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SOFTWARE ENGINFERING FOR USER INTERFACES

Stephen W. Draper

Donald A. Norman

instifute f or Cognitive Science C-0IS
Universty of Caifoernia, San Diego

La Jolla, California 92093

ABSTRACr fissional approach to interf ace design. We do not present

Tim disciplineofSfwar a Eqein cn be extend ed in dtie ieaon what interfacesbsould be like." but

tak acout o te crrnt smll)stateofa pioi kowedg ds adesring ro m requ nmatur f th a apropaeo

Becase the principles of good user-raerface design are etnaigdiscipline. The first part of the paper makes
mryet well specifimed (ad no yet biwi'i). interfaces should be soegnrlpoints, the second summarizes their conse

developed through an iterative process. This ffedm t It is qulcs o he coding, documentation, debuggng, and
essential to develop tools for evaluation ad debugging of th cnig haes
interface. muach dte tmo wa as tools have been developed for
the evalawiorn ad dehuggng of program code. We wed to Saftwalre Engineerlog for
develop metihods of detecting hag, in th interfacmand fd.-BmmComputer Isterface Design
nosing thleir cause. The tools for testing Interfaces should
include measures of interface penf ormwne. accepane tens.
ad benchmaerks. Developing sefuld meeares is a mn-mnlvief Two Goals in Op*'ntizing 0n Infterface

task. baa a stat ems and should be made. We begin with a tradeoff that hus clear parallels to
aspects of software engineering, the tradeoff betwe two
quite different broad aims for an interface:

Introduction * Achieving speed and convenience of use (pompn) for

The subject of this paper is the etension of Softwarethprcieus,
Engineering to deal with the issues raised by the desiga of Acia mofertngndueSL)
buman-machine interfaces. To a large evtent, al that isAheiges flerigadue(L)
needed is to take the problem of engineering the user inter. Then distinctions are relaed to the familiar novicoctm
face as seriously as any other part of software engineering distinction. There is a clear sealogy between these alms and
and to apply to it the same kind of techniques. appropni. the desire to optimize space and time in software perfor-
ately adapted. For instance, although the interface is imple. mance. In peeral it is desirable to optimize both aims, but

ited in software, it can be thought of as being 'rn' on beyond a certain point, the engineer must choose a particu.
human users. This means that we must modify our concept tar trmdeoff between the two. This analogy holds quite
of a progam by# to allow for part of the systm to be a per. closely. Not only is there a Peasoanable regon whome one aime
son; we must establish new performance criteria for the trades off against the other, but, at the extremes, the pro-
combined buman-plus-interface systm. Much of the thrust jm ean be generally ususable.
of this paper is simply to draw saalogies with eisting * elaeoto hspprm sn iaiso htak~a
software practices Is order to suget how to support a pro~ .We lo ou of INpaereyIjrsun fw at a bs or

priseiptare, became this topic Is expisasi i aneous other
*This reserc was eeeducat wede Costruet MOOW753 NR papers by asmhd by the growhig enmuatty a( ppe who work sa
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into for Cosmitiee Setene C-0t5; Usteeeslsy of Csiforum. S@@ pie, the PrmuWj '- se o ff CW 8 oe'reae on Ham Ferre in
blse; La Jells. CalitersIe. OMP. USA. We theak To"y Womr. Camspef gywmaw. Ihis PIIpe Ceeesrats on the lan that cam
me. Eilim Cottwy, mod Sonid. Beffll for their andma with be appIed to isterfan daip from practices alrady commosl Is

