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Abst rac t .  Organisations that adapt rapidly require flexible software 
systems. Conventional system development methods are too slow for 
these organisations. One way to alleviate these problems is to empower 
members of the organisation, domain experts, to directly control and 
modify such systems (user enhanceability). This paper considers the ap- 
plicability of visual languages as an enabling tool for user enhanceability. 
Previous systems in this area have succeeded only for narrow applica- 
tion domains and have failed to scale up. This paper highlights some 
major problems in such an endeavonr, presents a generic architecture 
that addresses these problems and discusses a user enhanceable system 
for workflow applications that was implemented using this architecture. 

1 I n t r o d u c t i o n  

1.1 W h y  W e  N e e d  Use r  E n h a n c e a b i l i t y  

Information systems for the support of organisational group activities (e.g. office 
and workflow systems) are notoriously difficult to build and maintain due to the 
speed of organisational changes and the complex social aspects of group work 
and organisational processes. These systems must support higher-level organ- 
isational coordination activities such as activity management,  task scheduling 
and workload distribution, but these high-level activities are quite vulnerable to 
organisational change and their social context makes them inherently difficult 
to capture and formalise. As a result, frequent modifications are needed to ei- 
ther reflect organisational changes (often known as adaptive maintenance) or to 
better match the system to the organisational and user needs (part of perfective 
maintenance). 

The large costs and time-scales involved in modifying software are often at- 
tributed to the necessity of translating user requirements to code modifications. 
This translation is generally performed by software professionals and, as Poo 
and Layzell state in [27], the process is 'often fraught with misunderstanding 
and poor translation, which result in unwanted changes, and so the process 
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repeats, adding to the total maintenance costs'. The general reasons for mis- 
communication between software professionals and end users are summarised by 
Novick in [25]. 

Software professionals play a vital role during development by ensuring that 
the system is based on a well structured architecture. However, during main- 
tenance their role (assuming that they have indeed produced a good design) is 
less strategic and for most modifications they are acting simply as translators or 
programmers. Some researchers and practitioners believe that domain experts 
would be more effective than software professionals in performing the majority 
of the needed enhancements [18, 22, 1]. Enabling these domain experts, which 
we call application managers,  to perform a large subset of the information sys- 
tems enhancements with little or no help from software professionals is known 
as user  enhanceability. Other names for user enhanceable systems are 'radically 
tailorable systems' [23] and 'configurable systems' [7]. Although we assume that 
application managers are computer literate, they are not expected to know a con- 
ventional programming language, nor be familiar with programming techniques 
and algorithms. Apart from helping to keep information systems up-to-date, 
user enhanceability [16] will also give application managers a powerful instru- 
ment to explore different processes and to introduce organisational transitions 
in a gradual way. 

1.2 Our  A p p r o a c h  to Achieving User  E n h a n c e a b i l i t y  t h r o u g h  
Visual  P r o g r a m m i n g  

Visual programming languages describe a program through graphical or spatial 
expressions rather than through character sequences as in conventional program- 
ming languages. They are generally considered to have potential for user-level 
programming [30, 24], but if a visual language is to be suitable for application 
managers then it should not be simply a programming language which has a 
diagrammatic as opposed to a textual representation. Such a language solves 
none of the problems of programming except perhaps difficulties with syntax. 
Instead, a visual language must render irrelevant the low-level problem solving 
activities of conventional programming [12, 28, 30, 29, 19]. 

The visual language must exploit, as far as possible, the fact that these appli- 
cation managers will not be tackling general purpose programs but will be solving 
problems that are specific to their particular domain, for example constructing 
a depreciation formula in a spreadsheet, or describing the route of an electronic 
form throughout an office. The visual language should thus provide task-specific 
programming constructs, i.e. constructs that represent concepts from the appli- 
cation domain. The graphical dimension of the visual programming language 
can be exploited to present these concepts effectively. Such a visual language is 
often called a task-specific or domain-oriented visual programming language. An 
extended argument for the benefits of task-specific programming is contained in 
Nardi's book [24]. 

Unfortunately, a number of problems have prevented the successful applica- 
tion of domain-oriented visual programming in complex domains [8, 5], and they 
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have so far been successful only for comparatively simple target domains, for ex- 
ample spreadsheets [23] for accounting and statistics, form painters for database 
access, LabView for signal processing, Khoros for image processing. The failure 
of visual languages to scale up has been recognised and some problems of the 
general-purpose visual languages have been investigated in a recent article by 
Burnett et al [5]. However, the problems faced by domain-oriented languages are 
rather different than the problems of general-purpose ones. 

In the remainder of this paper we discuss the problems of applying domain- 
oriented visual languages for user enhanceability of organisational information 
systems and then we describe a novel architecture that addresses these problems 
and achieves enhanceability at two levels: 

- User enhanceability, where application managers modify application func- 
tionality to reflect changing organisational requirements 

- Meta-enhanceability, where software professionals modify enhanceability fa- 
cilities to reflect changes in the enhanceability requirements. 

