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Abstract principle, this idea can be applied to any conceptual model-
. . ing language.

The use of viewpoints has long been proposed as a tech- The underlying theory of viewpoints is this: When ap-
nique to structure evolving requirements models. In the- proaching a conceptual modeling problem, it is better to
ory, viewpoints should provide better stakeholder traceabil- build many fragmentary models representing different per-
ity, and the ability to discover important requirements by g,otives than to attempt to construct a single coherent

comparing viewpoints. However, this theory has never beeny, o) The theory suggests that viewpoints should bring the
tested empirically. This paper reports on an exploratory following benefits:

case study of a key hypothesis of the viewpoints theory,

namely that by creating separate viewpoint models to rep- ® Stakeholder buy-in and traceability. By capturing sep-
resent different stakeholder contributions, and explicitly arately different stakeholder viewpoints during elicita-
merging them, important hidden requirements can be dis- tion, stakeholders can identify their contributions, and
covered. The case study compared two modelling teams us- ~ requirements can be traced back to their source.

ing the ¢*notation to capture requirements for new web- o Structuring the process. Viewpoints permit parallel de-

based counselling services for a large charitable organisa- velopment of separate ‘workpieces’, with no constraint
tion. One team used viewpoints; the other did not. The con- on consistency between them, so the modelling pro-
clusions include that viewpoint merging improves the un- cess can be distributed amongst a team of analysts.

derstanding of the problem domain, but is very time con-
suming. The process of merging was more important than
the merged product. The study also indicates a need for bet-
ter model management tools, as both teams encountered dif-
ficulty in managing large, evolving models.

e Delayed commitment. Viewpoints allow alterna-
tive representations of the problem, so analysts
can delay choices about which aspects are impor-
tant, and how they should be modelled, until the
stakeholder’s perspectives are better understood.

A corollary of the theory is that conceptual disagree-
ments are best handled by an explicit process of compar-
ing viewpoints. This is not self-evidently true. For example,

In viewpoints-based modelling, participants are able to a competing theory, based on research on negotiation, sug-
maintain their own (partial) models of the system and its gests that if participants identify too closely with the posi-
requirements, without being constrained by other partic- tions they start out with, they can become too entrenched for
ipants’ models [5]. By keeping the viewpoints of differ- constructive negotiation [7]. An alternative to viewpoints
ent stakeholders separate, analysts can identify and explorenodelling, then, is to concentrate the modelling activities
the relationships between them, and participants can underon the areas of consensus between perspectives, and resolve
stand one another’s perspectives better [6, 2]. differences informally, as the models are first constructed.

A key feature of viewpoints-based approaches is toler- The use of viewpoints brings new challenges, such as
ation of inconsistency [4]. While many agent- and goal- how to identify relationships between viewpoints, and how
based modelling languages allow different stakeholders’to discover and handle inconsistencies. Therefore, the ben-
needs to be separated in the model, they assume the modedfits claimed for viewpoints-based modeling have to be
should be consistent overall. In contrast, viewpoints al- weighed against the extra cost of managing inconsistency.
low analysts to build and modify many partial, overlapping However, we are aware of no empirical studies that inves-
models, without maintaining consistency between them. In tigate the basic tenets of the theory of viewpoints, nor the

1. Introduction



scope of its applicability. The theory remains untested. To ing inconsistencies between viewpoints [4, 8, 17]. There
address this gap, we conducted an exploratory evaluation ofs no consensus on when inconsistency should be elimi-
some of the key hypotheses of the theory of viewpoints.  nated. For example, van Lamsweetreteal. [22] concen-

The case study we describe in this paper concerns thdrate on resolving inconsistency at a very early stage by re-
modeling of a large, charitable organisation, Kids Help solving divergences between stakeholder goals, while Nu-
Phone, using thé*modelling language. The study com- seibehet al.[14] argue that some inconsistencies are never
pares two modelling teams, only one of which used view- resolved, even in an operational system.
points to structure its models. To allow for detailed compar-  More recent work has focussed on the problem of man-
isons, both teams worked from the same set of stakeholdeging inconsistency between viewpoints. A number of rep-
interview transcripts. Thus, the study concentrated on theresentation schemes have been proposed for capturing and
modelling activity itself, and ignored potential uses of view- managing the consistency relationships in modeling lan-
points during the initial information gathering. guages. These include a first order logic for checking XML

Our aim was to explore what differences the use of view- documents [13], a production rule approach for checking
points make to conceptual modelling. We set out to explore UML models [12] and a structural mapping technique based
the hypothesis that explicit comparison of stakeholder view- on graph morphisms for graphical notations [19]. Other
points would yield a richer understanding of the problem work has explored formal reasoning techniques that toler-
situation, including the discovery of hidden assumptions ate inconsistency [9, 3].
and requirements. We also wanted to understand other as-
pects of the theory. For example, how would the viewpoints- 3 Study context
based models differ from other models? How hard is it to Kids Help Phone (KHP) is a non-profit social service
fr?er?ep?(;retﬁglds Eesrge V(ift\/\tlﬁgivnif; V(\)Iifr;r;lst_?)ic;iéi(cj)r;al ?szgﬁeirforganizatior? that provides Counselling to kids and parents

PP P PP ‘across Canada through the phone and the web. KHP is ac-
. . tively seeking to adapt its services to take advantage of tech-
2. Viewpoints nology advances and to respond to changing societal needs.

