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ABSTRACT

This paper describes a program for the IBM Personal Computer
(PC) which runs in the background to record and time-stamp key-
strokes as operators use real PC applications. The value of the

program as a human factors research tool

is discussed. in addi-

tion to this, an exampie of a study using the program o estimate
the frequency of acquisition of the Backspace and Enter keys in PC

applications and a comparison of two

OBJECTIVE

The purpose of this paper is to
make a new research tool known to the
human factors community. This tool
was developed to collect data on
control sirategies adopted by LBM
Personal Computer operators who are
engaged in tasks using real, not
simulated applications. Also, recent
studies in which it has been used by
the Boca Raton Human Factors depart-
ment will be discussed.

PERSPECTIVE

Before trade-offs can be made in
& personal computer’s design, one
should know how it will be used. For
example, there are numerous popular
application programs which permltf a
wide variety of operator control
sirategies. One is caught in the
dilemma of not knowing the actual
percentage of task time the operator
apportions to each subtask. To maxi-
mize the validity of the data., one
should measure operator performance at
the most fundamental subtask level in
the application environment.

METHOD

Operator performance with various
hardware devices has been measured
using a personal computer as the data
collection device. Until now opera-
tor®s tasks for such studies were
simplified abstractions of typical
real world tasks. We have taken the
approach of using real applications
runaing on a personal computer. This
eliminates any validity quesiions
which mey be raised by resorting to
simulated applications.
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IBM keyboards are described.

Most applications have "closed
code" and thus cannot be modified to
allow performance data to be gol-
lected automatically. We have
devetloped a program to intercept
Keyatrokes and run in the "back-
ground" on the IBM Personal Computer
50 that its execution does not
interfore with the execution of an
application running in the "fore-
ground”. The program t(ime-stamps
each key press from the keyboard and
saves these data on a diskette for
subsequent analysis. This program
is usable with many different appli-
cations and is ap unobirusive way to
collect operator performance data in
a real task environment. The opera-
tor's interface and control strate-
gies are identical to the applica-
tion running with an unmodified
operating system. The performance
of the application program ias not
perceptibly modified by the execu-
tion of the data collection program.

RESULTS

In the past, special test
programs were written to collect
accurate parformance data. The test
programs would allow us to analyze
speed and accuracy for each device
tested. Thus, we could compare
operator performance with different
keyboards, but not in a realistic
application environment.

The program has been used
successfully in our deperitment to
estimate the frequency of acquisi-
tion of the Backspace and Enter keys
by IBM Personal Computer users and
to compare two IBM PC keyboards. As
examples., descriptions of the stud-
ies mre given.
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EXAMPLE 1: Frequency of Acquisition
of Backspuce and Enter Keys

Perspective

When keyboard developers make
design trade-offs with a potential
effect on usability, they need two

kinds of information. One type of
information is aspeed and error data
collected experimentally. The other

type is information about the retative
frequency with which keys are used by
personal computer users in the field.
Of particular interest are the fre-
quencies of Backspace and Enter key
acquiasitions. On many current Key-
boards, the Backspace key may be a
single-wide or double-wide key, and
there are & variety of Enter key
shapes. One may conduct experiments
to assess the performance effects of
these alternatives, but the frequency
of acquisition is also required to
make a rational trade-off if these
keys are competing for area on the
heybosrd.

Meihod

Sixteen I!BM omployees participat—
ed in this study. Eight were using a
word processor of editor, and eight
were using a spread sheet program.

The PC system used by the partic-
ipant was also used for data collec—
tion. Keystrokes were captured using
an assembly language program which ran
in the background of the applications,
and was ltranspareni to the usger. The
keystroke frequencies were tabulated
using a BASIC program. A key acquisi-
tion was defined to be the pressing of
a key which was not immediately pre-
ceded by the pressing of the same key.

Data coliectors visited different
buildings at the Boca Raton IBM devel-
opment aite at different times of the
work day. Employees observed using an
IBM Personal Computer were approached
in their offices and were asked for
permission to record the work in which
they were currently involved. They
were told that thelr keystrokes would
be recorded and the data used to help
make trade-offs in future keyboard
design. The type of system and appli-
calion used by the subject were re—~
corded.

Due {o the possibility of inter-
ruptions during a data callection
session, an additional requirement was
imposed that data would be included
only if the participant made a minimum
of 250 keystrokes for word processing
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appiications, or 75 keystrokes far
spread sheeit applications during the
10 to 15 minute session.

