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Micro

Midi

Provide ‘clear up’ button to remove all but master window

Transform ‘scratch pad’ into ‘comment’ area on data entry
forms

Automatically position collapsed windows

Indicate normal range on the display of numeric data

Improve switching between graphical and tabular charts

Include the number of available results for each item on
the menu of results

Employ users’ language, ¢.g. ‘tds’ instead of ‘three per
day’

Adopt model of over-inclusiveness in determining content
of data entry forms

Table 1: Some changes at the micro and midi Ievel resulting from the formative evaluation workshops.

» Thereisnoonebest way. Medical practice isenormously
complicated, and users are highly variable. Consequently,
systems must be equally flexible.

» Simple clear presentations are often more effective than
sophisticated attempts to provide intelligent summaries.
Doctors are remarkably good at recognising patterns if
the information is clearly presented.

For the development team the most important outcome of the
user centred process is the second of these macrolevel results:
the realisation of the range of variability of users and of
medical situations. For example, the user centred process
made it obvious that some doctors find the use of a mouse
difficult, some are well accustomed to keyboards and good
typists, and in some situations, typing a short abbreviation is
faster than any conceivable search through menus or forms.
Without the user centred process, the project would almost
certainly have followed its original remit and produced a
system which could only be used with a mouse. A prime
requirement now is that all functions be equally accessible
from the keyboard.

In addition to the macro level results, the development and
evaluation team abstracted a series of overall constraints or
‘maxims’ for the development of the system from the micro
and midi level comments. These maxims reflect our under-
standing of the basic properties which the system must possess
to be usable in medical practice. They include items such as:

+» The system must always be interruptable. This means
that if the user moves his or her hands completely away
from the system, it must be in precisely the same state
when he or she returns to it. Therefore, for example, all
menus pop up and stay up even when the mouse button
isreleased.

All, or almost all, options should be immediately visible.
The use of multi-state buttons and similar ‘hidden’
options should be minimized.

Everything on the screen should convey information
about the patient being seen. The doctor should never
ask for something—e.g. the result of a test—only 1o
discover that it does not exist in the medical record.

In organising information and forms, it is better to be
inclusive than exclusive. Within limits, doctors will
happily ignore superfluous items, provided they do not

have to respond to them in any way. (In this way a
pointer-based interface which allows free ‘random
access’ to the screen produces very different results
from a keyboard based interface in which, for example,
a user must use the cursor keys to skip irrelevantitems.)

+ There should be no ‘modes’. All functions should be
possible at every stage of the consultation, since the
course of the consultation is highly variable and unpre-
dictable.

Interaction with Project Management

One of the most important effects of the iterative user centred
process is that the Formative Evaluation Workshops provide
absolute deadlines and milestones for the project. The work-
shops have tobe scheduled several months in advance in order
to fit into the participants’ diaries. Once scheduled, they are
virtually immovable. The goals of the prototype might be
scaled down, but a working prototype has to be completed by
the given date, The Formative Evaluation Workshops are
highly public events and provide much harder deadlines than
any internal project management process.

PROBLEMS AND LIMITATIONS

Problem Space vs Solution Space: or

“Users are always right... except when they’re wrong”
The most serious problem for anyone attempting to involve
users actively in software development is how to treat the
multitude of requests and ideas which emerge. Users’ groups
are notorious for generating endless lists of requests, or
‘wish-lists’, which suppliers cannot hope to meet.

The PEN&PAD approach to this problem is to divide the
conceptual space into

» The problem space which s the province of the user. The
problem space is concerned with the needs of the users
in terms of their requirements, the variability that exists
in those requirements, and the usability or acceptability
of the system, which can only be discovered by evaluat-
ing the use of the system in a semi-realistic context.

