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ABSTRACT

Two alternative user interface designs were subjected to
user testing to measure user performance in a database
query task. User performance was also estimated heuristi-
cally in three different ways and by use of formal GOMS
modelling. The estimated values for absolute user perfor-
mance had very high variability, but estimates of the rela-
tive advantage of the fastest interface were less variable.
Choosing the fastest of the two designs would have a net
present value more than 1,000 times the cost of getting the
estimates. A software manager would make the correct
choice every time in our case study if decisions were based
on at least three independent estimates. User testing was 4.9
times as expensive as the cheapest heuristic method but pro-
vided better performance estimates.

Keywords: Heuristic evaluation, heuristic estimation,
GOMS, User testing, Usability, User performance, Absolute
performance, Relative performance, Cost-benefit estimates.

INTRODUCTION

One often needs to assess the relative usability of two or
more user interfaces, designed to solve the same problem.
Sometimes it will be sufficient to find which of the two is

the most usable and then pick the best. In other cases, one

will need to know how much better the prefemed interface is
before one can decide to use it. A typical situation, and the
one that prompted the current study, is the case where one
interface design already is implemented. Since there are

obviously significant development costs associated with
changing such an interface, one would like an estimate of
the amount of money to be saved from the supposed
increased usability of the alternative design.

Permission to copy without fee all or part of ths material IS
granted provided that the cop!es are not made or distributed for

direct commercial advantage, the ACM copyright notice and the

title of the publication and Its date appear, and notice la given

that copying ia by permlsalon of the Association for Comput!ng

Machinery. To copy otherwise, or to republish, requires a fee

and/or specific permiaslon.

e 1993 ACM 0-89791 -575-5 /93/0004 /0214 . ..$l .50

214

Other examples where relative assessments of usability are
needed include design teams considering alternative designs

where one is expected to be more expensive than the other
to implement, or cases where two alternative software pack-

ages are available for purchase, but at different prices. Com-

mon for all these cases is the basic phenomenon that the

available choices have different costs associated with them,

meaning that it is not possible to simply choose the best user
interface. One needs to estimate whether the best interface

will lead to savings that are sufficiently large to justify its

higher cost. Of course, if the cheapest interface was also the

best, there would be no need for any further analysis.

From a research perspective, we have a general interest in
estimating the benefits of usability engineering in monetary

terms [7]. Cost/benefit analyses are important assessment

tools for proposed new usability engineering methods [4].

The costs of various usability methods are easy to measure,

since they involve mostly adding up staff and subject hours
and multiplying with the relevant loaded salary rates. The

benejits of usability methods are much harder to assess,
since one rarely fields two complete versions of the same
product in order to measure real-world performance with
the two versions (but see [3] for an example of a study
doing just that and saving $2.4 million).

The study described in this paper takes a slightly simplified

approach to the estimation of usability benefits. We have
studied the estimation of the task time needed for expert

users to perform a certain task with two alternative user

interface designs. Given a task analysis of the work of the

real users, one can convert such task time estimates into
person-hours per year, by simply multiplying the time saved

per transaction with the number of times per day each user
is expected to perform the task as well as by the number of
users doing the job. These person-hour estimates can then

be converted into monetary terms as shown below.

A full cost/benefit analysis would include additional ele-

ments, such as estimates of learning times, error rates, and

subjective user satisfaction (and its probable impact on
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employee turnover etc.). One would also need to con-

siderpotential differences between usability as mea-

sured in the laboratory and usability as observed in
real-world usage. Furthermore, of course, much soft-

ware is produced for sale on the open market rather

than for use in-house or by contractual clients, and the
relation between customer savings and increased mar-

ket share for the vendor is not well understood.

The relative importance of the different usability vari-

ables will differ depending on the system. For many

applications, initial learnability is paramount as users

will not be expected to use the system more than a

few times. For other applications, such as the one giv-

ing rise to the current study, users keep using the same

interface repeatedly, and their performance as expert
users is the dominating factor in overall usability. For

example, for our full system (with more interface ele-
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Figure 1 Dialog box used in Design A: The Dialog Box interface.