lse smaterclpa. software Unsofag



DNpW Norman

Consider the extrems. Suppose we opuimized pro. Qwstriive principles. Top-down principles of
pm speed or interface power. Jugn t a fast propa that design should, in the idea] cue. allow a design to be worked
requires more space than amy catosmer can dod is in prue, out in advance rather than entirely by trial and error These
tice usless, so too is n interface that provides immensely tools aged to be developed from a solid basis in experimen-
fast mnd "powerfur atection. but a the ean of requiring tal psycholog . coupled with a pod understanding of pro-
such a level of skill that no user will actually be able to use Semming and software design. Nor surprisingly, the
it because of the difficulty of eaming it preseUts. Similary, number of groups capable of this work is limited and not
if we optimized propse space or ELU, the propm might much yet exists. There ae now several initiatives whose
be too slow to use regularly (no matter bow sectolena of god is to provide quantitative principles for the design of
opace) and the interface can be too laborious for a reular human-omputer interfaces. For example, one of us has
usm to employ productively, no matter how ade, Ifrindly, shown bow is is possible to develop a quantitative assess-
helpful, and ay to lers. If we avoid the exremess of thine ment of bow design tradeoffs affect the User Si f cioo for
dimensions. thn tbere is a wide anmp of chbe for the an interfaceP. Thus, in trading of time, information, and
designer. The existence of propmes of similar function on workspace, it is possible to compute the tradeoff space,
microprocessors and large mainframe computers is a strong showing the psychological impact of tradeoffs in these vari.
reminder that we can tradeoff both in the spaceo ables. A complementary approach is that of Card, Moran.
domain for the software and in the power0LU domain for and Nowell 3 who provide a so of quantitative tools for
the user interface. cemputing the operational parameters of interfaces.

User and Prog'am s Comuse sf t Co-blourbs 7he development of psychologically bid, quantita-
ive design tools is still in its infancy and much work

When a programmer implemean a sysem with a ur remains to be dose, both in development and in validation.
interface, he or she is not only defining what the oshine If we en develop sufficient range and breadth of quantita.
will do but also defining what the user can do. The pro. ti" design tools, then we can look forward to a time when
pass mad user can be thought of es co-rootnu, each c- it will be poeaible to provide general principles and even
municating with one another. The propemmer msmt mpl- tables of numerical values in design handbooks, allowing
citly or implicitly decide what actions and information will such deip considerations a workspace size, display time,
be available to the user. For any gives interface, this point menu structure, command languae design, poiatin-verous-
can be illustrated by drawing a flow chart of the ones put wnaing. interface power, and ELU to be assesd at the
of the process. Although this point seems simple, it desiga stage, without the need to build a test system. For
changes the fundamental (though usually unacknowledged) the present, however, the designer, by and large, does not
situation by which programming takes plan. No longer ae bov quastitative dat at hand.
programmers engged in the private task of ptting the
machine to do something for thomselves.tb me not w Quafferive prites. Is the absence of well-
enaped in communicating a program to other proprmmer, established quantitative design aids, we and methods that
a view intermittently voiced by purist prupmmesn. allow us to work with qualitative principles. A large
Instead, the interface designer should be viewed a someone number of qualitative principles eist, many in the form of
who must write a successful co-routine between us and Vdoguens exborting the despner to consider this factor or
machine, yet where the full specification of the uer aide of that, or to amoid this failing or that . These qualitative
the co-routine is not well known (and my be salable): Ivies m often quite reasonable (which makes it especially
this is the real subject of the design, and this must become diseu slg to on bow frequently even the most obvious
the conscious objective, and e ntay principles re violated in misting systems),

Ther ar two consequences to this point, both dis. although if the deep of a nee interfsc is ever to proceed

cussed in greater detal later is the paper. First, we n_ I@ a systematic fashion, we ned to go beyond this leve.

languages that support this view, that is, that rpesent this One major enmple of the attempt to bas a system
co-routine directly. Second. the interaction needs testing design n fundamental design principles, built in such a way
and debugging on typical badware,* hardware that includes a to eaptelin on the usr's eisting knowledge is the
representative users. dsi of the Xox Saw system. Tis desin attempted a

spematie sratep baued on principles of od human-
The State qf User traerm Deg computer interaction. Since the, of coure, other system

hav been developed along similar principles (in particular.
How much is known about bow to design intesteas? the Apple Lie system). Te Star IllMutrts the delicate

We must answer this question in order to plan a sensble tedeoff decisios that must be faced: the attempt to
softwar engineesing strtg. f enough Is kow to lay optimie BLU led to degrdation of performance, especially
down detailed principles, than a top.domn tilagy might be in speed of the systm, as well as to a high selling-pice.
followed; otherwise an iterative strinlg must be adopted
with empbasis on the testing and deboNing phane.