Viewpoints have been discussed in the Requirements En4n particular, many counsellors believe that kids are increas-
gineering literature for at least twenty years. Unfortunately, ingly likely to prefer the internet to the phone when seeking
different authors have used the term ‘viewpoint’ for widely advice and help, and KHP needs to adapt its services to re-
different things. Viewpoints have been used to mean entitiesmain relevant to these kids.
in a system’s environment [10], different classes of users For non-profit social service organizations such as Kids
[18], to distinguish between stakeholder terminologies [21], Help Phone, the challenge of introducing new internet ser-
and to partition the requirements process into loosely cou-vices is even greater than in the business world. There are
pled workpieces [15]. Darke & Shanks [1] provide a survey fewer established practices to draw from. The success of
and comparison. KHP relies on the cooperation and goodwill among many

An emergent theme is that ‘viewpoints’ provide a tech- participants, including volunteers, professional counselors,
nique for partitioning a large quantity of information col- executives and donors. The target users are diverse, differ-
lected from many different sources. The information is col- ing in age group, family situation, issues faced, language
lected in coherent, but overlapping chunks (‘viewpoints’). and culture, youth subcultures, communication and technol-
Because the concepts included in different viewpoints canogy skills. A wide range of technologies are possible, with
overlap, there is the potential for inconsistency [20]. How- various modes and degrees of interactivity. Finally, it is dif-
ever, inconsistencies between viewpoints can be dealt withficult to evaluate success, due to the overriding need to pro-
separately from the task of describing and elaborating eachtect the anonymity of the clientele.
viewpoint. This toleration of inconsistency distinguishes  Senior management at KHP approached researchers at
viewpoints from other problem structuring techniques. the University of Toronto in the fall of 2003, seeking advice

Most of the early work on viewpoints emphasized the on developing new internet-based services. We proposed to
benefit they offer duringlicitation. Viewpoints can beiden-  use thei*framework [25, 24] for a systematic analysis of
tified with stakeholders, with classes of users, with individ- the organizational setting and the requirements for strategic
ual analysts, and so on, to address the multiple perspectivesechnology change. The project was funded by Bell Canada
problem [6]. Each viewpoint owner is then free to describe (one of the major donors to KHP) through its Bell Univer-
her contribution using whatever notation and problem de- sity Labs program.
composition she chooses, and to focus on the aspects that i*was appropriate for this problem because it empha-
matter most to her. sizes the analysis of strategic relationships among organi-

A number of frameworks have been proposed that pro- zational actorsi*involves two types of model: Strategic
vide explicit support for identifying, tracking and resolv- Dependency (SDhodel in which actors are related by de-



pendency links to other actors, andS&rategic Rationale  elling process. While the theory of viewpoints suggests
(SR)model, which elaborates the SD by exposing the rea- some specific benefits, these have not yet been observed
soning within each actor, identifying goals, tasks, resources,empirically. Not enough is known about how exactly view-
softgoals, and beliefs (generically knowniatentional ele- points are best deployed, nor how the expected benefits
ment3, and their relationships (means-ends, task decompo-arise. For these reasons, it would be premature to try to mea-
sitions, softgoal contributions). The graph constitutes a net-sure the cost/benefit trade-off. For this study, our intention
work by which goal achievement can be evaluated by a la-was to explorédnowviewpoints affect the modelling process.
bel propagation procedure.

We selected this project as an ideal case study to explore4,2. Hypotheses
the viewpoints theory for a number of reasons. First, the
project would clearly involve a diverse set of stakeholders,
with competing goals, and so naturally fits within the scope

Although exploratory case studies do not necessarily be-
gin with specific hypotheses, we did derive several hypothe-

from the th fvi ints, to guide the study design.
of the theory. Second, the management of KHP were highlySes rom fe teory of VISWPOINIS, 10 guice e Siidy fesign

tivated t ticinate in th d . : | Our central hypothesis wasModelling stakeholder
motivated to participaté in the proposed requirements ana “viewpoints separately and then combining them leads to a

ysis, so we gnticipated a high degree of access 10 k_ey StakeFicher understanding of the domainNe took “richer un-
holders. Third, the proposed requirements modelling Wasderstanding” to mean that we would see evidence of hidden

of the entire organisation, thus providing a natural way to assumptions, disagreements between stakeholders, and po-

scope the case study, gnd aIIQW|ng usto ay0|d Com.pl.'cat'onstential requirements revealed through the use of viewpoints,
that may arise when trying to isolate a business activity from which otherwise would go unnoticed

some larger corporate context. _Flnglly, the; project would Additional hypotheses were as follows:
represent one of the largest applications ofitrmodelling
language to date, and we considered that the use of view- e Viewpoints modelling improves traceability to individ-

points might help address some of the anticipated scalabil- ual stakeholderBecause the comparison and merging

ity challenges. of viewpoint models is carried out explicitly, it should
be easier to see how the models were derived.