In the state depicted here, the user has just input the tele-
phone number “123-4.567” and has clicked on the
“Add” button. Figure shown at 6070 of screen size.

ments than the one discussed here), the savings from

improving the interface according to the results of a heuri-

stic evaluation were estimated at about $40,000 from

reduced training costs and about $500,000 from increased

expert user performance in the first year alone [12].

The study described in this paper has therefore focused on

expert user performance. We have studied two alternative
interface designs for a single, quite specific task: That of
looking up information in one out of several databases.

We were interested in comparing various methods for esti-

mating user performance. We collected data for the two

interfaces from heuristic estimates by usability specialists,
from formal GOMS analyses of the interfaces, and from

user testing. Some usability specialists may argue that user

testing is the only true way of getting data about user perfor-
mance, but alternative methods such as formal analysis or
heuristic estimates have the advantage that they can be used

even when the interfaces in questions have not yet been
implemented, and thus cannot be tested. Also, heuristic

evaluation has mostly been used for the finding of usability
problems [12], so it is interesting to assess whether it can

also be used to estimate user performance.

THE TASK AND THE INTERFACES

The users’ task in this study is that of issuing a query to one
out of several databases on one or more data items such as

telephone numbers, customer names, addresses, etc. For the
purpose of the current study, we looked at queries on tele-
phone numbers. Furthermore, we only studied queries on

one or two telephone numbers, even though the actual

application sometimes involves queries for more than two
telephone numbers. The users will be working in a window
system, and the information that is to be looked up in the

databases can be assumed to be visible on the screen (possi-
bly as the result of previous queries).

Two possible interface designs were considered. Design A
was fairly simple to implement and had indeed been imple-

mented in a prototype version of the full system. Design B
was a potential alternative design that was arrived at in a

debriefing session following a heuristic evaluation of

Design A. Design B is harder to implement than Design A,

since it requires the computer to parse the result of database

queries performed on a remote host system and to under-

stand the meaning of the text displayed on the screen. Also,
Design A had the obvious advantage of already being

implemented in the prototype.

We should emphasize that the issue of interest here is not

whether these two interfaces were optimally designed. It is

very likely that they could be improved by iterative design

using various usability engineering methods [11 ]. The ques-

tion of interest for our study was how to assess expected
expert user performance on two given designs.

Design A: Dialog Box

To use this interface, the user first pulls down a menu from

the menubar at the top of the screen. This menu contains the
names of the databases and the user positions the mouse

cursor over the name of the relevant database in this list.

The user pushes down the mouse button and drags the
mouse to the right to get a hierarchical submenu with the
legal queries for the chosen database. This submenu con-

tains an average of four alternatives, and the user moves the

mouse until it highlights the option “query on telephone
number.” The user then releases the mouse button.

This causes a standard sized dialog box to appear in the
middle of the screen as shown in Figure 1. The large field at

the top is initially empty. This field will eventually list the

telephone numbers to be submitted to the database as a
query. The dialog box does not overlap the window with the

list of telephone numbers. The user clicks in the input field
(the one-line field below the prompt “Inquiry on telephone
number”) and types the telephone number. The user clicks

on the “Add” button to add the number to the query. The fig-
ure shows the state of the dialog box after the user’s click on
“Add.” If the query is for a single telephone number, the
user then clicks on the “OK” button to submit the query.
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If the query is for two telephone numbers, the user instead
clicks in the input field and selects the previously typed tele-

phone number by dragging the mouse cursor over the exist-
ing text in the input field. The user then types in the second
number (thus replacing the previous selection in the input

field) and clicks on the “Add” button. Finally, the user

clicks on the “OK button to submit both queries at once. In

a similar manner, the user can issue queries for larger num-

ber of telephone numbers in a single dialogue.

Design B: Pop-Up Menu

As previously mentioned, it can be assumed that the tele-

phone number(s) in question is/are already on the screen.

To query for one number, the user moves the mouse cursor
to the telephone number on the screen and presses down the
mouse button. This causes a pop-up menu to appear over the

number with one element for each database for which que-

ries can be performed with telephone numbers as keys.