a"



Software Engineering for User Interfaces

Spec(fictiom for Interfaces engineering community: as long s the communication
structure and the data representation we well specified and

1. defining and addressing a software project two adhered to, the modules can be worked on independently
questions must be tackled: what kind of specifications are and changed at will, without any effect on the rest of the
reasonable for defining the project?, what kind of divisions system Thc communication between the Inerface and the
of the project into subtasks am likely to be viable? The User can be changed in any arbitrary manner as long as the
same observation applies to both: specifications are deter- communication betwea the Progrom and the Interface is
mined at an early stage and must remain constant if ma e not affected. This requires, of course, that the only pan of
re-writing is to be avoided, the system that may interact directly with the user is the

Shells argue against the utility of a Structb d Pro- Interface Modil. A well-defined protocol between the

gpamming approach to user interface design. Sheit points main program and the interface module can be defined at

out that whatever the virtues of that approach, it depends the outset, iaving the interface designer free to change the

on having a clear and fixed specification at the start. The inteface without interfering with the independent develop.

technique becomes strained whenever the specifications ment of the main program. An important benefit of this

change during the life of the software. Although in the modularition strategy is that it allows separate specialists

ideal case a Structured Program practitioner would re.do to work on the main program and on the interface module.

the whole design and implementation at every change in A good example of this modularization combined with
specification, in practice the investment in the eating code support for a heavily iterative approach to developing the
and design exerts an enormous pressure toward piecemeal user interface is provided by the database and interface
change, i.e., toward iterative redesign. In areas where such pacages TrIIIUSE (the database)" and RAPIDIUSE (the
shifts in specification are common, it seems better to face interface packae) 32 Tra(USE is a relational database--the
the fact that development will in practice be iterative. Shell 'main program' module. RAPIDIUSE is a tool for the
sugests.-and we agree--that interface design is one such design of interactive dialogues and systems, allowing for
are. rapid modification and experimentation of the interface

Several consequences follow from this point of view (through a transition network specification), yet maintain-

First, it will be unwise to allow any details of a user inter- ing constant the necessary communication protocol to the

face to appear in the project specifications: for instance database, TroiIUSE, Clearly the design of a database

instead of giving a list of the commands to be implemented, requires different skills than designing a user dialogue, and

specifications should rather be of the form discussed by in fact RAPID/USE is designed to allow non-programmers to

Shneiderman' o, who. suggests instituting acceptance tests design the dialogue using a simple interpreted language.

for interfaces such as 'after 75 min. of training 40 typical Other examples are the DMS system13 and the work by Bux-

users should be able to accomplish 80% of the benchmark ton e a.2

tasks in 35 min. with fewer than 12 errgta.* A professional
approach to user interface design puts the responsibility Makeup of iuerface design teams. A further conse-

with the designer, having the user or customer specify per- quence of the special nature of interface design affects the

formance requirements ratber than details, just as in orgaization of the design team. If the principles of inter-

Shneiderman's hypothetical acceptance test. This leaves the face design wee developed to the point where their applies-

design of the interface to the software team, but with expli- tion requird no personal ertis, and if the tradeoffs
cit standards for the specification of the performance of the were all identified and quantified in advance, then a split
system. between groups of aper ts might be workable. It is notice-

able that some of the more successful interface designs (e.g.,
A second consequence is that we must expect to have the Xerox Star and the Apple Lisa) have been done by

to go throu h many iterations on details of the interface. If teams which included people with diverse talents and
the overall project is to be subdivided by dividing the sys- training, but which did not make a distinction between
tern into modules that are separately designed and imple evaluators and implementors, between psychologists and
mented, then a third consequence is that the user interface programmers. We interpret this to indicate that at the
should be segregated into a single module which all other present time the closest cooperation is required to identify
modules must use if they communicate with the end user. and resolve the unexpected tradeoffs that surface in the

course of a design. Many desig questions are at heart
Separating interface design from program design. unforeem tradeoff decisions, and thes can only be re 0on.

