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SOFTWARE ENGINEERING FOR USER INTERFACES

Stephen W. Draper

and

Donald A. Norman

Institute for Cognitive Science C-0I5
University of California, San Diego
La Jolla, Calif ornia 92093

ABSTRACT

The discipline of Sof tware Engineering can be extended in
6 nmwel way to deal with the issues raised by a systemetic
approach 1o the design of hman-machine inserfaces. Two main
points are made.: that the user shouwid be tremed as part of the
system being designed, and that projects should be ovganized 10
take account of the cwrrems (small) state of a priori knowledge
abow how to design interfaces.

Because the principlas of good user-imerfoce design ere
not yet well specified (and not yer known), interfaces should be
developed through an fterative process. This meams that it is
essential 1o develop tools for evaluation and debugging of the
interface, much the same way as tools have been developed for
the evaluation and debugging of progrom code. We need 10
develop methods of detecting bugs in the interface and of diag-
nosing their cause. The tools for testing imerfaces should
include measures of interface performance, acceptance tests,
and benchmark:s. Developing useful measwres is a nom-trivial
task, but @ start con and should be made.

Istroduction

The subject of this paper is the exteasion of Software
Engineering to deal with the issues raised by the design of
buman-machine interfaces. To a large extent, all that is
aeeded is to take the problem of engineering the user inter-
face as seriously as any other part of software engineering
and to apply to it the same kind of tecbniques, appropri.
ately adspted. For instance, although the interface is imple-
mented in software, it can be thought of as being "run” on
buman users. This means that we must modify our concept
of 3 program bug to sllow for part of the system to be a per-
s0n; we must establish new performance criteria for the
combined human-plus-interface system. Much of the thrust
of this paper is simply to draw analogies with existing
software prictices in order to suggest how to support s pro-

® This ressarch was conducted wader Costract NOOOI&TCL823, NR
667437 with the Pemosns! sad Traising Ressarch Programs of ths
Oflfics of Naval Rasssrch sud by s grast from the Systam Dewslop-
meat Fowsdatios. Requests for reprists should be seat 10 the lasti-
tete for Cogmitive Sciemce CO15; Usivamity of Californis. Saa
Diego; La Joila, California, 92093, USA. We thank Tony Wasser
mes. Eilesn Conwsy, and Sondrs Buffett for their sssistance with
the masuscript.

fessional approxch to interface design. We do not present
detailed idess on what interfaces should be like,*® but
mther sketch some consequences for software engineering
when interface design is taken seriously.

There are two themes in this paper: arguing by anal-
ogy with existing practices to their extension to ioterface
design; and arguing from the nature of the problems of
ioterface design to requirements for an appropriate
engineering discipline. The first part of the paper makes
some general points, the second summarizes their conse-
quences for the coding, documentation, debugging, and
testing phases.

Software Engineering for
Humas-Computer lltgrhce Design

Two Goals in Optimizing an Imcrface

We begin with a tradeoff that has clear paraliels to
aspects of software engineering, the tradeoff between two
quite different broad aims for an interface:

@  Achieving speed and coavenience of use (power) for
the practiced user;

®  Acbieving ease of learning and use (ELU).

These distinctions are relsted to the familiar novice-expent
distinction. There is a clear analogy between these aims and
the desire to optimize space and time in software perfor-
mance. In geperal it is desirable to optimize both aims, but
beyond a certain point, the engineer must choose a particu-
lar tradeoff between the two. This anslogy bolds quite
closely. Not only is there s reasonable region where one aim
trades off against the other, but, at the extremes, the pro-
grams can be generally unusable.

