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Abstract. Applied user testing involves more usability evauation methods than |aboratory
tests and is critically dependent upon a number of issues seldom treated in the literature.
The development of the system described in this longitudinal, diary-based study evolved
around five user tests. a laboratory test, a workshop test, and three field tests. The user
tests had a substantial impact on the focus of the entire development effort in that 25% of
the primary developer’s time was spent solving problems encountered during the tests.
The laboratory test made use of set tasks and was biased toward how tasks were
performed with the system, at the expense of what tasks could be performed. The
workshop test was more informal and apparently led the users to adopt a more
exploratory attitude. Careful arousa and management of the users commitment to
participate actively proved essential to effective user testing, especialy during the field
tests.

1 Introduction

Slightly caricatured the literature depicts user testing as videotaped usability |aboratory tests with set
tasks and no context. However, accounts of how user testing is done in practice evidence that
gpplied user testing takes many forms to meet red-life needs and limitations (see, e.g., Brooks,
1994; Szczur, 1994; Zirkler & Bdlman, 1994). This study provides fidld data on the user testing
donein a project concerning the development of a graphica front end for an exigting gpplication. The
purpose is to investigate the effectiveness of certain, very different user testing methods with respect
to how wdl they fit into the development process and how well the tests resemble the use context
that the evauated system is intended to support.

The data collected for this sudy are a diary that covers the activities of the primary systems
developer and the reports from the five user tests the project went through on its way from early
prototype to release of the system: a laboratory test, a workshop test, and three field tests. The
laboratory test was a conventiond thinking-doud study, except that the evauators pinpointed
misconceptions and other problems on the fly rather than by analysing videotapes. Unlike the
laboratory test the remaining user tests emphasised low cogt and an informa atmosphere. The
workshop test, conducted by the developers in a conference room, congisted in having a group of
users work two by two without being closdly observed. This bears some resemblance to co-
operative evauation (Wright & Monk, 1991), where designers serve as evauators of their own
systems, and to condructive interaction, a variation of the thinking-aloud study where two users
jointly discover how to use a system by trying it out (O'Madley et d., 1984). The field tests were
amilar to beta tests, hence they were performed by the users without supervison. Smilowitz et d.
(1994) find that beta tests may be a cost-effective usability evauation method.

The effectiveness of a user test depends on a number of interrelated issues. This study compares and
contragts the investigated user testing methods dong four dimensions of test effectiveness. Thisfour-



dimensiona framework is outlined in the next section. Section 3 through 5 describe the studied
project, the data collection, and the user tests. The sixth section discusses the effectiveness of the
tests; and the saventh section summarises the lessons learned.

2 TheEffectiveness of User Testing

Severa studies indicate that user testing is currently more effective than other competing approaches
to the development of systems that meet the users needs (Brooks, 1994; Pgtersen & Rasmussen,
1997). This does however not mean that any kind of user testing fits any stuation equally well. User
testing methods can for example be divided into types according to the gpproximate point in the
development process at which the issues addressed by the test match the mgjor design concerns
(Rubin, 1994) or according to the aspect of the use Stuation a which the test is focused (Pgtersen
& Rasmussen, 1997).

The high-level framework agpplied in this study (see Figure 1) reflects that effective user testing is
dependent upon a good fit between the test and the rest of the development process as well as
between the test and the use context. The framework identifies four key dimensons of test
effectiveness and offers a ample way of illudrating how a user testing method balances these
dimensons. Applied user testing is subject to a number of trade-offs, for example between
consumed resources and obtained benefits in terms of impact, robustness, and ecologica vaidity as
well as between ecologicd vdidity and the control required to achieve robustness.

2.1 Ecological Validity

The Situations in which user tests are performed differ from the real world in that some aspects of the
real world have been left out of the test Stuation while other aspects that do not exist in the red
world may have been added. The closer the test Situation is to the red world, the more ecologica the
test. Ecologica gaps between the test Stuation and the real world introduce arisk that what appears
as a problem during a test will not be a problem during actud, rea-world use and that some of the
problems that will surface during actud use will not surface during a test. While a number of studies
compare various usability evauation methods with laboratory tests, hardly any studies compare
evauations with actud, red-world use of the syssems. Thus little is known about to what extent the
problems detected during tests are ecologicaly vdid. In a notable study Bailey et d. (1992) found
that only two of the 29 problems encountered during a heuristic evauation had an impact on the
users task completion times and subjective preference.

