimension). Shallow understanding of kmevformal semantics should work with
the UML diagrams, lack of comprehensive documemtiadtin the method (Property: Usefulness
of Documentation), and the need to grasp the uyidgrbrinciples of the employed methods
and tools mentioned above have downgraded the lifigraof the method (Property:
Operability and Attractiveness of UML-B). To atttacew users to the method, a more
comprehensive documentation should be readily avail (Property: Future Improvement).
The documentation should cover more of the prdctspects of the method and its tools
(Property: Usefulness of Documentation), rathemthast theory. Currently, the available
documentation on the method is not helping the suseuch in this aspect (Property:
Accessibility of UML-B)

Category 4. Functionality of Notations. Rational Rose provides specification windows in
each diagram for specifying the semantics. Theeetan types of diagrams involved in
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UML-B, thus the users are provided with two typéspecification windows. One is in the
Class diagram and the other is in the Statechagrain. Regardless of the location, U2B is
able to extract the semantics and treat them aitigdydas a B model.

The semantics in the Statechart diagram are tramstbas a nested condition under the
primary condition, which is obtained from the Claagram. In many cases, the semantics of
the Statechart diagram can also be placed directtize specification windows of the Class
diagram. If the users know the states and transitiovolved in the operations, they can specify
it literally as a series of conditions in the sfieation windows of the Class diagram. Despite
providing an alternative in modeling, the flexityilsomehow has made the role of the semantics
in the Statechart diagram, or even the Stateckagtain itself, unclear to some users (Property:
role expressiveness-diagram dimension; role experssss-syntax dimension). The users seem
to prefer specifying the full semantics in the Glaagram, since it is more obvious and
straightforward. Such a process could also recheeniental burden of having to work with two
different diagrams at the same time (Property:biligi and juxtaposibility dimension; hard
mental operations dimension). Moreover, the geedratsted conditions from the Statechart
diagram tend to complicate the B model. Becausemiy end product that actually matters is
the transformed B model, users prefer to have pleiand quick solution to achieve it.

More clear roles and boundaries should be set leettree formal semantics of the Class
diagram and the Statechart diagram. The explanafidine roles and responsibilities of each
part of the diagrams and semantics should be ssaiszinctly in the documentation, which is
currently lacking in the method (Property: Usefsim®f Documentation). It may be better if
some principles and controls can be placed on hdwMa-B model should be modeled.
Although it may reduce the flexibility in modeling,could at least guide the users based on
what should and should not be done. It can alsadassalundancy. This is particularly true
for new users, who often have no idea how to stadtpursue the modeling. Furthermore, the
transformation of formal semantics from the Stasethlliagram to a B model could be
smoothed further so that no unnecessary complicéimtroduced to users.

Discussion

The data from the survey suggest that UML-B is appg to users who opt into B modeling
while yet prefer working with standard developmstyie of UML. This is particularly true
when users are familiar with UML and have the cépdo appreciate what formal notations,
such as B, could offer. The graphical modeling emrent alleviates the difficulty of
developing a formal model from scratch by stimuigtine formulation of ideas through the use
of visual objects at the abstraction level. Ondtieer hand, users are faced with the challenge
of having to grasp the underlying principles offeacique notation, as well as to understand
how both notations work together to achieve thegrdtion objectives. Each notation’s roles
and functionality at different parts of a model sldobe understood, which can easily be
achieved only if the distinction between them isacl Users are also required to learn and
become familiar with the individual tools that asgmany each notation, which in general
should provide the necessary support.

Based on the findings, the survey generated thilewiolg tentative theories of the
usability of integrated methods that combine semifd and formal notations. The categories
that contribute to the formulation of the theordes stated in the parentheses.
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Theory 1: The integration of semiformal and formal notatiorgjuires the
understanding of principles and roles of both notet as well as the rules of the
integration. The principles, roles, and rules oughtbe obvious to users
(Categories 3 and 4).

Theory 2: The integration of semiformal and formal notatioesjuires strong
support from the environment. Supporting tools amdmprehensive
documentation should be not only available but alseful, easy-to-learn, and
easy-to-use (Categories 1, 2, and 3).

