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Number of Test Users of Standard Deviation of
umboer or & . Estimated N (Expressed
Evaluators on which !
Estimate was Based as a Proportion of
Observed N)
2 42%
3 44%
4 21%
5 11%
6 9%
7 8%
8 6%
9 5%
10 5%

Table 2  The spread of estimates of N made on the basis of
various number of test users or evaluators,
expressed as the standard deviation of the esti-

mates. Values are given across the datasets.

ered user interfaces of a given type developed in a single
organization and evaluated by the same usability staff using
the same methodology.

Once estimates for N and A have been made, one has a
rough idea of the number of usability problems yet to be

found in the user interface. The model also indicates the |

likely number of these problems that will be found by the
next test subject or heuristic evaluator. If a usability man-
ager knows the approximate value of finding additional
problems, it is then a simple matter to decide whether it
would be worth the additional cost to continue the test.

The accuracy of these estimates of N and A will improve as
more data becomes available. As shown in Table 2, the esti-
mates are highly variable as long as they are based on data
from two or three test users or heuristic evaluators, and they
are reasonably tight when data is available from about six or
more people. For i greater than two, the parameters can be
estimated by least-squares curve-fitting, for which programs
are available in many graphics and statistics packages. For
i=2, the parameters can be estimated as follows (derived
from (EQ 1) by simple algebraic manipulation):

A =2 — (Found(2) / Found(1) ) (EQ2)
N = Found(1) / A EQ3)

where Found() indicates the number of different usability
problems found after i evaluations. Both for curve fitting
and for use of (EQ 2) and (EQ 3) it is recommended to cal-
culate values for Found(i) that are independent of the partic-
ular sequence in which the evaluations were performed. For
example, Found(1) should be the average number of usabil-
ity problems found in a single evaluation and not just the
number found by whatever evaluator or test subject hap-
pened to be the first. Similarly, Found(2) should be calcu-
lated as the mean number of problems found by all pairs of
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Figure 2 Nomograph showing the proportion of usabil-
ity problems found for various number of eval-
uations. Each curve represents a certain value
of N, as noted on the curves, from .05 (bottom

curve) to .6 (top curve).

evaluations, Found(3) should be calculated based on all
triplets, and so on. In practice, it is not necessary to consider
all permutations of evaluations, but one should sample a
reasonably large number of combinations.

Estimates of N are useful for development projects as they
give an indication of how many usability problems might
remain in an interface and how much additional work would
be required to find them. Estimates of A can help plan a test-
ing program based on the expected shape of the curve of
found usability problems. The nomograph in Figure 2
shows such curves over a common range of A-values.

A PRIORI ESTIMATES OF THE OPTIMUM NUMBER
OF EVALUATORS AND TEST USERS

The decision of when to stop trying to find usability prob-
lems will obviously depend on the characteristics of the
individual development project, including especially the
specific costs of each test user or heuristic evaluator as well
as the probable savings to be realized from improved usabil-
ity in the released software. Given this information, as well
as information about the values of N and A that are normally
found in an organization’s projects, one can also calculate
rough a priori estimates of the amount of usability work that
will be necessary. These estimates are obviously much less
reliable than estimates made by fitting the model to mea-
sured data as it is accumnulated from actual usability activi-
ties, but they can still be of some value for early planning.

This section provides examples of how a priori cost-benefit
estimations can be made, using sample data estimated from
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Project Size E,-\'l/zlllur;st?'ocn User Testing
Small 9 7
Medium-large 16 15
Very large 21 20

Table 3  Estimates of the optimal number of heuristic
evaluators and test users for our examples.

Project Size Cost Benefits ngfle:fztt/io
Small $9,400 $39,500 4.2
Medium-large $13,600 $613,000 45
Very large $33,200 | $8,200,000 247

Table 4 Cost-benefit analysis for using the optimal num-
ber of evaluators in a heuristic evaluation.

our experience and the published literature. We will con-
sider three sample projects, called small, medium-large, and
very large. In reality, the magnitude of usability projects is
not a simple, one-dimensional property. Several parameters
influence the scope of usability activities, including the size
of the interface (whether measured in lines of code or in
number of screens, dialog boxes, or other interface ele-
ments), the number of expected users, and the duration,
intensity, and possible mission-critical nature of their usage.

Costs seem to be the easiest to estimate. In one analysis
[20], heuristic evaluation was estimated as having fixed
costs of between $3,700 and $4,800, with the variable cost
of each evaluator being between $420 and $520. User test-
ing using an extreme “discount usability engineering”
approach with very little preparation or data analysis was
estimated as having fixed costs of $2,600, with the variable
cost of each test user being $410. Another analysis [10] did
not consider heuristic evaluation, but estimated the fixed
costs of user testing at $8,000 and the variable costs per test
user at $2,000 (when updated to 1993 dollars).

Other studies have been less explicit in calculating the costs
of usability engineering techniques, but one can convert
information in one study [7] into the following estimates:
The fixed cost of preparing to use heuristic evaluation was
about $4,400, and the fixed cost of preparing to use user
testing was about $3,400. The variable cost was about $900
per evaluator for heuristic evaluation and about $1,900 per
test user for user testing. Another study [5] did not provide
information about fixed versus variable costs, but estimated
about $500 in total costs per heuristic evaluator and $3,000
in total costs per test user.

These estimates vary strikingly, which is understandable
given the differences in user interfaces being evaluated and
the methodologies being applied. For example, one would
expect a test of a large system to take longer and thus be
more expensive than a test of a small, walk-up-and-use sys-
tem. For illustration, we will use fixed costs of $4,000 for
heuristic evaluation and $3,000 for user testing and variable
costs of $600 per evaluator for heuristic evaluation and
$1,000 per test user for user testing, except for the “very
large” project, where all costs will be assumed to be twice
as large.