This strategy consists of isolating the main program in one ably made by people who appreciate all the factors involved.
set of modules, the user interface in aother, and consider. This, although a separation of the interface from other pro-
ing the user as comprising a third: gram modules is highly beneficial, and although logically the

skills required for designing each re quite different (t.g.,
Interface Preiam dialogue design vesus application programming), it seems

User <M . 0n> that the unknowns in interface design continue to demand
Medle Mdnles close cooperation between parts of design teams.

The virtue of this view Is well known in the software

3



Deeper & Nor

Influences of the Interface es Code there are in computer networking. At least three levels may
be distinguished: (1) the low-level protocols just discussed;

Lamrags ofo" User Interface Desip (2) the conceptual model of the domain the designer wishes
to present to the user; and (3) the highest level where the

We have argued that interface designes need to be user has several concurrent goals (e.g., to send a letter or get
aware that they are designing a dialogue, and more than that a budget analysis) and the computer is one means to the
a co-routine, between user and computer. The idea immedi- ends. Most of our knowledge about human-computer
ately follows that special languages that represent this iew interaction is at the first two levels: little is
would be an important aid. Certainly conventional undemood/known about the highest level of user goals
languages are poor in this respect because they wes machine. The Xerox Sta, the Apple Lisa and Visicalc can be seen as
centered: they describe events around the sequence of paradigm examples of the second level in that the system
machine actions with input and output seen a side-effects, image was decided carly on as a major design decision which
Wasserman's RAPIDIUSE system offers the designer a defined the context in which the rest of the interface was
language based on Transition Diagrams, where nodes developed.
correspond to a machine state and the output displayed at
that point, and the various ares from a node correspond to Standardized Packages
alternative user inputs. This is a major step in the right
direction. It is perhaps not a complete ailution because it A major development tool would be the creation of
is essentially a representation of the machine the uer sees various packages for doing standard interface operations.
(as a quoti-finite state machine) rather than of the co- There are two separate motivations for this:
routine. The uses processes ar only implicit (though
much easier to ee than in ordinary languages), and machine • To provide a language at the right level for the

actions m represented only as side-effects of transitions. designer (where the operations are elements of user
Until further advances in this ara are made, exrcises such interaction and lower-level details can be hidden);
as flow-charting the user's decision-making and actions will
remain important. 9 To provide standard modes of interaction across

the system to help the user.

The lInerface to the User Modlde
The first provision helps the designer to work on the design

We have -ared that the user should be viewed a a of the interface undistracted by implementation details.
module of the system. Good progamming practices now The second provision gives a standardization (consistency)
demand that one establish a uniform communicadrio pMtO". across applications that helps the user, as argued above.
col early in the design phas and stick to It. Pat of the - Simply l pr0viding packages is often enough to get
rationale is economy-if module U has to use one protocol stadardizatio-it makes it easier for a programmer to con-
for interacting with module A and another for module N, it form than to dissent. There is gret need for software tools
will take more code to do so. (Or, by analogy, if you think for interfaces, including screen management, user-progr-am
of module U as being the User, then the user has more to dialogue, and packages for doing help, argument parsing,
learn.) In addition, there is scope for confusion and eror history, and undo. A good example is Perlman'sis general
in the programmi ng if there is not a uniform protocol (in interface package.
the analogy, the lack of consistency makes it harder for the
user to lean and to apply the protocols). Documentation as n Integral Part of the Interface

These arguments apply beet to low-level user proto- An obvious consequence of integrating user interface
cots. The more programs use a given protocol for intrm- design into the overall software engineering is to integrate
tio, the more benefit the user Sains from the associated set docmentation and code generation. Mashey and his col.
of skills in using it (i.e., from their associated *subrou. leagues at Bell Labs have taken a major step in this direction
tines). Thus a user is helped If all parts of the system use a by using the same file control system for both source code
small number of common protocols for interaction, proto- and documentationi, thus promoting their simultaneous
cols that the designer can think of as corresponding to sub- development and allowing immediate checks on whether
routines in the user's mind.t one is out of date relative to the other. Knuth's recent