4. Methodology ¢ Viewpoints modelling improves readability of result-
ing modelsBy readability, we mean the ability of the

4.1. Why a Case Study? original stakeholders to comprehend the models — the

Case studies are an important empirical method, suit- hypothesis arises from the observation that viewpoint
able for investigating questions that cannot be addressed = models should remain faithful to the stakeholder’s own
through controlled experiments. Whereas controlled exper- conceptualization of the problem, and this should carry

iments rely on statistical analysis over a large number of through even when viewpoints are merged.
instances, case studies rely more on qualitative analysis to
connect cause and effect. They are particularly suited to
studies in which the researcher has little control over the esis arises because without viewpoints, we would

key variables. _ _ . expect to see conservatism during the modelling pro-
The key hypotheses underlying the use of viewpoints cess — a modeller will tend to ignore information that
in requirements modelling cannot be tested experimentally, does not fit the model she is developing.

because of the difficulty in controlling the variables from
one treatment to the next. Essentially, the benefits of view-
point modelling are only likely to be evident for large scale
modelling, under conditions that cannot be replicated in the
laboratory. In particular, the study of viewpoints cannot be
separated from the organizational context in which they are
used, and the effects may take weeks or months to appear.
We used amxploratory case studys the basis for our re-
search design [23]. Exploratory case studies are ideal for an4-3. Study Design
alyzing what is common and/or different across cases that  Our central hypothesis predicts a difference in the level
share some key criteria. They are appropriate for prelimi- of understanding of a problem situation achieved through
nary studies in which it is not yet clear which phenomena the use of viewpoints. To investigate this, we needed to
are important, or how to measure these phenomena. compare modellers using viewpoints with those not using
In our case, we were particularly interested in under- viewpoints, for thesame problem domais we had some
standing how the use of viewpoints would affect the mod- control over the requirements modelling activities, we took

¢ Viewpoints modelling improves the ability to cap-
ture divergent and minority opinionslhis hypoth-

¢ Viewpoints modelling makes team modelling easier be-
cause it decomposes the modelling tasle. interpret
this to mean that the decomposition into partial, over-
lapping viewpoints offers additional advantages over
any partitioning and projection technigues available in
the modelling language.



the opportunity to set up a comparative study, with two sep- the transcripts, and developed initial viewpoint mod-
arate teams developing their own models of the problem. els without conferring. The viewpoint merging was
Each team’s modelling activities constituted an embedded conducted by the whole team working together.

unit of analysis within the case study. To minimize the impact of this study on the KHP organ-
As a starting point for the modelling, we interviewed the  isation, we asked the modellers to work exclusively from
key stakeholders from across the KHP organisation. Allin- the transcripts, and delayed stakeholder validation of the
terviews were conducted by the same pair of project mem-yqqels until after the teams had completed this stage of the
bers, to ensure consistency of interview style. The inter- sygy. In fact, the models turned out to be so large that ex-
views were structured around a basic set of questions, butensjve stakeholder validation was not feasible. Instead, we
the interviewees were encouraged to raise any other top+onducted aworkshop with KHP management, in which we
ics they felt relevant. Each interview lasted an hour, and presented interesting findings from both teams’ models, and
each was recordéand transcribed. Interviewees were sub- jnyited discussion of the findings. We did not differentiate
sgquently shown the transcripts of their interviews and in- petween the two teams during this workshop, as the goal
vited to make comments and corrections. was to move our analysis of KHP requirements forward,
We conducted 14 stakeholder interviews, covering all rather than to further the aims of this case study.
major roles in the organisation, including CEO, senior man-  Several observations can be made about this study de-
agement, counsellors, operational managers, informationsign. First, although the design shares some features of a
technology specialists, human resource management, angontrolled experiment, we did not regard it as such, as we
fundraising. For practical reasons we were unable to inter-did not have the resources to replicate each treatment. Fur-
view any potential users of KHP services, but we were able ther, there were additional confounding variables that we
to interview two student ambassadors, who help to promotegid not attempt to control. For example, we did not control
awareness of KHP in their schools and local communities. the order in which the V team members tackled their view-
The transcripts from these interviews (approx. 140 pagespoint models; one would expect some modelling bias to be
in total) were used as a baseline dataset by our two mod-introduced by having the same team member build view-
elling teams. Each team consisted of three modellers, withpoint models of several different stakeholders. Similarly, we
varied experience of thi notation. All team members were  did not control the experimenter bias that arises from having
graduate students at the University of Toronto, conducting the modelling teams being active researchers on the project.
thesis research in requirements engineering. They were all  Second, the study design limits the potential benefits of
aware of the intent of the study, and participated in identi- viewpoints to just theconstructionof conceptual models
fying the hypotheses and the study design itself. based on the interview data. It would be interesting to ex-
To control for modelling expertise and familiarity with  tend the viewpoints idea back into the interview process it-
the domain, we ensured that each team contained memself, so that each modeller interviewed just those stakehold-
bers with previous experience @éf, and each team con- ers whose viewpoints she was to model. However, such a
tained one of the interviewers. In addition, all project mem- design would prevent the comparative study of the G and V
bers participated in an initial modeling exercise, based oncases. Similarly, we would have liked to extend the view-
the Montreux Jazz Festival case study described in [16].  points idea forward into at least one validation cycle with
The two teams were as follows: the stakeholders. We ruled this out for similar reasons.
The application of viewpoints té*also raises some in-