The paper concludes with a brief report about experiences from ongoing tests 
of ECHOES, and with a review of the relevant research work, where the novel 
aspect of the proposal are identified. 

2 A p p l y i n g  V i s u a l  L a n g u a g e s  t o  C o m p l e x  I n f o r m a t i o n  

S y s t e m s  

2.1 M a n a g e m e n t  of  Complex i ty  

One of the first problems we face when applying visual languages to organi- 
sational information systems is one of complexity. We need to find a compro- 
mise between hiding complexity from the application manager and providing 
an expressive visual language. Four strategies for complexity management are 
appropriate in this context: 

Mul t ip l e  Descr ip t ions  Since a well designed domain-oriented visual descrip- 
tion should employ only a small number of high-level abstractions [24], complex 
concepts are often best presented by using multiple descriptions, For example, 
organisational structure should have a different description from that used for 
information processing and different yet again from the structure of the informa- 
tion. Also, by having a choice of different enhanceability formalisms and facilities, 
there is no need to treat all organisational processes in the same way. 

These multiple descriptions must of course be integrated to help application 
managers to comprehend and navigate between them. The descriptions thus 
form a visual language, where each description communicates to the application 
manager a small coherent aspect of the application. 
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A s s u m p t i o n s  The descriptions employed by domain experts are often informal 
and incomplete in the sense that a lot of detail is not articulated but taken for 
granted. This is inevitable and indeed a desirable consequence of abstraction. 
For example, the activity of sending a form to a specific office worker could be 
easily presented in a visual language as the dragging of a form icon to an office 
worker icon. However, this representation hides many details. For example, office 
workers receive many forms and so they must be queued in some way. What is 
the queue discipline? One assumption may be that all queues are served in first-in 
first-out (FIFO) manner. 

Often, as in fourth-generation languages (both visual and textual), the soft- 
ware designers bury these assumptions deep in the code, hoping that they match 
user's expectancies and "common sense". Unfortunately, when an application 
manager tries to comprehend and modify the system, his or her expectations 
may be quite different from the assumptions made by the designers. For ex- 
ample, the application manager may rely on priority-based queue processing, 
and would therefore expect a form or letter, marked "Urgent" to be processed 
immediately. 

We argue that such assumptions are a part of the application domain and 
therefore they should be explicit. They should be available on request to the 
application manager. Hopefully, the application manager will not need to modify 
assumptions, but if this proves necessary, assumptions can be replaced by visual 
descriptions, thus enhancing the visual language. Assumptions have well defined 
interfaces to facilitate replacement by a visual description. 

E x p l o r a t o r y  E n h a n c e m e n t s  In any complex system it is difficult to predict 
all the consequences of a specific enhancement. Therefore, in an ideal user en- 
hanceable system it should be possible to perform modifications in an exploratory 
style. That means that the boundaries between modification and execution must 
be removed and rich animation and feedback techniques provided. The appli- 
cation manager should directly manipulate the application system through its 
domain-level representations, thus fully exploiting user-level metaphors for do- 
main concepts. Visual languages that provide this style of working are referred 
to as responsive visual programming languages [5], or as visual languages with a 
high degree of liveness [33]. In these languages there is no separate compilation 
step, instead the user actions are immediately executed and their effects shown. 
Examples of such visual languages are spreadsheets, Forms/3 [4], OVAL [23] and 
HI-VISUAL [14]. 

Modif ica t ions  S u p p o r t  Whenever possible, important consequences and side- 
effects of a change should be pointed out to the application manager, even if they 
do not belong to the visual description where the change is performed. For ex- 
ample, when an office worker is deleted from the organisational description, the 
description that shows flow of work between activities should also be updated 
to exclude the deleted worker. This update should then be brought to the appli- 
cation manager's attention, since the deletion may affect other activities. 
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2.2 Chang ing  Enhanceab i l i t y  R e q u i r e m e n t s  (Me ta -Enhanceab i l i t y )  

Enhanceability requirements cannot be guaranteed to be stable and there is 
sometimes a necessity for software designers to change the manner in which the 
application is modified (meta-enhanceability). Indeed, very high level, applica- 
tion specific languages are more vulnerable to such changes since they typically 
lack the universality of conventional programming languages. 

A substantial meta~enhancement would be to substitute one visual descrip- 
tion with an alternative. For example, when describing the personnel of an or- 
ganisation, we may substitute a taxonomy that is based on specialising job de- 
scriptions, to an organisational chart, which shows the authority structure. The 
most radical enhancement would be to develop a new visual description to con- 
trol some previously unvisualised aspect of the domain, for example a visual 
description to interact with a queue of forms. Providing facilities for such meta- 
enhancements while preserving the underlying application is one of the problems 
addressed by our architecture. 

