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ABSTRACT 

Users of a windowing system were studied for 
the purpose of creating an empirically based win- 
dowing benchmark. Each filled out a paper question- 
naire that sampled subjective opinions of windowing 
commands, and were observed for approximately 22 
minutes while performing typical daily activities 
on the computer. Subjects were also asked to demon- 
strate a typical log-on procedure and were per- 
sonally interviewed. Windowing command frequencies, 
and screen layout characteristics were collected and 
analyzed. The data revealed a relatively high use 
of a small number of commands that were primarily 
concerned with moving between windows. This study 
enabled the creation of a more accurate windowing 
benchmark task. 

1. INTRODUCTION 

Benchmarking has been used to compare computer 
speed and accuracy for more than 20 years (Lewis and 
Crews, 1985), but it has only recently been applied 
to the assessment of the human/computer interface. 
In this respect, benchmarking is simply the process 
of determining the performance of an appropriate 
sample of users on a standard set of tasks. Spe- 
cifically, one is concerned with how well users 
perform the required tasks given a particular 
interface. The most notable application was that 
of Roberts (1979), and Roberts and Moran (1983) for 
their use of benchmarking to evaluate the perform- 
ance and functionality of text editors. Eorenstein 
(1985) provides a useful assessment of the Roberts 
and Moran methodology and gives some guidelines for 
suggested improvements. Benchmarks have also been 
succussfully used to evaluate other aspects of the 
user interface. For example, Whiteside, Jones, 
Levy, and Wixon (1985) used a file manipulation task 
developed by Magers (1983) to evaluate performance 
on 7 different interfaces. 
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To be an effective design aid, a benchmark must 
extrapolate well to the tasks that are being per- 
formed in the work setting. The more accurately a 
benchmark resembles the real world environment, the 
better its predictions of real world performance. 
This report describes the collection of windowing 
usage data that were used in the creation of an 
empirically-based windowing benchmark task. Due to 
space limitations, readers are referred to Gaylin 
(1985) for the actual benchmark tasks and a more 
detailed discussion of their creation and use. 

2. METWOD 

2.1 Subjects 

Nine experienced computer users participated 
in the study. All subjects were Digital Equipment 
Corporation employees using a workstation with win- 
dowing capabilities. Four other subjects volun- 
teered to participate but were rejected because they 
did not use the windowing capabilities of the system. 
One of the nine subjects stated that he was not a 
regular user of windows. Subjective ratings of the 
mean number of hours per day spent actively working 
on the computer was 5.6 hours (standard deviation = 
1.7 hours) with a low of 3.0 and a high of 8.0 hours. 
Eight of the nine subjects stated that their primary 
duties centered around computer programming, the one 
exception being a technical writer involved with the 
construction of user manuals. 

2.2 Equipment 

The windowing workstation consisted of a large, 
high resolution, bit-mapped video display unit 
(VDU), a mouse, and keyboard. The major windowing 
capabilities of the system included: 

. Creating windows 

. Deleting windows 

. Moving windows 
0 Attaching the keyboard to a window 
. Popping windows to the front 
. Pushing windows to the back 
. Resizing windows 
. Printing windows 

2.3 Procedure 

All subjects were videotaped in their own of- 
fice at a prearranged time. Before starting, sub- 
jects were required to read and sign a statement of 
informed consent, and a photographic release form. 
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They were then given a questionnaire which asked them 
to rate a number of windowing commands on several 
parameters. 

The video equipment was set up in back of the 
subject and to their left or right side to maintain 
a clear view of the VDU. Videotaping began upon the 
completion of the paper survey and lasted approxi- 
mately 22.5 minutes (the length of one videotape). 
Subjects were asked to do typical daily work at the 
terminal and ignore the presence of the experimenter 
as best as possible. Videotaping was stopped during 
telephone calls or interruptions from other employ- 
ees. 

At the end of the observation period subjects 
were interviewed for approximately 10 - 15 minutes. 
Each was asked a similar set of questions regarding 
their use of windows. Subjects were also asked to 
demonstrate how they typically log-on to the com- 
puter and set up their screen. Total participation 
time for each subject was approximately one hour. 
Videotapes were later reviewed to determine the type 
and frequency of command use. 