1. The global modeling team (G team for short). This teresting issues. Th&ontology is intentional — it deals with
team was instructed to develop a single laigmodel  5ctors’ intentions, and how these might be achieved, often
of KHP, using all the transcripts. All members of the through other actors, and with the help of different tech-
team worked together on the mofjedllocating mod-  pologies. Viewpoints may disagree on goals, on means to
elling subtasks between them as appropriate. ends, and on relationships among them. Variations in vo-

2. The viewpoint modeling team (V team for short). cabulary may pelie deeper differences .in perspgctive; and
This team was instructed to develop individual mod- v_alues. Thesg issues are more challe_ngmg than inconsisten-
els (viewpoints) of each stakeholder interviewed, €i€Samong different versions of ER gllagrams_ or statecharts.
and then to merge them to obtain a model of the en- Intentional mod_els are harder to elicitand val!date, anq tend
tire organisation. Each team member took a share ofFO be more subjective, as stakeholders are literally disclos-

ing what is at stake for them.

1 Oneinterviewee declined to be recorded. .
2 One team member left the project shortly after the study started, Ieav-4'4' Data Collection
ing us with only two members in this team, but we do not believe this Our goal was to discover the ways in which the view-

affected the balance of modelling expertise and domain familiarity. points modelling differs from the global modelling. Hence



Listof Merged Alocated  Global  Model Slices more of the potential actors. The result of this exercise was

°°'S i CRD a list of approximately 950 intentional elements, and around
+. &0 SES 120 potential actors and roles.
=] \ It was clear that drawing a single strategic rationale (SR)
% - Gteam % diagram containing all these elements would be impracti-
Stakeholders Transcrpts™~V team T [ weeingwn Cal. The team therefore divided up the model into a num-
\ > S ° [ sakeholders —— her of separate views. Each view focussed on one or more
/v °) ] actors, _showing the_st_rategic rationale for these acto_rs, but
Viewpoinis  Merged Model  Model Siices collapsing the remaining actors to show only strategic de-
_ Modls pendencies. These views represented projections of a single
“Raw data Interpreted information large SR model, although this was never constructed explic-
itly. This process resulted in a list of 9 separate SR views.
Figure 1. Comparing the processes of the V The team constructed each view by inserting the in-
and G teams tentional elements from the lists, and then adding links.

Most links added at this stage were not mentioned explic-
itly in the interview transcripts, but were judged to be sensi-
the data collected was purely qualitative, and relied exten-ble assumptions. Some additional intentional elements were
sively on the subjective notes of the participants. Partici- added, where it made sense to help connect other elements.
pants were asked to keep careful notes of what they did at Finally, they reviewed the lists of intentional elements,
each step of the modelling process, and to record any probio ensure that all elements were accounted for. This step en-
lems encountered, as well as their reflections on the qual-tailed more “merging” of elements, when an element was
ity of their models. In addition, we video-recorded some of already represented in the model by a similar element. The
the viewpoint merging sessions conducted by the V team. team also cross-checked the views to ensure they were con-
The main comparison between the teams’ models wassistent with one another, and generated a strategic depen-
conducted at the end of the modelling stage, when eachdency (SD) model from each of the SR views, and finally a
team presented its models to the entire research team. Asingle SD model for the entire organisation.
this stage, we looked for concepts present in one team'’s
model(s) but not the other’s. We also looked for differences 5.2, V Team Modelling Activities
in how concepts were modelled, and asked the teams to ex-
plain how these elements of the models were developed.

The V team divided the 14 transcripts between the three
team members (4 to 5 transcripts each). Where there were
similar stakeholder roles and positions, these were evenly
5. Results distributed among the three members; otherwise the distri-
In this section, we first provide an overview of each bution was random. Each tgam mgmber creqted a model
for each stakeholder transcript assigned to him/her. They

teams’ modelling activities, and then compare the two. Fig- " ) . . -
ure 1 illustrates the two modelling processes, indicating the did not discuss their models at this stage, although they did
share questions and answers to general modeling issues.

