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1980 marks the 10th anniversary of the National Conference on the Use of On-Line Computers
in Psychology. There have been dramatic changes in the applications of computers to psy
chology during that time, with even more dramatic developments in theory and methodology.
Current advances in distributed processing and the rapid dissemination of inexpensive micro
processors portends even greater change over the next decade.

When I first thought about giving this address, I con
sidered describing our research program in decision
making, since it would be an excellent chance to give a
captive audience a pitch about what I think is important
and exciting in one area of cognitive psychology. I then
realized that because this meeting marks the l Oth anni
versary of the Conference, perhaps I should take advan
tage of the occasion to give a little history and make
some conjectures about the future.

What has happened in the use of on-line computers in
psychology during the 10 years since the first National
Conference on the Use of On-Line Computers in Psy
chology? Indeed, what has happened in computing in
the last 15 to 20 years? Although it would be tempting
to go back to 1960 or earlier and chronicle the develop
ment of computer applications in psychology, I think
one might make the case that it was about 1970 that
several factors combined to move computers (and
computing) into psychological research in a major way.

On the basis of my experience as a researcher using
computers in the 1960s and 1970s, and as one who has
attempted to keep up with new developments, I shall
try to make some predictions about what will happen
during the coming decade-or at least what ought to
happen over the coming decade. At any rate, since this
is an election year and this is a presidential address, I
should be completely free to make utterly outrageous
statements.

THE DECADE PAST

I have reviewed the proceedings of the nine previous
conferences. I shall use the proceedings as a first approx
imation to what was going on in the decade. Obviously,

there were developments not reported at the conferences.
However, one would like to believe that most researchers
moving into computer applications looked to the annual
conferences as a way of trying to assess the state of the
art and that active researchers used them as a forum for
exchange of ideas.

I came away from my survey rather perplexed. I tried
to look for trends in what people were reporting. I
devised 10 nonexhaustive categories into which I placed
each paper. I did not count "invited" or "presidential"
addresses in the first count, nor did I include papers that
appeared to be users' group meetings or vendors' hype.
The categories were the following: (1) special-purpose
languages; (2) system descriptions and configurations,
(a) small systems, (b) large and/or distributed systems;
(3) interface technology; (4) eye movement technology;
(5) speech technology; (6) graphics; (7) microproces
sors; (8) CAl; and (9) simulation.

Although there was some overlap, I forced each paper
into a single category. Some categories were excluded
exotic applications, for example. Now either my cate
gories were not sensitive or my coding was biased,
because I detected only two trends across the years.

The first trend I noted was a decrease in descriptions
of large-scale systems and multipurpose laboratories.
One gets the feeling that systems like those at Harvard,
Carnegie-Mellon, Indiana, Colorado, Pittsburgh and a
few other places have not been cloned. Indeed, some of
these systems have been dismantled or modified in major
ways. There are several reasons for this trend. First,
economics has come to work against such systems.
Second, large department-wide laboratories required a
significant investment in organization and administra
tion. Few people were committed to the concept and
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were willing to work toward its success. It often required
setting aside a goal of doing psychological research to do
computer science and administration. By and large,
these systems were successful, and while they were not
copied elsewhere, they proved that computers could
be used effectively and efficiently in research. The
decreasing cost of minicomputers, coupled with better
vendor-supplied software and more standard interfaces,
led many researchers to abandon the idea of large shared
systems. However, perhaps because history is cyclic, I
see evidence of a reemergence of dependence on large
systems. The DEC VAX systems are beginning to find
their way into laboratories, but these systems are radi
cally different from their predecessors in their ability to
meet our needs.

The other trend I detected was a decrease in discus
sions of special-purpose languages. Once upon a time it
seemed that everyone was developing special-purpose
languages or operating systems (or both).

For example, at one time the IBM 1800 laboratory at
Indiana had three special-purpose languages in use. In
retrospect, the primary differences between them were
not differences in efficiency or ease of coding; there
were several of us trying to peddle different philosophies
of experimental control. Except in a few instances, indi
vidual special-purpose languages did not spread. Why? I
am convinced there was a justifiable need for them.
However, just as these individual languages and systems
began to be good enough to transport to other sites, the
vendors stepped in and provided reasonable operating
systems (like the RT-ll) that were flexible and provided
real-time functions for FORTRAN and, more important,
BASIC. Whilewe still see occasional references to special
homemade languages, there are now newer systems and
languages that are more suitable to our needs, like C and
PASCAL. Kieras (1979, p.224) stated it nicely when
he described a DOS multitasking facility for a micropro
cessor and concluded: "Doing it the vendor's way
actually results in highly efficient and effective labora
tory software." Such a statement even a few years earlier
would have drawn guffaws from most audiences.