» The solution or design space which is the province of the
development team. The solution space is concerned with
the creative design ideas generated by the developers
and the constraints of practicality and feasibility implicit
inthe technology in which those ideas are implemented.
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Users are always right about the problem space. If users say
they cannot understand something or that they need to do
something—e.g. that they do not understand the meaning of
command buttons or if they say that they need a ‘scratch
pad’—then they must be believed®.

However, users are usually wrong in their suggestions as to
how best to meet their needs or remedy a problem. Users’
comments are usually concrete and framed in terms of the
problem space, whereas a good design solution is likely to be
abstract and must be framed in terms of the design space.

The example of the users’ request for a ‘scratch pad’ is
illuminating.

The request for a ‘scratch pad’ was made early in the project
and resulted in the addition of a large free—text window to the
second prototype. However, in the formative evaluation exer-
cises, the doctors made almost no use of this facility. Further-
more, it was obvious from the doctors’ comments that the
literal ‘scratch pad’ did not serve the need that had provoked
the request.

We took the topic of the ‘scratch pad’ as the subject of one of
the Requirements Analysis and Design workshops. It rapidly
emerged that there were at least three different functions
needed:

» A diary or agenda on which the doctor could record
reminders—e.g. to telephone a consultant or make ar-
rangements with social services following the surgery.

A place for private notes which were not part of the
patient’s official medical record but of which the doctor
wished to be reminded, e.g. ‘ask about his cat’ or
‘Remember to thank her for the Christmas card.” The
doctors also wanted to use this space for reminders of
things which were worrying them but which they did not
want to commit to the medical record because they were
too tentative.

*

A place forcompletely private, protected, and confiden-
tial items which should not appear even in the most
secure part of the patient’s medical record.

This example of the scratch pad is typical. Repeatedly, users’
requests which were superficially simple, turned out to hide a
multiplicity of functional requirements, Conversely, it was
often possible to meet a large number of requests with asingle
design feature. The most dramatic example of a single feature
eliminating many individual requests was the provision of a
‘clear up’ button to remove all the windows except that
containing the patient summary. Providing the ‘clear up’
button eliminated the need for most of the other, more com-
plex, features which had been requested for controlling layout
and ‘clutter’.

Difficulties with the Prototyping Process

The use of prototypes gives rise to a number of intrinsic
difficulties, Usersand outside observers have difficulty deter-
mining which parts of a prototype are ‘real’ and which are
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simply well-crafted mock-ups. This frequently leads the
users to have unrealistic expectations as to how rapidly a
working system can be produced.

More significantly, users find it difficult to distinguish be-
tween those features of a prototype which the development
team expects to carry through to later versions and those
which are merely accidents of the particular prototyping tools
being used. The result can be that the users spend much time
discussing things of no relevance to the further design of the
system.

The most extreme example of this problem occurred at the
first Formative Evaluation Workshop in which thelogging~on
procedure was particularly unintuitive to users not already
familiar with the conventions of the development environ-
ment. The development team had been aware that this proce-
dure was awkward, but had not thought it important. How-
ever, nearly half the discussion time was taken up with
comments relating to logging—on to the system and to subse-
quent difficulties which followed from it. A similar example
is the difficulty which many users experience with an optical
mouse?® . Users who have this difficulty must be quickly
moved to a machine with a mechanical mouse or their com-
ments will be almost worthless.

The Role of Medical Content

In a similar way, the medical content of the scenarios and the
prototypes may cause controversies which obscure the issues
that the evaluation and development teams wish to explore.
Doctors are naturally more concerned about medical issues
than about computing science and arguments about medicine
can easily come to dominate the discussion. For example, a
workshop intended to explore various alternative presenta-
tions of clinical protocols can easily be side-tracked by
discussion of the controversy concerning how aggressively
moderate high blood pressure should be treated. Wherever
possible we have tried to use example scenarios which mini-
mize this type of medical controversy and focus on the use of
the system itself.

Lack of Experlenced Users

The biggest defect in the user centred strategy is that none of
the users ever becomes really expert in using the system.
There is an enormous difference between using the system for
afew hours during a formative evaluation workshop and using
it routinely, several hours per day, five days per week.