intermediate artifacts produced by each team. The horizon- e :
tal axis on this diagram indicates relative distance from the | "€ téam used two principles to help ensure each view-
point was faithful to the original stakeholder: (1) each

raw data. - : ]
model should only contain information present in the tran-
. L. script, so that information remembered from other tran-
5.1. G Team Modelling Activities scripts is excluded, and (2) the models used the same vo-
The G team began by reading all 14 transcripts, high- cabulary as the stakeholder, or a close paraphrase.
lighting potentiali*model elements. Different highlighting They then attempted to merge the resulting viewpoint

colors were used for different types@felement, including:  models, over a series of team meetings. Some of these were
goals, softgoals, tasks, actors, resources, beliefs, and contrieonducted by two team members, while the third was away.
bution links. At this stage, they focussed more on the actorsThey started with the most important issue for KHP's ser-
and intentional elements, rather than the links. vice planning: the counselling role itself. The dataset con-
They then extracted all the highlighted text from the tained interviews with three different counsellors, so each
transcripts, and placed them in lists categorized by ele-team member had a counsellor viewpoint model.
ment types. They pruned these lists to remove irrelevant In each merging session, the team started by selecting an
items, and to merge elements that were similar, for exampleelement in the model that seemed to be shared by all view-
where different stakeholders had mentioned the same conpoints. For example, in one case, they started with a high-
cept. They then allocated each intentional element to one ollevel softgoal, and reviewed all contributors to that softgoal.



In another case, they started by reviewing all dependenciegjuestion. However, this required difficult judgments about
among two agents (counselors and kids) in each viewpoint.which analysis questions were most pertinent.

The team constructed a merged model by including el- We used Microsoft Visio for the modelling. The tool
ements that matched across the viewpoints, together withwas reliable and handled even our largest models gracefully.
any elements only mentioned in one viewpoint. If the ele- However Visio does not handle sonitsyntax well, espe-
ments differed in level of detail, the most detailed version cially linking intentional elements. We would have saved
was used. Where the same term had been used for differtime if a robust, syntax-aware editor was available:for
ent concepts, one of the terms was changed to make the dif-
ference in meaning clear. 5.4. Comparing the G and V modelling

Often, a concept appeared in two or more viewpoints, but  \ye will now contrast the experiences of the two teams.
was expressed in different ways. For example, one model
had “web services” as an agent, another had them as afvlodel size was the main challenge for the G team, given
aspect scattered among several agents. This difference ihe volume of data of the combined set of interviews:

structure made merging them very difficult. To make things o The lists of intentional elements extracted from the

worse, such problems tended to appear in basic definitions. transcripts were too long to be manageable. It was dif-
For example, different counsellors gave different definitions ficult to check for similar items.

of “counselling”. In such cases the team attempted to merge
pieces that were not conflicting, and just flag the conflict in
the rest. Sometimes, they developed a new structure, if they
decided none of the original viewpoints adequately captured ® To obtain workable models, they had to split some
the shared view. large actors into smaller roles. For example, the coun-

During the process, the team used the original transcripts ~ Sellor actor was split into the roles: Provide coun-
and the context of each element in the viewpoint models selling; Counselling training; Counselling Information
to help decide whether concepts matched. This exploration ~ Provider; etc. Such splits often seemed artificial, forced
was time-consuming. Sometimes the team reached agree- by modelling practicalities, rather than real problem
ment on the best way to merge mismatching elements, other ~ domain concerns, so it was hard to decide to which
times they did not. In that case, they merely noted that the  role each intentional element should belong.

¢ It was difficult to decide how to divide the large mod-
els into cohesive views.

conflict could not be solved based only on the raw data. e The size of the models led to serious layout problems.
The models became so cluttered that it was hard to add
5.3. General Observations new elements without re-arranging and/or restructur-

Both teams found it hard to extract model elements from ing them.

the text. Often ideas were described in many sentences, e Once the models grew in size, they became hard to

which they had to summarise or paraphrase, possibly los- read, so for example it was hard to tell if a given el-
ing meaning or misinterpreting the idea. This was exacer- ement or link had already been added.
bated by our study design, as it did not permit further dis- 4 |t was hard to review and validate the models because

c_ussion with stakeholders over how to_interpret their inter- viewing them was so difficult. Even printed on 36”
view comments. On the other hand, this may be normal for
any organisation where access to stakeholders is limited.
For larger models, the only practical method of viewing
and editing them was to divide them into a number of sepa-
rateviews each stored in a separate model file. These views The V team avoided most of these problems, because the
overlapped, but were intended to be consistent with oneviewpoint models were significantly smaller than the global
another. Hence, they are neiewpoints according to the  model, and usually smaller than the G team'’s views. The
theory. Nevertheless, the effort of ensuring consistency be-viewpoint models were easier to build initially, and easier
tween them was considerable, and was done manually, dugo view and edit subsequently.
to lack of tool support. A change to one view often meant  Table 1 compares the model sizes. This comparison is in-
that many other views also had to be updated. tended to indicate the scalability problem only. Model size
Even these views were too complex to use directly with doesnot indicate relative completeness (conceptual mod-
the stakeholders in our subsequent workshops. Instead, wels are always incomplete), nor the number of requirements
extractedslicesfrom the views. A slice is a well-defined identified (modeling in this study was used to help under-
subset of a model, extracted using a slicing algorithm; stand the domain, before any requirements scoping was at-
we developed several such algorithms as a result of thistempted). It is not meaningful to sum the sizes of the V team
project [11]. A slice is selected to address a specific analysisviewpoints, because they overlap considerably.

wide paper, the largest views were still hard to read.

e It was hard to analyze the models using t#goal
evaluation method, again because they were so large.