Unlike the other categories, Category 1: Model &trre and Organization is not
explicitly stated in the theories, although it meluded. It is indirectly implied in Theory 2
with a similar effect as Category 2: Availabilitpci Usefulness of Supporting Tools. This is
because the incident may depend on the environtmgnwhich the method is supported
(Rational Rose). Perhaps only the current envirarirhas the problem of managing scattered
information and multiple windows. As the data aneite limited, more observation is
required on this aspect, particularly within difat environments.

In terms of the CD framework, goals for designintegrated methods such as UML-B
were identified. The design goals were proposeddas the nature of semiformal and formal
notations, and the motivation behind the integratithe individual notations (semiformal and
formal) have their own strengths and weaknesseghvere enhanced through the integration
effort. In addition, the design goals were basedhencommon types of user activity involved
in using such methods. In general, there are twjpmusaser activities: exploratory design,
where users implement such methods to create anuelel, and modification, where users use
the methods to make changes and enhancementgxising model.

Table 2 illustrates the recommended CD profile designing methods that combine
semiformal and formal notations. The profile pragthe desired level for each dimension that
integrated methods and their notations (a comlminaif semiformal and formal) should aim to
achieve after the integration. Thégh and Low indicate whether the dimension should be
increased or reduced respectively, when such methogl designed. For example, method
designers are recommended to aim at increasinggssige evaluation and reducing hidden
dependencies. Thdoderateindicates that although the dimension is desitelaertain level
(High or Low), it may be traded off to suit more gortant dimensions or the two user
activities. For instance, secondary notation is/weseful for a Modification activity since it
provides users with additional informal informatidhthus may be needed (High) to improve
the model comprehensibility, especially for form@hathematical) models. However,
secondary notation may cause exploratory desigritgcto be a bit cumbersome, because
users are obliged to provide informal informatidmoat the elements in the model in addition to
the official notation. Moreover, the two user aitiéés require a model to be less resistant to
change (low viscosity). By having secondary notatiany alterations to the model can be
difficult because the changes are also requiredtier additional information. Therefore,
secondary notation may be traded off (Modenaséead of High) for achieving low viscosity
and facilitating the two activities. Diffusenessymeeed to be traded off (Moderatestead of
Low) for achieving low premature commitment. Prematcommitment is one dimension
that designers may aim to reduce because it carobéematic for both exploratory design and
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Table 2. Proposed CD Profile for Designing Integrated MethofiSemiformal and Formal Notations.

Dimension Desired Level

Abstraction gradient Low*

Closeness of mapping High*

Consistency High**

Diffuseness Moderate (instead of Low)*
Error-proneness Low*

Hard mental operations Low*

Hidden dependencies Low

Premature commitment Low*

Progressive evaluation

Provisionality High

Role-expressiveness High*

Secondary notation Moderate (instead of High)
Viscosity Low
Visibility/Juxtaposibility High

Note: High means to increase; Low means to reduce; Maeeuggests a possible
trade-off among dimensions;

*Semiformal notations support formal notations thiave the desired level (otherwise,
the level will be opposite);

**Eormal notations support semiformal notationsatdieve the desired level (otherwise,
the level will be opposite).

modification activities. To reduce the need for users to lookaghand make a decision
before sufficient information is available durintgetactivities, the notation may need to be
verbose, or fuller. It is up to method designergl@cide the best compromise based on their
methods’ context of use and needs.

There are dimensions that specifically affect dipalar notation more than the other. By
integrating the notation with the other notatioh,is believed that its usability can be
improved. A single asterisk in Table 2 indicatedimension that affects formal notations,
which semiformal notations help to reduce the ¢ffén the other hand, two asterisks denote
a dimension that semiformal notations lack, whiomTal notations help to overcome. For
example, it is generally known that formal notaiosuch as B syntax involve high, hard
mental operations, which causes comprehensiorcdlfits. The use of intuitive graphical
symbols in semiformal notations with formal notagsooften reduces the effect. Similarly,
semiformal notations in general lack mechanismsaf@ystematic progressive evaluation,
which formal notations can normally offer. Withauch interplay between the two types of
notations, the integration is not worth the effétter all, the motivation of such integrated
methods is to allow one notation’s limitations te bompensated by the strengths of the
other. The following paragraphs elaborate how botitations cooperate to achieve the
desired level for dimensions other than those desdrabove.