As I look back on the papers published over the
years, I detect a certain stationarity in developments.
That is, with the exception of the two trends noted
above concerning frequency of papers, there is a certain
sameness to the papers. To be sure, the jargon and ter
minology changes, but quite often many papers seem to
address the same old problems in the same old ways.
This may reflect the state of the art, or it may be that
we are really psychologists trying to solve technical
problems and the solutions really cannot be too differ
ent. I know that as soon as I finish today, half the
audience will list specific papers and accomplishments as
milestones, and the other half will be convinced that my
perspective is too jaundiced.

However, in anticipation of such debate, I shall list
some papers that I see as significant. My criteria are
methodological rather than technical. These papers

either point toward new ways of dealing with old prob
lems or suggest new viewpoints from which to address
relevant issues. These criteria are why the technical
papers tend to be absent from my list; they often
address a common problem with a known (but previ
ously unimplemented) solution. For example, a new way
to interface and drive a slide projector with a computer
is important to the individual researcher, but I become
more convinced with each such paper that there is very
limited generality or applicability across laboratories. So,
for whatever reason, and with obvious prejudice, the
following are my candidates from previous conferences
for major advances or contributions to psychology.

At the 1972 conference, Chang (1973) described a
set of programs that permitted a person to interactively
rotate three-dimensional subspaces of a k-dimensional
space as they were viewed on a CRT. This capability is
of great benefit to researchers doing multidimensional
scaling, factor analysis, or any analytic technique that
requires iteration toward a (possibly) arbitrary solution.
Although such programs apparently date from the
1960s, the potential for significant advance had not been
widely recognized. At the ninth conference in 1979,
Green (1980) and Null (1980) presented papers on the
current state of interactive scaling. Another candidate
from the 1972 meeting was a paper by Hoffman (1973)
that described a computer configuration that allowed
what he called "partial differential feedback." Hoffman
described a procedure by which a subject gains con
trol of the stimulus in a decision task. Many "tradi
tional" learning tasks consist of a stimulus followed by a
response that is followed by an outcome. The stimulus
is often preprogrammed. Hoffman advocated procedures
for letting the subject gain complete control of the task.
That is, the subject was free to vary stimuli in any
manner whatever in order to learn a task or relation.
This kind of situation is virtually impossible to deal
with without a computer. While I view such a develop
ment to be of methodological importance (although in
principle, the notion is not new), researchers generally
have avoided such tasks as "unanalyzable." It is unfor
tunate, since it may be that significant advances could be
made in some areas (particularly problem solving) with
such methods.

The 1973 conference had two sets of papers that, to
me, represented landmarks (albeit not the first publi
cation). The first was a symposium chaired by Dana
Main that dealt with the use of instructional simulations
in teaching. The symposium was about EXPER SIM and
its many variants (DATACALL, LABSIM, LESS, etc.).
Since that time, there have been periodic papers and
symposia on such systems, and these or similar programs
are now widely used in courses on methods in psychol
ogy.

The other paper was one on tailored testing by
Reckase (1974). Because of problems associated with
the administration and use of standard or "standardized"
tests, there has been much interest in developing tailored



testing techniques, that is, test procedures that result in
adaptive selection of test items as a function of responses
to previous items. There is some indication that such
procedures can be highly efficient and lead to better test
validity and greater reliability. It is unfortunate and
somewhat surprising that tailored testing programs are
not more common today.

In 1975, the fifth conference featured a symposium
chaired by Frank Restle on the state of computing in
various areas of psychology: cognition (Aaronson,
Grupsmith, & Aaronson, 1976), the role of eye move
ments (Just & Carpenter, 1976), movement percep
tion (Sperling, 1976), and psychobiology (Cassady,
Patterson, & Roemer, 1976). While these papers did not
break new ground, they summarized well the growing
importance and use of computers in behavioral research.

In the same year, Sedelow (1976) presented a pro
vocative paper on networks. He underscored the impor
tance of networks, not just for computation, experi
mental control, or gaining access to special computing
resources, but also for paradigm development and
enhancing the interaction among scientists. While com
puting networks, both local and national, are used to
some extent for computation, we still have a way to go
before theory searching and interactive communication
between scientists becomes routine.