Thomas & Kdlogg (1989) identify four areas of ecologica gaps in laboratory tests User gaps are
caused by individud differences between users and by a gap between the users motivation to
peform in the laboratory and in their day-to-day work. Task gaps are caused by difficulties in
generdising from the tasks that can be observed in the laboratory to al the tasks the users will want

Resources Impact

Robustness Ecological validity

Figure 1. The effectiveness of user testing. The shaded area in the figure indicates the ideal user test
that requires a minimum of resources and yields full impact, robustness, and ecologica validity.



to carry out with the system as well as by differences between a short list of well-defined tasks to be
performed in the laboratory and the red world's ongoing stream of possibly ill-defined tasks.
Artefact gaps are caused by differences between using a single system in the laboratory and usng a
larger computing environment in the rea world and by differences between short-term use in the
laboratory and long-term use in the red world. Work-context gaps are caused by differencesinjob
context, socia context, and cultural context. The way to get around these gaps is to go to the fidd
(e.g., Whitesde et d., 1988), but doing so reduces the robustness of the test.

2.2 Robustness

A method is robust when it produces fairly stable results across arange of minor variationsin the test
Stuation. This means that arerun of the test will yield essentidly the same results. The robustness of a
user test depends on anumber of issues that are within the evauators  control, such as the number of

paticipating users and the level of detail a which it is prescribed what goes on during the test

sessons. However, user tests are dso affected by anumber of issues that are beyond the evaluators

control and thus vary from one ingtance of the test to the next. One such issue is the users reaction

to the often stressful test Stuation. A typicd laboratory test involvestrying to use anew system, being
videotaped, and performing in front of others. Each of these three circumstances is experienced as
unpleasant by many people and their combination creates a Stuation that is stressful to most people
(Schrier, 1992).

A user testing method must be both robust and ecologicaly vdid to reiably predict the parts of a
system that need to be changed because they are confusing, dow users down, or do not match the
users needs. Wheress it is a primary intention of laboratory tests to provide a controlled
environment where various sources of variability can be kept to a minimum, the resulting robustness
is achieved at the expense of reduced ecologicd vdidity. Many dimensions of |aboratory tests have
been investigated including the sufficient number of users (eg., Lewis, 1994), individua versus co-
operating users (Hackman & Biers, 1992), the levd of experimenter intervention (Held & Biers,
1992), and various methodologica pitfalls (Holleran, 1991). Recently, Jacobsen et d. (1998) have
shown that laboratory tests are subject to a consderable evauator effect in that different evauators,
who anadyse the same test sessions, detect markedly different sets o problems. Field tests refrain
from tight control of the test Stuation and thus achieve their higher ecologicd validity a the expense
of reduced robustness.

2.3 Impact

The impact of a user test is its ability to bring about changes in the evauated sysem or the
development process. That is, the impact concerns the persuasive power of the test rather than its
predictive power, i.e. its ability to predict what aspects of the system that will cause problems to
users during red-world use. The impact of a user test is mogt directly seen in relation to the
development team but a user test may aso interact with other actors in the development organisation
and its outcome may therefore aso have an impact on, for example, management or marketing (see
Brooks, 1994; Zirkler & Balman, 1994).

Whenever a problem predictive of actua use is left unaddressed an opportunity to improve the
evauated system is missed and the effort that went into finding the problem is wasted. However, the
time required to fix a problem must be weighted againg the benefit of fixing it and the benefit of
gpending the same amount of resources on any other outstanding task. Sawyer et a. (1996) define
the impact retio of a usability evauation as the number of solved problems divided by the otdl
number of problems found, expressed as a percentage. On the one hand, this way of caculating



impact incorrectly assumes that dl problems are equaly severe and that problems are either |eft
unaddressed or solved completely. On the other hand, the impact ratio is easy to understand and
cdculate, and it provides a rough measure of the action taken in response to a usability evauation.
Sawyer et a. (1996) report an impact ratio of 78% averaged over ten usability inspections, but their
cdculaions are based on the developers commitment to fix a certain number of problems so the
achieved impact ratio may be lower. Whiteside et a. (1988) tested multiple versons of a sngle
system and report an impact ratio of 65% for the early, in-house tests and 48% for the subsequent
field tests.