3. RESULTS 

3.1 Observation Period Results 

Windowing command frequencies were totaled 
across all subjects and are depicted in Figure 1. 
A total of 254 window related commands were observed 
across the 9 subjects. The most frequently used 
command was "cycling through the windows" which used 
a function key to attach the keyboard to a window, 
or bring a particular window to the forefront. Two 
other methods could have also been used to achieve 
these results. These were a "mouse activated pop" 
which required the user to place a mouse controlled 
"arrow" icon inside the border of the desired window 
and depress a mouse key, and a "menu activated pop" 
which was activated by selecting a menu icon located 
in the upper left corner of the desired window, and 
then selecting the option to pop the widow in front 
of other windows. When these three methods were 
summed they accounted for 59.5 percent of the total 
windowing commands used. Switching between split 
screen edit sessions (or edit buffers) was also 
logged because of its similarity to switching be- 
tween windows and accounted for 3.5 percent of the 
commands used. When added to the above categories, 
the number of commands used to switch the active work 
area climbed to 63.0 percent. Thus most of the 
windowing commands involved switching between win- 
dows as opposed to the creation, deletion, or ma- 
nipulation of window size and location on the VDU. 

Command Parcent “eln SD 
I 

Cycle WIN windows ,.**t~**.~**tt*t*t~~*.~*~~* 50.8 14.3 12.2 
Menu window select. I***** 10.6 3.0 5.7 
Mo"s~ acti".tsd pop I**'* 8.3 3.4 
Creata window ,**.a 7.5 ::1 
Dalsts window , t*. ::: 
Move window 1" ‘i:: ::2" 1.6 
Dual edit saasion I** 4.3 1.2 1.8 
Switch edit buffers ,** 3.5 1.0 
Resize window I* ::3" 
Delete menu window ,* ::: 0":: 
Menu activated pop I 0.4 0.1 ;:: 

----+---+---+---+---'---*---c 
20 40 60 80 100 120 130 

Command frequency 

Figure 1. Observed window command frequencies 

Figure 1 also shows the mean and standard de- 
viation for commands used in the 22.5 minute period. 
In all but one instance the standard deviations ex- 
ceeded the means, indicating a large amount of var- 
iation of command use between subjects. 

In addition to window commands, data were col- 
lected on the amount and type of windows used and 
is shown in Figure 2. ALL WINDOWS refers to any type 
of window used, with the exclusion of menu windows. 
The other categories are a subset of this category. 
GENERAL PURPOSE windows were regular windows that 
were used for a variety of purposes. INFORMATIONAL 
windows were any that were used for status informa- 
tion such as the current directory or file being 
edited. A CLOCK WINDOW was fairly popular among users 

and usually contained a small (4 cm. x 4 cm.) clock 
with an analog display. An INACTIVE WINDOW was any 
general purpose window that was either reduced to 
the size of an icon or saved on the screen for use 
if necessary, but was not being actively used. 

General &,"qcas ,~tttt*ttttt*t~*tt.~ttt 2.4 0.9 
fnformational ,tttt* 0.7 1.7 
Clock "indow ,.t* 0.3 a.5 
InactIve window I** 0.2 0.4 

---------+--------+--------+-.------- 
1 2 3 

Mean windows 

Figure 2. Mean number of windows used in the 22.5 
minute observation period 

All frequency counts, which were the basis for 
these means, were a measure of the maximum number 
of windows present at one time during the 22.5 minute 
observation period. In actuality then, these values 
will be somewhat inflated because not all persons 
maintained the maximum number of windows on the VDU 
for their entire observation period. However, most 
of the subjects maintained relatively stable amounts 
of windows throughout the observation period. 

From the data it can be seen that there was a 
mean of 3.7 windows maintained on each VDU, with 2.4 
being GENERAL PURPOSE windows. Standard deviations 
for all categories are again high, indicating a large 
amount of variation of the number of windows used 
between subjects. The CLOCK WINDOW category is the 
result of three persons using one clock window each 
and the INACTIVE WINDOW category results from two 
persons, each having one inactive window. The IN- 
FORMATIONAL window category resulted from one person 
using five, and a second person using one informa- 
tional window. 

Subjective responses (collected in the paper 
survey) pertaining to the average, as well as the 
minimum and maximum number of windows typically used 
while working on the computer are shown in Figure 
3. In general, subjects rated using an average of a 
little less than 3 windows, with a mean maximum of 

N A.UI SD 
W.x windows ~~..*.~**t.t~~*.~**t~.*~*. 
erg wlndoum ,*tt.t*.**..*tt :: 2: 

2.2 

Min windows 
1.1 

,*****tt*t 8 1.8 1.4 
-----*----*----*----*----,--- 

12 3 4 5 

Figure 3. Subjective assessment of the amounts of 
windows used 
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5, and a mean minimum of 1.8 windows. 

