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Abstract: The paper shows how a conceptual model represented as a 
combination of an Entity-Relationship diagram and a Petri net can be used 
in user interface design. We first discuss how the conceptual model can 
contribute to the design of usable systems in general. We then describe the 
specification of the interface as a refinement process from the events of the 
conceptual model to the operations of the interface. 

1 In troduct ion  

One of the critical issues in software engineering is how to get user interface design 
as an integral part of software development. Traditionally software engineering meth- 
ods seem to take quite diverse standpoints. Some methods suggest that user interface 
design is part of the requirements engineering, some consider it as being part of the 
implementation. 

Within HCI literature it is often stated that an interactive system should be built on 
a conceptual model [24, 8, 17]. However, there seems not to be any consensus of the 
role of such models. Possible interpretations vary from an overall description of the 
application domain to an implementation concept (as an example see the discussion 
reported by Cockton, [5]). The point of view taken in this paper is that the designer 
of a direct manipulation interface needs a model of the application domain as the 
interface should show the user the concepts and behaviour of the application domain 
on the screen [23, 24, 17, 12]). 

There is not much discussion in HCI literature how a conceptual model in general 
or a model of the application domain can be built and represented and how exactly it 
relates to the user interface design (c.f. [14] as an exception see [1]). The techniques 
used to describe user interfaces seem to suppose that the user interface is an indepen- 
dent part of the software and start the design from scratch (as an example see [10]). 

Conceptual modeling is often discussed within information system research and par- 
ticularly within the data base community, where several analysis methods have been 
suggested to modeling of the concepts and behaviour of the application domain (as an 
example see [18]). Heuser, Peres and Richter [11] use a combination of Entity-Rela- 
tionship modeling [3] and Petri nets [19, 22] to describe static and dynamic features of 
the application domain, respectively. In this paper we show how user interface design 
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can benefit from representations created in the form of a conceptual model in general. 
Moreover, we show how the user interface can be specified on top of a conceptual 
model. The benefit of the approach described is that it shows how the user interface 
design can be viewed as a continuation of the modeling of the application domain, 
both conceptually and methodologically. The method described is in a trial use in a 
project, where a weather monitoring system is being developed to support road 
maintenance activities depending on changing weather conditions. The system 
consists of several graphical workstations connected to a large data base. 

The organization of the paper is as follows. We first introduce the conceptual 
model modified from [11]. We then discuss the usefulness of the model from the 
point of view of user interface design. We then proceed by a general discussion of in- 
teractive systems as the details of using the model as a basis for user interface design 
depends on the type of interaction we are aiming at. Finally we show a specification 
of the user interface as a Petri net. 

2 Conceptual model 

Figure 1 shows the conceptual model from [11]. The part of Figure 1 drawn in heavy 
lines displays an E-R diagram for the IFIP working conference case study [18]. Enti- 
ties and relationships are represented as usually. Light lines, circles and boxes are 
added to model the dynamics of the system as a Petri net. They describe the events 
that manipulate the data within the system. 

A simplest form of a Petri net appears towards the lower left corner of Figure 1. It 
consists of two circles, or places, and of a box, or a transition. Places are labeled 
"Receipt open" and "Receipt closed". Transition is labeled "Close". There is a token, 
or marking, in "Receipt open" indicating the state of the receipt. Transition "Close" 
corresponds to the event of closing the receipt. When the transition "Close" fires, the 
token is moved from its input place "Receipt open" to its output place "Receipt 
closed" to indicate the new state of the receipt. In the model, the letter 'e' labels the 
edges describing the path the token is moved. In a Petri net, the firing of a transition 
is possible if, and only if, there is a token in each of its input places and there is no 
token in any of its output places. This is the mechanism controlling the firing of 
transitions. 