3 A n  I n s t a n t i a t i o n  o f  t h e  P r o p o s e d  A r c h i t e c t u r e  

A crude description of the proposed architecture of pluggable visual descriptions 
is presented in Figure 1. It consist of a number of visual descriptions and as- 
sumption modules, which interface to an application system. However, the best 
way to present the architecture is to understand the motivation behind it. This 
motivation is illustrated below in an extended use scenario within ECHOES 
(Easily CHangeable OfficE Systems). ECHOES is a prototype system, imple- 
mented in Smalltalk-80 with VisualWorks and HotDraw - -  a generic drawing 
editor described in [17]. ECHOES instantiates the architecture to provide a user 
enhanceable workflow system that may be used for order and invoice processing, 
insurance application approval, etc. 

3.1 The  V i s u M L a n g u a g e  

The domain is abstracted into the following user-level visual descriptions: infor- 
mation flow, service definition, organisational structure, information taxonomy 
and information appearance description. 

Information Flow Visual Description ECHOES is a general purpose archi- 
tecture for end-user development systems but to explain ECHOES we will use 
an example workflow system. This kind of system is likely to be familiar to read- 
ers and the particular system we describe is part of the processing of'university 
undergraduate applications within a particular department. As shown on Fig- 
ure 2, the application forms are initially checked for completeness, then some of 
the applicants are selected for interviewing and others are rejected. After the 
interview an offer is decided for the particular applicant, the case is filed and 
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Fig. 1. A crude description of the architecture behind ECHOES 

letters are sent as appropriate. The results are sent to the university admissions 
system for processing. 

The  flow of information between office clerks is represented as an information 
flow diagram. It is based on the data  flow paradigm and, as shown on Figure 2, 
the diagram shows the flow of information and control messages between the 
services that  constitute the application system. A service is an information pro- 
cessing activity performed by a participant in the workflow, a clerk. 

A service is represented as an unobscured rounded rectangle, all the clerks 
that  perform the particular service are represented as rounded rectangles tha t  
are stacked behind it. The message flows are represented as arrowed lines that  
connect the source and the target of the message. To reroute messages the appli- 
cation manager may directly move the message arrows to new source or target 
services. 

If the application manager, for example, needs to add a new service to the 
system, he or she selects the appropriate service symbol from the palet te on the 
right and places it on the diagram as shown with the dashed arrow. The  dashed 
lines have been superimposed on the screenshot to show the interaction dynam- 
ics. The visual description will convert the application manager 's  action into 
a sequence of "low-level" commands that  add a new service to the application 
system. 

When the application manager adds a new service to the information flow 
diagram, he or she should also specify who may perform the service. The  ap- 
plication system knows that  each service is performed by one or more office 
clerks, and therefore detects the need for additional information. The  applica- 
tion broadcasts a request for this information to all modules currently plugged to 
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the application system, regardless of whether they are visual description modules 
or "assumption" modules. 

Organ i sa t iona l  Visual  Descr ip t ion  In ECHOES, the assignment of services 
to office clerks is performed via the organisational description. It groups ser- 
vices into "job descriptions" and then classifies clerks in a prototype inheritance 
taxonomy, based on their job descriptions. An example is shown on Figure 3 
('Academic' is the job description, ':John' and 'Pat '  are the office clerks that 
have this job description). 

Continuing the example from the previous section, in response to the broad- 
cast request for which office clerks are to perform the new service, the organ- 
isational description module responds to supply this information. It opens the 
window on Figure 3, which shows the organisational taxonomy, and asks the 
application manager to select either a group of people, linked by a common job 
description such as "Employee" or an individual office clerk such as "Pat". If, 
as shown on the Figure, the application manager selects 'Pat',  the description 
module will ask him or her to confirm whether the new service will be added 
only to Pat's job description or to the job descriptions of all "Academic" staff. 
Confirmation is necessary since, if the answer is 'just Pat', a new job description 
will be specialised for her (as shown on Figure 5). 

Now the system has all the necessary information to create a new service as 
a part of the application. After the service is created, the application system 
will notify all "plugged in" modules. In response, some of the visual description 
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Fig. 3. Organisation~l description module responds 

modules will update their representation of the application system. For example, 
the information flow module will place the new service on the information flow 
diagram as shown on Figure 4, and stack Pat's oval behind the service's symbol, 
since it has read the current configuration from the application system. 

The new service will initially appear with a default name and priority. The 
application manager can rename it and Change its priority by clicking on the "S" 
button of the relevant job description as shown on Figure 5. 

The application manager may then proceed to connect the new service to 
other services with message flows. When a new flow is created on the diagram, 
the system needs to know the type of information on this flow and this request 
is answered by the information descriptions, the subject of the next section. 

I n f o r m a t i o n  D e s c r i p t i ons  In ECHOES, information is modelled in terms of 
forms. On the information taxonomy visual description, the type of each message 
flow is specified in a hierarchy which defines specialisation and composition re- 
lationships between these forms. Manipulating this taxonomy is performed in a 
similar manner to manipulating job descriptions on the organisational taxonomy. 

