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NLP	
  CASE	
  Tools	
  

•  The	
  common	
  objec3ve	
  is	
  to	
  carry	
  out	
  a	
  
linguis3c	
  analysis	
  of	
  requirements	
  documents	
  
in	
  order	
  to	
  produce	
  conceptual	
  models	
  of	
  
them.	
  



Characteris3cs	
  of	
  NLP	
  tools	
  

•  How	
  „natural“	
  is	
  the	
  input	
  language?	
  

•  How	
  much	
  interven3on	
  by	
  an	
  analyst	
  is	
  
needed?	
  	
  



Basic	
  Problem	
  

•  Natural	
  language	
  is	
  linked	
  to	
  applica3on	
  
domain	
  

•  Applica3on	
  domain	
  might	
  be	
  two-­‐3ered:	
  
– SoPware	
  Engineering	
  
– Domain	
  of	
  developed	
  soPware	
  



Benefits	
  

•  Concentrate	
  on	
  the	
  problem	
  rather	
  than	
  on	
  
the	
  modelling	
  

•  Take	
  into	
  account	
  various	
  kinds	
  of	
  
requirements	
  

•  Traceability	
  from	
  the	
  first	
  document	
  on	
  
•  Manage	
  changing	
  user	
  requirements	
  be[er	
  



Example	
  Architecture	
  of	
  NLP	
  CASE	
  Tool	
  

– To reveal ambiguities and contradictions in docu-
ments describing user needs (see, for example, [12,
18, 19]);

– To design questionnaires or interviews, by verifying
the ambiguity of the questions;

– For automatic analysis of replies to open-ended
questions, interpreting and classifying their con-
tents [20].

b. To model requirements by extracting (directly from
the text) the descriptions of the elements to be in-
cluded in the conceptual models envisaged by the
development method adopted, in particular UML
(Unified Modelling Language11) diagrams (see
Fig. 2).

c. To support requirements validation, by exploiting the
generation functionality of NLP systems to produce
descriptions in natural language based on the struc-
tures used to represent knowledge.

A complete vision requires noting that NLP tools can
also be used for documentation, generating reports on
the various stages of requirements collection and mod-
elling; for traceability, allowing a link to be maintained
between the texts used and the models produced; and for
the translation of documents into various languages,

something that becomes increasingly necessary in the
design of international information systems.

The survey described in this paper concerns the sec-
ond of these points, that is, the use of NLP techniques to
support the development of conceptual models, given
that it requires the design of a modelling module. All the
other activities could be supported by existing func-
tionalities of an ideal NLP system, albeit with different
performances. The most important assumption is that
the requirements documents, once analysed, can con-
tribute to a ‘‘knowledge base’’ from which to extract
elements deemed useful for modelling activities. There
are two important aspects to note regarding projects for
developing this type of instrument: (i) many of these
projects are based on ad hoc NLP systems, and therefore
do not appear to correspond to the requirements for
scalability and robustness of real applications; and (ii)
given the complexity of natural language, almost all of
them expect that documents will be written in restricted
language or that some revision of the text will have ta-
ken place before undergoing the automatic analysis.
These two facts are worth remembering when inter-
preting the results of market research and when esti-
mating potential investments in NLP technologies, and
certainly when developing a CASE module to support
requirements analysis.

3 Plan and realisation of the market research

The decision to investigate the market for an NLP-based
tool for requirements analysis was made in the context
of a joint research project with the Department of
Computer Sciences of Durham University (UK) in
which a prototype was developed of a CASE tool –
called NL-OOPS12 for requirements modelling accord-
ing to the object-oriented approach [21, 22].

The market research described here was based on the
administration of a questionnaire whose design required
consideration of the experience gained throughout the
development of NL-OOPS and of the methodology and
techniques of online market research. Specifically, the
research progressed in the following phases:

Fig. 1 The architecture of a
general-purpose NLP system

Fig. 2 The models generation process

11The official documents of the UML’s specifications can be found
on the OMG (Object Management Group) website: http://
www.omg.org.