The type of net in Figure 1 is actually a condition/event net. The tokens within 
the net are tuples of the form <xl ..... xn>, where xl,...xn are variables. Each place 
can contain several tuples of the same type as long as the values of the variables 
differ. And instead of n token, the transitions (or events) move sets of tuples while 
firing. Each tuple corresponds to a data item. For example, event "Submit paper" 
inserts a set of tuples of the form <pap, top> to place "Submitted paper with topic". 
Tuple <pap, top> represents an item consisting of a paper and its topic. Event 
"Submit paper" has no input places, so from the system's point of view submitting 
is always possible. Whether the papers submitted are sent to referees or ignored 
depends on the state of the receipt. Event "Receive paper" is enabled only when the 
receipt is open, otherwise event "Ignore late paper" is enabled. 

Note the double-head arrows. They are used to represent restoring actions. In a 
Petri net, the token is no more available in its original place after the transition has 
fired, unless the transition explicitly restores the token. For example, event "Receive 
paper" would take the token from "Receipt open" thus effectively closing the receipt, 
with the exception that the token would not end to "Receipt closed". But as restoring 
actions are quite common in practice, a special symbol is used for it. 
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Figure 1. Conceptual model for the IFIP working conference case study. 

In a condition/event net, there are two additional mechanisms to control the firing 
of the events. The first one is variable instantiation. All instantiations of a variable 
related to a certain tuple must be the same around an event. For example, there are 
several instantiations of variable "top" around event "Receive paper". Firing of the 
event takes each tuple available in "Submitted paper with topic" and compares it 
against the topics of the conference in "Topic". If  a match can be found, the tuple is 
moved forwards as indicated by the arrows leaving the event. 

The second mechanism to control the transitions is conditions associated with 
events. In Figure 1, conditions appear in brackets, '[] ' .  For example, the condition 
associated with event "Distribute copies" states that each paper should be distributed 
to at least three referees. 
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In the model, the E-R diagram and the Petri net are integrated in such a way, that 
beside circles, both the entities and the relationships of the model can serve as places. 
Moreover, each event must respect the rules implicit in the ER-model. These rules 
are discussed in the next section. 

3 Conceptual model and user interface design 

In this section, we first take a look at the static aspects of the model, i.e. the E-R di- 
agram and discuss how it contributes to the user interface design. An E-R model de- 
scribes the data manipulated within the system. As such it gives the user interface 
designer useful information concerning 
�9 the vocabulary of the domain, 
�9 the data and the attributes to be displayed on the screen, 
�9 the connections between pieces of data, 
�9 cardinalities of the relationships, and 
�9 the rules for preserving the integrity of the system. 
In the following, we take a closer look at each of these. 

In an ideal case the conceptual model is built up together with the user of the sys- 
tem. Thus it reflects the user's terms of the entities of the domain. When these 
terms are used in the user interface, the interface is based on the user's language, thus 
fulfilling one of the usability principles by Molich and Nielsen ([15], see also [16]). 

Data is central in direct manipulation interfaces. Systems are usually built to 
manipulate data. The early successes of WYSIWYG editors were based on the fact 
that they showed at their interface the data the user was manipulating [23]. As a con- 
sequence of making the data visible, it was possible to make the operations and their 
results visible and more direct [12]. The user got feedback of the actions in a natural 
way and her memory load was decreased. 

Taking the data in general and the static aspects of the system in particular as a 
starting point for the user interface design helps in keeping the interface easy to con- 
trol by the user. The sequences of operations remain short thus reducing the naviga- 
tion effort and the number of steps needed while moving from a task to the next. Di- 
alogue remains simple. 

By showing the connections between pieces of data, a conceptual model provides a 
meaningful structure for the data. Moreover, it shows all the possible ways how the 
user may want to access a piece of data. For example, in the case of Figure 1, the 
user may be interested in whether a paper refereed by a given referee was accepted or 
not. In practice, it may be impossible to incorporate all possibilities under one 
graphical interface, without visualizing the whole SQL. The first task of the user in- 
terface designer is to try to catch the essence of the system under development. In 
this particular case, the essence might be managing papers in the referee process, 
which suggests that it is plausible to focus on paper objects in user interface design. 