The structure and the appearance of each form is controlled by the applica- 
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tion manager directly manipulating the form's elements (i. e. input fields, menus, 
formulae) as in a standard form painter. Indeed, the standard form painter sup- 
plied by the implementation platform VisualWorks was used in ECHOES, since 
form painters are not novel. 

Service Visual  Descr ip t ion  When the new service "Selecting Disabled Ap- 
plicants" is created in our example, a dehult  process description is associated 
with it. In its simplest form, the service will simply present forms that arrive on 
incoming flows to the office worker. The worker can process the form and then 
press the 'OK' button, then the service will send the result to an output flow. 
This default service description is shown on Figure 6. Four dashed arrows have 
been added to the screenshot to show the dynamics of the interaction. 

The visual description of the processing that takes place in services, integrates 
the event-driven and the procedural elements of a service in a single visual de- 
scription. As shown in Figure 6, a template-like frame surrounds the description. 
Events that control the processing are listed on the top of the frame. The input 
flows are listed on the left of the frame and given names, the output flows are 
listed on the right. Interaction with users is also modelled in terms of form-based 
messages exchanged between the service and the office worker, but in this case 
the form is displayed on the screen to both present output and gather input 
from the office worker. These interaction flows are designated with a computer 
terminal icon and do not appear on the information flow diagram. 

The service description has highlighted the second output flow with a ques- 
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tion mark, because it is not yet assigned. This prompts the application manager 
to modify the description to take this flow into account. Indeed, if the default 
service processing is not satisfactory, the application minager has to modig, 
the service processing description. A description could be copied from another 
service and then modified to reflect the new functionality required. 

Processing control flow is animated. The current state of the processing is 
represented as a token moving through a network of states. The triggering events 
are shown to control the opening and closing of switches that in turn control the 
movement of the token by enabling and disabling certain transitions. On its way 
through the network the token passes through the so-called action blocks, where 
it triggers a simple sequence of actions by stepping through them. The sequence 
of actions in each action block is represented in a separate window, as shown on 
Figure 6. 

3.2 Assumpt ion  Modules  

After the newly created service 'Selecting disabled applicants' is connected with 
information flows to the rest of the diagram, forms will start queueing on the 
input flow of the service. When Pat comes to work and opens her 'To Do' list, 
the new service will appear. If Pat activates the new service, the service object 
within the application system will try to get the first item on the incoming queue 
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from a special coordination object. This coordination object is shared between 
all the clerks that perform a given service. It distributes their workload and 
manages their incomin~queues. This coordination object contains the scheduling 
algorithm for retrieving the next item on the queue for a particular clerk. 

Currently there is no visual description in ECHOES, whereby the appli- 
cation manager can specify this algorithm. In a traditional fourth generation 
language this algorithm will have been buried in the implementation code of the 
coordination object. In ECHOES, however, the specification of this algorithm is 
encapsulated into an assumption module, which is integrated into the system in 
an identical manner to all other visual description modules. 

When the new service was created by the application manager, the corre- 
sponding coordination object was also created, and the specification for its queue 
discipline was defined by the assumption module. The current specification in 
the assumption is that all queues are served in 'first-in first-out' fashion. 

So, like visual description modules, assumption modules supply application- 
specific information. However, unlike the visual description modules, the assump- 
tion modules obtain the necessary information by performing a pre-specified 
algorithm that can not be visually manipulated by the application manager. 

However, in our scenario, the application manager may wonder why a certain 
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form that was marked 'Urgent' has not been processed immediately by Pat, but 
has been waiting on the queue together with all other forms. In this case the 
application manager may try to open the queue in the way he or she would open 
any other element on the diagram that has a visual description ( e.g. a service 
symbol expanded into a service definition diagram). The architecture does not 
distinguish between visual descriptions and assumptions but simply propagates 
an "open description" request for the relevant application aspect. Since our queue 
assumption module does not have a visual description, it will instead open up 
a text window containing a explanation of the assumption that is coded in the 
algorithm of this module. In our case this would read "All information items on 
a queue are processed in a first-come first-serve basis". 

So, although the application manager cannot, at this level, control the as- 
sumption contained in the corresponding assumption module, he or she can at 
least be made aware of it. 

4 P l u g g a b l e  V i s u a l  D e s c r i p t i o n s  A r c h i t e c t u r e  

In this section we will describe the architecture of pluggable visual descriptions, 
which underlies ECHOES. This architecture allows an application system to be 
controlled through multiple visual descriptions. The use of multiple descriptions 
of a single application system is similar in concept to the model-view-controller 
paradigm used in Smalltalk and described in [11]. An outline of the proposed 
architecture of "pluggable visual descriptions" is presented on Figure 7. 

In this architecture the domain model encodes the facts that hold all appli- 
cations in the target domain of organisational systems. This model provides a 
language for controlling the application system. 

A higher level domain-oriented visual language, consisting of several visual 
descriptions, is used to construct and modify application systems. Each descrip- 
tion presents a coherent aspect of the application to the application manager 
in high-level task-specific concepts. The assumptions made when creating the 
visual language are made explicit in "assumption" modules. 