Abstraction gradientFormal notations impose abstractions, since useesl to define and
group elements into logical entities (High). Moregvto reduce viscosity, users may need to
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introduce abstractions so that any changes requicedd be easier. Integrating the graphical
symbols of semiformal notations with formal notasomay alleviate the effect, since the
grouping of elements becomes more apparent (Low).

Closeness of mapping@he mapping of a problem domain is not quite gtréiorward using
formal notations, due to the notations’ unfamilisgmbols and underlying rules of
interpretation (Low). The graphical symbols in skmmal notations may however facilitate
the mapping, as they generally resemble objedtseimeal world (High).

Consistency:The formality in formal notations enforces a cetency that semiformal
notations solely could not assure (Low). Semiformathtions together with formal notations
could enable a consistent graphical formal modektaleveloped (High).

DiffusenessThe textual aspect of formal notations that mikir to natural language may
cause a description to be fuller. In contrast, dhegphical symbols in semiformal notations
could normally carry meanings in simpler forms. Tdwnbination of textual and graphical
symbols may enable the description to be shorfpaecise (Low or Moderate).

Error-pronenessThe unfamiliar mathematical symbols in formal tiotas frequently induce
mistakes (High). The accessibility of graphical sgis in semiformal notations may reduce
the tendency of making errors (Low).

Premature commitmentormal notations normally require users to lookahin order to
obtain the right abstractions (High). Incorporatitige graphical symbols of semiformal
notations into formal notations may reduce theatffsince they permit the visualization of
possible interacting entities (Low).

Role-expressivenes§he roles of mathematical symbols in formal notagi are not so
obvious to many users due to their complex intégpi@n rules (Low). On the other hand, the
graphical symbols in semiformal notations are nyaintuitive. By combining the graphical
symbols together with the mathematical symbolsysusgy be helped to grasp the roles of
the latter (High).

The remaining dimensions without a single or dowddterisk in Table 2 involve factors
other than the notations used. The dimensions aeispnality, hidden dependencies,
secondary notation, viscosity and visibility/juxteibility. Based on the findings of the
survey, it is believed that the environment in whike notations reside plays a major role in
achieving the desired levels for these dimensi®hgs environment includes the structure of
the model and the tools that support the notatidohis claim is worth investigating in future.

The tentative theories and the proposed CD profilsy not be conclusive, and they
should be validated and refined further in futureestigations. However, they can act as the
first step in understanding the nature of integtateethods such as UML-B and provide a
meaningful guide to better design.

Validity

Threats to validity are influences that may linhi¢ &ability to draw conclusions from the data.
The following paragraphs discuss some threatsisftirvey.

Selection of Respondents. The respondents were students in the universityrevibe
research was conducted. Therefore, their answeghtniiave been biased (positively or

41



Razali, Snook, Poppleton, & Garratt

negatively). On the other hand, the respondents veemsidered the most appropriate
candidates for this study because they have bagretr on B and UML-B. This knowledge is

necessary for using UML-B. In fact, the particigariiso had some experience in using
UML-B and thus were able to contribute more fulty the survey. Moreover, they were

independent users, who had no personal interest tvé technologies involved or direct

contact with the research. To reduce the threatstijects were advised to give opinions and
comments as sincerely as possible.

Students as Respondents. The respondents of this survey were students. Tireyhave not
represented software developers, since they aseelgserienced. However, the respondents
were in the final semester of their master's progrand had a reasonable amount of
experience and knowledge of software developmerdlf ldf the students had some
professional working experience. Thus they wera seevalid respondents for the survey as
new users with developer’s experience.