Besulig

The kesy frequency percentages
were calculated for each partici-

pant, and are displayed in Figure 1.
Figure t. Ava. Key Frequency %s
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% 5: Spread Sheet
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An analyais of variance was
conducted on the independent vari-
ables of application (word process—
ing or spread sheet) and key acqui-
sition (Backspece or Enter) using
the dependent variable of key acgui-

sition percentage. The tabie below
summarizes the resulls:

Tabie 1. Key Freguency ANOVA
_Effect df [ p
Application 1,14 6.86 .02
Key Group 1,14 20.82 .0004%
App X Key Grp 1,12 .16 .04

Analysis of the Iinteraction
showed that the application groups
did not differ Iin the percentage of
Backspaces, but did differ in the
percentage of Enters (W = 46,
p<.058) . The ratio of Enters/Back-
spaces was 2.2 for word processing
and 5.3 for spread sheets.

Discussion

These resultts indicate that the
type of apptication used has an
effect on the percentage of Enter
key acquisitions, but not on the
percentage of Backspace key acquisi-
tions. If the Backapace and Enter
key were competing for keyboard area
for & word processing application,
then compromises to the size of Lthe
Backspace ey would have to be about
twice B3 degrading to performance as
compromises to the size of the Enter
key to justify compromising the
Enter key rather than the Backspace
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key. For spread sheet applications,
the Backaspace compromise would have to
be about five times as damaging as the
Enter key compromise to justify the
same decision.

EXAMPLE 2: Comparing the IBM PCAT
and I1BM 7531 Keyboards

Objective

The purpose of this study was to
compare performance between keyboards
on two IBM systems: the i68M PCAT and
the IBM 7531 Industrial Computer
System.

Method

Twenty—four non-I1BM participants
were hired to take part in this study.
They represented a range of age, sex
and computer experlience.

Tweive of the twenty-four
participants were rendomiy assigned fo
use a 7531 keyboard on their first and
second days of testing. The other
twelve used a PCAT keyboard on their
first two days. After each person had
worked for two days, they were askod
to switch to the other machine for two
additional days of work. Thus, each
person served as his own control and
order of presentation effects were
counterbalanced.

Half of the 7531 participants
were assigned to use a spread sheot
(Lotus-123) and the other half werse
assigned to use a word processor
(DisplayWrite-2). The same assign-
ments were given to the PCAT partici-
pants . Sample numerical data and
prose text of graded levefs of diffi-
culty were given as source material.

Al the end of each day, two short
timed typing tesis were run. One was
a2 5~minute data entry task and the
other was a S5-minute data editing
task. The keystrokes were captured
and time-stamped by an assembiy
language program fdnning in the
background of the application.

Besylts

The keying rates (mean keys/sec)
are shown in Table 2, along with the
resuwlts of t-tests. HNo significant
differences ware found between the
keyboards in terms of this
productivily measure.
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Table 2. Keyboard Keying Rates

Application/

—£Task) = 7531 PCAT __t  _p

Spread Sheel t.14 1.14 -0.04 .97
(Data Entry)

Spread Sheet 0.86 1.07 -1.43 .19
(Data Edit)

Word Process. 2.31 2._.27 0.37 .72
(Data Entry)

Word Process. 2.22 1.99 0_.52 .62
(Data Edit)
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Since no performance differenc-
es were found ifor the keying rate
variable, no discrimination was made
about the keyboards on this point.
Preference data was also collected,
but a discussion of this is beyond
the scope of this papar.

OVERALL DISCUSSION

Testing with simutated applica-
tions has a valid place in the
spectrum of test conditions. With a
simulated application, the experi-
menter can have a areat denl! of
control over the user’s reapertoire
of actions. However, real applica-
tions may allow an operator to
correctly do a task in more than one
way. This freedom is a characteris-
tic of the real worid, but may make
the analysis of operator performance
more difficult due to the experi-
menter's lack of control. The
trade-off beiwesn control and gener-
ality is not new to the philosophy
of experimental design.

The method described and demon-
strated in this session may afiilow us
to tease out some aspectis of person-—
al computer-operator interaction
which wsere previously inaccessible.
The technique is generalizable znd
can be useful over a wide range of
tests. Using the technique, it will
not usualiy be necessary to develop
special asimulated applications or to
re-write data collection programs.

Although the technique was
developed for keyboard testing, it
¢can also be used to evaluate appli-
cations programs. By studying
operator performance with specific
tagks in different applications, we
can objectively evaluate the usabil-
ity characteristica of each of the
applications.
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