4.1 Visual  Desc r ip t i on  Modu le s  

Each visual description module is composed of two parts as shown.on Figure 8. 
The graphical interface part enables the application manager to directly manip- 
ulate diagrammatic, table-based or some other graphical representation of a part 
of the system. The second part is the translator, which links graphical actions 
and graphical entities to operations and entities in the application. In one direc- 
tion, it transforms the application managers' manipulations of diagram symbols 
into operations performed over application-level objects. In the other direction, 
it maps the application objects to concepts and symbols on the diagram. The 
translator ignores the irrelevant and cosmetic user gestures such as moving a 
node in a graph-based diagram. 



444 

�9 yis .ua.l )a_.guag: . . . . . . . . . . . . . . . . . . . . . . . . . .  

visual description modules 

pluggability interface bus l 
$ 

applicat~ system(s) 

application manager 

"assumption = modules 

mo~::  : 
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For example, when a new symbol representing a service was added by the 
application manager to the diagram in the scenario of Section 3, the graphical 
interface passed the event on to the translator, which translated ~the event as 
a request to the application to generate all corresponding application object(s) 
that implement this service. After the application objects were generated, all 
translators were notified that the application has changed. The information flow 
description then translated the new application objects to a high-level represen- 
tation of a service, which was displayed by the graphical interface part. Some 
other visual descriptions also added the new service, the rest ignored the notifi- 
cation. 

Similar mechanisms of interaction between the application system and a 
translator are also used in the following two cases: 

p r o m p t i n g  for i n fo rma t ion  needed  to comple te  a change Often, as in the 
case of adding a new service above, the application manager has to supply 
additional information. The application will then broadcast a request for 
this additional information to all modules. Then the translator of the first 
relevant visual description module will arrange for the description to prompt 
the user for this information and will supply it to the application. The other 
relevant modules will not be activated. 

i m p l e m e n t i n g  hype r t ex t - s t y l e  links To support modifications, concepts from 
different visual descriptions are linked with hypertext-style links. These links 
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serve as navigation paths and as change propagation links. For example, 
when a high-level concept has been modified, or everr just selected, in one 
visual description, the application manager should be demonstrated the ef- 
fects on all relevant concepts from other visual descriptions. This is imple- 
mented by the following mechanism. When application manager selects a 
high-level concept, its translator will "flag" the corresponding application 
objects. This event will be propagated to all other translators, and some of 
them will in turn highlight the high-level concepts that are linked to some 
of the "flagged" application objects. 

For a given domain model, and, indeed, even for a given application, various 
descriptions may be added or removed (i.e. "plugged" in and out of the system), 
thus catering for cases when the requirements for enhanceability change, i.e. for 
"meta-enhanceability'. An example of a meta-enhanceability scenario is given 
later. 

The key feature that enables such plugability is that a visual description does 
not contain any information that is necessary for running the application, such as 
the state of the application objects, their functionality or the relations between 
them. A visual description only keeps representational information such as the 
position of a symbol in the diagram. Indeed, a completed application system 
should still run even after all visual descriptions are detached from it. 
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4.2 A s s u m p t i o n  Modules  

Assumption modules implement aspects of the domain that need to be available 
for inspection, but hopefully should not require modification. Thus an assump- 
tion module does not need a visual representation, but it should be narrated to 
the application manager on request, possibly by devising a "help"-style textual 
description. If later, as a result of accumulated experience in using the software, 
an assumption turns out to be inappropriate, it can be modified by software pro- 
fessionals. If the application manager wants to control the assumed aspect, then 
it can be replaced by a visual description. This will exPand the visual language. 

application manager 

assumption module 

tion description 

~ ~tion template 
, ' 5  

additional 
information 

piuggability interface bus I 

~ incomplete 
information 

application system(s) 

Fig. 9. The structure of an assumption module 

Handling these requirements is best performed by separating the assump- 
tion in a separate assumption module as shown on Figure 9. In our extended 
ECHOES example we have encapsulated in such a manner the template algo- 
rithm dealing with the discipline of message queues. An assumption module also 
contains the text describing the algorithm, and behaves in a similar way to the 
visual description modules: 

- It supplies the design assumption contained in its software template to the 
application. This assumption will then be used when formally interpreting 
the informal concepts and commands within the visual descriptions 

- It displays the textual description of this assumption to the application man- 
ager on request. 
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Since assumption descriptions are explicit and available for inspection by 
the application manager, we overcome the problems with the fourth generation 
languages, where, for example, the design assumption about how users would do 
a search through a data table is hidden in the code of the language interpretor. 
All the user of such a system would see is the FIND command,  which may not 
operate in the desired manner. 

In essence, the assumption description modules complement the current set 
of visual descriptions and serve as place-holders for future visual descriptions 
to be added to the visual language. These novel assumption descriptions are a 
major  factor that  enables our user enhanceability approach. 