The user moves the mouse until the desired database is

highlighted in the pop-up menu. The user then lets go of the

mouse button. (The system knows which number to search

on because the user pointed to it when calling up the menu).

To query for two numbers, the user repeats this entire inter-

action sequence for the second number. The second number
was normally about five lines below the first number in the

window. It is possible to submit the second query before

seeing the result of the first one, and the result of the first
query can be assumed to appear such that it does not overlap

the telephone number needed for the second query.

HEURISTIC ESTIMATES

Heuristic evaluation [9][ 13] is a usability inspection method

[6] whereby a set of evaluators produces lists of usability
problems in a user interface by going through it and noting

deviations from accepted usability principles. As originally
conceived, the heuristic evaluation method only involved
the finding the usability problems and did not address other
phases of the usability engineering lifecycle [8][ 11]. Subse-

quent work has shown how it can be extended to have the

evaluators provide severity estimates for the usability prob-

lems after the lists of problems found by the individual eval-
uators have been aggregated [10] [12].

Even severity estimates are still focused on usability prob-

lems (that is, characteristics of the interface) rather than

overall user performance, even though they aim at assessing
the impact of each usability problem on eventual user per-
formance. We were therefore interested in assessing the

extent to which heuristic evaluators could provide estimates

of actual user performance.

Heuristic estimates were collected in three different condi-

tions (cold. warm, and hot), varying in the extent to which

the evaluators had access to actual running implementations
of the interfaces. In all three conditions, evaluators were
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asked to estimate the time needed for expert users to issue

queries on one as well as two telephone numbers with each

of the two alternative interface designs. The evaluators were
told to focus on expert user performance and disregard nov-
ice user performance as well as any learnability problems.

Common for all three conditions was that the evaluators had

to estimate expert user performance based on their personal

intuition and best guesses without having a chance to

observe a real user or to perform any measurements. Of
course, evaluators who had tried using one or both of the

interfaces themselves could estimate their own performance

and use it as a baseline for their projections of expert user

performance, and several of them did so.

Cold Estimates

“Cold” estimates were collected by sending each of 12 eval-
uators a written specification of the two interface designs,
essentially corresponding to the descriptions above. The
evaluators had not seen any running implementations of the

designs. This condition corresponds to the case where a

design team is considering two possible solutions, none of

which has been implemented.

The mean time spent by the cold evaluators was 9.9 min-

utes. The total cost of collecting the cold estimates also

includes the time needed to write up the specification,
which took about two hours. Of course, there was a further

cost associated with designing the two interfaces in the first

place, but that cost should probably not be charged to the
comparative evaluation study.

Warm Estimates

The 10 evaluators in the “warm” condition were the same as

those used for the original heuristic evaluation of the full

system. They had spent about one hour each using a running

prototype system implementing the Dialog Box interface as

well as several other dialogue elements. After the heuristic

evaluation, they were provided with a list of all the usability
problems in the interface (both the ones they had identified

themselves and the ones found by other evaluators) and
were asked to rate the severity of each problem. Further-

more, they were provided with a written description of the

Pop-Up Menu design as an alternative interface. This condi-
tion corresponds to the case where one design has been
implemented and evaluated, and another is being consid-
ered based on the results of the evaluation.

There is no simple way to estimate the cost of collecting the
warm estimates. Not only did the evaluators spend an hour

each using the full system with the Dialog Box interface,
but they also attended a one-hour briefing session explain-

ing the full, complicated application and spent a further half
hour estimating severities for the usability problems. Most

of these activities were not strictly necessary for the purpose
of estimating expert user performance, but they probably

did provide the evaluators with additional insights into the

issues surrounding the kind of dialogues they were later
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asked to assess. We would guess that it would be possible to

collect warm estimates in about 12.1 minutes per evaluator

(the mean of the cold and hot times), if their only task was

to estimate expert user performance and not to find usability
problems in the interface. Furthermore, it would be neces-

sary to have a research assistant available throughout the

study to help the evaluators use the software.

