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In this paper we present a case study of a benchmark cvaluation of integrated office systems.

The case study includes developing scenarios, benchmark measures, and quantitative and
qualitative analysis of user performance and user problems. We studied two systems, onc
loosely integrated windowing environment and one more tightly integrated (with respect to
consistent graphical interface style). Multivariate analyses showed that significant differ-
ences were attributable to performance/analytical variables and to patterns of error impact
classifications, but not to subjective ratings. Somewhat surprisingly, users cxperienced seri-
ous problems with the seemingly more integrated (consistent) system largely because of a
handful of serious problems. This was taken as evidence that improvement of the poorer
performing system should be based primarily on an analysis of errors. Some examples are
presented to indicate the potential diagnostic value of analyzing problems and the develop-
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ment of testable behavioral objectives from benchmark measurcs.

1.0 INTRODUCTION

Evaluating computer systems using realistic scenar-
ios is a common practice in the soflware industry.
Formal quantitative benchmark evaluations, in par-
ticular, are useful in a usability engineering context
to help set measurable vsability targets to guide iter-
ative design of devcloping systems (see Gould, 1988;
Whiteside, Bennett & Holtzblatt, 1988). The key
characteristics of benchmarking are measuring user
performance across a sct of systems or kechniques of
interest, using common scenarios, measurcs and test
procedures so that meaningful compartsons can be
made of these measured objects (Williges, Williges &
Elkerton, 1987). Surprisingly few such benchmark
studies have been published however, particularly
for software applications reflecting the current gen-
eration of inlegrated applications and graphical di-
rect manipulation interface styles. Roberts and
Moran {1983) published an early benchmarking case
study involving text editing systems and tasks, and
relatively expert users. Roberts and Moran conclude
that as a whole, the cvaluation methodology pro-
vided an objective, multidimensional picture of the
functional and usability characteristics of lext edi-
tors. In a more recent case stdy, Whiteside, Jones,
Levy and Wixon (1985) compared scven systems
coltrasting command-, menu- and direcl manipu-
lation interface styles for relatively novice users per-

forming a complex file manipulation task. Their
main conclusion was that graphical direct manipu-
lation interfaces had numerous problems of their
own, different from, but comparable in impact to
problems commonly associated with command and
menu-based interface styles.

In this paper we present a case study ol comparative
benchmark evaluation in the domain of integrated
office software, and non-expert users for whom
problems may be a more sallent expericnce than
through-put. Our method is similar to that described
by Robherts and Moran (1983), bul we focus on on
the ratinnale for the specific scenarios we selecled
and the results of 4 benchmark evaluation aimed at
answering three questions:

What are the obtained values of our usability
mcasurements?

How good (reliable and valid) are these meas-
urements?

How can this information be used to imprave a
system?

In order to set reasonable behavioral objectives, a
limited number of human-system usability charac-
teristies should be measured. The reliability and va-
lidity of these mcasurements necessarily influence the
degrec of confidence placed in the objectives derived
from the benchmark data. We arc especially inter-
ested in the possible diagnostic value of user leed-
back oblained in the benchmark evatuation. Such
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diagnostic information is often associated with more
informal qualitative evaluation methods (Gould,
1988; Whiteside, Bennett & Holtzblatt, 1988; Lewis,
1982), in contrast to formal quantitative bench-
marking. Both methods are nceded in a develop-
ment context, but we believe there is considerably
more diagnostic information in benchmark evalu-
ations than is often appreciated.

2.0 THE OFFICE SCENARIOS: CONTENT
AND RATIONALE

Table 1 summarizes ten scenarios we developed to
evaluate different implemeritations of integrated of-
fice softwarc packages, along with key sublasks
comprising the scenarios, and the total steps in each
subtask and scenario. As we write, we know of no
single software package for the officc which olfers
integraled text editing, mail, calendar, and decision
support {e.g., database, spreadsheet, chart applica-
tions) for the PC hardware and system environments
we are interested in. It is possible, however, to inle-
grate individual applications to some extent using
windowing platforms that cnable data transfer be-
tween applications, using cut, copy and paste func-
tions.