4.3 Meta-Enhanceability 

Meta-enhanceability is the facility to change the means and ways in which a 
system can be enhanced. In this section we will extend the scenario from Sec- 
tion 3 in order to demonstrate how building ECHOES using the "pluggable 
visual descriptions" architecture extends what is enhanceable by adding a visual 
description that  controls the queue discipline instead of the current assumption 
module. Similarly, one type of visual description could be substi tuted for another 
by unplugging the relevant visual description module and plugging a new one in 
its place. 

For this scenario, let us suppose that the queue discipline for all queues in 
the system is 'FIFO',  and that this is unsatisfactory. The discipline is imple- 
mented as an assumption, but a more flexible arrangement is required, where 
the application manager can control the queue discipline. We decide to develop 
a new visual description to allow the application manager to see the status of 
each queue and to manually re-arrange the order of the items on the queue as 
required. 

This visual description module incorporates a modified version of the algo- 
r i thm from the old assumption module. The information items on the queue 
are ordered first-in first-out within two subsections - -  urgent and non-urgent, 
the items from the urgent subsection are processed first. The visual descriptions 
shows the information items ordered in the two subsections of the queue, but  
also allows the application manager to manually override this ordering at will 
by directly moving items. 

The old assumption module is then removed from tlle system and the new 
visual description module is plugged in its place. The new module also specifies 
the queue ordering algorithm as did the old one, but  in addition it can issue 
requests for the coordination object to override this algorithm and to re-arrange 
the default order. 

5 D i s c u s s i o n  a n d  L i m i t a t i o n s  o f  t h e  P r o p o s e d  A p p r o a c h  

5.1 D i s c u s s i o n  o f  t h e  C o h e r e n c e  P r o b l e m  

To allow different visual descriptions to be easily plugged in and out  of the ap- 
plication, which is essential for meta-enhanceability, we require that  each visual 
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description should be directly connected only to the application and compara- 
tively independent from the others for its operation. Also, the application should 
not be dependent on the visual descriptions for its execution. However, a prob- 
lem exists with this architecture. One visual description may put the application 
system into a state that has not been anticipated by another visual description, 
and the latter then becomes invalid. 

Fig. 10. The pluggable visual descriptions idea 

In Figure 10, V1, V2 and Vn denote different visual descriptions, attached to 
the application system A. Creating and maintaining a particular description P~ 
could be presented as a partial view function fi from the set of all application 
system states SA to the set of corresponding visual description states Sv~, so 
that for any sA E SA either there exists sv~ E Sv,, such that: 

sv, = f (SA) 

or: 

fi(SA) is undefined. 

For example, such a view function will convert the state "snapshot" of a 
workflow application system to a description that shows the workload of every 
worker involved. Implementing the view function is the responsibility of the 
visual description, since the application system should not be dependent on any 
visual description. 
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If visual descriptions are to be used for modifying the application, our visual 
description V/should also transform user operations within the visual description 
into commands requesting modifications of the application. In other words, the 
description should implement a control function gi from a set of user operations 
Ov, to a set of corresponding sequences of commands for modifying the applica- 
tion OA. For example, if a user adds a new service to the information flow visual 
description, the visual description should generate a sequence of commands that 
generates a new service in the application system. There exists OA E OA for 
every ov~ E Or,, such that: 

o a  = g ( o v , )  

Since a single visual description deals with only one aspect of the domain, it 
is highly likely that any view function f / i s  not defined for all application states: 

dora fi C SA, 

i.e. that exists sa, such that SA E SA, and SA q~ dora f~ 
This means that visual descriptions will be undefined for some application 

states. However, undefinedness is not the real problem since a visual description 
can alert the application manager by showing a special message instead of a 
diagram, but detecting undefinedness is. There are two alternative solutions to 
this potential problem. The first alternative is to ensure that the application 
state stays always within the definition domain of the visualisation function fi, 
and indeed, considering the definition domains of all visual descriptions as shown 
on Figure 11, that the application state stays always within the intersection of 
the definition domains of all visualisation functions i.e. for all SA, for which 
SA E SA, we have 

SAe  ~'~ dora fi 
i = 1  

Enforcing such a solution, however, contradicts the "independence" of visual 
descriptions, a basic principle of the architecture, since, if the visual descriptions 
are indeed independent of each other, there are no means to ensure that this 
union in not an empty set, as illustrated on Figure 11(a). 

Even if the visual descriptions have been designed to work together and 
therefore their definitional domains overlap as shown on Figure l l (b) ,  keeping 
the application state within the area of overlap would again contradict to the 
principle that the application system should execute independently from the 
visual descriptions. Indeed, the transitions between application states are based 
on the application's internal logic. If the application is independent from its 
visual descriptions and the translator functions are defined within the visual 
descriptions, the application can not possibly detect whether a state transition 
will take it out of the definitional domain of a description, so it can not stop the 
transition from happening nor issue a warning. And since the application is the 
only one to approve changes of its state, the visual descriptions can not prevent 
these transitions either. 
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Fig. 11. Two cases of visual description definition domains 

The second alternative is to not limit the state of the application system. 
In this alternative, each view function fi should be constructed in such a way 
that  it can detect when the application is in a state for which the function is 
not defined, i.e. SA ~ dom fi, by testing some pre-conditions. If the test fails, 
the visualisation function will issue a warning to the user instead of creating a 
visualisation. 