The next year, 1976, Dana Main organized a sympo
sium on computer conferencing that underscored the
rich possibilities for fruitful communication using con
ferencing techniques. That year also saw a complete
symposium on computer-managed testing.

At the 1977 conference, Peter Polson discussed the
growing implications of microprocessors for psychology.
He correctly predicted some of the trends we see emerg
ing in the 1980s. Also at that conference we had the first
symposium on microprocessors, although there had been
scattered presentations earlier. At the 1977 meeting, we
also learned about laboratory uses of the TRS·80 and
Commodore PET.

At the 1978 conference, microcomputers and micro
processors were the order of the day. Over 15 papers
explicitly dealt with the subject. However, to my
mind, the seminal paper was one by Cotton, Marshall,
Varnhagen, and Gallagher (1979). Again, the ideas had
been presented by Cotton and others earlier, but here we
had an analysis of cognitive theories and computer
technology applied to learning a basic skill like math
ematics.

Substantively, over the years, conference papers
have dealt with the following major issues that have
advanced our understanding of basic cognitive pro
cesses: reaction times, eye movement measures, and
speech production. The first two especially are having
profound effects on theoretical thinking in the behav
ioral sciences.

At this point, I would like to add a word about the
invited papers. The program committees did well in
selecting topics and speakers. These special presentations
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have been of tremendous importance and of a character
different from that of the shorter presentations. They
pointed us in new directions, or at least they opened
doors to new perspectives.

Of special significance were the papers by Newell
and Robertson (1975) on multi-mini-processors, Papert
(1976) on constructing innovative learning environ
ments, Suppes (I 977) on cognitive-based CAl, Leventhal
(I976) on three-dimensional graphics applied to the
reconstruction of nerve structures, Schank (I978) on
computer understanding of natural language, and Uttal
(I975) on special methodologies in visual perception.

As I finish this history, I want to pause and remind
you that my review has excluded a detailed examination
of Behavior Research Methods & Instrumentation
and other specialized journals. Under the guidance
of Joe Sidowski, two special issues of the American
Psychologist that featured instrumentation in psychol
ogy were published in 1969 and 1975. The 1969 issue
had about seven articles devoted to computing; the
1975 issue included about the same number of papers
but proportionally more pages devoted to computers.

What is the current state of on-line computing in
psychology? First, if we are interested in computer
controlled experimentation, "on-line" computing may
be a misnomer, so I will deal with the use of computers
in experimentation more generally. This may include
many things. However, computers are being used for
more and more aspects of experimentation in psychol
ogy. We are at the point at which it is not necessary to
go into great detail about laboratory computers in the
"Methods" sections of our research papers. Indeed, I
have sensed this in recent Conference proceedings and in
the journal articles I read. Researchers are dealing, not
with how to use a computer in general, but with how to
utilize a particular technique. For example, as I reviewed
some of the 17 papers on eye movements from previous
conferences, it was tempting to say that it's the same old
thing, just changes in instrumentation, software, and
computer. However, careful examination reveals increas
ing sophistication and a better matching of technique to
the methodological and theoretical problems being
addressed.

A DIGRESSION ONTHE
COMPUTING MILIEU

I recently went to the storeroom behind our com
puter and dug out some computer magazines from
1970 and 1971. There I found some interesting data and
predictions. We all know that costs have decreased,
but consider the following: In 1970 and 1971, you
could purchase a PDP-II for around $20,000 and up.
INTERDATA announced a 2K mini (Modell) for
$4,650; however, if you wanted to use the assembler
you would need an extra 2K of memory (about $3,000).
The "top-of-the-line" Model 5 was available at prices as
low as $12,900 for an 8K system. Other vendors sold
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their 4K systems for about $8,000 (a Teletype or other
terminal was extra). Rumors at that time indicated that
one major vendor would sell a $1,000 bare-boned
processor by the end of the year.

There were descriptions of new "tape cassette"
systems, but no mention of the flexible diskettes that
would virtually replace them over the next 3 to 5 years.
Lear Siegler listed a dumb CRT terminal for under
$3,000. The highlight for me was an advertisement
listing job placements for programmers at $8,000. The
publications of that time predicted that by 1980, RCA
would be ranked Number 2 in sales (after IBM).