It is not sufficient to think of the user a a simple sys. work is along the same lines". This is most likely to benefit

tem module with a single protocol for interacting with other programmers (rather than users) who will have to

other modules. There are many layers of protocol. jt a maintain the code, since they are often the major benefi-
cim s of complete and correct documentation. However, if
it is true that no interface design is likely to remain fixed

A majer problem here is to easure a mutch betwem the astiens for long, then it is not enough for it to be friendly to the
apected of the ser and the capabilitis of that our. T'is is one of user-It must be friendly to its maintainer as well.
the major themes of roech oe hsmine.ompstes iln8tmmio. sod is
s seo-rwial problem. to postal, we would subuit that is The term 'documentation' should not be viewed too
wase the oftwuse dffipser uv itemt with b m4aeton of
pyerbology softwam designer - doring the design phmo -to arrowly. Users get information from a number of sources
deviop the specifications of the ser aCtions, including manuals, tutorials, error messages, and normal

4
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displays. One test of the adequacy of the overall documen- We believe that the system specifications should
tation is to introduce an error in the opeMation of the sys- include a statement about the class of user and the kind of
tem while observing a "typical" user in a "typical" situation. training that is to be expected. The system should then be
The observation of interest is to determine how the user evaluated with that very same class of user, with the same
copes with the situation: the design fails the tat If the user training procedure. If the user then has problems, there is a
cannot recover gracefully. It is important to note bow the bug in the system. The bug could be in the training. or in
user determines the state of the system and the options that the interface. The point is that we cannot determine just
ar available, and also to observe what the user actually does where the problem lies until we have explicit specifications
(which may be quite different from what the designer bad for all aspects of the computer system, including the inter-
in mind). face and the user performance. When we have specifica-

tions that cover the user. then we can determine how tea-
The success of the system will usually depend on a sonable they are on the basis of the user's abilities. Only

combination of information sources and is neither a pro- when we han determined that the specifications are indeed
petty of the code alone nor of the documentation alone. reasonable can we then claim that the system that fails to
The theme is that in order to provide good documentation meet those specifications is at fault. This lesson applies to
from the user's point of view it is necessary to identify what all parts of the system, of course, but its implications for
information the user needs, and when. Then, it is necessary assessing the role of the user as a part of the overall system
to provide a channel from the situation to the information. operation seem not to be properly recognized.
It is relatively unimportant what media are used for this in
any given case: they could be mesaes generated by the y Findinq Bugs
tem or notices stuck to the terminal. What matters is
whether the user is able to get the information that is The only way to find bugs is to test. This means that
required. Note that it is not relevant that the information the system must be put through its paces with the human
is available in principle. What matters is whether real users, user, much a programs are put through their paces with
in real situations, can get the answers. If the user cannot test sets of data. Just as a program needs testing by data
solve the problem, then it is the system design that is at that exercise every branch of the code, so the user-progran
fault, whether or not the designer can demonstrate that the interaction needs testing by exercising each possible
relevant information was available to the user: the critical "branch' of the interaction, Unfortunately, test procedures
test is the practical one-do real users succeed at the task? for user interfaces do not erdst.

Debugging the 1nterface Note that the testing phase is not apt to be easy. It
requires the development of good test problems, of a good

When a piece of software has been implemented it pool of users upon whom the tests will be nan, and careful
needs to be tested and debugged: the same applies to the observation and evaluation of the result. It is critical that
user interface. In the past, debugging the interface has gn- the users upon whom the system be tested reflect the actual
erally been left to the customer, whose complaints are classi- user population for whom the system is designed. Psycbol-
fled as changes to the specifications. The net effect tends ogy hao amused a number of methodological tools that can
to be that chages are slow, expensive, resented by the pro- be of use. Other tools, specialized for this particular prob-
p'amming team, and do not benefit from any kind of sys- lem, need to be developed.
tematic or professional approach. Clearly the field is more
than ready for improved practices. Learning how to ask users for information is as big a

topic as learning bow to etract useful measurements from
Wht Is a Bug? computers. For instance, consider a faulty error message.