Indeed, testing for pre-conditions is now encouraged as a good software im- 
plementation practice. Furthermore, in most practical cases the view function 
will perform this testing as a part  of its algorithm, and therefore this solution 
will not bring about a big increase in the development efforts and costs. 

This solution could be used to add functionality to the visualisations of the 
application. For example, different users may be allowed to see or modify only 
certain visual descriptions according to their authority. Also, the users of a work- 
flow application system, for example, may want to see different visual descrip- 
tions in different business situations. 

5.2 O t h e r  I ssues  

l imi t s  o f  m e t a - e n h a n c e a b i l i t y  Another technological issue to consider is the 
limits of meta-enhanceability for a given domain model. The variety of con- 
cepts and paradigms used within the visual language is constrained by the 
semantics of the underlying domain model, since each high-level concept 
or an operation from a visual description corresponds to a set of objects 
or operations from the domain model. Therefore the level of abstraction in 
this model should be carefully selected, if a large variety of user-level visual 
languages are to be mapped onto the model. 

a p p l i c a b i l i t y  to  o t h e r  d o m a i n s  The architectural framework presented in this 
article does not seem to contain domain-specific constructs, and several sim- 
ilar architectures as I-CASE, C-CASE[31] and MVC, are deemed applicable 
for professional software development in a variety of domains. However, our 
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practical experiences of applying the framework are narrow, since ECHOES 
targets only the domain of workflow application systems. Therefore, the ar- 
chitecture's applicability to other organisational and non-organisational do- 
mains can not be tested without substantial further investigations. 

o rgan i sa t iona l  factors  Different organisational factors play an important role 
for the success or failure of user enhanceability. For example, the applica- 
tion manager should be someone with time to devote to maintaining the 
application, and with the power to implement the necessary changes in work 
patterns. Also, some of the participants in the system may see the appli- 
cation manager's role as holding too much power, and may obstruct the 
process of implementing changes. Another danger is that, when the applica- 
tion manager leaves the organisation, the system could be left in a poorly 
documented state, after a large number of modifications have caused design 
deterioration. 

s y s t e m  design de te r io ra t ion  It is widely accepted that any software enhance- 
ments cause deterioration of the system design[3, 20]. This factor is partic- 
ularly important in an user enhanceability scenario, where application man- 
agers lack training in software design principles. Hopefully, since application 
managers are domain experts, working with domain-oriented model of the 
application will help them to avoid changes that cause deterioration of this 
model and of the design structure of the application. 

r isks of  end  user  deve lopment  Allowing end users to create and modify ap- 
plications software, can lead to a large number of errors if appropriate sup- 
port is not provided. For example, Panko in [26] points that some consul- 
tants' personal experiences show that something like a third of all operational 
spreadsheet models contain errors. One consultant from Price Waterhouse 
reported 128 errors within four large spreadsheet models[6]. To alleviate 
these problems, application managers need to be supported not only with 
better tools, but also with better training and professional help. 

6 O u r  E x p e r i e n c e s  so F a r  

We are still at early stages of testing ECHOES, so the experiences reported here 
should be treated as preliminary first results only. 

Implementing ECHOES in Smalltalk did not require departures from the 
architectural framework outlined here. The Smalltalk dependency mechanism 
was used to implement the plugability bus. The number of visual descriptions 
turned out to be high, since attribute tables, action block descriptions and other 
auxiliary windows were implemented in a way identical to the major visual 
descriptions described in the paper. 

We have used ECHOES to develop two workflow applications. The first is 
a simplified version of departmental system for processing student applicants, 
which was used in section 3 to present ECHOES. The second one is a workflow 
system to support production of a central university timetable. The first system 
was used as a case study at early stages of the project, and its requirements were 
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captured using a structured analysis method. They were recently converted into 
a workflow application, which was used to test ECHOES on several scenarios. 
The feedback was used to appropriately modify ECHOES. The requirements 
of the second application were captured using the ECHOES language as a re- 
quirements formalism, and this seemed to work well for this limited size project. 
When showing diagrams to the University timetabling administrator, we were 
surprised to find out the large extend to which her domain expertise did reduce 
the necessity for training in the ECHOES formalisms. 

We have designed, but have not yet implemented , two pilot experiments, 
where ECHOES will be used by two domain experts to perform enhancements 
in the two applications developed. While the first experiment will involve a de- 
partmental administrator who has not taken part in the development of the 
university applicants processing application, the second one will involve the do- 
main expert who was helping us to develop the timetabling system. On these 
experiments we hope to obtain feedback comments that will help us develop 
better appreciation of how well does the tool and the architecture support user 
enhancements. 