Hot Estimates

The 15 evaluators in the “hot” condition had used running

versions of both interfaces before giving their estimates. In

fact, they were given access to the same versions as those

used for the user testing (described further below). For each
interface, the evaluators were first given a demo of how to

perform single and double number queries, and were then
given a chance to use the interface themselves as long as

they wished. An experimenter was present to help the evalu-
ators in case they had problems using the interfaces. This

condition corresponds to the case where two alternative
applications are available for purchase, or where two alter-

native design solutions have both been prototype.

The mean time spent by the hot evaluators was 14.2 min-
utes. This time included a few minutes to recover from sys-

tem crashes in a few cases. It seems reasonable to include

this time given that hot estimates require the use of running
software and given that this software will often be in the

early stages of development. Given the way we conducted
the hot estimates, a research assistant was present during
each session to help the estimators use the software, so there

is a need for an additional 14.2 minutes of staff time per

estimator. The time needed to develop the software imple-

menting the two interfaces for the hot estimation was about

6 days. The same software was used for both the hot esti-

mates and the user testing, but from a cost perspective, the

development costs should be charged fully to both methods,

since one would presumably use only one method for any

given development project. It was also necessary to have a

usability specialist spend one hour designing the study and

the questionnaire given to the estimators.

The Evaluators

For all three heuristic estimation conditions, the evaluators
were usability specialists with an average of nine years of
usability experience. Different evaluators were used in each

condition. Previous studies have shown that usability spe-

cialists are better than non-usability specialists at finding

usability problems through heuristic evaluation [9]. We
would therefore expect non-usability specialists (e. g.,

developers) to provide somewhat worse estimates of user
performance than those found in this study, but we do not
have any data to support this conjecture.

It is important to note that the evaluators provided their user
performance estimates independently of each other. In gen-
eral, we recommend collecting data from heuristic evalua-

tion without letting the evaluators talk together before they

have provided their lists of usability problems and severity

or performance estimates, in order to prevent any bias in the

evaluations. It is obviously also possible to have heuristic

evaluation performed by small teams working together [5].

GOMS ANALYSIS

GOMS (Goals, Operators, Methods, and Selection rules) [2]

is a method for the formal analysis of user interactions with
computers. The method was explicitly designed for the pur-
pose of estimating expert user performance disregarding

learnability problems and user errors, so it seemed reason-

able to use it for our study. Also, GOMS has proven quite

popular in recent years in the formal modelling community

[15], as evidenced by the large number of papers published
about GOMS, extensions of GOMS, and applications of

GOMS, again indicating that it would be a reasonable
method for our study.

The GOMS analysis were performed by 19 upper-division
undergraduate students in a human–computer interaction

class as their second assignment using GOMS. The students
were given the same specification of the two user interfaces

as that used for the “cold” heuristic evaluators. They were

asked to build GOMS models of the two interfaces based on
the specification and to estimate the time needed for expert

users to perform single and double telephone number que-

ries. Just as for the heuristic estimates, each GOMS analysis
was performed by an individual student working alone.

We should note that the quality of the GOMS models built

by the students in this study was probably not as good as the

quality of models that might be built by true GOMS experts
with more extensive experience in the use of the method.

On the other hand, even though better perforrnan~e could
probably be achieved by using GOMS experts, highly expe-

rienced GOMS experts are not readily available in most

development organizations. If formal usability analysis

becomes a successful approach in industry, it maybe not be

unrealistic to expect GOMS analyses to be performed by

people with a medium level of expertise.

The mean time spent by each student to perform the GOMS

analysis of the two interfaces was 108 minutes. The total
cost of using the GOMS method would also include the
time to produce the written specification (about two hours).

USER TESTING

User testing was conducted with 20 test users who were stu-

dents recruited from a local college or summer students

involved in non-usability projects at Bellcore. All test users
were required to be experienced mouse users, since previ-

ous experience shows that problems with mouse usage will
otherwise dominate a user’s performance.