**  We leave out of this paper a8y major discussion of whst 3 humae-
computer isterface ought 10 de. or what the gameral problems or
prisciples are, becawse this topic is explored in sumerows other
pepens by ws sad by the growing commuaity of peopls who work 2
the 8ald called /umanCompwer Ineraction. This fisid now hay s
aasusl mesting, several journals, and sa ACM Special Interest Growp
(SIGCHI): we 30 20 soed 10 cover the material here. Ses. for exam-
pla, the Pnendllv of the CHI '&3 Conference on Human Facvers in
Computing Syssems. This paper coscenirates o8 the lemons that can
bs applied 10 interface dmign (rom practices already common in
Soltware Baglesering,
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Consider the extremes. Supposs we optimized pro-
gram speed Or interface power. Just as a fast program that
requires more space than any customer can afford is in prac.
tics ussless, 30 too is an interface that provides immensely
fast and “powerful” intersction, but st the cost of requiring
such s level of skill that 8o user will actually be able to use
it becauss of the difficulty of leamning it presents. Similasly,
if we optimized program space or ELU, the program might
be too siow to use regularly (no matter bow eccaomical of
space) and the interface can be too laborious for a regular
user to employ productively, ao matter how safe, “frisadly,”
belpful, and sssy to leamn. If we avoid the extremes of thess
dimeasioas, then thers is a wide range of choies for the
designer. The existence of programs of similar function on
microprocessors and large mainframe computers is a stroag
reminder thst we can tradeoff both im the
domain for the software and in the power/ELU domaia for
the user interface.

User and Program as Communicating Co-Routines

When a prognmmer implements a system with 3 ueer
interface, he or she is not only defining what the machine
will do but also defining what the user can do. The pro-
gram sad user can be thought of es co-routines, each com-
municsting with ons snother. The programmer must expli-
citly or implicitly decide what actions aad information will
be available to the user. For any given interface, this point
can be illustrated by drawing a flow chart of the user's part
of the process. Although this point seems simple, it
changes the fundamental (though usually uascknowledged)
situation by which programming takes place. No longer are
programmers engaged in the private task of getting the
muchine to do something for themselves—they are not even
engaged in communicating 8 program to other programmers,
4 view istermittently woiced by purist programmen.
Instead, the interface designer should be viswed as someons
who must write a successful co-routine betwesa user sad
machine, yet where the full specification of the user sids of
the co-routine is ot well kaowan (and may be warizble):
this is the real subject of the design, and this must become
the conscious objective.

There are two consequences to this poiat, both dis-
cussed in grester detail later in the paper. Fimt, we need
languages that support this view, that is, that represent this
co-routine directly. Second, the interaction needs testing
and debugging on typical “hardware,” bardware that includes
representative users.

The State of User Imerface Design

How much is knowa about how to desiga interfaces?
We must answer this question in order to plas 3 semsidle
software enginesting strategy. If emough is kaowa to lay
down detailed principles, thea a top-down strategy might be
followed; otherwise an iterative strategy must be adopted
with emphasis on the testing and debugging phases,

Quentitative principles. Top-down principles of
design should, in the ideal case, allow a design to be worked
out in advance rather than entirely by trial and error These
tools aesd to be developed from a solid basis in experimen-
tal peychology, coupled with a good understanding of pro-
grammisg and software design. Not surprisingly, the
number of groups capable of this work is limited and not
much yot exists. There are now several initistives whose
goal is to provide quantitative principles for the design of
bumsn<computer interfaces. For example, one of us has
showa how it is possible to develop s quantitative assess-
ment of bow design tradeoffs affect the User Sarisfaction for
st interface?. Thus, in trading of time, information, and
workspace, it is possible to compute the tradeoff space,
showing the psychological impact of tradeofis in these vari-
sbles. A complementary spproach is that of Card, Moran,
and Newell' who provide a set of quantitative tools for
computing the operational parameters of interfaces.

The dewslopment of psychologically based, quantita-
tive design tools is still in its infancy and much work
remains to be doae, both in development and in validation.
I we can develop sufficient range and breadth of quantita-
tive design tools, then we can look forward to a time when
it will be possible to provide geaeral principles and even
tables of numerical valuss in design bandbooks, allowing
such design coasiderations as workspace size, dispiay time,
mesv structure, command language design, pointing-versus-
naming, interface power, sad ELU to be amessed at the
design stage, without the need to build s test system. For
the present, however, the designer, by and large, does not
have quantitative dats at band.