2.4 Resources

Severa studies provide formulas to estimate the costs of conducting user tests and try to justify these
costs by converting the estimated benefits of performing the tests into cost savings (see, e.g., Bias &
Mayhew, 1994). However, despite logical arguments to the contrary the subjective experience of
many developers is that usability work lengthens the projects, adds expenses, and fails to prevent
that new problems show up when the systems are released for actual use (Lund, 1997). As aresult
practitioners tend to be cautious and show a strong preference for methods that are low-cost in
terms of the time, expertise, and equipment required to apply them. For example, Rowley (1994)
reports how a mobile usability testing facility can provide a low-cost dternative to a dedicated
usability laboratory. Nielsen (1993) advocates that though low-cogt, discount evauations are inferior
to expengve, deluxe evauations, discount evauations are highly cost-effective and vastly superior to
doing no evauation work at al.

The choice of user testing method directly affects the cost of finding problems in a system, but the
total cost of user testing aso includes the cost of addressing the detected problems. This cost may be
afected by how well the test fits into the development process but apart from that the cost of

addressing the problems is not affected by the choice of user testing method. If the total cost of user
testing is dominated by the cost of addressing the problems, the amount of resources that goes into
the conduct of a test becomes less critica. Unfortunately, little is known about how the cost of

conducting user tests compares with that of addressing the detected problems.

3 TheF&N Project

The company where the case study took placeis a publicly owned software house with around 2100
employees. The investigated project, initiated in December 1994 and completed in January 1996,
consgted in the development of a graphical user interface for the Filing and Noatification (F&N)
system which contains information about citizens for use by locd authorities. Mot importantly, the
F&N system gives acomplete overview of the business that the local authorities have with acitizen in
terms of business files which ded with tax, socia security, kindergarten, or school. The F&N system
was developed in the 1970's as a mainframe application and is used daily by severa thousand civil
servants in the Danish municipdities. However, efficient use of its character-based user interface
requires dedicated training, regular use, and an extengive printed manudl.

The purpose of the F&N project was to make a Windows version of the F&N system. To minimise
the development time and cost of this version it was decided to implement it as a graphicd front end
on top of the exigting mainframe gpplication. Thus, the information displayed in the front end was to
be obtained from the mainframe gpplication, which would run in the background, and data entered
into the front end were to be transferred b the mainframe application for updeting the centra

database. This gpproach preserves the investment in the mainframe gpplication and provides a way
to gradudly migrate legecy systems to a client/server environment. Since the project concerned the



development of a new front end for an existing system, the task conssted chiefly in the design and
implementation of a user interface. The amount of analysis was comparatively smdler.

The F&N project group condsted of a project manager, a primary systems developer who was the
mainstay of the project, a secondary systems developer who was respongble for the devel opment of
amodule for handling free-text notes, and an online help writer. The primary systems devel oper was
identica to the present author who was at that time employed in the organisation where the study
took place.

4 TheCollected Data

The data collected from the project were the reports from the user tests and a diary that covered the
activities of the primary systems developer. These data were supplemented with this author’s firdt-
hand knowledge of the project.

4.1 Problems

In classifying the problems encountered during the user tests the present study distinguished between
utility, defined as "the question of whether the functiondity of the sysem in principle can do what is
needed”, and usability', defined as "the question of how well users can use tha functiondity”

(Nidlsen, 1993). The following categories were used to classfy the problems. (1) Utility problems
A fadlity or piece of information needed by the users was not present in the syslem. Example: A

citizen's marital satus is a prominent piece of information because it determines whether the citizen is
entitled to a large number of socid security bendfits, such as support for sngle-parent families.

However, the fidd with the citizen's maritd Satus was not redly useful because it was not
accompanied by the date from which the marital status was vdid. (2) Usability problems A fadility
or piece of information was present in the system but the user remained unaware of it, misinterpreted
it, or had trouble using it. Example: When searching for acitizen's socia security number on the basis
of his or her name a checkbox enabled the user to indicate whether the full name was given or just
part of it. The caption of this checkbox, * Search for patterns’, was unintelligible. (3) Program bugs.
A facility or piece of information was present in the system but due to a program bug it did not

behave as intended or did not work at al. Example: The same socid security number could appear
severd times in the drop down ligt containing the citizens for whom information had most recently

been displayed. (4) Other. This catch-dll category contained only one problem which was related to
the system configuration.