3.2 Observed Log-on Commands 

Observation of log-on procedures revealed the 
command frequencies shown in Figure 4. The log-on 
period was defined as that required by users to in- 
itially access the computer accounts available to 
them, and setup their terminal in a typical work 
configuration. The most frequently used command 
continued to be "cycle through windows." However, 
some other commands had much higher percentages of 
use than in the 22.5 minute observation period. Mean 
setup time was 122.6 seconds (SD = 121.7 seconds). 
In general, subjects indicated that their initial 
screen setup remained unchanged throughout most of 
the day. 

Cycle tbru windows ,tt~~*tt~tt*'*.***~*~* 32.4 4.3 '7.4 
blenu s0lection ,*tt*t*t***** 18.1 2.4 1.6 
Nova window ,tt*ttttttt* 17.1 2.3. 1.8 
Create window ,******tt*** 17.1 2.3 1.6 
Rssiz. window ,t**t.*** 12.4 1.6 1.9 
Dolot. window I** 2.9 0.4 1.1 

-----+----+----+----+- 
12 3 4 

Figure 4. Mean observed log-on command frequencies 

3.3 Paper Survey Results 

Subjects were asked to rate 17 window-related 
commands on the basis of six major categories: 1) 
Frequency of use, 2) Usefulness, 3) Friendliness, 
4) Complexity, 5) Naturalness, and 6) Importance. A 
seven point bipolar scale was used with -3 being the 
worst rating and +3 the best rating, zero was neu- 
tral. The purpose of the paper survey was to obtain 
data on commands that might be too infrequently used 
to be sampled in 22.5 minute observation period. In 
this regard the most pertinent rating categories for 
the creation of a benchmark were frequency of use, 
importance, and usefulness. The paper survey results 
for these categories are shown in Figures 5 - 7 re- 
spectively. The ratings for the other three cate- 
gories can be found in Gaylin (1985). The commands 
that people were asked to rate are located on the 
far left of each graph. N refers to the number of 
persons who responded to that command definition. 
Caution should be exercised when evaluating some of 
the ratings because they may be based on a small 
number of respondents (for example, SET SCREEN DE- 
FAULTS). 

Subjects were asked to rate a command even if 
it was functional only for a specific application 
within a window. This enabled the capture of com- 
mands used in dual edit sessions that were felt to 
be similar to windowing features currently available 
in other products. For example, moving text from 
one edit window to another. If a command was not 
currently available on the system, subjects were 
asked to rate how important and useful they thought 
that command might be. 

To determine whether the frequency of use of a 
command had been influenced by its relative ease or 
difficulty of use, the three rating scales consist- 
ing of friendliness, complexity, and naturalness 
were analyzed. That is, were some commands infre- 
quently used because they were too unfriendly or 
complex? Or were they rarely used because they were 
useless or unimportant? If the former was true then 

conun*nd N Mean SD 

Cycle theu windowa 
Scroll in window 
Create window 
Paqin.ts in window 
Delete window 
Put window in front 
Mavs window 
Rascale window 
Set screen defaults 
Resize window 
Jump a windows view 
Dual edit session 
Use . menu window 
Copy bstwem windows 
Put "Indow in bask 
Change 1 window lab.1 
Use a help window 
print an a.I.. 

-+-- 
-3 

sxtreno1y 
inrragumt1y 

--+m 

-2 

l *i t.***, 
l ****. , 

t*t.*.. , 

---+----+----+----*---. 

-1 0 12 

Figure 5. Frequency ratings 

Cyclm thru window8 
Put window front 
Nova window 
cr*.t. W,"ch" __ ___.-_- 
scro1 11 in . window 
Del91 :. window 
Pagil x.ta in . window 
Jump a windows view 
Set .cra.n defaults 
R.sizs a "4"rb" - -.--- - 
Copy bstw rc.n windows 
Put window in b.sk 
mint 8” .re. 
Usa l m.nu window 
Rascals window 
Us. a help window 
Ch.ngs a window label 

