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jor structural changes were needed. This was quite complicated with HyperCard, without loosing the test data that
the dental assistants had entered. In other words, with this type of prototyping there is still quite a lot of work
for the computer persons in between meetings.

We see direct manipulation facilities as provided with HyperCard/Reports as quite important for a cooperative
prototyping process with on-line modifications9.0ur primary source of comparison used a two workstation sit­
uation where the designer modified the prototype by programming on one workstation, and the user evaluated the
prototype on the other \Vorkstation in parallel (Hauerslevand Jacobsen, 1988). Compared to this, we did not need
to hide the process of prototype modification to the users, because the direCt manipulation facilities made it pos­
sible for the users to follow the process as most changes can be made fairly quick this way. The direct representa­
tion of the data structure onto the screen (the cards, fields, etc.) was valuable in this case. We can easily see situ­
ations where the card structure would be a limitation, but in this case the direct mapping of 'good old~fashioned'

cards on the screen made it relatively easy for the dental assistants to understand what the prototype could do for
them and how the direct manipulation changes affected it

3.3. Outcome for the dental assistants

To illustrate the outcome of the experiments with regards to the dental assistants, we will mention some tenta­
tive conclusions on the overall idea of the proposed kind of computer support for the work of dental assistants.
These are issues that we discussed withthedental assistants during and after the experiments:

- The user iIiterface idea with cards and direct representation of the teeth in a computerized case record for dental
clinics seems quite promising, but a full-scale system needs to be able to communicate with centralized databases
in order to, e.g. compute the required statistics, and keep track of children moving between clinics/schools.
Actually, the activity of keeping track of these movements requires much administrative effort from the dental
assistants at present

- The designer's idea of having each tooth on a separate card did not fulfil the requirements of the dental assis­
tants. The dental.assistants needed to be able to get a quick overview of all the treaunent that has been given to a
patient This kind of overview could be provided with direct marking on the teeth pictures, but it would require a
more structuredrepresentation of the teeth, Le, the anatomic structure of each tooth should be mirrored precisely
in the. pictures and'underlying data-structures. However, it would still be necessary to combine this direct mark­
ing with tooth buttons to jump to a field for more detailed information described verbally on an underlying sam­
ple card representing all the teeth of the current patient A major restructuring of the prototype seemed to be nec­
essary to fulfil this demand from the dental assistants.

- The basic patientinformation in Stack (2) need to be partitioned between two different card types in order to
preserVe the general view of the information. The suggestion from some dental assistants \Vas to move address
information (Le. parents and general practitioners) to a secondary card that one can access with buttons similar to
the teeth picture cards.

Through the discussions that took place when problems was encountered, both the dental assistants and we got
to know more about how7 specific-::111y~ soch computer applications should be shape.d to fit t.~e sy-cific worksit:­
uation. Another equally valuable outcome from the design experiments was that the dental assistants improved
their own personal resources to be able to influence technology issues at their own work place and as a group of
professionals. They got on the one hand an impression of potential alternatives to the earlier mentioned systems
kilo\Vn for their domain (see section 2.1), and on the other hand a feel for how to participate in and influencesys­
tern design.

3.4. A design process in general

A prototype used the way we have described it becomes a valuable vehicle of communication and stimulation of
user enthusiasm. Through the communication process the dental assistants learn about the different ways a cer­
tain type of computer application can be used in their daily work. We claim that the above conclusions together
with the last version of the prototype would be a valuable input for a design process aimed at implementing a
good tool for the daily work of the dental assistants.

The cost of reaching the outcome and building the prototypes was low compared to the benefits, given that we
had some knowledge of the application domain in advance, as well as access to a prototype for a similar applica­
tion domain. We spend approximately one week full time work on the design activities and experiments. In a
case where the designers do not have access to this kind of knowledge on beforehand, it is of course necessary
Wit.ll a learnirlg process to mlderstuld the domain. It is our strong belieftJiat we did not at all utilize the full po-

9See (Sclmeidermann, 1983) or (Hutchins et al., 1986) for a discussion of the direct manipulation concept.
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tential of design ideas from the dental assistants during these two limited experiments. We could still make seve­
ral iterations on the user interface design of the current prototypes to uncover more aspects of the dental assis­
tants' needs for computer applications for their daily work. But unfortunately we only had li quite limited time
together with the dental assistants at the two courses.