To indicate whether or not the problems were solved, each problem was assigned a status. (1)
Solved, the problem was fixed. (2) Reduced, the problem was partly, but not fully, fixed. (3)
Unaddressed, the problem was either deferred or rejected. A Smilar assessment of problem satus
was made during the project to maintain an overview of the progress made. The primary systems
developer and ether a usability specidist or the project manager made this assessment. The
assessment made during the project and the subsequent coding made for this article assgned the
same status to 88% of the problems, the remaining 12% were reassgned to indicate that they had
been addressed to a lesser extent.

4.2 Activities
The activities of the primary systems developer were tracked in adiary (for adiscusson of the diary
method see Rieman, 1993). The diary, which was updated successively throughout the day, covered

! Note that the definition of usability used in this study is narrower than the definition in 1S09241-11.



the nine-month period from the first user test through the fifth and contained every activity with a
duration of 15 minutes or more. The recordings were made on diary sheets, one for each day, and
gave the arting and ending time of the activity, the project to which the activity pertained, and a
terse description of the activity (see Figure 2 for an example of diary entries). To achievethisleve of
detall the current diary sheet waslying easily ble on the developer’ s desk.

To enable investigations of when a problem was addressed and how long it took to correct it, each
activity recorded in the diary was linked to the problems it addressed. Some activities were not
performed in response to any of the problems identified by the users, other activities contributed to
the solution of severd problems. Thus, an activity could be linked to any number of problems, just as
aproblem could be linked to any number of activities.

5 TheUser Tests

The F&N project evolved around a series of user tests, each a mgjor project milestone (see Table
1). Though different in many respects the five user tests shared the defining characterigtic that a group
of target users got hands-on experience with arunning system prototype and expressed their opinion
about it. The users participating in the tests were regular users of the mainframe verson of the F&N
sysem.

5.1 The Laboratory Test

The fird user test was conducted by usability specidigts in the in-house usahility laboratory and
involved six users who were asked to think out loud while solving deven st tasks. Each task
conssted of a brief description of a redigtic scenario followed by a question, eg. to find a specific
piece of information. The test sessons, one for each user, conssted of a short introduction, 1%2 hours
of tegting, and a debriefing interview. While working with the tasks the users were aone in the test
room, and the two sability specidists conducting the test were in the control room which was
separated from the test room by a one-way mirror. The users were frequently asked questions such
as “What do you think that command will do?’, “What would you expect to see or be able to do at
this point?’, and “What do you think the information on that part of the screen is teling you?’ The
usability speciaists recorded problems observed during the sessons and communicated them to the
development group in a test report. In addition, the primary systems developer observed the test
sessions from an observation room. The sessions were aso videotaped but the videotapes were not
used during analysis, they were just back-up.

1250- 1310 |F&N Write a help topic for [the online help writer].

13:10- 1400 |F&N Add the possibility of opening the window ‘ Information about authority’ by
double clicking a line in the list of back information about a citizen,
including validation of any socia security number in that line.

14:00- 1510 |[Another | Assist [acolleague] in the proper use of [a reusable component devel oped
project] |as part of the F&N prgect].

Figure 2. An excerpt of the diary sheet for August 3, 1995



Table 1. The user tests

User test Number of users  Offset from project start  Test duration  Test conducted by
Laboratory test 6 5 months 2 days Usability specidists
Workshop test 8 8 months 1 day Developers
Fiddtest 1 8 10 months 3 weeks Users
Fiedtest 2 8 12 months 2 weeks Users

Field test 3 8 13 months 5 weeks Users

5.2 The Workshop Test

The second user test was aso performed in-house but under the management of the development
group and in a conference room rather than the usability laboratory. The workshop test began with a
guided tour of the F&N system, performed by the project manager and the two systems developers.
Then the users had two two-hour sessions for testing, separated by lunch. Findly, the test was
concluded by a plenary discussion. Eight users participated in the test and they worked two by two
on a number of sat tasks, which collectively included five scenario descriptions each followed by a
series of about ten specific questions. Each pair of users sat at a separate table with one computer
and access to the printer within the room. When the users discovered a problem they either caled
upon a developer to report it directly or made a print-out of the screen and annotated it. The
devel opers circled among the users to observe, inquire, and receive feedback. When the developers
discovered a problem they approached the user for further details. After the test the development
group produced an annotated list of the encountered problems.