12Natural Language – Object-Oriented Production System, http://
nl-oops.cs.unitn.it.
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Model	
  genera3on	
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Applica3on	
  in	
  RE	
  

•  Elicita3on	
  phase:	
  
– Digi3se	
  requirements	
  documents	
  
– Reveal	
  ambigui3es	
  and	
  contradic3ons	
  in	
  
Documents	
  

– Verify	
  ques3onnaires	
  (regarding	
  ambigui3es)	
  
– Automa3c	
  analysis	
  of	
  free	
  text	
  answers	
  

•  Model	
  requirements	
  by	
  extrac3ng	
  the	
  
descrip3on	
  of	
  the	
  elements	
  

•  Support	
  requirements	
  valida3on	
  



Market	
  Research	
  

Considering the purpose of this study, and particu-
larly the question of whether there is a market for an
NLP-based CASE tool for requirements analysis, the
results presented thus far confirm the perception of
requirements analysis as crucial for the development of
systems, the widespread use of the object-oriented ap-
proach and of UML, and the important role of natural
language. Specifically:

– More than 80% of the companies adopt a method-
ology to develop their software, and nearly 68% of
them adopt an object-oriented method (UML or one
of the methods merged into UML).

– The majority of the documents available for require-
ments analysis are in natural language and are either

furnished by the customer or obtained by means of
interviews.

– The domain knowledge required is medium to high.
– Tools supporting requirements analysis and top-level

design are used in less than one-third of cases.
– However, identifying and modelling requirements are

perceived as being at least as important as testing the
software.

– A higher level of automation is indicated by around
64% of the respondents as the most useful means to
improve day-to-day efficiency.

All of these elements work together to confirm the
existence of a potential demand for a CASE tool based
on NLP. To justify this claim, we undertook a corre-

Table 4 Efficiency of software
development processes Which are the two things in

your job you would like to
do more efficiently?

What would be the most useful thing to improve general
day-to-day efficiency?

Automation Outsourcing Internal delegation

Identify user requirements 69% 9% 22%
Evaluate project feasibility 44% 12% 44%
Model users requirements 75% 4% 21%
Learn to use new tool 86% 0% 14%
Documents software systems 71% 5% 24%
Train staff 18% 0% 82%
Test the software 67% 4% 29%
Other 43% 14% 43%

Fig. 7 Activities perceived as
crucial in software development
(Europe vs North America)

Fig. 6 Activities perceived as
crucial in software development
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Which	
  tool(s)	
  do	
  you	
  currently	
  use	
  to	
  perform	
  user	
  
interface	
  design?	
  

Tools and tool use patterns
To assess tool use, we offered a list of tools

and asked interaction designers and software de-
velopers, “Which tool(s) do you currently use to
perform user interface design? (Check all that
apply to any user-interface-related activity.)” Fig-
ure 1 summarizes our results.

Perhaps not surprisingly, paper and pencil
was the most referenced tool, followed by white-
boards, analysis and modeling tools, HTML ed-
itors, asynchronous collaborative tools, Post-it
Notes, and visual-interface builders. Although
formal model-based tools are popular in general
software development, our practitioners didn’t
regard them as critical to UI-related activities. In
terms of synchronous workstyles, designers typi-
cally work at the same time and place (using
whiteboards) rather than at the same time but
different locations (using messengers or video-
conferencing, for example). For asynchronous
work, almost one-half of the respondents re-
ported using tools such as CVS (Concurrent Ver-

sions System) and email to perform UI-related
activities.

Visual interface builders were the seventh
most popular tool class (out of 12). This is sur-
prising, because our survey specifically asked
participants what tools they used for UI design.
This suggests that—despite current interface
builders’ success—there’s a trend toward using
widespread (and informal) tools for interaction
design. We believe this reflects the nature of in-
teraction design, which is highly creative, inher-
ently interdisciplinary, and communication in-
tensive. So, to succeed, designers should mesh
formal, digital tools with informal, flexible, col-
laboration tools to support their work. 

We also studied the relationship between
the development process and the tools used.
Table 2 and figure 2 show a subset of the re-
sults for various tools. Whiteboards and paper
and pencil are the two most commonly used
tools for all process styles, except formal
methods. In those cases, developers used asyn-
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Synchronous collaborative tools
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Figure 1. The tools practitioners use. Although model-based tools are popular in general software development, study
participants didn’t regard them as critical to user-interface-related activities.
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chronous tools more often than whiteboards.
The “just do it” approach is clearly the least
tool intensive. We believe this reflects coding
activities that rely mainly on tools the survey
didn’t include, such as editors, compilers, and
debuggers.

As these results show, more research is
needed to understand how software and inter-
action designers perform tasks. For a deeper
analysis of the survey results, see this article’s
companion Web site (http://dme.uma.pt/pcampos/
workstyle).