4. Potential breakdowns of cooperative prototyping
Although we describe the experiments as relatively successful there is a number of sources of potentially undesi­
red breakdowns in cooperative prototyping, and there is a number of problems to overcome to integrate such pro­
totyping approaches in system design projects in general. In the following we discuss some of these issues..

4..1. Reaching the limit of direc~ manipulation

From our experiences it seems that it is when we reach the limits of the direct manipulation possibilities that we
get undesirable breakdowns in the design situation. Even though HyperCard uses a card metaphor as the basis,
the users easily get lost in the process when the computer professional is starting to write code to manipulate the
cards. And if this kind of coding takes more than a few minutes, the users will loose their patience. This leads to
the idea that direct manipulation should be exploited as much as possible in toolsfor cooperative prototyping.

Rapid and direct manipulation of the prototype is crucial for cooperative prototyping, but it is not sufficient In
order to keep a process going where the users envision a future work situation it is crucial, too, to preserve the
test data and examples related to their work when modifications to the prototype are made. Because of the quite

. close coupling between uSer interface and data structure in HyperCard we in sOme situations had the problem of
not being able to convert (and even of loosing) parts of our test data during modification of the data entry and re­
trieval facilities. ThIs leads to the conclusion that test data should be stored in a separate·database where the indi­
vidual elements can be linked to the required user interface parts by direct manipulation.

4.2. Interrupting the fluent work-like evaluation

To perfonn cooperative prototyping where modifications of the prototype are made frequently raises certain pro­
ceSs problems. When the users work-like evaluation is interrupted there is a great risk that their illusion of being
l.l1lhe situation brell1c-s or lhey loose the patience. Thus, attention should be paid to boLh fmding proper break­
points where the modifications can be added to the prototype, andstarting only realistic modifications in order to
keep the designer's disruption of the users' evaluation to a minimum. Related to this it is worth pointing out
that the designer should be able to assess the amount of work involved in doing a certain change. Thus the de­
signer must have a good understanding of the tools, by which he can assess the required changes. As an example
from the case we have described it was important to know when test data was preserved or lost To some extent
we can say that the designer must know the design rationale behind the tools, an<;l that a requirement to agood
tool is that it provides appropriate and consistent ways for the designer to understand what is going on in the
design situation.

1'Aoreover, L'lere is also the da.W}ger tltat L'le designer's attention will be fully directed towards the modification of
the prototype. This is in particular the case if the tools allows for preparation of modifications in parallel with
the users' ongoing evaluation (Hauerslev and Jakobsen, 1988). Here examples show that the designer's attention
at some poiiits was fully directed towaids pro~lIDiimi"-ig. All in all it seem to be ~ goOd id·ea to have a co...desiguer
to faCilitate the evaluation process as proposed in (Rauerslev and Jakobsen, 1988), when prototype modifications
take place on-line. .

4.3. Unrealistic expectations

The limited prototype that was developed in our experiments is not suitable to be part of a future application for
a number of reasons, e.g. its lack of integration with real database faci1ities~ An obvious disadvantage is that the
prototype has to be thrown away when the experiences gained from it have been used in later protOtypes which
in turn are used for implementation of the final application. This makes it important for cooperative prototyping
that the designers are able to adjust the users' horizon of expectations regarding early prototypes. An example
mentioned earlier indicates that some dental assistants thought the current prototype was a product already avai­
lable for purchase. If this kind of misunderstanding is not adjusted immediately it can be hard later onto explain
to the user why it will take, e.g. two years to implement a full-scale system including database and networking.

It is important for the group to keep reminding itself that the current prototype is not the final appiication, and
that it haslirnitations of different kinds which mayor may not have relevance for the actual evaluation situation.
The users should know, that just because the designer has prepared in a certain way, it does not mean that they
have to accept the prototype as it stands.

Moreover, the exploratory prototyping approaches in general require that the computer professional has to have a
good understanding of how realistic it would be to implement the features exposed·by the prototype. This is to
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prevent unrealistic expectations (Ehn and Kyng, 1984, B~er et al., 1987). Not because we should av()id experi­
ments with features which are unrealistic or utopian, but because we need to discuss the trade-offs of such fea~

tures (one conclusion in a certain case could be that implementing an application without this feature is simply
not worth while). '.