53 TheField Tests

The third, fourth, and fifth user test were performed on site and managed by the users themselves.
The users, the same eight persons as in the workshop tet, had the F&N system indtdled &t ther
persond workplace and used it occasondly in the execution of their day-to-day duties. They dso
had opportunity to discuss the system with their colleagues. There was no set tasks to be solved
during these tests and the users did not keep alog of how much time they spent testing the system.
The developers contacted the users once or twice during a test to ensure that everything was in
working order, motivate further testing, and get feedback. Problems discovered by the users were
reported by telephone or on the test form to be returned at the end of the test. The development
group concluded each test by compiling an annotated list of the reported problems.

5.4 TheRationale for the User Tests

The laboratory test and the workshop test were carried out while the F&N system was under
formation and receptive to suggestions for both minor and magjor modifications. The purpose of these
two tests was quite Smilar. A mgor reason for choosing the workshop test the second time was that
it was independent of the busy schedule of the laboratory. The remaning user tedts were
progressively more concerned with errors, a the expense of inconveniences. The firg field test was
performed to expose the F&N system to red-life conditions and, thus, have it evauated in the
context of the users day-to-day duties, workload, and technica environment. The second field test
was an informa acceptance test, and the third was the forma acceptance test intended to confirm
that the system was ready for release.



6 Discussion

The diary contained 604 hours of work on the F&N project (51% of the working hours) distributed
over 129 of the 164 working days covered by the diary. Most of the remaining time was spent on
three other projects. The user tests encountered a tota of 77 problems, distributed quite unevenly
across the tests (see Table 2). One reason for the different number of problems found in each test
was that the tests formed a sequence where one test followed another when al or most problems
from the previous test had been addressed. Hence, it cannot be inferred that the laboratory test was
superior to the workshop test, which in turn was superior to the field tests.

6.1 The Ecology of Set Tasks

The user tests uncovered a notably different mix of utility problems, usability problems, and program
bugs (see Table 2). Of the problems uncovered by the laboratory test 76% concerned the usability
of the system. Probably, a mgor reason for this was the use of set tasks, which were solved one by
one without much digression. Set tasks tend to preclude discusson of whether the system lacks
support for some aspects of actua tasks (Wright & Monk, 1991). Further, severa users seemed to
fed aremarkable pressure to perform during the laboratory test, even though they were told that the
object of the test was the system, not the person using it. Under such circumstances the users cannot
be expected to notice shortcomings of the set tasks or digress much from them to try other things.
The users digressed from the ided way of solving the tasks¥s they got into problems and recovered
from these problems¥abut they kept pursuing the tasks and did so with little attention to their
ecologicd validity. Hence, the laboratory test was biased toward usability at the expense of utility.
Another consequence of the users narrow focus on the set tasks was that few program bugs were
encountered since the users stayed within the well-tested parts of the system.

The workshop test made use of set tasks too but only 20% of the encountered problems were
usability problems. Ingtead, utility problems and program bugs each made up 40% of the problems.
This seems to indicate that the users felt free to go beyond the set tasks and explore additiona
aspects of the system. In doing so they tested the system againgt their actua tasks, and they
exercised the system in ways not foreseen by the developers. It seems reasonable to ascribe the
users more exploratory atitude to two circumstances:

Working two by two the users were not done when they got stuck or in doubt, and differences
in their day-to-day work practices fostered discusson and divergent suggestions for solving the
tasks.

The informa atmosphere brought about by the presence of severa other users, the face-to-face
way of communicating with the persons conducting the test, the one-hour lunch bresk, and the
absence of detailed observation of the users behaviour.

Table 2. Problem classification

Test Utility problem  Usability problem Programbug Other Tota problems found
Laboratory test 8 29 1 38
Workshop test 8 4 8 20
Field test 1 1 2 5 8
Field test 2 0
Field test 3 4 6 1 11
Total 21 41 14 1 77

Note. Since the F&N system evolved from one test to the next the total number of problems found
during atest is not evidence that one test is better than another.



The workshop test showed that the implications of set tasks were very much dependent upon the
test Stuation in which the tasks appeared. The workshop test so showed that the devel opers were
able to conduct a user test of thelir own system with results that made the test worth the effort. The
workshop test was, however, redtricted by leaving it amost entirely to the users to detect the
problems, a redriction most obvioudy addressed by cdling in a usability specidigt skilled in
observing users and spotting their problems.