If it is so useless that the user cannot understand it and gets
The field of debugging involves many issues. One stuck, there is often a bias against reporting the consequent

oroblem is to determine what counts as a bug, another is to failure to carry out the task successfully because the users
determine what symptoms can be detected in practice (and are apt to feel that the problems are due to their own inade-
what proportion of bugs escape because they produce no quacies. On the other hand, if the messee is wrong or silly
clew symptoms), and yet another to determine the cause in some way but nevertheless the users succeed in diagnosing
from the symptom. The concept of bug' is clearly useful in the real problem fairly quickly, then they are likely to
both traditional and interface software engineering, but express their irritation. Note that this means that the non-
nevertheless it has no clear definition. Some bugs are fatal inadequacy is likely to receive a much higher rate of
clewr.-if an explicit spec.fication is not met, the implemen. spontaneous complaints than the much more serious case
tation has a bug. However there con be bugs in the specifi- which causes users to fail completely. Obviously we need to
cations themselves. mad bugs relative to implicit specifics- learn how to work around phenomena like this. For
tines. A crucial part of developing interface engineering instance, using exhaustive checklists in questionnaires' s

0 will be developing standards that become implicit specifics- ensures that one solicits opinions on all pans of an inter.
ioas for all interface propamming. (The analogous points face, and, to some extent, allows one to see things such as

for bup in programs we discussed in Johnson, Draper, & mass avoidance of a command that no-one complains about
Soloway".) spotameously.
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Draper a Noman

People are very sensitive to the context in which they Intentions and goals ean be gotten by the collection of real-
an operating, and if one is not careful, the test population time. thinking-aoud protocols from users while they
may feel that it is they who are being evaluated (rather than interact with the system. Each technique offers a different
the system), and they may carefully monitor their responses perspective on the interaction.
and behavior so that they will not 'look bad' or stupid" .
One of us experienced the situation where a deficiency in Tetig the Interface
the system was not reported by any of the users because
they attributed the difficulty to their own inadequaciae, not Intprofn Measures of Performance
reliig that it could be avoided by a (rather simple) design In addition to debugging, a programmer will typically
change. In this cane, it required an experienced obserer to cn with mining a ptigr erain meial
watch users and note the problem. Note also that the be concerned with examining and optimizing certain mew
exitenee of any problem w as a fixs denied by the design urea. The best parallel here is with the problem of improv-teamc who asked pbut why ha nobody eve complained ins a program's speed of execution. The conventional wis-thissod easona'blewh bi anaoguody aver Pogrlamer' dom on the timing problem is that a typical program spendsThis sounds remsi~ble, but is anadlgous to a progammer

who does no systematic tets and then use the length of 90% of its time in 10% of its code, so the strategy is to

time before the irt complaint a evidence that complaints identify that 10% and work on tuning it, since work on

must be ill-founded. This is not a trivial instance: use improving the other 90% will show little effect overall.

who feel that a system reveas their inadequacies will not Thus, profiling tools that show where a program spends its

wish to use the system and will resist its introduction into time ae important. In improving an interface, several issues

the workplace. Thus, the system will not et used (or an rvn: how omany users find a given command prob

morale may suffer). The problem is to devise techniques lematic?, how problematic do they find it?, how often does

that allow the designer to realize the nature of the diffi- the issue arise' As with debugging, we see here a gap

culaty. It will take extreme sensitivity on the part of the te- betwe what can be eaily and directly measured and the

ter to overcome these problems. It is her that the skills of underlying concern of the designer.

the experimentsi psycbologist are probably emential. Like profiling tools, then, interface tools should pro.
duce mmmem of those things that can be used by the

Deblirin Tools designer to pick the next point of attack, together with a
manure of bow Important it is to do any further improve-mortem in that they are applied after the program has ron. meets. Also like profiling tools, them will be issues of howOe of th t they prepgpned for nterra ebu aig i .t accurate these measurements ar (resolution difficulties) andhave facilities analogous to a-time tests built into w hOW representative of the real situation. Ultimately a lotputaci ties e nvi onme s t at tprons excetintollons .owill also depend on the experience and judgment of theputinls en vironm ents that Cause pro gam exceptions for bad" p t ui g t e o l. 7 s n t o ly d t et o s n ed o