These scenarios are motivated by several sources,
including internal markeling expertise, and pub-
lished field studics and analyses of integrated soft-
ware (Nielsen, Mack, Bergendorff, and
Grischkowsky, 1986; see also Mack & Nielsen,
1987). Based on this work content analysis and dis-
cussions wilh relevant development personnel in-
volved in office systems we initially developed a large
number of tasks. Potential tasks were defined by
crossing all possible objects with all possible actions,
simtlar to the procedure described by Roberts and
Moran (1983), hut at a somewhat higher level. A
subset of these tasks was then organized tnto ten
scenarios. These scenarios were designed to fulfill
the following goals:

¢ Broad coverage of the types of applications used
in an office setting, such as texl editing, mail,
calendar, and decision support. Since office
worlk consists of a complex set of tasks, scenarios
intended 1o sample this lask sct are nceessarily
broad in scope.

*  Some Scenarios which would be accomplished
most efficiently by using technigques for data
transfer between applications or presenting mul-
tiple applications in windows.

* A set of scenarios which could be performed in
one day by most users. This reduces the likefi-
hood of participants dropping out of the study

and allows the study to be completed in a rea-
sonably short time.

* Scenarios which required a minimuom of typing
o reduce performance variability attributable to
typing skill.

* Scenarjo tasks which are written at a high
enough level for use across systems. The tasks
are specific with respect to text and objccts such
as files, but step-by-step procedures are not spe-
cified.

Table 1. Scenario Descriptions.

* Mail | (MI): Open, reply to, and delcte a note.

o Mail 2 (M2): Open a note, forward with reply,
save and print the note.

e Calendar 1 {Cl): Create a calendar entry and
print today’s appointments.

e Calendar 2 (C2): Open a note, open specified
calendar entries, compare the note and calendar
cntry information, delete a calendar entry. (*)

o Address | (Af): Create, change, and delete ad-
dress entries.

* File Management { (F1): Rename a file, copy a
file, and delete a file.

* Editor I {(EIl): Create and save a short docu-
ment.

* FEditor 2 (E2); Locate and edil a document, open
a note, copy text from the note into the docu-
ment, save, mail and print the final version of the
document. (*}

*  Decision Support 1 (D1): Create a small
spreadsheet, open a document, copy the spread-
sheet into the document, save and print the doc-
ument, save the spreadshect. (*)

¢ Decision Support 2 (D2): Locate information in
a calendar entry, revise a spreadshect title using
the calendar information, create a pic chart from
the spreadsheet, print and save the chart, save
the spreadsheet. (%)

* indicates a scenario which tests integration by re-
quiring data transfer between applications or win-
dow manipulation.

3.0 APPROACH TO THE BENCHMARK
EVALUATION

3.1 Participants

Thirty employees of temporary help agencies parlic-
ipated in Lhe study, with two groups ol 15 hired for
evaluations in two locations. Each group of 15 con-




sisted of three groups {(ive participants per groupj,
wilh the following characteristics:
» Clerical/secreiarial with no experience using a

mouse.
o Business professional with no experience using a

mouse.
« Business profcssional with at least three months

experience using a mouse with a computer sys-
tem.
All participants had at Jeast three months experience
using some type of computer system. They had no
programming training or experience, and had no (or
very limited) knowledge of the DOS operating sys-
tem.

3.2 Mcasures
The measures collccted for each scenario are de-
seribed below.

s Performance

« Time on Task: The time to complete a-sce-
nario successfully.