Coallectively the fidld tests uncovered a broad mix of problems but while the firgt and third field test
were reasonably effective the second falled completdly. Fidd test 3 uncovered a number of utility
and usability problems and seemed successful in testing the system againg the users actua tasks.
The test uncovered for example severa problems relaing to the print-outs produced by the system.
Unintentionally, the set tasks used during the in-house user tests were so focused on the software
that the users were not asked to evauate the print-outs. This highlights a fundamentd limitation of set
tasks. They make tests blind to aspects not covered by the tasks. The low cost and valuable output
of the field tests confer with the findings of Smilowitz et d. (1994), but the F& N project provides no
support for their suggestion that the field test method may be improved further by providing set tasks.

6.2 Robustness and the Management of User Commitment

The effectiveness of user tests is criticaly dependent upon the active participation of the involved
users. One way to control this dependency is to prescribe the users behaviour in detail and carefully
observe their execution of these prescriptions, i.e. the gpproach of the laboratory test. Leaving more
decisons and initiative to the users, tests become increasingly dependent upon the individua user’s
persona motivation to do a good job. Fidd tests owe their low cost to leaving dmost everything to
the users, and precisaly for that reason the essential task |eft with the persons conducting field testsis
the management of the users commitment to perform a thorough test. This is an indirect way to
grive for robustness, but without supervison and a controlled environment it is practicaly the only
one | eft.

The laboratory test and the workshop test had scheduled, supervised sessions dedicated to testing,
and the detected problems were reported immediately. Thisway little effort was required on the part
of the users to set up these tests and report their outcome. During the field tests it was the users
responsbility to devote some time to testing, and the procedure for reporting problems was more
laborious in that it required ether describing the problems in writing or phoning one of the
developers. Fidd test 1 was the first time the F& N system was exposed to redl-life conditions and it
was accompanied by a strong commitment from the development group to fix a subgtantia fraction
of the problems encountered. This context and one or two phone calls from the developers during
the test motivated the users to spend some time testing the system. Field test 2 did not have a clearly
stated purpose that differentiated it from the other tests. It merely asked the eight users from the two
foregoing tests to test the system for the third time, and apparently that did not occasion the
necessary enthusiasm. Users participating in a test have a long-term interest in the qudity of the
system since they will, probably, aso be users of the released system, but they need further
encouragement. It is the responsbility of the persons conducting a test to convince the users of its
importance, otherwise busy users are unlikely to give a test priority at the expense of their day-to-
day duties. Field test 3 was unique in that it was performed to decide whether the F&N system
could be released or had to go through another iteration. The formal purpose of this test motivated
the users Since it was probably their last opportunity to affect—this release of—the F& N system.

Since the F&N project concerned the development of anew front end for an existing application the
same data were avalable during the fidd tests as through the exiging manframe verson. Data



entered in ether verson could be viewed with the other. Thus, the users could shift fredy between
the old and the new verson without loss of data or need of rekeying. This complete access to
production data was, however, not exploited in the setup of the field tests though it seems that, for
example, one-hour sessons where the new verson was used in place of the old would have been a
cogent tool in the management of the users commitment. The complete access to years of
production data distinguishes the F&N project from the development of new systems from scratch,
but it should be noted that vast numbers of projects involve the development of new versons of
exiging sysems. Zirkler & Balman (1994), who congder fidd tests necessary to effective user
testing, manage user commitment by physicaly arriving a the users workplace and conduct the test.
Though this is more codlly than the field tests of the F&N project, Zirkler & Balman report
ggnificant cost savings over the in-house usability tests they used to run.