Sample Size and Response Rate. The survey questionnaire was distributed to alirb&ter’s
students of software engineering at the UniversitySouthampton who registered for the
Critical Systems course in spring 2006. Thirteerdshts responded to the survey. Due to a
technical problem, only 10 responses were condidiereanalysis. Although the number was
quite small, a response rate of 70% was considematopriate for an initial attempt.
Moreover, as a qualitative study, the quality ¢f thata is the focus, rather than strictly the
quantity. Brief identity screening was done on fier students who were not included. No
particular pattern was identified that could hawéeptially biased the results.

Non-committal Responses. Using an uneven number of levels for the ordiralles leaves
open the possibility of noncommittal responseshlie medians representing “neither —nor”
or “not sure.” Although such incidents could bers&ethe data, they did not happen often
and no pattern was detected in either the questiohg respondents.

Toy Problem. Due to time and resource constraints, the modédisiggiven to the respondents

was not large and may have not represented re@lesef systems. However, the task was
believed to be sufficient for the respondents toeelence modeling using UML-B. In fact, the

task required the respondents to explore mostedfuthctionality provided by the method.

Analysis Process. The grounded theory approach encourages the gaghefifurther data
after analyzing the first gathered data. In faataccollection and analysis should be repeated
several times so that more incidents are captunedvalidated until the theory saturates
(Strauss & Corbin, 1998). Due to time and resoum@sstraints, the data collection and
analysis for the survey were conducted only onod,the findings presented here reflect one
set of data. However, the survey will be repeatettié future.

Nature of Study. Surveys and qualitative measures by their natuee ratrospective.
Therefore, there was a risk that the respondeptsted based on what they thought they did
rather than what they actually did. Advising thespendents to complete the survey
questionnaire as soon as they completed the magdtsk could have reduced this threat,
because the respondents would have had a clearaompef what they found during the
task. The respondents submitted the questionnagrethier with their completed models at
the end of the course.
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Heter ogeneity of Respondents. The respondents might have different abilities @xgkriences.
Thus, there was a risk that the results might teeen affected by individual differences. As a
qualitative study, the variation however could jpdewicher data for the analysis.

Familiarity of Respondents. The respondents were taught formally on B for al$btburs
and on UML-B for 1 hour. They were then requirec¢¢onplete a modeling task using UML-
B within a month period. The results may have bdiffierent if the respondents were given
more time and training. The aim of the survey wasapture the experience of using UML-B
from new users’ perspectives. Therefore, the alemtéime frame and training were seen as
adequate and realistic for the purpose of thisamese The results may also have been
influenced by the respondents’ knowledge of UMLaated from their previous working
experience and studies, which varied considerably.

CONCLUSION

This paper has presented a survey conducted on thodhehat integrates the use of
semiformal and formal notations, namely UML-B. Tvey assessed the usability of the
notation used in the method and its modeling enwirent by using the CD framework with
several usability criteria suggested by the 1SOe thata analysis was conducted using the
grounded theory approach. The findings indicated the dual characteristics of the method
bring to users several implications, both positwel negative. Combining semiformal and
formal notations allows the potential of individuabtation to be strengthened, while each
notation’s limitations can be compensated by tlentHowever, the integration, in essence,
brings to the designers the loads of two individnatations, which are actually quite
different in many ways. Users therefore need stsupport from the environment to lessen
the burden that lies beneath the integration effidre support involves not only the tools that
aid the modeling process but also resources fonitgathe method. Based on the findings, we
proposed a usability profile based on CD for desigimtegrated methods such as UML-B.

Some of the findings of the investigation are nang fed into the next generation of
UML-B developmerft The findings of the survey can be improved furttye extending the
survey to a large number of users. This will hekhance the current understanding of the
method and discovering other factors that migheciffts use. The tentative theories and the
proposed CD profile of integrated methods (combisediformal and formal notations)
discussed in this paper can also be validated efiteed further by applying them to examine
other similar methods. This allows the derivatidmre concrete theories and guidelines
that can be used to design and improve the usabfléuch methods in future.

ENDNOTES

1. Electronics Computer Science (ECS), COMP301ticaliSystems,
http://www.ecs.soton.ac.uk/syllabus/COMP3011.html

2. EU Framework VI project: Rigorous Open Developm&nvironment for Complex Systems (RODIN)
http://rodin.cs.ncl.ac.uk/
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