. Completion Rate: The percentage of partic-
ipants completing a scenario successfully.
The participant may have expertenced prob-
lems {as defined befow), but must have com-
pleted the scenario without assistance and
with correct outpuls in order fot the com-
pletion to be considered successful,

« Error Free Rate: The percentage of partic-
ipants completing a scenario without any
problems.

s Analylical

«  Step Counts: A step is really a subtask, and -

not individual physical actions. For cxam-
ple, opening the file pull-down menu is a step,
bul not moving the pointer to the action har
option "file”, followed by pressing mouse bul-
ton down. Steps generally were chunks of
relatively routinized and generic actions (sc-
lect, open, drag) applicd Lo diverse objects.
Steps also tended to be subtasks for which
substantive mistakes were possible, te., a
mismatch between what the user might want
to do, and how the uscr Lried to it with the
system (see Norman, 1982; Carroll & Mack,
1984),

*  Opinion:

«  Satisfaction with (1) the easc of scenario
completion, (2) the amount of time required,
and (3) the support information (help, mes-
sages, and documentation).

«  The frequency with which these types of
lasks were done in the real work environ-
ment.
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For these opinion measures, participants were
asked to complete a short questionnaire at the
end of each scenario. The satisfaction items used
7-point scales. The frequency item had four
points corresponding to Daily, Weekly, Manthly,
and Never.

« Problem Analysis: Specific user problems werc

also recorded. Any deviation from the optimum
sequence of actions required to complete the sce-
nario was considered to be indicative of a prob-
lem. These problems were classified in terms of
impact on scenario completion and frequency
(number of users experiencing the probiem).
Four impact levels were defined:

1. Scenario failure or irretrievable data loss. A
scenario could be failed if the participant re-
quired assistance to complete the scenario,
or if the participant believed the scenario to
be properly completed, but Lhe output of the
scenario was incorrect (excepting minor ty-
pographical errors).

2. Considerable recovery cffort. The recovery
effort was defined as considerable if a par-
ticipant worked on recovery for more than
one minute or repeated the crror within a
scenario.

3. Minor recovery effort. The recovery effort
was defined as minor if the error only oc-
curred once within a scenario and required
less than a minute {or recovery.

4. Inefficiency. A problem was considered to
be an inefficiency if it did not fall within any
of the impact classifications above.

3.3 Systerms and Environment

Two office systems were put together by installing a
word processor, a mail application, a calendar ap-
plication, and a spreadsheel on two different plat-
forms which allowed a certain amount of integration
among the applications. Both platforms allowed
parLicipants to cut, copy, and paste data hetween
applications and to present data from scveral appli-
cations simultancously in windows. Systen | was
more tightly integrated than System 1T (sce Mack &
Nielsen, 1987) with respect Lo consistency of graph-
ical interface style across applications. In System i
e.g., the address and catendar applications were
host-based menu- and text-based applications quite
different from other component applications in the
software environment,

34 Procedure

Introduction Parlicipants began with a brief tour of
the lab, a description of the study’s purpose and
events of the day, and completed a background
questionnaire. Pacticipants whe used System | be-
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gan by working with the interactive tutorial which
was provided. Those who used System Il were given
a brief demo about how to move, point and select
with a mouse, how to open the icons for each prod-
uct, and how to minimize and maximize windows,

Task Secenario Activity Following (he system Famil-
iarizalion, participants worked on Scenario M1.
Following this, the ten sccnarios (including a differ-
ent version of Scenario M1} were presented in mixed
orders. The instructions emphasized that we were
especially interested in what happened when people
first began to use a new system and assured the
participants that we did not expect perfect perform-
ance. The instructions also focused on working “at
your own pace” and using supporting documentation
“whenever you like”. [f it became clear that a par-
ticipant had failed to complete a scenario success-
fully, he or she was helped to finish, and then began
the next. At the end of the day, participants were
debriefed.

4.0 RESULTS AND DISCUSSION

4.1 What are the obtained values of our usability
measurements?

Table 2 shows a subset of the usability measure-
ments gathered in this study. The table is organized
by scenario and dependenl measure.