Cardinalities of the relationships are important for the design of the user interface. 
Cardinalities differing from 1:1 suggest that the interface must be capable of showing 
several data items instead of only one. As an example consider showing the referees 
of a given paper. Moreover, systems based on the model must not override the cardi- 
nalities in the model. For example, the model in Figure 1 states that no more than 
one paper should be distributed to any referee. Thus the system based on the model 
should not allow distributing more than one paper per referee. The user interface may 
be designed in such a way that it makes this constraint visible. This prevents errors 
thus increasing the usability of the system [15]. 
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An E-R model includes some integrity rules implicitly. An example is the referen- 
tial integrity rule stating that an entity participating in a relationship, must exist [7]. 
For example, it is not allowed to have an entry in "Paper Topic" relationship, if there 
are no corresponding paper and topic entries in the system. From the point of view 
of the user interface design this means that the existence of the entries must be 
checked at some point of interaction. Part of the design is to decide upon the policy 
to be followed to maintain the rule. 

The dynamic part of the conceptual model shows the actions the system should take 
to manipulate the data described by the static model. Part of the actions may be au- 
tomatic, whereas some of them require interaction with the user. Th e  user interface 
designer's task is to turn the actions requiring user's activity into a user interface. 
Moreover, the model shows the prerequisites and consequences of actions, as the user 
expects them to be. 

The dynamic part of the model also makes explicit the conditions that must be met 
in order to fire the event. This helps designing error messages that are both precise 
and constructive. Precise error messages provide the user with exact information 
about the cause of the problem. Constructive error messages provide meaningful 
suggestions to the user about what to do next [15]. 

There are several proposals of how the components of the interface relate to the 
components of the application. The problem is that there is usually no one-to-one 
correspondence between the components of the two types. Data from an application 
object is displayed by several interface objects and an interface object shows data from 
several application objects. Properties of the objects of the two domains can not 
easily be put together in one object. 

One possible solution is to go to the attribute level, where a correspondence can be 
found more easily. This is suggested in [8]. However, from the point of view of de- 
signing the interface, it is not desirable to consider the interface as consisting of sepa- 
rate attributes, each of which can be controlled by the user, but to try to keep at- 
tributes and operations relating to one application object close to each other. 

A correspondence can be found between user's operations at the interface level and 
the events of the system. For each event of the system requiring user's activity there 
must be at least one operation or a sequence of operations in the interface to fire the 
event. One of the challenges of user interface design is, how to make these opera- 
tions visible to the user. This suggests a model of an interactive system, where the 
events requiring user's activity connect the user interface and the system and serve as a 
starting point to user interface design. A direct manipulation interface assumes close 
interaction between the user interface and the rest of the system. How exactly this in- 
teraction can be implemented is discussed in the next section. 

4 Interaction between the interface and the system 

One of the important discussions around user interfaces in the 80's was the discussion 
of the architecture of interactive systems. The Seeheim model of interactive systems 
[9] got a status of some kind of a standard. The basic idea was to separate the user in- 
terface part of the system from the rest of the application and then further divide the 
interface in three parts, each having a role of its own in the processing of the ex- 
change between the user and the system. The architecture was an analogy from com- 
pilers. The tasks of the components were to do lexical, syntactic and semantic analy- 
ses to user's input and provide as a feedback information of the success and failure of 
each step, and finally show the results of the computation. 
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The evolution towards graphical, direct manipulation interfaces questioned the ap- 
plicability of the Seeheim model. It turned out that the separation was not as simple 
as in the case of command or menu based interfaces [26]. A direct manipulation inter- 
face should give the user continuous feedback of the state of the system as a whole. 
In a sense it blurs boundaries between the feedback types. However, we maintain that 
the separation to the interface and to the rest of the system is both possible and feasi- 
ble, but not in the mechanistic way suggested in the Seeheim model (see also the dis- 
cussion in [6]). 