Workstyle transitions: Frequency and cost

When your work speaks for itself, don’t 
interrupt. —Henry J. Kaiser (1882–1967),
American industrialist

Interaction and software designers’ UI-related
activities clearly suffer numerous interruptions
that can cause cognitive breakdowns. Among the
constant interruptions designers face are col-
leagues, emails, switching from individual to col-
laborative workstyles many times a day, and
shifting from low-tech card sorting to high-tech
modeling with digital tools—something that also
happens in general software development.10

We wanted to know what professionals
thought about this, so we gave respondents
several concrete scenarios of workstyle transi-
tions. One scenario, for example, was “moving
from high-level descriptions of the user inter-
face (site maps, navigation maps, and so on) to
detailed screens (with concrete widgets, but-
tons, and so on).” For each such transition, we
asked them to rate

! the frequency; that is, “how many times
[the respondent] engages and transitions in
those workstyles,” and 

! the cost; that is, “how difficult [the respon-
dent] finds it to perform that transition.”

Participants gave a qualitative rating by se-
lecting a value from a seven-point Likert scale.
Figure 3 plots the average over the total number
of responses. As the figure shows, the second
most frequent transition is moving from high-
level descriptions to detailed screens. Interest-
ingly enough, this is also one of the least costly
transitions (exceeding only “moving from a
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Just do it

Prototyping Spiral

Waterfall
Formal

methods

80%

60%

40%

20%

0%

Visual interface builders

Asynchronous collaborative tools

Whiteboards

Synchronous collaborative tools

Paper and pencil

Figure 2. Tool use in the most popular development processes.

Table 2
Practitioner tool choices for popular development processes 

Type of tool

Development Interface Asynchronous Synchronous Paper
process builders tools Whiteboards tools and pencil

Just do it 39 36 54 16 59

Spiral 34 29 61 11 82

Prototyping 37 45 55 23 80

Formal methods 30 56 47 26 81

Waterfall 46 39 69 28 80

Authorized licensed use limited to: MAIN LIBRARY UNIVERSITY OF ZURICH. Downloaded on November 30, 2009 at 02:36 from IEEE Xplore.  Restrictions apply. 



Workstyle	
  (Transi3on)	
  

•  Workstyle	
  
– Par3cular	
  style	
  of	
  work	
  

•  Workstyle	
  Transi3on	
  
– Several	
  different	
  workstyles	
  involved	
  in	
  ac3vity	
  
– Frequent	
  switching	
  between	
  workstyles	
  
– Transi3ons	
  are	
  expensive:	
  
à	
  interrup3ons	
  lead	
  to	
  cogni3ve	
  breakdown	
  



Measuring	
  Workstyle	
  Transi3ons	
  

Survey:	
  
•  Frequency:	
  
How	
  many	
  3mes	
  [the	
  respondent]	
  engages	
  
and	
  transi3ons	
  in	
  those	
  workstyles.	
  

•  Cost:	
  
How	
  difficult	
  [the	
  respondent]	
  finds	
  it	
  to	
  
perform	
  that	
  transi3on.	
  



Workstyle	
  Transi3on	
  Impact	
  

whiteboard to a CASE tool”). The second most
costly transition was “moving from nonfunc-
tional to fully functional prototypes.”

The transition that ranked highest for both
frequency and cost was “moving from busi-
ness rules, use cases, and problem space con-
cepts into final solution design, and back.”
Another costly but less frequent transition
was, “moving from nonfunctional prototypes
into fully functional prototypes.” This sug-
gests that designers add functionality to pro-
totypes in clearly defined stages of evolution—
after they’ve already committed to some
design decisions.

In one follow-up interview, a designer stated
that his answers would have been different if he
were being questioned about issues such as de-
bugging or code maintenance. This response
was similar to those of other interviewees, who
noted, for example, “the importance of building
better tools for UI-related activities” and “how
transitions were more difficult in UI-related is-
sues.” Such responses help reinforce our claim
about the importance of supporting workstyle
transitions in UI activities.

Example tools
for workstyle transitions

This study’s results have clear implications
for developers of UI-related software design
tools. As we mentioned before, the most diffi-
cult and frequent transition was moving from
problem space concepts into final solution de-
sign and back. As an example of how to exploit
such information, we developed the TaskSketch

development environment. TaskSketch sup-
ports changes in perspective (that is, in the
problem or solution space) and embodies con-
cepts that Larry Constantine has long sup-
ported;11 he has given us many ideas that we’re
trying to realize in testable tools.7

Another example is the CanonSketch tool,
which supports changes in perspective, for-
mality (adding informal sketches, adding for-
mal semantics to models), functionality (the
user can create functional, partially functional
or nonfunctional prototypes), and detail.