addresses, floating point overflow, etc. Although an impor- desineor using the tool. Thus not only do the tools need to
tant function for these is, of course, the protection of tibemdeveloped, but It will then take a further significant
users, they are also valuable for debugging because they stop
execution at the earliest sign of trouble and give the pro- manure.
gramer a chance to gather information on the state of the Another tool is on-line command usage measurements.
process at that point. Ease of debugging is crucially It is relatively esy to collect a running record of command
affected by the immediacy of error detection, as anyone use for the various users of a system, thus providing reliable
knows who ha debugged programs with and without saumy measures of how often commands an used, and by what
bounds checking. Applied to interface debugging, this percentage of users. The frequency of use is important in
means developing suitable error criteria, and then acting on weighing the priority to be given to problems.tt
it. It is not necessarily appropriate to halt a program when
an error in interface interaction is detected, but at the leastm, B e m and Tcests
one could create a relevant "dump-a trace of the whole
interaction together with as much information u possible Eaurlier, we discussed Schnelidermn'sal suggestion that
on the users, 'heir experience, and their current goals and the specification of the Interface be given in terms of the
thoughts at the time of the difficulty acceptance tests to which it will be subjected. This idea can

have far-reaching effect in focusing designers' attention on a
The various existing techniques for getting at the definite goal for the interface. Whether or not success at a

interaction between the user and the system differ in their particular tes turns out to be a good guide to the user's
immediacy and the Information provided. Furthest removed log-tem satisfaction with the product, it is ast least ast an
from the actual interaction is the collection of opinions appropriate level of specification; this is a crucial step in
after some amount of experience with the system (e.g., at M, 1 Ms isa melor poblef of ti"d of plv. It is eel appop
completitn of the training period). Closer to the actual &t to kep reode ON the details of inditdual -sa ttalelos
usage is the use c o2line complaint facilities. A still more with a lsem. Oar elation is to eanode the our Ideatlity s that
immediate record is provded by history tI or dribble slttwal the am r Ideality anset ha comitted. we can still match
fles tha provide a deailed recont of the low-lei actions up the posticlm coamad huqves ad pmrps. mug. with the

or seodsn. rbis Is ameatial is allowing the discovay of comma
of the user, but without any of the gols or Intentions. peatase of operatio.
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aeaedialg software engineeing to interf ace design.

Uservinterface benchbmarks will be most cearly useful (111 M. L. Yemena. A. 1. Wnasaus. sad It. P. van 8e Rict.

whben the spects of performance ad the situation in which T* S Reference Massi Laboratory of MedicalInformis-

it is to be measured ame clearly defined. As a sein ties Scienc. University of Cuiiforsia. Uas Francisco. Dec. 19ft2.

method by which to judge a whole system. benchmarks are 112) A. 1. Wasman sad D. T. Shawmahe. 'apid Pfitotyping of
obviously limited; systems differ on many dimensions and Interactive s llotion Ssoe=!. Ptwuuod egs of ts 20eE

benchmarks often generate only a single maeasuore. Te a SUGOPT Sympopem - Werhak -m lipd Ptae..ypini. Columbia.

of benchmarks for interfaces is further problematic in these MD. 19M2.

osnly days since we do not yet know all the crucial vauisbles. 1133 3. Reach, . It.L. Hartal. IL W. £hiich, T. Yuste. anid D. ff.
For instance. discussions about which of two operating sys- Johnson. *DMS: A Comprehensive Symen for Mansions
tems are more effective for a class of users a sometimes Honcmue DialoCu., Poeeig p 1~the Oalambr. PWW

u carried on without considering the communication rate of
the channel to the user. yet this crucially affects how much
feedback is perceived as a painfully time-wasting nuisance. (141 W. SwumO, M. It. Lomb. D. Shermin. and K. C. Smith.