¢ Differences in level of detail. For example, one model

G team V team e .

bia SR| view | viewnoint referred to “information” about a caller, while another
i*element mgo del | average avefage broke it down to “age”, “gender”, “province” etc.
Actors 61 13 10 ¢ Differences in modelling style. For example, one mod-
Goal + Softgoals 943 118 60 eller represented many ideas as beliefs, another fo-
Tasks 530 66 47 cussed more on high-level goals, and the third focussed
Resources 57 9 20 on operationalizations and lower-level goals.
Goal Contribution links| 1013 113 50 e Differences in level of familiarity with*.
Means-Ends links 150 16 15 ) . _
Decomposition links 303 34 46 e Modelling freedom. Often there is a choice whether to
Dependency links 437 72 28 represent a concept as a task or a goal. The same prob-

; I ith itions.
Table 1. Sizes of the models em occurs with agents/actors/positions

e Differences in vocabulary between viewpoints. Most
such differences were introduced by stakehold-

Backwards Traceability was much easier for the V team ers, rather than the modellers. Some of these were
They could rapidly identify a point in a transcript when irrelevant, but others represented a difference of per-
defending a modelling choice in their models, either from spective.

memory or via a simple keyword search. This was clearly
facilitated by their careful use of the stakeholders’ own vo-

cabulary. The team had to make sense of each of these differences
The G team had difficulty doing this, and report that they during the merge process, frequently referring to interview
probably only ever sought to trace back to the transcriptstranscripts, which slowed down the process. The net result
about 5 times in the entire modelling process. The G teamwas that viewpoint merging was painstakingly slow. How-
models were somewhat distanced from the original tran- ever, it did offer greater insights into some crucial aspects of
scripts. For example, there is a softgoal “Support Individ- the problem domain, which we discuss in the next section.
uality in Counselling Techniques”, but the term “individ- Also, it seemed to be important to have all the modellers
uality” does not occur in the transcripts. G team’s lists of present when trying to merge viewpoints. In the sessions
model elements indicated which interview this goal came where one member was absent, progress was hampered by
from, but not where within the transcript. Eventually, we many unanswered questions about the missing team mem-

¢ Differences in the scope of each interview.

traced it to the following passage: ber’s viewpoint model.
“...Each person counsels from a very particular Model Analysis was another difference between the teams.
place and that's their tool. ... When you start In preparing for the subsequent discussions with the stake-
telling people what they should have done you holders, we used the two teams’ models in different ways.
are interfering with their ability to be themselves For example, we applied the goal evaluation procedure to
... All it does is make people on the phone who (slices of) the G team’s model, to determine which high
sound like they're reading things from a script....” level goals were satisfied by alternative counselling meth-

) ods. We did not use goal evaluation on the viewpoint mod-
~ The G team’s use of lists of model elements acted as ang|s pecause each viewpoint captured only a fraction of the
intermediate representation between the transcripts and thg|eyant information. On the other hand, the V team view-
models. These lists reduced traceability, but brought ‘?therpoints were very useful for understanding differences of
advantages. For example, they served as an early indicatopinion between stakeholders, and some of the issues that

of the size and complexity of various parts of the problem ¢, faced during our attempted viewpoint merges became
domain, and led to some early consideration that model de+ne focus of our subsequent discussions with KHP.

composition would be important. Once model elements in
the list were attributed to agents and roles, this indicated
agents that were too large and needed to be split. Hence, th

lists played an important role in choosing initial decompo- ~ The problem domain in this case study was sufficiently
sitions of the modelling problem. large that serious scalability issues aroseifanodelling.

The central problem was how to structure large models to
Merging the viewpoints was the main problem for the V. make them manageable to view, edit, validate, and analyze.
team, and they were unable to produce an integrated model The use of viewpoints to divide the problem domain by
of the entire problem domain. The challenges they encoun-stakeholder allowed the V team to avoid most of the scal-
tered in merging included: ability problems. The G team created views to manage the

g.S. Discussion



size of their models. Both types of structuring involve over-

lap between partial models, and hence redundancy. How-

ever, the nature of this redundancy is very different in the

two cases. The views created by the G team were designed

to fit together, with the relationships between them clearly

understood at the outset. If they became inconsistent, this al-

ways indicated a mistake that needed fixing. The V team’s
viewpoints were constructed without any regard for how
they could eventually fit together. When they were inconsis-
tent, this revealed interesting differences between the origi-
nal stakeholders.

Some insight into the effect of viewpoints can be seen
by considering at what point modelling commitments are
made, and and how the teams combined information from
multiple stakeholders. The G team resolved many differ-
ences of vocabulary when merging their lists of candidate

intentional elements. However, the lists were relatively in-

formal, allowing more flexibility, and hence less commit-
ment. By going straight to models, the V team had to make
modelling commitments earlier, and then had to resolve
these commitments when merging viewpoints. In effect, the
V team has to do “sense making” twice, but have the advan-
tage of better traceability to the original data.