Qualitative principles. Ia the abseoce of well-
established quantitative design aids, we seed methods that
allow us to work with qualitative principles. A large
sumber of qualitative principles exist, many in the form of
“slogans,” exhorting the designer to consider this factor or
that, or 10 svoid this failing or that *>%7. These qualitative
rules sre often quite reasonable (which makes it especially
discouraging to ses how frequently even the most obvious
aad clementary principles are violated in existing systems),
although if the design of a user interface is ever to procesd
is a systematic fashion, we need to go beyond this level.

One major example of the sttempt to base a system
dasign oo fundamental design principies, built in such a way
s to capitalize on the user's existing knowledge is the
desiga of the Xerox Star system®. This design sttempted a
systematic strategy based oa principles of good buman-
computer iateraction. Siace then, of course, other systems
have besa developed along similas principles (in particular,
the Apple Lise system). The Siar illustrates the delicate
tradeoff decisions that must be faced: the sttempt to
optimiss ELU led to degradation of performance, especially
in speed of the system, 28 well 2 10 2 high selling-price.
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Specifications for Interfaces

la defining and addressing a software project two
questions must be tackled: what kind of specifications are
rexsonsble for defining the project?, what kind of divisions
of the project into subtasks are likely to be viable? The
same observation applies to both: specifications are deter-
mined at an carly stage and must remain constant if massive
re-writing is to be avoided.

Sheil® argues against the utility of a Structu-zd Pro-
gramming approach to user interface design. Sheir points
out that whatever the virtues of that approach, it depends
on baving a clear and fixed specification at the start. The
techaique becomes sirained whenever the specifications
change during the life of the software. Although in the
ideal case a Structured Program practitioner would se-do
the whole design and impiementation st every change in
specification, in practice the investmeat in the existing code
and design exerts an enormous pressure toward piecemeal
change, i.e., toward iterstive redesign. In areas where such
shifts ia specification are common, it seems better to face
the fact that development will in practice be iterative. Sbeil
suggests—and we agree—that interface design is one such
area.

Several consequences follow from this point of view.
First, it will be unwise to allow any details of a user inter-
face to appear in the project specifications: for instance
instead of giving a list of the commands to be implemented,
specifications should rather be of the form discussed by
Shaeiderman’, who. suggests instituting acceptance tests
for interfaces such as "after 75 min. of training 40 typical
users should be abie to accomplish 80% of the benchmark
tasks in 35 min. with fewer than 12 errors.” A professional
spproach to user interface design puts the responsibility
with the designer, baving the user or customer specify per-
formance requirements rather than details, just as in
Shaeiderman’s hypothetical acceptance test. This leaves the
design of the interface to the software team, but with expli-
cit standards for the specification of the performance of the
system.

A second consequence is that we must expect to have
10 go through many iterations on details of the interface. If
the overall project is to be subdivided by dividing the sys-
tem into modules that are separately designed and imple-
mented, then a third consequence is that the user interface
should be segregated into a single module which all other
modules must use if they communicate with the end user.

Separating imterface design from program design.
This strategy consists of isolating the main program in one
set of modules, the user interface in another, and consider-
ing the user as comprising a third:

Interface Pregram
User < omme> < sued>
Medule Medoles

The virtue of this view is weil known ia the software

Software Engineeriag for User Interfaces

engineering community: as long as the communication
structure and the data representation are well specified and
adhered to, the modules can be worked on independently
snd changed at will, without any effect on the rest of the
system. The communication between the /nrerface and the
User can be changed in any arbitrary manner as long as the
commuugication between the Program and the Iarerface is
not affected. This requires, of course, that the only past of
the system that may interact directly with the user is the
Imerfoce Module. A well-defined protocol between the
main program snd the interface module can be defined at
the outset, leaving the interface designer free to change the
interface witbout interfering with the independent develop-
ment of the main program. Aa important benefit of this
modularization strategy is that it allows separate specialists
to work on the main program and on the interface module.