We should stress here that we do not currently plan to conduct statisti- 
cally reliable evaluation studies for three main reasons. Firstly, such studies will 
require a large number of participants to take into account diversity of pro- 
gramming backgrounds, aptitudes and abilities. Secondly, the software is still a 
"proof-of-concept" prototype and is not stable enough for usability evaluation. 
Finally, good evaluation of enhanceability will require long-term observation of 
enhanceability practices by real application managers. 

7 R e l a t e d  W o r k  

M u l t i - d e s c r i p t i o n  B a s e d  Visua l  Languages  Multi-description based visual 
languages are presented in [2] and [13]. Indeed, Visual Toolset [2] and MViews 
[13] do exploit the idea of handling domain complexity by using a multiple visual 
and text descriptions as a part of a multi-paradigm language. However, they are 
not oriented to a particular application domain and as a result they take differ- 
ent considerations into account. For example, Visual Toolset is oriented towards 
general programming. Therefore, while the elements of the specialised visual 
language in our paper map directly to the domain concepts and to the model 
structures, the users of Visual Toolset have to perform this mapping themselves 
for each particular application domain, which requires a higher level of program- 
ming expertise and familiarity with the programming language concepts such as 
data structures, functions and procedures. 

MViews is a model for general-purpose software development environments, 
where the main concern is integrating the different views and the change propa- 
gation. It has evolved in the domain of Prolog programming, and therefore lacks 
these elements of our architecture that support organisational and office domain 
specifics such as the assumption modules. 
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Visua l  Languages  for Organisational and Office Systems Some visual 
languages that address the domain of organisational and office systems are "Of- 
ficeaid VPE"[10], HI-VISUAL[14] and Regatta VPL[32]. 

"Officeaid VPE" and HI-VISUAL have a restricted scope in the sense that 
they are used for the description of single office tasks only, without integrating 
them in an office processing framework. The first of them is based on a flowchart 
representation of office activities, partly built by programming-by-example tech- 
niques, the second one exploits the object semantics of overlapping iconic repre- 
sentations of office concepts. 

Regatta VPL, on the contrary, targets the overall work process in an office 
or organisation. It allows end-user modification of process descriptions through 
the use of a graphical planning tool, thus evolving and improving the process 
description on-the-fly. It is a representative of a subclass of the workflow systems 
described in [15]. The systems from this subclass are used to visually describe 
organisational workflows. However, these systems tend to take a single, highly 
abstract view of the organisational processes, and are not designed to accommo- 
date radical meta-enhancements. 

E n h a n c e a b l e  Sys t ems  Oval[23] and of Cosmos[7] are concerned with the user 
enhanceability of office systems for cooperative work. Oval aims to allow users 
to modify their applications, but users are meant to develop their system from 
scratch. The system does not offer visual programming tools as such, nor support 
for coordination activities in its user-level language. 

Cosmos, on the other hand, does provide higher-level coordination support, 
but the model is be configured by using two text-based languages - a scripting 
language and a communication structure definition language. The authors of this 
paper believe that making the system configurable by ordinary users could be 
achieved on a textual level with the help of good textual editors as opposed to 
developing diagrammatic versions of languages. 

A third system, proposed by Oei el. al. in [9] handles not only enhanceability, 
but also meta-enhanceability. Starting from an empty system, the application 
evolves as a result of a stream of update requests that are processed and then 
validated. However, the provided enhanceability facilities are not targeted to the 
level of computer expertise that domain experts are expected to have. 

8 S u m m a r y  a n d  C o n c l u s i o n s  

If visual languages are to be effective in building user enhanceable information 
systems, then one must address the complexity of the domain, the specific re- 
quirements of user-level programming and meta-enhanceability. 

This article proposes a novel conceptually integrated approach to these prob- 
lems, the generic architecture of 'pluggable visual descriptions'. In this approach 
application managers control an application system by directly manipulating 
high-level domain concepts within a changeable set of visual descriptions. A set 
of novel assumption modules encapsulate those aspects of the domain that are 
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currently not enhanceable. These assumption modules, together with the visual 
descriptions, can be replaced to achieve meta-enhanceability. An expanded sce- 
nario is used to present ECHOES, which is an application of this approach to 
workflow systems. 

Our experiences from implementing ECHOES are positive in regard to the 
functionality and expressive power of the proposed architecture and ECHOES. 
However, further research is needed to identify some usability characteristics of 
ECHOES, the applicability of the architecture for other application domains and 
the limits of meta-enhanceability for a particular domain model. 

There are some important  limitations to user enhanceable systems, which 
have been outlined in section 5. However, our limited experiences with ECHOES 
have supported the position [24, 21] that  tapping into the domain expertise of 
the users can help to overcome most of these limitations, so that  domain experts 
do not only achieve satisfactory results in software modifications, but they often 
tailor the software in novel and creative ways. 
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