The separation does not make sense from the users' point of view [14]. In many 
cases we cannot point to a set of concepts and say that these are the interface concepts 
and to another set of concepts and say that these are the system concepts. A direct 
manipulation interface shows the semantic (or system) concepts in its interface [24]. 
But the separation is possible, in principle, from the technical point of view as differ- 
ent features of objects (or concepts) are central in the interface and in the rest of the 
system. From the point of view of the interface, the visual appearance and visual be- 
haviour of the objects and the spatial relations between objects are central. From the 
point of view of the rest of the system, the state of the objects appearing as values in 
the data structures of the system is central. 

For example, Bcdker [2] discusses whether the size of a font is a system concept or 
an interface concept. Quite correctly she argues that it is both. But from the point of 
view of the interface it is central how a character of a certain font type and size is dis- 
played and at what point of the screen. From the point of view of the system, the 
font type and size are only values at a certain point in the data structure of the system. 

The maintainability of the system seems to be the most important benefit from the 
separation. In itself, it increases the modularity of the system in a meaningful man- 
ner as not all modifications cross the boundary. A portion of changes consists of 
changes either in the interface only or in the system only. Unfortunately there are no 
figures available to describe what the actual portions might be. A successful separa- 
tion also increases the portability of the software between windowing environments. 

Moreover, if the development project relies on some method of system analysis, 
the implementation should maintain the results of the analysis. In case of a change 
in requirements, it is easier to modify the system, if there is a clear connection be- 
tween the results of the analysis and the code that implements the system. For ex- 
ample, if object analysis is used to find the most suitable objects to describe the ap- 
plication domain, the objects should be easily found at the code level too. The com- 
mon method of deriving system objects from interface object classes usually requires 
decomposing the application domain objects into several interface objects as there is 
no one-to-one relationship between the interface objects and the application domain 
objects. For the same reason, decomposing the interface inside application domain 
objects spreads the interface all around the code, which again decreases maintainability 
and portability of the system. 

The separation of the application objects from the interface objects may of course 
in object oriented code increase the number of objects and the communication over- 
head, but for example, C++ programming language has tools to make this communi- 
cation as efficient as references within an object. 

Separating the interface leads to another problem requiring a solution: which part, 
the system or the interface (or both) has the control [4]. A common solution in 
graphical environments is that the interface has the control. This is a feasible solu- 
tion as in this way it is easier to implement the system so that the user is given the 
sense of controlling the system and not the other way around. 
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Letting the user have the control over the system does not mean that the user 
should be able to do anything she likes independently of the state of the system, even 
if many of us would like an automatic teller machine which gives us money regard- 
less of the balance of our account. As the conceptual model in Figure 1 describes, 
each action, the user wants to take with the aid of the system has a set of conditions, 
to be checked before the operation may be executed. Whatever the type of the inter- 
face, the task of the interface is to give the user feedback on whether the function she 
wants to execute can be executed or not. Typical to a direct manipulation interface is 
an attempt to check the conditions associated with the operations as early as possible, 
in order to keep the user informed of the state of the system. This check may in 
some cases be done even beforehand. As an example consider the dimmed choices in 
your favourite menu based word processor. 

This requirement for direct manipulation interfaces means that there must be a con- 
tinuous interaction between the interface and the system. There are two consequences. 
First, the model for an interactive system should not only show that there are two 
components, the interface and the system, but show also how the components interact 
with each other. Second, the system and the interface cannot be layered on top of 
each other in a mechanistic way, but rather the design of the interface should be seen 
as a refinement from the actions in the system to the operations of the interface [20]. 