A good exampie of this modularization combined witb
support for a heavily iterative approach to developing the
user interface is provided by the database and interface
packsges TrolUUSE (the database)! and RAPID/USE (the
interface package)’? Troll/USE is a relational dacabase—the
“main program” module. RAPID/USE is a tool for the
design of interactive dialogues and systems, allowing for
mapid modification and experimentation of the interface
(through s traasition network specification), yet maintain-
ing counstant the necessary communication protocol to the
database, Troll/USE.  Clearly the design of a database
requires different skills than designing a user dialogue, and
in fact RAPID/USE is designed to allow non-programmers to
desiygn the dialogue using a simple interpreted language.
Other examples are the DMS system!® and the work by Bux-
top et al.¥

Makeup of imterface design teams. A further conse-
quence of the special nature of interface design affects the
organization of the detign team. If the principles of inter-
face design were developed to the point where their applica-
tion required no personal expertise, and if the tradeoffs
were all identified and quantified in advance, then a split
betwesn groups of experts might be workable. It is notice
able that some of the more successful interface designs (c.g.,
the Xerox Star and the Apple Lisa) bave been done by
teams which iacluded people with diverse taleats and
training, but which did mot make a distinction between
evaluators and implementors, between psychologists and
programmers. We interpret this to indicate that at the
preseat time the closest cooperation is required to identify
and resolve the unexpected tradeoffs that surface in the
course of s design. Many design questions are at heant
unforseen tradeoff decisions, and these can only be resson-
ably made by people who appreciate all the factors involved.
This, aithough a separation of the interface from other pro-
gram modules is highly beneficial, and aithough logically the
skills required for designing each sre quite different (e.g.,
dislogue design versus application programming), it seems
that the unknowas in interface design continue to demand
close cooperation between parts of design teams.
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Influences of the Interface oa Code

Languages for User Interface Design

We have argued that interface designers need to be
aware that they are designing a dialogue, and more than that
8 co-routine, between user and computer. The idea immedi-
ately follows that special languages that represent this view
would be an important aid. Certainly coaventional
languages are poor in this respect because they are machine-
centered: they describe events around the sequence of
machine actions with input and output seen as side-effects.
Wasserman's RAPIDIUSE system offers the designer a
language based on Transition Diagrams, where nodes
correspond to a machine state and the output dispilayed at
that point, and the various arcs from a node correspond to
alternative user inputs. This is a major step in the right
direction. 1t is perhaps not a complete salution because it
is essentially a representation of the machine the user sees
(ss a quasi-finite state machine) rather than of the co-
routine. The user's processes are only implicit (though
much easier to see than in ordinary languages), and machine
actions are represented only as side-effects of tramsitions.
Usntil further advances in this area are made, exercises such
as flow-chasting the user's decision-making and actions will
remain important.

. .The Imerface to the User Module

We bave argsed. that the user should be viewed as
module of the system. Good ‘programming practices pow
demand that one establish a uniform communicavios proto-

col carly in the design phass and stick to it. Part of the

rationale is economy—if module U has to use one protocol
for interacting with module A and another for module B, it
will take more code to do so. (Or, by analogy, if you think
of moduie U as being the User, then the user has more to
learn.) In addition, there is scope for confusion and error
in the programming if there is not a uniform protocol (in
the analogy, the lack of consistency makes it harder for the
user to learn and to apply the protocois).

These arguments apply best to low-level user proto-
cols. The more programs use a given protocol for interac-
tion, the more benefit the user gains from the associated set
of skills is using it (i.e., from their associated “"subrou-
tines”). Thus a user is helped if all parts of the system use a
small number of common protocols for interaction, proto-
cols that the designer can think of as corresponding to sub-
routines in the user's mind.

It is not sufficieat to think of the user as a simple sy»-
tem module with a single protocol for interacting with
other modules. There are many layers of protocol, just as

t A msjor problem here is to ensure 8 motch between the actions
expected of the wser and the capabilities of that ussr. This is one of
the major ihemes of rescarch on humen-compuier interastion, sad
s son-rivial prodlem. In genenal. we wouid swbmit that here is
where the software dasigner must interset with 2 humsn{actors or

prychology software designer — during the design phass — (o

develop 1he specifications of the user actions.

there are in computer networking. At least three levels may
be distinguished: (1) the low-level protocols just discussed;
(2) the conceptual mode! of the domain the designer wishes
to present to the user; and (3) the highest level where the
user has several concurrent goals (e.g., to send a letter or get
a budget analysis) and the computer is one means to the
ends. Most of our knowledge about human-computer
interaction is at the first two levels: little is
understood/known about the highest level of user goals.
The Xerox Siar, the Apple Lisa and Visicalc can be seen as
paradigm examples of the second level in that the system
image was decided carly op as a major design decision which
defined the context in which the rest of the interface was
developed.