Table 2. Subset of Scenario Data
(System I/System ID),

Comp. Med. Impact Impact
Rale TOT Step I 2
Scenario (%) (min) Count Errors Errors

MIA  33/80 *10  15/13  21/4 3610

Cl 37/80 1015  14/13 1242 19/16
Al 64/93 /15 28/32 8/1 10/17
DI 3o/47 43/62  20/13  15/30

* If the Completion Rale is less than 50%, then the
Median Time-on-Task cannot be calculated.

Stalistical analyscs can be used at various levels for
various reasons. Univariate analyses such as t-tests
may be used to determince for which variables and
scenarios a behavioral objective has been exceeded
beyond a statistical criterion such as alpha <.05.
Analyses can be conducted at the participant or sce-
nario level. [t is reasonable Lo consider the scenario
as a unit of analysis because scenarios, like partic-
ipants, are sampled from a larger population and are
expecled to exhibit individual differences, At this
level of analysis, it is possible to include analytical
information such as step counis as well as measures

calctilated from the parlicipant sample (e.g., com-
pletion rates, median subjeclive ratings).

We experimented with multivariate statistical tech-
niques at the scenario level. Multivariate techniques
are of value when dependent variables are expected
to be correlated, or when one is concerncd with pat-
terns of dependent variables. For example, we con-
ducted three discriminant analyses (CIff, 1987; SAS,
1979) to help discover if some variable sets of a priori
interest were useful in discriminating the systems.
The first set included the performance/analytical
variables of completion rate, crror-free rate, and step
count, and was significant (F(3,18)=4.98, p=.01).
The next analysis used the error counts by impact
level, and was significant (F(4,17) =9.87, p=.0003).
The discriminant analysis using the three subjective
ratings was not significant (F(3,18)=.27, p=_.84).

The three discriminant analyses indicated how one
might begin an exploration of the data. The most
significant discriminant function was obtained by
examining the error counts by impact rating. System
I had significantly more high impact problems than
System II, that is, problems which could not be re-
solved without help, and which may have led to loss
of data. The analysis using completion rates, error-
free rates, and step counts was also significant.
Participants using this system completed signif-
icantly fewer tasks without assistance for System |
compared System II {about 50 % vs 69%, 1espec-
tively}. The systems did not differ in frequency of
tasks users were able to complete with no help and
no problems, a low frequency outcome for both sys-
tems in any case (about 20% and 17 % for System

1 and 11 respectively). The subjective ratings, how-
ever, provided a poor diserimination between sys-
{ems. These patlerns of results indicaled that, in Lhis
case, we should focus on user problems when pro-
viding design guidance,

4.2 How good (reliable and valid) are these data?

Onc of the goals of quantitative benchmarking is to
develop a cumulative and reliable database of
benchmark assessments for systems over time and
investigators, in lhe face of known sources of vari-
ation in human performance (e.g., individuat difTer-
ences, sce Egan, 1988). To establish this goal
reguires (1) reliable data measurements, (2) standard
data collection and analysis methods (applicable
across time and development groups), and (3) valid
measurements with respect to providing represen-
talive and diagnostic information about user’s expc-
rience in the real workplace. We discuss cach issue
in turn.

4.2.1 Reliable benchmark measures

The reliabilities of the benchmark measures were cs-
timated by creating subsamples of the data lor each
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system. Su bsamples consisted ol {wo representatives
from each participant group for a total of six partic-
ipants per su bsample. Dependent measures were
calculated For each subsample by scenario, and cor-
relations were calculated by system for each measure
of interest (median time-on-task and satisfaction
ratings, completion and error-frec rates). Of the
eleven correlations computed, only one was clearly
nonsignificant (System Il Time Rating, r=.29). The
others ranged from .5 to 8. This is encouraging
since there were only six parlicipants in each sub-
sample, consistent with many industrial benchmark
evaluations. Although some reliabilities fell slightly
helow the recommended values of .7 to .8 (scc Lan-
dauer, 1988) most of the coefficients were fairly high
consilering the small number and hetcrogeneous
quality of the participants in the subsamples. These
meastrements should be adequate for most system
evaluative purposes, since they are more exper-
imental and exploratery in nature than they are
psychometric and normative (see Nunnally, 1978).