6.3 ProblemImpact

In the F&N project, 55 problems were solved or reduced while 22 problems were left unaddressed.
To take the reduced problems into account the impact ratio caculation in Sawyer et d. (1996) was
modified by counting the reduced problems as 50% solved:

Solved problems + 0.5 * Reduced problems
Tota problems found

Impact retio = * 100

The overdl impact ratio was 65%. This is comparable to the 78% reported by Sawyer et a. (1996)
and to the 65% and 48% found by Whitesde et d. (1988) for their early in-house tests and
subsequent field tests, respectively. However, the impact ratio varied considerably from one user test
to another (see Table 3). Looking at the impact ratios of the individua user testsit is striking that only
the three first tests had an impact while haf of the unaddressed problems were uncovered during
field test 3. This reflects that the field tests were increasingly concerned with critica problems only.
Problems perceived b be non-criticd were more and more often recorded and |eft for the next
verson. The 22 unaddressed problems form four groups. (1) Six problems were considered not to
be predictive of actua use. Example: It was suggested to add a second confirmatory step after the
user had confirmed a new note by pressing ‘OK’ rather than ‘Cancd’. (2) Six problems stemmed
from circumstances beyond the developers influence. Example: The font size, prescribed by a
mandatory corporate standard, was considered too small by severa users. (3) Five problems were
conddered to be merdy cosmetic. Example: The left margin of the print-outs was dightly narrow. (4)
Five problems were left unaddressed because it was considered more important to get the front end
released.

A vey influentid factor in determining whether or not a problem was addressed was when the
problem was found: Finding a problem early profoundly increased its chances of being addressed. In
the beginning and middle of a project much work remains and the project will be one of the project

Table 3. Problem status and impact ratio

Test Solved Reduced Unaddressed  Total problems found Impact ratio
Laboratory test 25 6 7 38 74%
Workshop test 13 3 4 20 73%
Field test 1 7 1 8 %
Fdd test 2 0 -
Field test 3 11 11 0%

Total 45 10 22 77 65%
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members mgor concerns for some time to come. Also, many minor problems can be corrected at
amogt no extra cost when they can be addressed along with other problems concerning the same
part of the design. Near the end of a project most project members spend the mgority of their time
on other projects or they are about to enter other projects, and little room and will is left for
prolonging the old project even moderately. This means that relative to the project members other
respongbilities the time required to solve a user test problem tends to gppear reasonable in the
beginning or middle of a project and prohibitive near the end of the project (see dso Kumar, 1990).
Often, the last user test will have a 0% impact ratio because any modifications made trigger an extra
test to assess the qudity of these modifications.

In the F&N project the single-most important factor in ensuring ahigh impact of a user test seemsto
be to avoid performing the test during the last third of the project. The low-cost, unsupervised field
tests performed in the F&N project can only be conducted late in the project when the system
prototype is fairly stable. This suggests that the price of the low cost of these tests is that they will
usudly have a low impact. A potentidly attractive dternative is supervised fidd tests where a
developer or usability specidist accompanies the system in the field to handle problems with the
sysem and to observe. Supervised fidd tests can be performed earlier and dlow for better
management of the users commitment, but they require more resources and the presence of an
evauator introduces an ecologica gap.

6.4 Resources Soent Finding Versus Addressing Problems

The total cost of user testing is the cost of conducting the tests plus the cost of addressing the
detected problems. In the F&N project, the [aboratory test was the more resource-demanding test
in terms of equipment, expertise as well as person-hours, and the field tests required the fewer
resources. More notably, the cost of addressng the problems was quite substantia. The primary
systems developer spent 25% of his time fixing problems encountered during the five user tests (see
Table 4). At the time of the laboratory test severd facilities were not yet developed. Thus, the
problems found during this test were added to an dready long list of outstanding tasks. As the
project progressed the list got shorter and increasingly dominated by the input from the user tests. To
the primary systems developer this meant that user test issues came to occupy more of histime. Near
the end of the project the action taken on the user tests was restricted to the presumably critical
problems and the amount of time spent on user test issues dropped. Averaged over the entire project
the primary systems developer spent 2 to 3 hours a problem, but the time spent on the individua
problems varied a lot. For field test 1 the average time spent to detect a problem was half an hour.
Thus the cost of addressing the problems encountered during this test clearly exceeded that of finding
them. Similar figures cannot be given for the other tests because fidld test 1 was the only test
administered by the diary-keeping, primary systems developer done. However, the average time

Table 4. Time spent by the primary systems developer, in tota and to address the problems
encountered during the user tests

Period Tota hours  Tota hours spent Hours spent Percent of time spent
Spent aworkingday  fixing problems  fixing problems

Laboratory test - workshop test 279 6:29 56 20%

Workshop test - field test 1 216 4:48 70 32%

Fieldtest 1 - field test 2 79 2.09 25 32%

Fieldtest 2 - field test 3 4 0:40 0 0%

Field test 3 - system released 26 0:47 1 4%

Total 604 341 152 25%
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spent to detect a problem was most likely higher for the |aboratory test and the workshop test.