4.4. Limitations or the design tools used

Although HyperCard and Reports are not the only tools to be used for cooperative prototyping we will briefly
mention some of the specific problems that we had with these tools.

We discovered some problems with the integration of the tools, It has been mentioned that the card metaphor
used by HyperCard seems like a good idea for this kind of application domain. However, the card structure in
HyperCardraises problems in combination with Reports, becatiseprintouts often has to break with the card-in­
stacks structure: how easy is it to e.g. write out all information about one patient? Moreover, Reports function
almost like HyperCard, but only almost, and the two are not fully integrated (and not fully separate). As an ex­
ample it is not possible to copy HyperCard code between scripts in HyperCard and scripts in Reports. And

. Reports does even not support debugging the way HyperCard does it

There is quite a few database issues that cannot be explored with HyperCard as the prototyping tool. The most
striking examples are multi-user access to the data in the system, and data security issues. These important data
base aspects of case recording systems have to be envisioned with other tools. These observations advocates for
the use of an integration of HyperCard with a 'real' database system10.

The HyperCard tools dOes not provide multi tasking facilities, e.g. editing of more than one script at a time, ;md
editing scripts concurrentlywith the execution of programs. Such facilities are needed to support preparation of
prototype modifications in parallel with the users evaluation in line with the experiments described in (Hauerslev
and Jacobsen 1988). We find such aparallelism useful and it can be utilized in situations where the users can
proceed with their tasks using the prototype without interruption, while a change is prepared by the designer. In
our experiments programming of button scripts for new functionality could have been prepared in pm:alle1 with
t.he nsers 'evaluatioI17 because t"le prototype was quite stnble and could be operated by the dentili assistants. on
their own.

The required parallelism could be supported, e.g. by a network with two workstations and multi-user access to
the code of the prototype. These are facilities which. are standard in more advanced programming environments
such as Interlispll and Unix12• These limitations of HyperCard make it harder to try to do even simple pro­
gramming in sessions where users participate. The (only) realistic kind ofprogramming, that we can imaginebe~

ing possible in situations with users participating, is reuse of code fragments or copying the idea from one piece
ofcode toanother. .

5. Getting going with cooperative prototyping
In this section we will outline what we find are the most important issues for getting going with cooperative
prototyping experiments in the early phases of system design projects.

5.1. Preparation or experiments

The most important prerequisite to get going with cooperative prototyping is that a group of users and profes­
sional designers can work together without disturbance, e,g. that the users are free to participate. This was quite
easy for us to achieve during these courses, thus our situation might be more ideal than system design practice.

Another prerequisiteis preparation of the experiments. The designers must take the initiative to help the group
as a whole get a mutual understanding of what theprocess is all about and to bring the users in a situation where
they can envision a future work situation during the experiments. It was possible for us to our knowledge from
earlier courses to prepare prototypes and test examples. In other cases it is necessary for the professional design­
ers to spend much time with the users before getting to this point. In (Grj?jnbrek, 1988) it is recommended that a
working group consider and discuss at least questions related to the following issues when organizingexperi­
ments in system design projects: Purpose of experiment, extension of prototypes, selection of participants,
preparation for participants, setting of the experiment, and evaluation criteria. In (Greenbaum and Kyng, forth­
coming) a number of suggestions for how this early work of a working group can take form, are discussed.

lOA integration of HyperCard with a relational database system called ORACLE (Trademark of ORACLE Corporation) that
run on both mainframes and Macintoshes already exists. .

llSee (Teitelman and Masinter,1981)

12Unix is a trademark of AT&TBell Laboratories
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Regarding the discussion of the extension of prototypes we will also point at the importance of exploring alter­
natives instead of freezing the first idea. In our experiments we did not develop alternatives in parallel,we only
used the existing systems as sources ofcomparison. When needed, alternative prototypes should be developed and
used to enhance imagination about different possible future use situations, whiCh in turn helps the users to be­
come active in the discussions.