In this sense, the benefit of viewpoint merging lies not
in the merged result, but in the insights gained in the pro-
cess. The V team did not finish merging their viewpoints,
but this did not matter. In the process, they made several im-
portant observations about the problem domain, which we
followed up with the stakeholders in subsequent sessions
Several examples illustrate this point:

e The resource “Context Information” appeared in two
viewpoints, but had a different meaning in each. In
the first, it referred to basic information from callers
(age, province, gender,...). In the second, it referred to
cues available to the counsellor from his/her interac-
tion with the caller (noise, tone of voice, the way kids
refer to themselves, etc.). Exploring this difference
yielded a very important observation about how coun-
sellors gather contextual cues in order to give proper
counselling. Such cues are vital, and careful thought
will be needed for how they will be affected by a move
from telephone counselling to other modes. None of
the original models adequately conveyed this point.

One viewpoint presented the softgoals “Anonymity”
and “Confidentiality” of the caller as depending upon
counsellors. Another viewpoint presented them as de-
pending upon KHP as an organization. Again, the dif-

e One viewpoint implied that giving resource informa-
tion (such as phone numbers of local services) to kids
is part of what it means to give counselling; another
viewpoint separated these. A discussion started on this
topic, since if we can separate the act of counselling
from the act of giving resource information, as the first
viewpoint suggested, then a website with resources
and referrals might be effective. If, on the other hand,
when the counsellor gives information he/she is also
attempting to discover the caller’s real problem, then
these concepts should not be separated and a counsel-
lor is necessary. We confirmed the importance of this in
a subsequent workshop with counsellors: often a help-
ful counselling session starts from a call simply in-
tended to get information.

Although there were elements representing these ideas
in the G models, theirimportance was not obvious. We con-
clude that merging of independently generated stakeholder
viewpoints did yield insights that were not available to the
G team. However, the process was extremely time consum-
ing, and tended to over-analyze modelling choices.

An obvious suggestion is to use viewpoint merging only
very selectively. Unfortunately, our study did not offer any
good criteria for where to use it, nor are we able to say
whether, in general, the benefits outweigh the costs.

Another suggestion is to reconsider how to approach
viewpoint merging. The V team approached it in an “item-
by-item” fashion. However, this kind of merging may be
too low level. The key insights generated in the V team’s
merge process are at a higher level intellectually, and come
from a reconciliation of concepts, rather than a merging of
the model contents. In this case study, these higher level in-
sights arose as a result of the attempt to do low-level merg-
ing. It is entirely possible that the same insights can be ob-
tained more readily by comparing viewpoints based on a
“big picture” understanding, without resorting to item-by-
item merging.

6. Threats to Validity
6.1. Construct Validity

Intentional Validity: Do the constructs we chose capture
what we intended to study?

The key construct is idea of a viewpoint. We took “free-
dom to be inconsistent” as the defining characteristic, which
excludes the views used by the G team to decompose their
models. However, much of the work on viewpoint con-

ference sparked a discussion. Our conclusion was thatsistency management describes exactly this type of model

the anonymity and confidentiality that counsellors (as
individuals) provide to kids is different from that pro-
vided by KHP as an organization. Each has its own
particularities that should be considered.

decomposition: a large model is split into fragments that
can be edited independently, with tool support handling the
maintenance of consistency. We believe that the difference
betweerviewsthat are intended to be consistent, amnelv-



pointsthat are not, is a crucial distinction, and the view- pate in either of the two modelling teams. Neither of these
points research community needs to make it more carefully.steps removes this threat entirely; only replication with neu-
) . tral participants can address this issue.
Representation Validity: Do the constructs we chose Finally, it is possible that the instructions given to the
translat.e well into observable phenomena? , participants, and our observations of their modelling activi-
In this study, we were only able to observe a particular e introduced bias. For example, the constraints placed on
type of viewpoint, associated with interview subjects. Other .ithar team in terms of structuring their models may have
ways of structuring the problem domain into potentially in- forced an unnatural way of working, hampering their abil-
consistent viewpoints are also possible within the theory - ity to use the full power of*modelling. Also, both teams
for example, by issue or aspect, by organisational role, or o yicinated in the model review process at the end of the

even by mod(_aller. Associating viewpoint_s with.individ.ual study, and this may have affected how they subsequently re-
stakeholders is the approach most mentioned in the "tera'ported their own modelling experiences.

ture, so we do not feel this is a serious limitation.