Standardized Packages

A major development tool would be the creation of
various packages for doing standard interface operations.
There are two separate motivations for this:

® To provide a language at the right level for the
designer (where the operstions are elements of user
interaction and lower-level details can be hidden);

® To provide standard modes of interaction across
the system to help the user.

The first provision helps the designer to work on the design
of ths interface undistracted by implementation details.
The second provision gives a standardization (consistency)
across applications that helps the user, as argued above.

‘Simply _providing packages is often enough to get

standardization—it makes it easier for a programmer to con-
form than to disseat. There is great aeed for software tools
for interfaces, inciuding screen management, user-program
dislogue, and packages for doing help, argument parsing,
history, and undo. A pood example is Periman's'® general
interface package.

Documentation as an Integral Part of the Interface

An obvious consequencs of integrating user interface
design into the overall software engineering is to integrate
documentation and code generation. Mashey and his col-
leagues at Bell Labs have taken a major step in this direction
by using the same file control system for both source code
and documentation’¥, thus promoting their simultaneous
development and allowing immediate checks on whether
one is out of date relative to the other. Knuth's recent
work is along the same lines’”. This is most likely to benefit
other programmers (rather tban users) who will have to
maintain the code, since they are often the major benefi-
ciaries of complete and correct documentation. However, if
it is true that no interface design is likely to remain fixed
for long, then it is not enough for it to be friendly to the
user—it must be friendiy to its maintainers as well.

The term “documentation” should not be viewed too
sarrowly. Users get information from a sumber of sources
including manuals, tutorials, error messages, and normal




displays. Oune test of the adequacy of the overall documen-
tation is to introduce am error in the operation of the sys-
tem while observing a "typical® user in a “typical” situstion.
The obtervation of iaterest is 1o determine how the user
copes with the situation: the design fails the test if the user
canaot recover gracefully. It is important to note bow the
user determines the state of the system and the options that
are svailable, and also to observe what the user actually does
(which may be quite different from what the designer bad
in mind).

The success of the system will usually depead on a
combination of information sources and is neither a pro-
perty of the code alone nor of the documentstion aloane.
The theme is that in order to provide good documentation
from the user's point of view it is necessary to identify what
information the user needs, and when. Then, it is necessary
to provide a channel from the situation to the information.
It is relatively unimportant what media ase used for this in
any given case: they could be messages genersted by the sys-
tem or notices stuck to the terminal. What matters is
whether the user is able to get the information that is
required. Note that it is not relevant that the information
is available in principle. What matters is whether real users,
in resl situstions, can get the answers. If the user cannot
solve the problem, then it is the system design that is at
fault, whether or not the designer can demonsirate that the
relevant information was available to the user: the critical
test is the practical one—do real users succeed at the task?

Debugging the Interface

When a piece of software bas been implemented it
needs to be tested and debugged: the same applies to the
user interface. In the past, debugging the interface has gen-
enlly been left to the customer, whose complaints are classi-
fied as changes to the specifications. The net effect tends
to be that changes are slow, expensive, resented by the pro-
panming team, and do not benefit from any kind of sys-
tematic or professional spproach. Clearly the field is more
than ready for improved practices.

What Is a Bug?

The field of debugging involves many issues. One
oroblem is to determine what counts as a bug, another is to
determine what symptoms can be detected in practice (and
what proportion of bugs escape because they produce no
clear symptoms), and yet another to determine the cause
from the symptom. The concept of “bug’ is clearly useful in
both traditional and interface software engineering, but
nevertheless it bas wo clear definition. Some bugs are
clesr—if an explicit specification is not met, the implemen-
tation has a bug. However there can be bugs in the specifi-
cations themselves, and bugs relative to implicit specifica-
tioss. A crucial part of developing interface engineering
will be developing standards that become implicit specifica-
tioss for all interface programming. (The analogous points
for bugs in programs are discussed ia Jobason, Draper, &
Soloway't)