TaskSketch
To better help designers move from problem

space concepts to a final solution design and
back, TaskSketch not only offers a set of con-
structs and views for use-case modeling but
also provides drag-and-drop mechanisms for
extracting an initial conceptual architecture for
an interactive system. Designers can smoothly
switch from a use-case perspective—described
as a UML activity diagram—to a system archi-
tecture perspective. When designers use drag-
and-drop between views, TaskSketch converts
each model element in one view to the corre-
sponding semantic equivalent in the other.
TaskSketch thereby helps the designer (or sys-
tem analyst) concentrate on what’s really im-
portant: architecting the system.

In our experience with small software de-
velopment companies, traceability support is
important in reducing the cognitive load of
both designers and engineers. It’s also impor-
tant in tasks such as prioritizing and negotiat-
ing development tasks. To support traceability,
TaskSketch color-codes elements in relation to
their use cases. Designers can thus immediately
identify the most-colored elements as those
that support the most use cases. Whether these
elements are a user description or a concrete UI
widget, they will probably be more difficult to
implement.

TaskSketch also supports workstyle transi-
tions by letting users edit task flows at three
different—but synchronized—views:

! the participatory view, which typically re-
sults from a participatory session in which
end users manipulate sticky notes;

! usage-centered design’s use-case narra-
tives, which can be printed on index cards
for different stakeholders to stack and or-
der; and
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Figure 3. Workstyle transitions and their frequencies and cost.
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TaskSketch	
  

•  Aim:	
  help	
  designers	
  move	
  from	
  problem	
  space	
  concepts	
  
to	
  a	
  final	
  solu3on	
  design	
  and	
  back	
  

•  Designers	
  can	
  smoothly	
  switch	
  between	
  :	
  
–  Par3cipatory	
  view	
  –	
  results	
  from	
  sessions	
  with	
  users	
  
–  a	
  use-­‐case	
  perspec3ve—described	
  as	
  an	
  UML	
  ac3vity	
  diagram	
  
–  a	
  system	
  architecture	
  perspec3ve	
  

•  Changes	
  in	
  one	
  perspec3ve	
  are	
  propagated	
  to	
  the	
  
seman3c	
  equivalent	
  in	
  the	
  other	
  



CanonSketch	
  

! activity diagrams, which might include ad-
ditional, relevant details that other views
don’t depict.

CanonSketch
This tool is an example of how workstyle

transition support inspired new tool design
ideas. CanonSketch offers four views and main-
tains the models synchronized between views,
smoothing the designers’ workstyle transitions.
As a simple example, the user might start by
creating a domain model class (Client) using

CanonSketch’s UML class view. Using the ab-
stract-prototype view, the user then creates a
rough, abstract UI sketch using a smartboard or
a tablet, for example. Next, the user applies the
sketch recognition function to automatically
transition into a more formal, semantically
sound abstract UI model (based on the UML’s
semantic model). Finally, the user selects con-
crete elements for each abstract element and
switches to the code editor view to freely add
functionality to the final UI. Figure 4 illustrates
the CanonSketch tool; figure 4c shows how
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(a)

(b)

(d)

(e)

(c)

Figure 4. The CanonSketch tool supports workstyle transitions through four views: (a) the Unified Modeling 
Language class view for domain modeling, (b) the concrete UI view for testing the fully functional system, 
(c) a layer over the concrete view that lets users add informal comments and annotations, (d) the abstract 
prototype view for laying out the user interface and specifying UI elements and connecting them to UML classes,
and (e) the code editor view for adding extra functionality.
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Conclusion	
  

•  There	
  is	
  demand	
  for	
  tools	
  
•  Tools	
  are	
  not	
  widespread	
  

•  If	
  the	
  language	
  is	
  controled,	
  simpler	
  tools	
  can	
  
be	
  used	
  

•  Domain	
  knowledge	
  needs	
  to	
  be	
  available	
  



Ques3ons	
  

•  Did	
  you	
  perceive	
  transi3ons	
  as	
  a	
  problem?	
  

•  Do	
  you	
  think	
  NLP	
  is	
  a	
  feasible	
  approach	
  in	
  RE?	
  