5 User interface specification 

In this section, we show how the user interface can be specified as a refinement from 
the events of the conceptual model in Figure 1. The structure of the Petri net allows 
the refinement of each event separately. In practice, the interface designer may want 
to consider the events in parallel as they may be parts of the same interface, having 
its own dynamics too, like sequencing of dialog boxes or selecting suitable tools for 
an operation. In this paper we deal with only one event to keep the size of the exam- 
pie small. 

In the following section we specify an interface for assigning referees to papers. In 
some designs it may be considered an automated function, but in this paper we as- 
sume that the user wants to have a tight control over the assignment process and thus 
it should be interactive. The starting point for the user interface design is "Distribute 
copies" event in Figure 1. The following preconditions for the event can be derived 
from the conceptual model: 
�9 Paper is drawn from "Paper Topic". 
�9 Paper status is "ToBeDistr". 
�9 Referee is drawn from "Referee Topic". 
�9 Referee's topic and paper's topic must match. 
The event has also a set of post conditions: 
�9 Each paper-referee pair formed is inserted to "Distribution". No pair may appear 

more than once. 
�9 A paper must be distributed to at least 3 referees. 
�9 Paper's status is changed to "Distr". 
�9 Each referee must not refer more than one paper. 
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Let us assume that we want to specify a user interface, where referees are assigned to 
papers by dragging them (or labels with their names) with the mouse on top of the 
papers. The interface shows a list of papers and a list of referees available. The 
topics are visible in both lists. The user presses the mouse button on top of a ref- 
eree's name and drags the name on top of the paper she wants to be distributed to the 
referee. 

No usability tests have been done to test whether the solution works or not in prac- 
tice and a detailed evaluation falls beyond the scope of this paper. The good point is 
that all the referees and and papers are visible at the same time. Moreover the inter- 
face is quite symmetric in the sense that it does not force the user to select either the 
paper first or the referee first. Problems may arise if the number of papers and refer- 
ees increases, but then perhaps the visibility of papers and referees may be limited to 
one topic at a time. If even this is insufficient, then the process might be automated. 

The specification refines the actions in the conceptual model to the level of inter- 
face operations. These operations are mouse presses on various graphical elements 
like buttons, boxes etc. The graphical elements are usually included in user interface 
toolkits, so the specification may rely on these components. In practice, this means 
that the specification does not tell us how the user moves the cursor on top of a but- 
ton and how she presses the button. But the specification should show what happens 
when the user presses the button. 

In the case of a drag operation, we must specify how the suboperations, pressing 
the mouse button, moving the mouse and releasing the mouse button relate to each 
other and how the system responds to the suboperations. A drag operation should be 
standard within an environment and thus needs no specification, but cloning 
(Pettersson, 1991, 25]. Let us assume that the drag operation starts by the press of 
the mouse button on an object and ends when the mouse button is released on top of 
another object. Between these events mouse may be moved at the screen. The drag 
may be interrupted by releasing the mouse button outside any object. So, there are 
operations of three types: mouse down, move and mouse up. Each operation gener- 
ates a point describing the location of the mouse at the moment the event takes place. 
An overall schema of the drag operation is given in Figure 2. 

Mouse down 
on obj 

mouse / M o u s e  ~ N ~  mouse is Mouse 

e n a b l e d ~  ! . . 4 . _ , _ . i ~ ~ e  ~ e ~ o v e d  

Mouse 
up on obj 

Figure 2. An overall schema for the drag operation. 
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The next step is to embed the general schema in the context of "Distribute copies" 
event. Each pre and post condition of the "Distribute copies" should be bound to the 
suboperations of the drag. There is no general rule how the connecting should be 
done, rather it depends on the semantics of the operations and the places. 
The result of the embedding is shown in Figure 3. In reality, some of the conditions 
may seem to be unnecessary in the sense, that some combinations may be excluded 
by the user interface design. For example, the rule that each referee must not have 
more than one paper to be refereed, may be easily implemented in that way in our ex- 
emplary user interface. When the referee is moved on top of the paper, it disappears 
from the list of referees. However, in Figure 3, we have faithfully included all condi- 
tions appearing in the conceptual model. We have also included some details from 
the conceptual model that are actually not used, to keep the figure more readable. 