Contemporary computer magazines are no longer
free. In fact, one "controlled circulation" magazine
canceled my subscription last year, saying that I no
longer qualified but I could subscribe if I wished. You
may subscribe to Computronics, a magazine devoted
primarily to TRS systems, for $24 (you may preview a
sample copy for only $4). BYTE is less expensive,
only $18; Personal Computing costs $8.50.

A 16K Apple microcomputer now costs about
$900; the price is a bit more than $1,000 for a 48K
system. A Radio Shack TRS-80 ModellII 16K system
is $699. Radio Shack's new TRS-80 color computer lists
for $399 for a 4K system. Radio Shack also has a
pocket-sized computer that is 5/8 x 2-3/4 x 6-7/8 in.
with a 57-character keyboard and 1.9K memory; it lists
for $249, but it is priced as low as $225 at some stores.
This is Norman's (1973) "computer in your briefcase."
Sinclair sells a 6-1/2 x 8-1/2 x 1-1/2 in. 4K ZX80 (based
on a Z80A microprocessor) for $199.50. MicroAce sells
a 2K BASIC system in kit form for $169 (if you can't
put it together successfully, they'll fix it for $20 post
paid). With such small "ultraportable" systems, I can
imagine psychologists at next year's meeting attaching
their computers to the room TVs at the convention
hotel for completing a last-minute data analysis.

Unfortunately, the durability and capability of many
of the latter systems are inadequate for research work.
However, the TRS-80, Apple, Northstar, and other sys
tems are indeed suitable and are in use in research labo
ratories around the country. Although processor costs
are low, it still takes about $2,500-$3,000 to complete
a viable system with adequate memory, data storage,
software, and interfaces to do simple experiments. By
and large, system prices have decreased by more than
an order of magnitude in each of the past 2 decades.

WHAT DOES THE FUTURE HOLD?

I cannot begin to imagine bold and startling develop
ments that would rival the microcomputer. Price is a
popular thing to predict, so I will start with that. System
costs will drop, but not at the great rate of the last
10 years. That is because marketing, inflation, and raw
materials costs will begin to increase faster than technol
ogy can produce better processors. Capacity will increase
dramatically; however, many small systems now have

memory capacity and speed that exceed the demands of
many experimental procedures. Peripherals will improve
in quality, and those costs will probably decrease rela
tively more than that of processors. Microprocessors
built into peripherals will have considerable power, and
interfacing will become increasingly trivial. As we saw
this morning, video disks will play an increasing and
major role in our research.

One trend that will have a major (perhaps the great
est) impact on experimental psychology is that of com
munication. Already it is virtually impossible to keep up
with the literature in one's field. Over the next decade,
this inability will be both relieved and exacerbated. It
will be relieved when it becomes cheap and practical to
receive your favorite journals in machine-readable form.
Large but inexpensive text and word processing systems
are already making it possible to produce good (and
poor) manuscripts faster. (Have you noticed how many
graduate students no longer complain about having to
prepare another draft of their theses?) Information
retrieval systems will search archives for previous rele
vant research. Papers using key words will no longer
need bibliographies, since complete reference lists can be
retrieved easily. As word processing grows, authors will
no longer send hard copy to journal editors; a floppy
disk transfer will be sufficient. After a couple of years,
the diskette will not be used; a direct transfer over com
munication lines will be all that is required. However,
such a trend will be short-lived, since the editorial offices
will be drowned in a glut of material.

This information transfer mess will be resolved by
informal networks created to avoid such confusion.
Indeed, some researchers now routinely use computer
conferencing and other techniques to pass information
and data between locations. For some time, it has been
the case that if a budding psychologist reads journals to
keep up with an area and develop ideas, he or she will
be well behind the forefront. With informal communica
tion networks, research areas may, rather than being
more open, actually become closed systems that are
impregnable to those not in the group. This problem
could well be aggravated if declining university budgets
and decreasing federal funding for research increases
competitive pressures.

I believe that electronic communication has tremen
dous potential benefit. However, if it is not managed well
and wisely, we could suffer serious harm to the growth
of science.

One problem that has been suggested many times
before is that with computer-based (or automated)
laboratories it is possible to do too many experiments.
Once set up, a computer-based laboratory can become
a response factory. In the last 2 years, I have seen too
many five-way factorial experiments. Analysis of (and
interpretation of) results boggles the imagination,
especially when the comment at the end of the paper
is "further study will have to be done." The temptation
to run another condition is often great, and although



some of us are strong-willed enough to resist, many of us
are not. Attempts by journal editors to encourage
integrated series of experiments can end up as another
five-way design. A problem related to doing too much
with a laboratory computer is that of not doing enough.
Because it is so easy to run subjects, it is possible to
simply replicate experiments rather than search the
literature for relevant work.