The study design was a within-subjects experiment where

all test users tried both interfaces such that half of the users

(randomly assigned) used the Dialog Box interface first and
the other half used the Pop-Up Menu interface first. The
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N
Dialog Box Dialog Box Pop-Up Menu Pop-Up Menu St. Deviations

1 Query 2 Queries 1 Query 2 Queries as % of Means

Cold heuristic estimates 12 20.3 (26.1) 29.4 (30.4) 8.0 (7.4) 14.0 (15.1) 108%

Warm heuristic estimates II 10 I 12.9(10.7) I 21.4 (21 .6) I 4.7 (2.7) I 9.1 (5.3) I 75%

Hot heuristic estimates II 15 \ 13.8 (6.1) I 20.0 (9.5) I 6.1 (3.5) I 9.4 (5.5) I 52%

GOMS analyses II 19 I 16.6 (3.7) I 22.6 (5.4) I 5.8 (0.8) I 11.2 (1.9) I 19%

User testing II 20 I 15.4 (3.0) I 25.5 (4.7) I 4.3 (0.6) I 6.5 (0.9) I 17~o

Table 1 Mean time estimates in seconds arrived at by different methods. Numbers in parentheses indicate the standard devi-
ation of the estimates. The last column is averaged across the four data columns and indicates variability.

within-subjects design was chosen since learning and trans-

fer of learning was irrelevant for the study, whereas control-

ling for individual variability was important. Since
learnability was not a concern in this study, the test users

were instructed in the use of the interfaces and were given
help as needed during their initial use. For each interface,

the test users were first allowed to practice until they had
reached a steady plateau of expert user performance, after
which the measurement part of the experiment began. Users

were presented with a sequence of randomly chosen tasks,

randomly alternating one-, two-, and three-number queries

(the latter were not used in the analysis). They were

instructed to work as quickly as possible while avoiding

errors. Users were given error messages whenever they
made errors, and they were also shown a feedback curve

tracking their transaction rate throughout the experiment.
After their use of each interface, the users were given a two-
question subjective satisfaction questionnaire to assess how
well they liked the interface.

Erroneous transactions constituted 6.5% of the expert user
mode transactions for the Dialog Box interface and 3.870

for the Pop-Up Menu interface. These errors were elimi-
nated from the data before it was analyzed.

Each user test session (with two interfaces) took about two

hours, involving both the test subject and an experimenter.

The time needed to develop the software implementing the

two interfaces for the user testing was about 6 days. There
was also the need to have a usability specialist spend two

hours designing the experiment as well as having a research

assistant and a test user spend two hours on a pilot test.

Subjective Satisfaction. On a 1–5 scale, with 1 being best,
users gave the dialog box interface a mean evaluation of 4.0

for pleasantness and 3.9 for efficiency. The pop-up menu
interface was evaluated as 3.2 for pleasantness and 2.3 for

efficiency. In other words, users strongly preferred the pop-
up menu interface (the differences are statistically signifi-
cant at p<.01 for both variables according to paired t-tests).

COMPARING THE ESTIMATES

Table 1 shows the mean estimates for the four task-by-inter-
face combinations for each of the five studies, A striking
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result is the extent to which all the estimation methods over-

estimate the time needed for a two-number query in the

pop-up menu interface. Given the way the interface is
defined, a two-number query is exactly identical to two sin-
gle-number queries, so it maybe natural for the estimators

to more or less double their estimate from the one-number

query. In actual use, however, repeating exactly the same

sequence of actions a second time is faster than doing it the
first time since some mental steps are eliminated* the sec-

ond time around, so the ratio between two and one queries

was measured as 1.5. Even though this phenomenon is

known in the GOMS literature [14], the students doing the

GOMS analyses were not familiar with this refinement of

the model, and they arrived at a ratio of 1.9 between two-
and one-number queries. The fact that extensive knowledge

of modifications like this is needed for a complete GOMS
analysis is one reason it is seen as intimidating by some

developers [1]. The heuristic estimators apparently did not
consider the faster execution of the repeated operations

either, except for the ones in the hot condition who had tried

the interface themselves and estimated a ratio of 1.6

between two- and one-number queries. The cold estimators’
ratio was 1.8, and the warm estimators’ was 1.9.