The explanation of the specification is as follows. The user presses the mouse but- 
ton. The first condition (Actually, there is no order defined in a Petri in which the 
conditions should be checked, but here we describe the process in the order that seems 
natural. In reality ordering should be considered while implementing the interface.) is 
that the mouse is enabled for this particular operation. The condition bounds the 
operation to the rest of the interface. Next, if the coordinates of the point the mouse 
is in at the moment of pressing is within the area of a referee, "Mouse down on ref '  
event starts to fire. 

First it is checked that no other papers are assigned to the referee. In the 
specification this is described as inserting a tuple consisting of the referee and of any 
paper to place "Distribution". If this can be done without violating the cardinality 
constraint, the referee is accepted as selected referee and the tuple is taken back. 
Selecting the referee enables "Mouse moved", "Mouse up" and "Mouse up on pap" 
events. If the mouse is moved "Mouse moved" event fires. If the mouse is moved 
on top of an undistributed paper the paper is highlighted (Feedback is not shown in 
Figure 2). When the mouse is released on top of a paper, the paper becomes selected. 
The tuple corresponding to the referee and to the paper selected is added to 
"Distribution". If the cardinality of the referees assigned to the paper equals three, the 
status of the paper becomes "Dist" (distributed). 

Notice that we have changed the original model at this point. The original model 
says that "at least three". The specification in Figure 2 limits the number to three 
referees exactly. This limitation can be relaxed, by not considering the status of the 
paper while assigning referees, i.e. extra referees can always be assigned to a paper, 
but the status is changed when there are enough referees (The status is needed 
elsewhere to check that all papers have been distributed). The need for the 
modification is a result of assigning the referees interactively, one by one and not all 
in parallel as is assumed in the conceptual model. (As a matter of fact it is 
problematic, how assignment could be done without considering an upper limit for 
the number of referees per paper.) 
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Figure 3. A specification of the interface for the "Distribute copies" event. 

The next step in the specification process would be the specification of the feedback 
associated with each operation of the user. This was partially done in the description 
above. However, the exact specification of the feedback is out of the scope of this 
paper. 

6 Related w o r k  

Petri nets have been used to model user's interactions with the system [27], but not 
on a model of the application domain. Pettersson [20] uses a layered model to 
describe the user interface as a Petri net. The lowest layer, the application model 
represents the application domain, but there is no representation of the static aspects. 
Janssen, Weisbecker and Ziegler [13] combine the ER model with a variant of a Petri 
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Janssen, Weisbecker and Ziegler [13] combine the ER model with a variant of a Petri 
net, but they model the dialogues directly, without considering the dynamics aspects 
of the application domain. 

Quite similar to the use of Petri nets is the approach presented by Sukaviriya, 
Foley and Griffith [25]. They use pre and post conditions associated with each action 
on lexical, syntactic and semantic levels. Our approach is different as we consider the 
specification of the dialogues as a refinement process from the dynamics of the 
application domain to the domain of the user interface. 

7 Conclusions 

In this paper we show how the conceptual model of the application domain can be 
used as a starting point for specifying the user interface. The conceptual model used 
in this paper was based on a combination of the Entity-Relationship model and of a 
Petfi net [11]. The model seems to be a suitable starting point for specifying the user 
interface as it shows both the static and dynamic aspects of the application domain. 
Moreover, as Petri nets are capable of describing parallel processes, strict ordering of 
events can be avoided in the conceptual model. Thus it supports user interface design, 
where the user has the control over the system and not vice versa. 

The specification process described in the paper is a kind of refinement process from 
the events of the conceptual model to the operations of the interface. However, it is 
not a pure refinement in the usual sense. The user interface designer has to consider 
also the dynamics of the user interface as a whole. 
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