Software Engineering for User laterfaces

We believe that the system specifications should
include a statement about the class of user and the kind of
training that is to be expected. The system shouid then be
evajuated with that very same class of user, with the same
training procedure. 1If the user then has problems. there is 2
bug in the system. The bug could be in the training, or in
the interface. The point is that we cannot determine just
wbere the problem lies until we bave explicit specifications
for all aspects of the computer system, including the inter-
face and the user performance. When we have specifica-
tions that cover the user, then we can determine how res-
sonable they are on the basis of the user's abilities. Only
when we have determined that the specifications are indeed
reasonable can we then claim that the system that fails to
meet those specifications is at favlt. This lesson applies to
all parts of the system, of course, but its implications for
assessing the role of the user as a pant of the overall system
operation seem not to be properly recognized.

Finding Bugs

The only way to find bugs is to test. This means that
the system must be put through its paces with the humaa
user, much as programs are put through their paces with
test sets of data. Just as a program needs testing by data
that exercise every branch of the code, so the user-program
interaction needs testing by exercising each postible
"branch” of the interaction. Uafortunately, test procedures
for user interfaces do not exist.

Note that the testing phase is not apt to be easy. It
requires the development of good test problems, of a good
pool of users upon whom the tests will be run, and careful
observation and evaluation of the result. It is critical that
the users upon whom the system be tested reflect the actual
user population for whom the system is designed. Psychol-
ogy has amassed a aumber of methodological tools that can
be of use. Other tools, specialized for this particular prob-
leta, need to be developed.

Learning bow to ask users for information is as big a
topic as learning bow to extract useful measurements from
computers. For instance, consider a faulty error message.
If it is 50 useless that the user cannot understand it and gets
stuck, there is often a bias against reporting the consequent
failure to carry out the task successfully because the users
are apt to feel that the problems are due to their own inade-
quacies. On the other hand, if the message is wrong or silly
in some way but nevertheless the users succeed in diagnosing
the real problem fairly quickly, then they are likely to
express their irritation. Note that this means that the non-
fatal inadequacy is likely to receive a much higher rate of
spoataneous complaints than the much more serious case
which causes users to fail completely. Obviously we need to
learn bow to work around phenomena like this. For
instance, using exhaustive cbecklists in questionnaires!®
ensures that one solicits opinions on all parts of an inter.
face, aad, to some extent, allows one to see things such as
mats avoidance of a command that no-one complains about
spoataneously .
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People are very sensitive to the coutext in which they
are operating, and if one is not careful, the test population
may feel that it is they who are being evaluated (rather than
the system), and they may carefully monitor their responses
and bebavior 5o that they will not “look bad” or “stupid*?®,
One of us experienced the situation where a deficiency in
the system was not reported by any of the users because
thiey attributed the difficulty to their own inadequacies, not
realizing that it could be avoided dy a (rather simple) design
change. In this case, it required an experienced observer to
watch users and note the problem. Note also that the
existence of any probiem was at first depied by the design
team who asked “but why has nobody ever complained?”
This sounds reasonsble, but is analogous to a programmer
who does no systematic tests and thea uses the length of
time before the first complaiat as evidence that complaints
must be ill-founded. This is mot a trivial instance: users
who feel that a system reveals their inadequacies will not
wish to use the system and will resist its introduction into
the workplace. Thus, the system will not get used (or
morale may suffer). The problem is to devise techniques
that allow the designer to realize the nature of the diffi-
culty. It will take extreme sensitivity on the part of the tes-
ter to overcome these problems. It is here that the skills of
the experimental psychologist are probably essential.

Debugging Tools

The use of questionnaires is amalogous to a post-
mortem in that they are applied after the program has run.
One of the most pressing needs for interface debugging is to
bave facilities anslogous to run-time tests built into al) com-
puting environments that causs program exceptions for bad
addresses, floating point overflow, etc. Although an impor-
tant fuoction for these is, of course, the protectios of other
users, they are also valuable for debugging becauss they stop
execution at the earliest sign of trouble and give the pro-
grammer a chance to gather information on the state of the
process st that point. Ease of debugging is crucially
affected by the immediacy of error detection, as anyone
koows who has debugged programs with and without array
bouads checking. Applied to interface debugging, this
means developing suitable error criteria, and then acting on
it. It is not necessarily appropriate to halt a program when
ap error in interface interaction is detected, but at the least,
one could create a relevant “dump’—a trace of the whole
interaction together with as much information as possible
on the users, rheir experience, and their current goals and
thoughts at the time of the difficulty.