The user test results in Table 1 maybe slightly misleading
with respect to true user performance in the field. Expect

field users may be faster at using the dialog box interface

because they typically develop extremely fast keyboarding

skills, Even though we trained our users to expert perfor-
mance on the interface as such, we could obviously not train
their keyboarding skills to the level of an experienced oper-
ator. However, reducing the user test times for the dialog
box interface by one second per telephone number to be
entered only reduces the relative advantage of pop-up
menus from 74?Z0to 7270. Reducing the time to type in each

telephone number by two seconds still only reduces the rel-

* Potentially, a redesigned pop-up interface might be faster for
repeated queries if some of the physical operators were elimi-
nated: Making the database from the previous query the default
menu choice would allow repeated queries simply by clicking
the mouse on the telephone number, thus avoiding the need to
select a menu option. We were not interested in iterative design
for the purpose of the current study, however.
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Absolute Advantage of Pop-Up Interface

Estimate Max
of absolute Min

number of
seconds saved

ratio

II I

Cold heuristic estimates 27.6 (126%) 18.6

I Warm heuristic estimates II 20.6 (146%) I 21.0

Q3

g

ratio

2.9

3.5

3.0

1.9

1.3

N to get
standard
error of
10% and

20%

159; 40

213; 53

32; 8

17;4

4; 1

Relative Advantage of Pop-Up Interface

Estimate of Max
relative Min

proportion of
time saved

ratio

52% (26%) I 4.3

=

51% (34%) 2.7

53% (27%) 3.4

55% (21 %) 2.6

74% (4%) 1.1

Q3

G
ratio

2.9

1.7

1.4

1.4

1.1

N to get
standard
error of
10% and

20%

7; 2

12;3

7; 2

4; 1

1;1

Table 2 Mean estimates of the advantape of uou-uu menus in absolute terms (seconds saved ver transaction) and relative
terms (how large-a proportion >f th~ t[me ?hat could be saved by goi;gfiom the dialog box interj$ace to the pop-up
menu interface). Both estimates assume an even mix of one- and two-number queries. Numbers in parentheses after
the value estimates indicate the standard deviation of the estimates as a proportion of the mean value.

ative advantage of pop-up menus to 69Y0, thus confirming
the general result of the user test. We will therefore use the

user test results as the best indicator of “true” user perfor-
mance, keeping in mind that field studies would probably

show a slightly smaller advantage for the pop-up menus.

Table 2 shows the estimates of the absolute and relative

advantage of the pop-up menu interface, assuming an even

mix of one- and two-number queries. The table also shows

three ways of assessing the spread of the estimates: standard

deviation (in parentheses after the means), ratio between the

largest and smallest estimate, and ratio between the third
and first quartile (top 259i0 vs. bottom 25Yo). Estimates of
relative performance are much tighter than are estimates of

absolute performance, indicating a higher degree of agree-

ment on the relative estimates. Thus, even though the esti-

mators and analysts may disagree on exactly how fast users

would be on the two interfaces, they agree somewhat on the

proportional difference between the interfaces. Similarly,

the standard deviation for the user test data is much smaller

for the relative comparison than for the absolute comparison

between the interfaces, basically taking advantage of the

fact that individual differences are smoothed over by the
within-subjects design of the experiment.

Since relative usability estimates have a smaller spread than

absolute usability estimates, we would recommend relying

on relative estimates whenever possible. If absolute esti-

mates are needed, a larger number of estimates must be

gathered to achieve a sufficiently small measurement error.
The standard error can normally be estimated as the stan-

dard deviation divided by the square root of the number of
observations. Using this estimator, Table 2 also shows the
number of estimators/analysts/test users needed to achieve a

standard error of 10’%oas well as 209’0 of the mean value for
absolute and relative estimates of usability. It may not

always be necessary to aim for a standard error of 10% of

the mean estimate. The values listed for a standard error of

20% of the mean estimate thus provide a reasonable indica-

tion of the minimum number of estimates to acquire.