Trowards a Coulpebessdw User Interface Management System.,In general, factors not directly under the control of the Cotne Galiue. pp. 35.41. 1983.
engineer may hae a dominating effect. Until we are more
confident of being conscious of the factors that have a (151 0. Pedins. 'Sollaure Tools for Vstr4steface Development,'

major influence on the mesures we se interested in, we presend a b umr0.M Cnfrne Trno
wilt not know how to run benchmarks in which they are CU M
held constant. ttt 116) W. Bmma. U. Ollabio. sad 1. MahY. -A

sotwsm~oemmtlonDevalopaat 3uatmamet Built from
thet UNIX Toolkit,' is .3J. Schneider and A. 1. Woeiso.
24L. Aanmd Tod# for IsVeiaadu Systems b01Mg. pp. 107-
1011. Animalism. 1963

III A. ]ana. lid.. Praendip 4f the CXI U8 Co~era. ex Humn (13 D, 2. Knuth. 'Literee Popmmzg.' Report Number STAN-
Paswn 4W Cgmpriq Sysa. Boston. Dec. 1913. CS'C2-M5. Stanford University. Department of Computer Sci

coa. 1990.
121 D. A. Norism. 'Design iucipta for Itum.Compstw Inter-

fao=.* Prcrdiegg of ika CI W1 cawemeian - Nm ar cirs (11 W. L. Johnson. $- W. Draper. end E. Solowuy. 'Clamiying Do
in Computg Syzoe.ma. pp. 1-1O. flostoo. Dec.1963. 1h a Tricky Sessio.' ACM SIGSOPTISIOPLAN Symipai

Hlk4i4wvl DeAVgiq. AsilomUr. CA. lMrc. IM5.
13) S. Curd. T. Marin., end A. Nowell. Thr Psycholea of Home.-

Canipar lmeracrin. ffilladalle. NJ: Efibs... 1963. 1191 I. W. root and S. Drapes. *Qsmtoseurea as a Soltw,
Eteluatlon Tool. Prwneaiipg, of its CHII 'U3 Co~afrenc

141 A. adr. nd 9. Shstudgiss. Eds.. Oirerhsain sfm. Name.ff Farm in ce"ooo auusm yu. pp. 0387. Boston. 1963.
Ca.,nipt lioeer~ne.. Norwood. NJ: Abler 19M2

I (M0 C. Lewis. 'lb. 'Thisng-aAlood' Method in Interface Emden.
15) J. Nievandut. 'Eroon is Dialog; Daie. and Now to vold ties!' Tutoial Numbr 4. pimoted at the CHI '83 Conference

Them.* International Zurich Seminar Os Digia Ccmuira. om Hosmn Factows in Competing Syntess. loam.v. Dec. 1983.
ties$. MEE. lunsm a fii Vumisil. ETII. 47. 19M2.

(P1) Il. 51.ddesm. 'the Future of laterectiw Systems; sad the
(6) J. PVweoegptt. 'towauds the lateriplizd Interactive Syria: An Emergence of Dimt Maniultion.' lihetlor old lWeamion

Experiment ts Man-Mmehise Commuslcaias.' Imasm few Techoba. 1. pp. 237-236.190.
Iefomill. 817H. 47, 19M2.

(71 B. Shouderma. 'Softwais Psysholop Reuse Faton is Corn'
peter aed lmformstioa Syvise.' Cambidge. MA: Winthrop.

153 D. C. Smith. C. Irby. U. Kitaball. ad 9. Verplask. *DOW&Wsg
the Sow User lateuface' By#m*. 7. pp. 242-rn. April. 1962.

(9) B. Shedl. 'Power Tools tor Piopamer.' Doamnan 29. pp. 131.
144. Feb. 1963.

1101 9. Shmldemas. '"M Future of Istesnetlve System ad the
Emergace of Diyect Manipulaton.' Peamne ai Vermeia
Tgehmilow. 1. pp. 237.214. 19Q2.

"It A instilileal probimn aIi In benchmark tomt with ursthat does
sot anemally ason with hacilwame:unlike computer hardwr u calel
*wll"e ga iMestlal people (an that smog unuaaeta gemaslis
fallably) of me a tat tole. on the saepeople with Identica
iliia (buesuu Of Mmul affec11s). 3gm whn we understood the

eins of Varlaties well coast% to apply Ntwilst with assidsef
thinstil lt nou. Msontag lisp mumbo, of trials wae .me would
hsve benss rffillst to benchmark, a acbs..
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