The various existing techniques for getting at the
interaction between the user and the system differ in their
immediacy and the information provided. Furthest removed
from the actual interaction is the collection of opisions
after some amouat of experience with the system (e.g., at
completion of the training period). Closer to the actval
usage is the use o’ on-line complaint facilities. A still more
immediste record is provided by history traces or dribble
files that provide s detailed record of the low-lowal actions
of the user, but without any of the goals or intentions.

Intentions and goals can be gotten by the collection of real-
time, thinking-aloud protocols from users while they
interuct with the system. Each technique offers a different
perspective on the interaction.

Testing the Interface

Improving Measwres of Performance

In addition to debugging, a programmer will typically
be concemed with examining and optimizing certain meas-
ures. The best parallel here is with the problem of improv-
ing a program’s speed of execution. The conventional wis-
dom on the timing probiem is that a typical program spends
90% of its time in 10% of its code, 3o the strategy is to
identify that 10% and work on tuning it, since work on
improving the otber 90% will show little effect overall.
Thus, profiling tools that show where a program spends its
time are important. In improving an interface, several issues
are relevant: how many users find a given command prob-
lematic?, bow problematic do they find it?, how often does
the issus arise? As with debugging, we see here a gap
between what can be easily and directly measured and the
underlying concern of the designer.

Like profiliag tools, then, interface tools should pro-
duce messures of those things that can be used by the
designer to pick the mext point of attack, together with a
measure of how important it is to do any further improve-
ments. Also like profiling tools, there will be issues of how
accurate these measurements are (resolution ditficulties) and
bow representative of the real situation. Ultimately a lot
will aiso depend on the experience and judgment of the
designer using the tool. Thus not only do the tools need to
be developed, but it will then take a further significant
amount of time to accumulate experience in the use of these
meatures.

Another tool is on-line command usage messurements.
It is relatively easy to collect a running record of command
use for the various users of a system, thus providing reliable
memsures of how often commands are used, and by what
perceatage of users. The frequeacy of use is important in
weighing the priority to be given to problems.

Benchmarks and Acceptance Tests

Earlier, we discussed Schaeiderman's®! suggestion that
the specification of the interface be given in terms of the
acceptance tests to which it will be subjected. This idea can
have far-reaching effect in focusing designers’ attention on a
definite goal for the interface. Whether or not success at a
pasticular test turns out to be a good guide to the user’s
long-term satisfaction with the product, it is at least at an
sppropriste level of specification; this is a crucial step ia

At There is s major probiem of invasion of privecy. It is aot appropri-

ste to kesp records on the details of individual users’ interactions
with a satem.  Our solution is to encode the user's identity 50 that
although the user identity casnot be determined. we cas still match
wp the particular command sequences snd program wsages with the
weer codm. This is emesatial in allowing \he discovery of common
patieras of operstioa.

p
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extending software eagineering to interface design.

User-interface benchmarks will be most clearly useful
when the aspects of performance and the situation in which
it is to be measured are clearly defined. As a general
wethod by which to judge a whole system, beachmarks are
obviously limited; systems differ on many dimensioas and
benchmarks often generate only a single measure. The use
of beachmarks for interfaces is further problematic in these
early days since we do not yet know all the crucial variables.
For instance, discussions about which of two operating sys-
tems are more effective for a class of users are sometimes
carried on without considering the commuaication rate of
the channel 10 the user, yet this crucially affects how much

feedback is perceived as a painfully time-wasting nuisance.
In general, factors not directly under the coantrol of the
engineer may have a dominating effect. Until we are more
coafident of being conscious of the factors that have a
major influence on the measures we are interested in, we
will not know how to run benchmarks in which they are
held constant.
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