For both of these problems, society has provided a
simple cure: Since college enrollments are declining,
subject pools will dry up. The easy solution, of course, is
to run a five-way within-subjects design.

What kinds of experimental methodology will emerge
in the next decade? First, there will be a continued
increase in the use of synthetic speech, not just for the
study of language development, but also as stimuli and
as subject controllers.

There will also be a surge in the use of graphics.
Witness the first talk this morning. Today, many exper
imental procedures use rather impoverished stimuli. Of
course, one reason is to gain better control of the stimu
lus conditions. However, another reason is technical:
We have not been able to easily use complex stimuli,
often because they cannot be analyzed. Graphics tech
nology is not only providing the capability of displaying
complex stimuli on a CRT, but because such images are
encoded, analytic procedures can be used to help us to
better understand the pictorial structure.

I do have one concern about graphics, however.
Color graphics is now easy and cheap (via an Apple,
for example). I have observed some displays, primarily
for CAl use but also some for experimental purposes,
in which color was not used thoughtfully. Use of color
can enhance displays, but it can also obscure essential
relations when the primitive salience of various colors
and hues are ignored.

One thing that computers can do well is measure
reaction times or response times. At the second annual
conference of this group, Don Norman stated that very
soon everyone would be measuring reaction times. He
was right. The ease with which reaction times can be
measured with computers is so great that response times
are sometimes taken and reported when they have no
theoretical relevance to the problem under study. In
reviewing the last decade, it is clear that reaction or
response times have come to play a crucial role in many
cognitive theories, from simple choice tasks to complex
mental imagery and problem solving. Of course, I can
only make a conjecture, but I wonder whether many of
the current cognitive theories and models being espoused
would have been developed or even entertained had not
response times become easy to gather and analyze.

Another critical development is the monitoring of
eye movements. Like reaction time methodology, the
use of eye movements as dependent variables predates
computers. However, it is only recently that eye move
ments have become critical measures in testing theories.
I sense, however, that eye movement research may peak
in the mid-1980s because eye movements are at best
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indirect measures of response. With the availability of
good recording techniques and new analytic procedures,
EEGs and other cortical measures may replace first eye
movements and then reaction times as primary variables
in cognitive studies. It is true that such measures are
accompanied by a great deal of noise. However, look
back a decade on the noise and technical problems
surrounding eye movements and reaction times. We may
see theories in which such measures playa major role as
better monitoring and analytic procedures are developed.

Although not commonly thought of as an "on-line"
activity, the next decade may foster a slight revolution
in statistics. The most recent impressive development
was the introduction of integrated statistical packages
like SPSS and SAS. By and large, these packages consist
of traditional techniques. Although new techniques and
approaches like exploratory data analysis will become
more widely used, many statisticians see a major shift to
nonparametric permutation-based statistical procedures.
In addition, time series and stochastic models will be
more Widely used in the analysis of behavioral data as
specialized packages become more widely known and
available.

Because of changing philosophies, technologies, and
funding bases, the 1980s will see greater emphasis on
computer-based instruction. Not only are our cognitive
theories ripe for application, but also the process has
already begun by researchers like John Cotton, James
Greeno, Richard Millward, and Patrick Suppes.

The greatest challenge facing experimental psychol
ogists is the hobby market. We have been led to believe
that there was a vigorous amateur movement in psychol
ogy in the 1920s. The 1980s may see a resurgence of
popular interest. Thousands of microcomputers are
fmding their way into thousands of homes. Curious
children and a few adults are beginning to invade our
turf. Look at any issue of BYTE or Personal Computing
and you will see the signs: Mention is made of decision
making software for $29.95, algorithms for chess,
artificial intelligence application kits, and other tantaliz
ing tidbits. To be sure, such programs may be unsophis
ticated today and there will be tremendous duplication
of effort. But because these outsiders are unencumbered
by our paradigms and methods, it is entirely possible
that the way we view and study behavior in 1990 will
owe a debt to some freckled kid playing with her micro
processor.

The 1980s should be as exciting and as challenging
as the 1970s.
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