4.2.2 Reliable Data Collection and Analysis Mcth-
ods

In each study, the data were collected by a different
set of observers in a different location. We do not
have any quantilative assessment of the inter-rater
and inter-location reliability. 1t may be that the va-
Iues we have reported represent the upper limit for
relizbilities since they are based on measures col-
lected in the same location by the same set of ob-
servers. The lead observers for cach study were in
constant communication to ensure that consistent
methods were followed, both for procedure and
judgements. At Lhe conclusion of the study, all re-
corded crrors were reviewed by the lead observers to
ensure Lhat all disagrecments were resolved before
the summary mcasures were derived.

4.2.3  Validity of Scenarios and Measurements

The vltimate validity of our laboratory benchmarks
is in predicting the success of our product in the
marketplace. We know of no actual statistical inter-
pretation of validity assessed from the laboratory (or
even field)-and the marketplace. Rather, we relied
on the content validity of our scenarios, the usability
attributes we develop, the way we measure those at-
tribules, and the design guidance these measure-
ments provide. [t is possible in some cases to obtain
converging evidence for these conclusions. For ex-
ample, our confidence in the validity of the scenarios
is based not only on earlier ficld work and collective
judgmeni of office system experts, but also on judg-
ments we elicited from participants in this study
about the frequency with which they performed
tasks corresponding to the scenarios. For this
judgement, averaged across participants by scenario,
Lhe correlation between the systems was 92
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{p <.001), indicating that the estimales were very
rcliable. This result is consistent with our belief that
these scenarios are representative of real office work.

4.3 How can this information be used to improve
a system?

4.3.1 Testable Behavioral Objectives

Although it is not presented in the form usually as-
sociated with behavioral objectives, the data pre-
sented in Table 2 can be considered a matrix of
testable behavioral objectives. The data in the upper
left cell imply that the objective for a system under
development should be that, under the same meas-
urement conditions described in our Methods sec-
tion, the successful completion rate for Scenario
MIA should exceed 80%. In the same way, the
median Time-on-Task should be no greater than 7.0
minutes for Scenario Al. 1t may not be realistic to
cxpect the system under development to exceed the
better competitive system for every measurc and ev-
ery scenario, but these targets enable the developer
to understand those tasks and measures for which
the system under development is Failing to be com-
petitive. With this knowledge, the developer can
make more appropriate engineering decisions and
tradeoffs than would otherwise be possible.

4.3.2 Qualitative Diagnostic Information

On the quantitative side, our classification of user
problems by severity was similar to alternative
methods of characterizing the impact of problems
(see Good, Spine, Whiteside and Peter, [986), but
did not involve estimating time spent recovering
from ertors based on video data. Error impact
turned out to be an important factor discriminating
the systems we evalvated. In particular, high impact
errors are precisely those which a developer is likely
to want to solve to achieve usability objectives.

On the qualitative side, we are interested in diag-
nesing the possible causes of user problems and pos-
sible design solutions. Diagnostic information can
be oblained from other kinds of evaluation, often
qualitative, informal and cxploratory such as think-
ing aloud, methods which may preclude obtaining
reliable quantilative performance assessments (see,
e.g., Nielsen, 1989; Landauer, 1988; Lewis, 1982},
However, we believe that substantial gualitative, and
diagnostic information is availabte from benchmark-
ing studies if the investigator records participants’
errors and comments.