The designers are the process experts who know how to focus the evaluation and discussions. Thus the designers
should prepare themselves to play different roles such as conductor, designer, and programmer in the experiments
such as discussedin (Hauerslev and Jacobsen, 1988). In our experiments the single designer played all the diffe­
rent roles, which might not be ideal when mOdifications are made on-line as discussed in section 4:2.

5.2. Access to domain specific objects

HyperCard can to some extent be viewed asa domain specific design tool for the type of application domain
studied mthis paper, because its basic structure suits well with the traditional structure of the artifacts of the
domain. In general we would argue for domain specific objects in the design environment If we consider the suc­
cess of 4'th generation tools it can be explained exactly in this: they have been designed for large-scale informa­
tion storage and retrieval applications, and standardized program fragments, related to the domain of information
systems, are built in as primitives of the tools.

In the preparation of the 1st prototype we reused and modified a set of stacks already prepared for a related type of
application namely a case record system for general practitioners(Bajlum and Nielsen; 1988). This reuse was a
quite important step towards the rapid design of the 1st prototype. A useful facility for us in our preparation as .
well ,as in the prototyping sessions would have been a library of basic objects for the particular use domain com­
bined with docu,mentation and search/browsing facilities. We have partly build a collection of such objects in our
preparation, and we would have needed to expand thiS further if we had gone on with the ptototyping activities,
e.g~ scripting in Reports. The scripts for search criteria combining several stacks are complica:ted and hard to de­
bug, which would make it almost impassible to write them from scratch in the prototyping situation.

5.3. Users in charge of the evaluation

In our experiments the user,s have been in charge of the keyboard and mouse during testing, except for initial
demonstrations given to the groups. We find that there is a vast difference between the kind of user enthusiasm
and response that we get in the case ofd~monstrationand the case where the users are in charge·of the prototype.
Demonstrations are boring, but when getting their hands on the prototypes the users get a better chance of play­
ing that they are in their daily situations, and thus, they get a better chance of using the skills that they have in
the domain. The computer professional should act as a conductor and as an observer of the evaluation. When
breakdowns occur for .the users due to their need for more training he/sheshould intervene as a teacher. And
when breakdowns occur for the users due to lacking or bad design he/she should intervene as designer or pro­
grammer.

The need to let the users get their hands on the prototypes requires that the prototype has a certain degree of ro­
bustness, at the same time, though, as the designer should be able to make the needed interventions~ It is the
professional designers who need the flexibility whereas it is the users that need the robustness in order to have
a'1Y realism in their exami!l.ations.

6. Concluding remarks
We have described an example of a technique for system design called cooperative pr:ototyping. Experiments with
design of a case record system for dental clinics at rIlunicipal schools have been reported on. We have used the
quite cheap off-the-shelf tools, HyperCard and Reports running on Macintosh workstations.

The tools allowed us to develop an initial prototype with an effort of two days ofwork based on our knowledge
ofthe.use domain; The initial prototype was on the one hand stable enough to be evaluated in a work-likesitua­
tion, and on the other hand flexible enough to allow on-line modification. Thus we conducted a cooperative pro­
totyping process where users used the initial prototype for work-like evaluation, and in cooperation with the de­
signers we modified the prototype whenever breakdowns in the work-like situation occUrred. This process created
a remarkableuSer enthusiasm and response that we claim is valuable for the early stages ofa design process in
orderto achieve a well-tailored system for the users. Thus we see our experiments as a promising example iIidi­
cating that cooperative prototyping approaches "may become realistic in the future of system design. However, it
is not without problems to reach this goal and we need to go on improving our understanding of both coopera­
tive design processes and the needs for tools to support them. We believe for the moment that the most promis­
ing direction to move is to go on building domain specific tools to try outthe ideas in real design situations in
cooperation with groups of people who work in these domains. Beyond these specific experiments we hope to be
able to develop the ideas of cooperative prototyping, in line with the discussions in this paper..
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Appendix D

Reports™ is used in the following way: The screen image consists

of a menu, some rulers and three sections, which corresponds to'

the header, the details or listings, and the looter of the report

For thr:l header section, a field is laid out into which e.g. a

lext can be entered.

In the details section fields can be laid out similarly,

for instance a field for name:
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A corresponding HyperCard field is selected from the menu: Generating the report creates the following result shown in a previewer on the screen
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