Experienced usability specialists might have been expected

to provide better estimates than less experienced usability

specialists. This is not the case, however, given two simplis-
tic measures of usability expertise. The heuristic estimators

were asked to state their usability experience in number of
years (ranging from 1 to 30 years, mean=9, SD=6). They

were also asked to state their experience with graphical user

interfaces on a 1–3 scale (little, some, or extensive), with

nobody giving their GUI experience as “little.” Regressions

between the experience measures and measures of estima-

tion accuracy were all statistically insignificant, having very
low correlation coefficients (typically R=. 1). This is not to

say that one might not be able to get better at performance

estimates with some forms of experience, but just that other
factors might beat play than simply the person’s number of

years of experience in the usability field in general. It is an
interesting issue how to improve the estimation abilities of

usability specialists as well as of regular developers. We

believe that an important element in the acquisition of such

skills is the observation of multiple user tests where real

users use a variety of interface designs for a variety of tasks.
We only have anecdotal evidence to support this conjecture,
however. One supporting observation is the fact that our
best heuristic estimate was provided by a usability specialist

from a major computer vendor who had recently completed

a set of empirical studies of input techniques.

COST-BENEFIT ANALYSIS

A cost-benefit analysis is very difficult to perform for the
problem discussed in this paper as there is no way to quan-

tify the value of having estimates of a certain accuracy.

Assuming that the estimates were to be used as the basis for
making a decision on what interface to implement in a

219



24-29 April1993 lNTfRtH1’
development project, the benefit would be the increased

probability of making the correct decision. To get a rough

idea of the benefits, let us assume that the time to implement

the dialog box interface in the full system would be 200
hours and that the time to implement the pop-up menu inter-

face in the full system would be 800 hours. Assuming the

loaded cost of a software professional to be $100 per hour,

the cost of the dialog box interface is $20,000 and the cost
of the pop-up menu interface is $80,000. Let us furthermore

assume that the system will have 3,000 users when it is

released and that they will spend 2’XOof their working days

performing queries, evenly divided among one- and two-

element queries. These assumptions are reasonable given

the underlying application that gave rise to this study.

Based on the above assumptions, a total of 3000 (users) x

236 (working days per year) x 0.02 (time doing queries)=

14,160 person-days per year would be spent issuing queries
with the dialog box interface. Then the user test data indi-

cates that the users would save 7490 of this time, or about
10,480 person-days per year by using the pop-up menu

interface, corresponding to $1,048,000 if a user costs $100

per day. Further assuming that the system release is slightly

more than a year in the future, that the system is to be used

for two years before an update can potentially be made to

correct any design errors, and that the savings are to be dis-

counted by 109i0per year, gives a value of $870,000 for the

first year’s savings and $790,000 for the second year’s sav-

ing. Thus, the present value of choosing the pop-up menu

interface is $1,660,000. Deducting the additional imple-

mentation costs result in a final benefit of making the cor-

rect choice (the pop-up menu interface) of $1,600,000.

Assume for the sake of argument that a software develop-

ment manager is only willing to approve a more expensive

user interface element if its expected benefits are at least ten

times larger than the expected incremental cost of imple-
menting it. Event though the exact factor can be discussed,

it would certainly be reasonable of the project manager to
insist on a large number, since the implementation costs are
certain (except for the ever-present risk of a cost overrun)

and are to be spent here and now out of the manager’s bud-

get, whereas the reduced user costs are projected and will be

accrued by the user organization over time. This assumption

means that the software manager will make the correct deci-

sion whenever the pop-up menu design is estimated to save
at least $600,000 (corresponding to a relative advantage of
30% for the pop-up menus).

Under these assumptions, the software manager would

make the correct decision every time when relying on esti-

mates from user testing of even a single test user, as well as
when relying on any single warm heuristic estimate or any

single GOMS analysis. For the cold heuristic estimates, the

software manager would make the correct decision 92910of

the time when relying on a single estimate, 98~0 of the time

when relying on the mean of two estimates, and 100% of
the time when relying on the mean of three estimates. For

Cost of a
Cost formula good
(U.S. dollars) relative

estimate

Cold heuristic estimates 200 + 17N $319

Warm heuristic estimates II 800+ 38N I $1,256

Hot heuristic estimates II 1300+ 42N I $1,594

GOMS analyses 200 + 90N $560

User testing 1470 + 83N $1,553

Table 3 Cost estimates for the five methods. The last CO1
umn indicates the cost to achieve a relative esti-
mate with a standard error of 10VOby setting N
(the number of estimatorslanalysislsubjects)
equal to the numbers listed in Table 2.

the hot heuristic estimates, the manager would make the
correct decision 93% of the time when relying on a single

estimate, and 100?ZOof the time when using the mean of two.