Several psychiologically grounded frameworks are
useful for interpreting problems uscrs experience in
various human-machine and human-computer do-
mains (examples include Arnold and Roe, [987;
Norman, 1982; Rasmussen, 1988; Reason, 1988, Le-
wis & Norman, 1986; Carroll & Mack, 1984). We
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have found that design-relevant interpretations of
problems often do not involve decp psychological
analysis but seem to point 10 violation of basic,
commonplace guidelines associated with usable in-
terfaces. Many of the high severity problems in Ta-
ble 2 resulled from problems with lack of feedback,
lack of consistency in operation, unintuitive modes
and lack of visibility in system states. These obser-
vations apply to both systems, and in the case of
System I were somewhat surprising because of the
seeming surface consistency and intuitiveness of the
interface style. We illustrate these general observa-
tions by discussing some serious problems users ex-

perienced.

Lack of feedback: Many problems observed simply
involved lack of feedback about outcomes or states
of the system relevant to successfully accomplishing
a task. Copying and pasting belween applications
was a problem for both systems and was relatively
severe in impact and frequency (47% of the partic-
ipants had trouble using the functions on both sys-
tems). Users did not always specify a to-be-cut
object first, or did not recognize when selcction has
somehow failed. The result in both cascs is that ei-
ther nothing was pasted or some prior material was
incorrectly pasted. There was no feedback when
“cut” or “copy” was executed without specifying an
object. These problems suggest providing more
feedback about what has been copied (prior to past-
ing) and/or Lo somehow reinforce the need to select
to-be-copied material before selecting the copy ac-
tion. Note that solving these problems would im-
prove the System I completion rate for the
spreadsheet scenario DI from 36 % to 50 % (as-
suming the solutions created no new problems).

Consistency of operation: Another basic guideline is
to implement functions consistent with uscrs” tasks
and expectations. The cut/copy/paste problem may
also be an example of inconsistency with users” ex-
pectations. Users who selected copy or paste actions
before sclecting relevant to-be-copied information
seemed to expect an aclion-object style of inter-
action, al least in this instance. Another example
involved calendar use (Scenario C1) for System [
compared {o System [I. The quantitative data in
Table 3 shows that for Scenario CI, users’ com-
pletion rate was 57% for System [ and 73% for
System 11, The most serious error for Systemn ! was
that 4% of the pacticipants had great difficuity
simply printing daily appointments. The proximate

cause of the difficulty was that users misinterpreted
an instruction in the user manual. The deeper cause,
however, may be that the calendar application for
System I did not implement that function in a way
consistent with its other print options. Instead, users
had to print the screen for that subwindow, a proce-
dure that is actually part of the operating system,
not the application, and covered in documentaltion,
but not referred to within the application. Given
development resources one would obviously recom-
mend implementing this print option consistent with
other available print options. The correction of this
problem would improve the completion rate or this
scenario to 80% (assuming the solution did not cre-
ate additional problems). :

These analyses are highly interpretative and based
on user actions rather than immediate comments
{e.g., thinking aloud). Two aspects of this analysis
should be clear. Interpreting user problems in a de-
sign-relevant way is highly contextual in that it often
depends on the details of the application, interface
implementation and user task. Also, more than one
interpretation is possible, and even useful: e.g., more
than one guideline or psychological generality may
provide a useful interpretation.

4.4 Conclusions

The benchmarking methodology described here pro-
vides a reliable and standard framework. In this
paper we described a set of integrated office scenar-
ios, their rationale, and their use. The scenarios were
useful in developing both quantitative and qualita-
tive descriptions of two integrated office systems.
Users experienced many serious problems with both
systems. We were somewhat surprised (o find that

- the system that was seemingly more Lightly inte-

graied (with respect 1o data transfer and consistency
of interface implementation) did not provide clear
usability advantage for users in terms of our bench-
mark measures and our broader set of integrated of-
fice tasks. Equally surprising, these problems seem
to involve failure to observe basic user interMce de-
sign guidelines as well as a deeper failurc in some
cases to match user’s expectations or intuitions about
how tasks can be accomplished using computers.
These problems could be analyzed both quantita-
tively and qualitatively to help diagnose system dif-
ferences and provide clues to possible system

improvements.
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