During the five months from the laboratory test to field test 1 the primary systems developer spent an
average of more than five hours a working day on the F&N project. During the remaining four
months of the project it occupied substantidly fewer daily hours. A mgor reason for this decrease in
project intensity was the duration of the field tets. To dlow the users time to fit the fidd tests into
their schedule and get to actudly use the system for some time, the fidd tests lasted 3, 2, and 5
weeks. During these periods the list of outstanding tasks contained few, if any, high-priority tasks
and little work was done on the F&N project. These periods of waiting alowed the project

members to devote their attention to other projects, but these periods were aso a Sgnificant cost of
the field tests because they prolonged the F&N project. The way to reduce this cost is to make the
field tests more efficient, i.e. to obtain the same benefitsin a shorter gpan of time. Thisisto acertain
extent a trade-off between spending resources passively by prolonging the projects and spending
resources actively, for example by conducting supervised fied tests in order to manage the users

commitment better.

7 Concluson

This study has investigated the effectiveness of the five user tests conducted during the development
of a graphica front end for the F&N system. Overdl the user tests were effective and led to
numerous improvements of the front end, kut the tests differed substantialy in terms of how they
balanced resources, impact, robustness, and ecologica vdidity. This study concerns the F&N
project and no strong claims can be made as to the generdity of the findings. The F&N project
employed an iterative, user-centred approach and concerned the development of a new version of
an exiging agpplication. It is reasonable to assume that the findings can be made subject to some
generdisation if a development process of asmilar nature is studied.

Tedts like the laboratory test are designed to control variability and thereby achieve robustness. This
is codtly in terms of resources such as equipment, expertise, and person-hours, and it introduces a
number of threets to the ecologica vdidity of the test. The laboratory test relied on the use of set
tasks to direct the users activities and provide the evaluator with knowledge about what the users
were trying to achieve. However, the formality of the laboratory test ssemed to place the users under
a pressure that precluded considerations about whether the tasks were representative of the users

actud work. Thet is, the test sessons provided little basis for evauating the ecologica vdidity of the
st tasks. This made the laboratory test less suited early in the development process where the Utility
of the system, i.e. what the system can do, was the mgjor design concern. The laboratory test was
more concerned with usability, i.e. how tasks are performed with the system.

The workshop test focused more on utility, and it seems probable that this focus was nourished by
the more informd test Stuation with plenty of room for discusson. For tha reason it should be
congdered to swap the workshop test and the laboratory test. It is however worth noting thet much
of the formality of the laboratory test could be removed & no cogt, for example the evauator could
have been in the test room with the user since they taked much anyway. The workshop test
combined set tasks and direct supervision with an informal atmosphere and co-operating users. This
way the test unfolded around the set tasks with frequent exploration of issues that went beyond the
tasks. Since the workshop test | eft the detection of problems amost entirely to the users, the test did
however niss the problems where the users themsdaves were not aware of ther difficulties or
ascribed them to their lack of experience in using the system.
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The field tests displayed dramatic differences in their contributions to the project. Larger robustness
is utterly needed, and since field tests are characterised by leaving dmost everything to the users the
one, essentid task left with the persons conducting unsupervised fidd tests is the careful arousd and
management of the users commitment to perform a thorough test. Few development tasks could be
done in pardld with the fidd tests snce the system had to be rather complete before it could be
tested in the field. For that reason, the field tests prolonged the project by introducing week-long
periods where the project merdy awaited the results of the fiedd tests. These periods of waiting
added a substantial cost to the field tests which otherwise required very few resources.

The user tests that were conducted early in the development process had a much higher impact than
those conducted near the end of the project where the project members had got serioudy involved in
other projects. This affected especidly the fidd tests, and it highlights the importance of designing
user testing methods in ways that dlow them to be applied early. Altogether the user tests had a
substantia impact on the focus of the entire development effort in that 25% of the primary systems
developer’ s time was spent solving problems encountered during the tests. This gives an indication of
the cost of addressing the encountered problems, and it suggests that the amount of user testing that
can be done in a project is limited by the cost of addressing the problems, rather than by the cost of
conducting the tests.
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