Another important construct was backwards traceabil-
ity. In this study, we were only able to observe the mod- 6.3. External Validity
ellers themselve_s_ tracing back to the interview transcripts. The results of this study might not generalize to other
Many other participants (developers, testers, users, ...) may

it ‘ h traci iblv 1o oth ¢ modelling projects. In common with much empirical re-
want to perform such tracing, possibly 1o ofner source are- g, ., i sofiware engineering, the participants of our study
facts. For these reasons, our conclusions about traceabilit

re very limited. and should be interoreted carefull Xvere graduate students. One could argue that these students
a eTher):] d et, a ts Otjt te ’Iatpe.et c?)e u ybl h represent some of the most knowledgeable experts in the re-
€ har es“dcons ruc do r?nsda_\e lnfotrc]) servEI € pde'quirements modelling technigues we are investigating. Nev-
nom?nz\anzlas K zefper un erls an fmg ot the pr((j) bem %’ertheless, professional analysts working in a commercial
main-. We looked for examples Ol 1SSues raised by €ach o irqnment may have very different modelling processes.
team that were valued by the stakeholders in our followup . .
N ; L Also, the results might not generalize beyond the
workshops. The examples cited in section 5.5 may indicate .

just a difference of emphasis, rather than a deeper under~ modelling technique. We chos&because it is emerg-

standing. Our best measure is the subjective opinion of the"d asa leading approach to early requirements modelling,

. ; and we were particularly interested in wheth&mwould
study participants, and the sense of revelation some of u . o . .
. e o enefit from the addition of viewpoints. Other mod-
felt when each of these issues was first identified.

elling languages have view structuring built in, derived
. from their meta-models. This may avoid some of the prob-
6.2. Internal Validity lems associated with the ad hoc view creation used by

An important question is whether the differences we ob- the G team. Further case studies are needed to exam-
served really are due to the use of viewpoints. Other possi-in€ the role of viewpoints for such notations.
ble explanations include differences in the participants, the We also note that the case study began with interview
experimenters, the selection process, the procedural setugranscripts that are inherently viewpoint-based. Other elici-
the instrumentation, or just coincidental events. tation techniques may not lend themselves so well to view-

The most likely confounding variable is a difference be- point modelling. For example, if we started with group elic-
tween the participants assigned to each team. We minimizedtation sessions (e.g. JAD workshops), it is not clear that
this by ensuring each team had a mix of experienced mod-stakeholder viewpoint modelling would even be possible.
ellers, and each team had one of the original interviewers.Group elicitation sessions tend to establish a consensus
We did notice problems arising from different levels of fa- quicker; it is not clear whether they would also suffer from
miliarity with 4*, but these showed up as differences within the problems observed by our G team.
each team, rather than differences between the teams.

A major problem with our study design is that the partic- -
ipants were also researchers on the project. This compoundg 4. Reliability
the problem of experimenter bias, because the participants We believe we would obtain similar results if we re-
may manipulate the study to obtain the expected outcome peated the study, with one major proviso. The differences
This threat was mitigated in two ways. First, by using an experienced by the two teams may be very sensitive to the
exploratory case study (rather than an explanatory or causasize of problem domain. Our initial dataset was of such
study), we were able to concentrate more on reporting oura size that modelling it in its entirety was impractical,
experience, rather than trying to prove our hypotheses. Fur-whereas modelling each transcript separately was unprob-
ther, the only member of the project team who has per- lematic. If the individual transcripts were larger, or the over-
formed research on viewpoints in the past did not partici- all dataset smaller, some of the differences may disappear.



7. Conclusions

This case study was set up to investigate the role of view- [1]
points in conceptual modelling. We found that the process
of comparing and merging stakeholder viewpoints led to a [
deeper understanding of the problem domain, and improved
backwards traceability to interview data. The viewpoints
modelling team also found it easier to cope with overall size
of the problem domain.

However, we found no evidence to support our other hy- 4l
potheses. There was no evidence that the viewpoints mod- [5]
els were more readable than the views created by the G
team. There was also no evidence that the viewpoints mod- 5
els helped to identify divergent and minority opinions; both
teams reported the same differences of opinion amongst the
interviewees. However, because the viewpoints models ex- [7]
plicitly captured these differences, the V team were able to [g]
investigate them more fully, which directly contributed to
the deeper understanding reported above.

One surprising finding was that th@ocessof merg-
ing viewpoints was far more important than theducts
of that merging. This suggests that fully automated merging
of stakeholder views is unlikely to be useful. On the other [11]
hand, tool support for the process of comparing viewpoints [12]
and keeping track of relationships would have greatly facil-
itated the process of comparing and merging viewpoints.

We also conclude that many of the benefits of view- |13
points are contingent upon the nature of the problem situ-
ation and the type of analysis desired. In this case study, the[1 4]
viewpoints approach was a good fit, because the stakehold-
ers largely agreed on their high level goals, were extremely [15]
committed to the organisation, and placed a higher prior-
ity on careful analysis than on early delivery. It is possible
that in a problem situation where there is more conflict, or [16]
more pressure for a quick solution, other approaches mightml
be more appropriate. The choice of whether to use view-
points seems to depend on whether we want a deep explo-
ration of the issues, or a rapid convergence to consensus. [18]

Our research on this project continues. We are develop-[19]
ing techniques for slicing large models, and better tool sup-
port for view management and viewpoint integration. We [20]
are also continuing our work with Kids Help Phone, using
our models to analyse design choices for their new services.
We also plan to seek further case studies to continue ourt
study of the theory of viewpoints.

(3]

(9

(10]

[22]
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