Project Size Cost Benefits Cii?fe?ztt/io
Small $10,000 $37,900 3.8
Medium-large $18,000 $613,000 34
Very large $46,000 | $8,200,000 178

Table 5  Cost—benefit analysis for using the optimal num-
ber of test users in user testing.

Benefits are harder to calculate. One analysis [20] conserva-
tively estimated the mean benefit from having found a
usability problem as $13,500, not including the software
engineering savings from not having to change the interface
in a maintenance release of the product. Another analysis
[10] estimated the mean benefit from having found a usabil-
ity problem as $19,300 (when updated to 1993 dollars).
Both these estimates considered systems that were going to
see fairly extensive use, and for the sake of simplicity, we
will use $15,000 as the benefit estimate per usability prob-
lem found for such systems. For smaller systems that are
going to be used less frequently or by fewer users (for
example, much in-house software in medium-sized compa-
nies), we will use $1,000 as the benefit estimate per usabil-
ity problem found.

For systems that are going to see extremely intensive use by
very large numbers of users, the benefit of finding a usabil-
ity problem can be considerably higher and reach into the
millions of dollars [4]. Such large systems probably warrant
individual analyses taking their special circumstances into
account, but again for simplicity, we will use $200,000 as
the benefit estimate per usability problem found.

For all systems, we will use the prediction formula in (EQ
1) with the mean values of N and A from Table 1, N=41, and
A=.31. Of course, the actual values of N and A will vary for
any given development project, so the following results
should be seen only as very approximate “rules of thumb”
that can be used to arrive at rough estimates before the start
of a project. It is recommended that project managers
acquire estimates of the cost and benefit values from their
own organizations and that they also refine the estimates of
N and A for their specific project as data becomes available
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Figure 3

Ratio between benefits and costs for using various numbers of heuristic evaluators and test users to find usability

problems in a medium-large software project, as calculated using the various assumptions listed in the text.

from their own usability activities. Of course, estimates for
any specific project should also be refined as soon as a few
evaluations have been performed for that project.

Given estimates for both costs and benefits as well as our
prediction formula for the finding of usability problems, one
can easily calculate the optimum number of heuristic evalu-
ators or test users. The optimum number of evaluators or
test users is the number for which the marginal value of the
last evaluator or test user was higher than the marginal cost
of that evaluator or user, but where the marginal value of
one additional evaluator or user would be smaller than the
marginal cost of that evaluator or user. Table 3 shows these
optimal numbers. Table 4 then shows a cost—benefit analysis
for using the optimum number of heuristic evaluators, and
Table 5 shows a cost—benefit analysis for using the optimum
number of test users.

These optimum numbers of evaluators/test users are much
larger than obtained for our earlier “discount usability engi-
neering” recommendation of using about five heuristic eval-
uators or test users [12]. One reason for the discrepancy is
that discount usability engineering has as one of its goals to
let people apply usability engineering methods on projects
where budget or time constraints prevent them from using
optimal methods. A second, and more fundamentally impor-
tant, reason is that one would rarely evaluate a single user
interface design to the bitter end without applying iterative
design to fix usability problems found with the first few
evaluators or test users. The estimates of the benefits of
finding a usability problem assume that reasonable fixes
will be introduced to the design, but by changing the design,
one often introduces new usability problems. It is therefore
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likely to be a better strategy to evaluate initial iterations of a
design less thoroughly.

Figure 3 shows the cost-benefit model for medium-large
projects under our assumptions. It can be seen that the bene-
fits are much larger than the costs both for user testing and
for heuristic evaluation. The highest ratio of benefits to
costs is achieved for 3.2 test users and for 4.4 heuristic eval-
uators. These numbers can be taken as one rough estimate
of the effort to be expended for usability evaluation for each
version of a user interface subjected to iterative design.

It seems reasonable to use our model also for iterative
design [19], even though we have only tested it with data
from single usability studies. Presumably, the usability
problems found in each iteration of an iterative design pro-
cess is a combination of previously unfound problems left
over from earlier iterations and new problems introduced in
the revised design. Given the Poisson assumption in our
model, the probability of finding the previously unfound
problems in the new iteration does not depend on how much
testing has been conducted on previous iterations, so the
model can be applied without modifications to the finding of
all the problems, no matter whether they are new or old.

A model of iterative design should also account for the cost
of producing the additional iterations. Unfortunately, such
software development costs are extremely difficult to esti-
mate. For the sake of argument, we will perform the calcu-
lations for a medium-large project, assuming that a new
iteration can be produced for $20,000. This cost estimate
might apply to a project that was still in an early stage and
was being developed with a prototyping tool making
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changes reasonably easy to make. Taking $20,000 as an
additional fixed cost for each usability study changes the
model fo have the highest ratio of benefits to costs at 6.7 test
users and 7.9 heuristic evaluators. If iterations can be pro-
duced more cheaply, fewer users or evaluators should be
used, and if iterations are more costly, more elaborate
usability evaluations should be performed for each iteration.

CONCLUSIONS

We have established that a Poisson model describes quite
well the finding of usability problems in user testing and
heuristic evaluation. Such a model can therefore be used to
predict the eventual number of problems that will be found
by a usability study even as the study is in progress. Further
work remains to be done to assess the preciseness of these
predictions, but similar models have been successfully
applied to the related problem of determining when to stop
testing software for programming bugs [1]{2].
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