DISCUSSION

To date, the medical informatics community has not been
notably successful in producing systems which are widely
used in routine medical practice. It is all to easy to blame the
doctors for these difficulties,adopting an attitude which might
be caricatured as ‘Pearls before swine’. The alternative expla-
nation for this lack of success is that our systems have rarely
actually met medical requirements or been usable in clinical
conditions—an attitude which might be caricatured as ‘The
emperor’s new clothes”. The second attitude is far more
constructive for members of the informatics community,
because it leads to important consequences for the develop-
ment process.
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The User Centred Development and Formative Evaluation
methodology reported here has been created in an atiempt to
take the “emperor’snew clothes” attitude seriously. PEN&PAD
has not yet been used in real medical settings, so we cannot
guarantee that the result is a practical system which doctors
will use. However, we can say that the User Centred Develop-
ment process has helped us to avoid a number of serious
blunders which would have rendered the eventual system
unusable and that the system has been enthusiastically re-
ceived in all of our simulations and demonstrations to date.
The next step is to put more advanced prototypes into the field
and observe how they are used.

The Formative Evaluation Workshops have also been used as
part of two European collaborative projects, EURODIA-
BETA and PRECISE. In both cases, they were used in
isolation to assess systems which were already well advanced
in their construction. These experiences confirmed the effec-
tiveness of the simulations in eliciting convincing responses
from doctors, but they revealed significant problems in ex-
tending the methodology to other sites where it is not part of
the culture. Within the project, the development team and
evaluation team have negotiated their relationship over the
life of the project, and the evaluation team are familiar with the
goalsand needs of the developmentteam. No such process had
taken place with the other projects evaluated during the
Europcan projects, and significant conflict arose concerning
the remit of the formative evaluation and the goals of the
systemsbeingevaluated. Nonetheless, most participants agreed
that the process had been helpful and had resulted inimportant
new insights.

‘What is the key ingredient in the process? The developers are
often asked if they could not elicit the same information from
simple demonstrations, and they invariably reply emphati-
cally that they could not. The atmosphere and information
gathered in the two situations is entirely different. We believe
the key ingredient is the formal structure provided by the
workshops and the presence of external evaluators. The
demonstrations are ‘owned’ by the development team but the
workshops are ‘owned’ by the users. The fact that workshops
areconducted by the evaluatorsrather than the developers; the
fact that the users must actually attempt to use the system for
a practical task; and the rule that the developers can only act
as ‘on line help’ combine to create an atmosphere in which
users provide much more frank and honest criticism than in
demonstrations or less formal settings.
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FOOTNOTES
! The development team are responsible for the design of the
clinical and its implementation.
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By 1991 approximately 50% of all British general practitioners
had a practice computer system according to UK Department of
Health sources.

Note that micro level comments are almost always negative.
Good micro—ergonomic design is invisible. The team discov-
ered this to its cost when in the first version of the latest
prototype, anumberof ‘minor’ ergonomicfeatures were changed,
producing a system which was universally disliked by both our
regular and ‘naive’ users until the original micro—ergonomics
features could be restored.

As obvious as it scems to say that there is no point in arguing
with somebody about whether ornot they understand something
or find it easy, we have frequently observed developers doing
precisely that when users failed to appreciate one of their pet
features. Despite therules that developers were only toact as ‘on
linehelp’ during the exercises, there were times when they could
hardly restrain themselves. Observations of other groups and
demonstrations suggest that our group is far from unique. It was
our experience with such discussions early in the development
of the Formative Evaluation Workshops which ledustoinstitute
the rule that developers could only observe during the formal
evaluation sessions.

Without exception, all clinical users expressed a preference for
the Macintosh mechanical mouse over the Sun optical mouse.
Although most users were able touse both, there was aminority
of users who found the optical mouse completely unusable.
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