4 2.8 

8" 2: 
6 2.0 

i 1.6 1.6 

i ::: 
1 1.0 
: 1.0 

8 ::: 
5 0.8 
5 0.6 
7 -0.4 
5 -1.0 

: -1.1 -1.4 
.+ 
3 

Extrm.ly 
fr*gua¶tl 

N Mean SD 

,.*t.*****...*.* 4 3.0 0.0 
I************** 8 2.9 0.4 
,*.t***.**t..t. 6 0.5 
,.*t...t****.* :-: 0.1 
,.******.***** : 2:s 
,.*..**...**** 8 2.5 ;:: 
,*******t*** 7 2.3 1.1 
,t****.t*t** 2.3 1.0 
,.**.*t**** : 
,*******..t 8 2: * 
,.********* 6 ::: 
,t******ttt 2: 
,****.*.t* : ::'d 
,*****t.t 5 ::: 1.1 
,.***ttt* 4 1.5 
, ****.. 13 :.'o 
I* : 0:2 1:6 

.+----+--mm*----* 

Commnd 

Put window in front 
cycle thru windowr 
Scroll in l window 
Mo"a window 
Delete window 
Create window 
Usa a menu window 
Set screen defaults 
Jvmp a windowa view 
Resize window 
Paglnata in l window 
Us. . h.lp w5ndow 
Copy batwacn windows 
print an *r.* 
Put window in bask 
Rascal, window 
Change . window lab-1 

-+--* 
-3 

Extremely 
unimportant 

0.5 
0.8 
0.7 
1.5 

::: 
1.3 
0.6 

1:1 
;:: 
2.3 

::: 
2.3 
2.0 
1.7 

,Y 

-3 -2 -1 0 1 2 3 
Extremely Eatremdy 
lISaless useful 

Figure 6. Usefulness ratings 

N N.m SD 

I************** 8 2.9 0.4 
,*t*ttt*tt*t.** 4 2.8 0.5 
,.I.t.tt.*.t.t 6 2.7 0.8 
,,.ttttt.. .t.. 8 2.6 0.s 
,*********t** 2.4 0.9 
,*.*t*t*tt** B" 2.3 1.8 
,**t.t*tt..* S 2.2 1.3 
,.t*t*t**t. 1 2.0 
,*..****..* i 2.0 1:r 
,***t*tt** 1.9 0.8 
,**t*tt.** 7 1.9 1.5 
,*..t.***. 1.9 1.1 
,*tt**tt*. 

: 
1.6 1.2 

, et***... , l *.*** : ::: ::9’ 

, l t*** 6 1.0 0.9 
I 6 0.0 1.3 

.-*----+----+----+----+-----* 
-2 -1 0 1 2 3 

Extsmely 
importmt 

Figure 7. Importance ratings 

the command might be used more frequently if it was 
better designed. If the command was rated as being 
easy to use (friendly, natural, simple) and was still 
unused then it was probably not important. 

To this end, Pearson Product Moment corre- 
lations were calculated between all rating catego- 
ries in the paper survey, and between rating 
categories and observed command frequencies (see 
Table 1). Low positive correlations were found be- 
tween the ease of use categories and both the ob- 
served and rated frequency of use of a command. This 
indicates that poor ease of use probably had little 
effect on either the observed or rated frequencies 
of command use. In addition, observed and rated 
frequency of use was much more highly related to the 
@'usefulness" and O'importance" categories. 
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Fr.qw3ncy 0.71 0.22 0.32 0.39 0.61 0.23 
rltinq 0.0001 0.0291 0.0011 0.0001 0.0001 0.0713 

Us*fulnsas 0.16 0.31 0.37 0.79 0.29 
r.tin* 0.0044 0.0022 0.0002 0.0001 0.0291 

FrimndlineSs 0.54 0.55 0.26 0.15 
rd.ing 0.0001 0.0001 0.0069 0.2623 

CC.lhp1.XiT.y 0.65 0.41 0.11 
ratinq 0.0001 0.0001 0.4366 

N.turalness 0.28 0.14 
rating 0.0050 0.2949 

KEY: 
IUQO*furCB corr=1atios Coefficient = 0.30 
rating Pmbabiltty Of OCSUmmCa = 0.0225 

Table 1. Pearson correlation coefficients 

Correlation analyses were also used to deter- 
mine whether the subjective data obtained on the 
paper survey could be used as an accurate predictor 
of command frequency of use for those commands not 
sampled in direct observation of a subject’s work, 
or if collecting subjective ratings would obviate 
the need to obtain frequency data of command usage. 
If there was a high degree of correlation between 
observed, and subjective ratings of command fre- 
quencies then subjects could be assumed to be accu- 
rate predictors of command usage. The correlation 
between each subject’s observed and rated command 
frequencies, however, was low (r = 0.23, D = 0.07). 
and was not statistically significant. 