The cost estimates in Table 3 have been arrived at under the
following estimates for the loaded hourly cost of various

types of stafi Usability specialist: $100. Research assistant:

$25. Test user (student): $10. The cost estimates include
fixed costs to setup the studies as indicated in the descrip-

tion of the procedure earlier in this paper as well as variable

costs for each estimator/analyst/subject. Furthermore, the

cost formulas for warm and hot heuristic estimates as well

as user testing include half an hour of research assistant
time per person for the scheduling of appointments. Cold

heuristic estimates tind GOMS analyses can be handled sim-

ply by mailing out the written interface specification to peo-

ple who can deal with it at their own convenience. The

GOMS analysis cost formula reflects only half of the time

actually spent in the study, since we would assume that

experienced analysts would be faster than the students used
by us. We see that cold heuristic estimation is the cheapest
method (but as indicated by Table 1 and Table 2 also the
worst), and that hot heuristic estimation is the most expen-

sive, being 5.0 times as expensive. User testing is almost as
expensive as hot heuristic evaluation, being 4.9 times as

expensive as cold heuristic evaluation.

Combining our estimates of the costs and the benefits, we
find that the benefits are between 1,000 and 5,000 times
greater than the costs, confirming the value of usability

engineering, no matter what method is used.

CONCLUSIONS

We have compared various ways of arriving at estimates of

user performance with interface alternatives. User testing

still seems to be the best method for arriving at such esti-

mates, but one should remember that laboratory testing is

not always a perfect predictor of field performance. User

testing was also much more expensive than “cold” heuristic

estimates and somewhat more expensive than GOMS analy-
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ses, both based on interface specification. The main reason

for the added expense of user testing was the implementa-

tion cost needed to get a running prototype of sufficient sta-

bility to allow for user testing.

Heuristic estimates were better in the hot condition where

estimators had access to running versions of the two inter-

faces, than in the cold condition based on specifications
only. Since hot heuristic estimation was slightly more

expensive than user testing, one might as well perform user

testing if running interfaces are available. Heuristic estima-

tion may have advantages in cases where the running soft-

ware is too unstable for use in a user test or in cases where

only one of the interface alternatives has been implemented.

In general, estimates of the relative advantage of one inter-

face over the other were much better than estimates of the

absolute time needed by users to perform various tasks.
GOMS analyses and heuristic estimation were about equal

for relative estimates, so heuristic estimation might be rec-
ommended based on its lower costs. GOMS analyses were
superior for absolute estimates, however.

As a final conclusion, the results from this study show that

performance estimates from both heuristic estimation and

GOMS analyses are highly variable, with the absolute esti-
mates from heuristic estimators being extremely variable. It

is therefore highly recommended not to rely on estimates

from a single usability specialist. Instead, one should gather

estimates from several specialists, use the mean value, and

keep in mind that the true value is likely to be somewhat
different. Even so, performance estimates provide reason-

able ball-park values that can be used as the basis for cost-

benefit decision-making in a usability engineering process,

and they would have led to the correct decision 100% of the

time in the case study presented here, assuming that at least

three independent estimates were collected.

It would be interesting to consider semi-formal estimation
methods that might combine the best of the GOMS and heu-

ristic approaches for some kind of “back of the envelope”

type estimation procedures. It is likely that one of the rea-

sons for the lower variability of the GOMS estimates was
the use of a single, specified procedure for arriving at the

estimates, and a less formal procedure might still be of

some help at getting better estimates.

This study has focused on expert user performance, even

though other usability parameters such as learnability are

more important for the success of many user interfaces. In

principle, one can use most of the same methods (except

GOMS) to estimate system learnability. Unfortunately,

there is no way of extrapolating the relative accuracy of the
methods for this purpose from the current study.
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