The observed command frequencies summed across 
subjects was also compared to the mean of the sub- 
jective frequency rating scores. The results showed 
a much higher correlation between these two values 
(r = 0.64, p = 0.06), indicating that although in- 
dividual subjects were not very good at predicting 
their use of windowing commands, mean rating scores 
did reflect command usage to some degree, and would 
probably be useful where more accurate information 
is unavailable. 

3.4 Benchmark Construction 

Construction of the benchmark was primarily 
based upon the observed command frequency of use 
data. Preserving the relative frequencies of the 
different methods of overlapping windows (mouse, 
function key, menu activated pops, and menu ac- 
tivated pushes) which could be used interchangeably 
was accomplished by creating task situations which 
were difficult to complete without using a specific 
technique. Although this leaves some room for the 
frequency of these commands to vary, specifying the 
use of a particular technique would have made the 
benchmark inapplicable to products lacking that 
method, and would introduce bias in the form of 
aiding less knowledgeable users. 

To ensure that the benchmark accurately re- 
flected the relative frequencies of observed com- 
mands , two experienced users were tested. The 
frequency of window commands that they used were 
found to be highly correlated with the previously 
collected observational data (r = 0.95). This is a 
large improvement over the previously used windowing 
benchmark task which was less highly correlated with 
observed command use (r = 0.31, D = 0.38). This poor 
correlation coefficient is, primarily due to the 
large difference in the amount of moving between 

windows that was actually used (observed), and that 
expected by expert performance on the previous win- 
dowing benchmark. When commands involving moving 
between windows were removed from the analysis the 
correlation coefficient became much greater (r = 
0.64, E = 0.17). 

It is notable that the correlation coefficient 
of the previous version of the windowing benchmark 
task with subjective ratings of command frequency 
of use is higher (r = 0.43. p = 0.29) than that of 
the previous benchmark task and observed command 
frequency of use. This may be related to the fact 
that the command types and frequencies included in 
the former windowing benchmark were based upon the 
subjective opinions of several human factors engi- 
neering staff. Thus, this data tends to further 
reinforce the need to apply objective measures when 
creating benchmark tasks. 

4. DISCUSSION 

Observational data revealed a relatively high 
use of a small number of commands that are primarily 
concerned with moving between windows. In general 
there were two reasons for moving between windows. 
Some subjects maintained windows that were dedicated 
to a specific function such as receiving mail, a 
calendar program, or a local versus mainframe proc- 
ess, and would move between windows to access these 
functions. Secondly, waiting for program control to 
return from activities which are CPU intensive such 
as compilations, or copying large numbers of files, 
was usually avoided by continuing work in a new 
window. 

Observation of log-on procedures indicated that 
creating, resizing, and moving windows is much more 
common during initial setup as opposed to post setup 
work. Most resizing involved making a window larger 
so that more lines of text were visible. There was 
no general trend regarding window placement except 
for a tendency to avoid partially overlapping win- 
dows due to a technical problem that caused slower 
scrolling speeds. Some subjects stated that they 
might use more windows were this problem to be cor- 
rected. 

In the past, benchmarks have not always been 
created by using objective techniques. Often 
benchmark designers feel that they know which func- 
tions of the interface are used the most. The low 
correlations between observed command usage, and 
ratings of command frequencies (r = 0.22) strongly 
indicate that subjective opinions are not very ac- 
curate, and thus should be avoided where possible. 
This study seems to indicate that observational data 
can be a relatively fast and simple method of con- 
structing a realistic set of benchmark tasks. The 
added initial time and effort should eventually aid 
the iterative design process by more accurate and 
valid predictions of interface problems, and evalu- 
ation of proposed solutions. 

The constructed benchmark has several limita- 
tions, however. Foremost, it is based upon the com- 
mand frequencies of a small number of subjects using 
a particular piece of hardware/software. No attempt 
was made to find a random, representative sample from 
the population of all window users and available 
windowing products. In addition, the system tested 
lacked many commands, such as copying between win- 
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dows, scrolling, or paginating the view of a window, 
that are currently available on other systems. Fu- 
ture research in this area should be directed at 
sampling the types of work and commands used on these 
other systems to validate or modify the current 
benchmark. 
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