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Ny Recent Developments in Data Collection and
Analysis for Experiments

Whenever a symposium is organized, a set of titles is selected in such
a vay that the unifying theme of the several precontations is readily ap-
parent. Then each participant faces the task of skillfully using his title
as an introduction to the topic he is willing to talk about, with the added
restriction that he try to avoid overlap with the other papere, which he
has not seen.

The original title of this paper was 'Recent developments in data proces-
sing" and the combination of this title and the present title probably glves
a much clearer‘i Jf the topiu I have in mi;d than either of them does by
itself. More specifically, I plan to discuss the role of the computer in ex-

periments as a device to nontrol conditions, collect data and make analysis

relevant 1o the ongoing coatrol process.

Before getting into this more recent computer application, let me

briefly mention applications which I will not discuss. Most of these can
\Bb~broadly classified under the heading of "Jdata proceseing." I will not
talk about any statistical data processing in whish a person presents data

to the computer to be analyzed, sumsarived, collated, formatied, etc., or
record keeping in which new data is added to some previocusly accumulated.
The only recent development I shall mention in this area concerns a mythical
(?) computer which bears the acronym GIGO. My colleague, Henry Hausdorff,
who conceived of the machine, explains that the initials stand for 'Garbage
In, Garbage Out." |




Another well known erea of computer applications which will not be dis-
cussed is that ol simulation. T".e simulation may be of another computer, as
in digital siculation of analog computers, but we are generally more interes-
ted in the simulation of a person ox group. This type of application can
lead to insighte into the processes involved in human behavior. Further, it
is invaluable in determin’ \g the consequences of a particulsr mathematical
quel. Recent developments in this area, however, are more the accomplish-
ments of individual researchers than of any developwents in research methodo-
logy or the tools available.

The Computer as a Control Device

For several years the small or medium-sized computer has been ussd in

industry to control scme process by continuously adjusting various parameters.

These process control systems are applied most frequently to continuous pro-
cesged much sa rolling milla. stesl maling. and batch blending. Typically.
the variables involved are so fast-changing and so interrelated that it is
impoasible for an unalded operator to know exszctly how to react to process
disturbance;. On the qpher hand, a computer system can perform en entire
spectrum of finotions ranging from simple data logging, in which it verely
repcrts variables, to complete process control. Between these extremes lie
various mixes of logging, supervision, and control.

In recent years, the behavioiral scliences have evolvad several parallel
copmputer applications. That is the compater has been used to carry out ex-
periments, collect the data, and ocassionslly alter the experimsuntal pro-

cedures on the basis of the collected data. The analogy of this application
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to that of industrial process control should be even clearer when one consi-
ders the genersal area of computer-assisted instruction. In the latter case
it is the learning proces:c which is being monitored and parameters are varied
on the basis of the students responses.
Precent Computer-Controlled Experiments

Many of the experiments now being done in computer-assisted laboratories
do not really take advantage of the computers cupabilities. In fact, it is
not an esay task to think of an experiment which can be controlled by a
computer and cannot be duplicated with conventional experimental apparatus.
The difficulty of this task may be due to rigidity in thinking brought on by
traditional ccurses in research methndology. The primary advantage ¢€¢ the
conputer lies in its ability to modify the procedure on the basis of the
collectead data, but very few current experiments make vse cf this fesuture.-

The ability of the computer to collect large smmounte of data in short
periods of time is cne advantege currently being exploited, although mainly
in nuclear physics experiments. It is aleo possible to put this ability to
use in behavioral science applicatione. It is a simple matter for a compu-
ter to simultaneously oollect data on latency of response, type uvf response,

amplitude of rssponss, physiological variables, etc., all with a high deglee
of accursoy and for more than one subject. This oould be a dicadvaniage if
Ahe experimenter gathers data for a large mwmber of variablezc just to see if

anything comes out stutistically significant. The saving grace for computers
is thet although such Mtiple data collection is technically poesible, it

is umially not economically desirable, iZ only because of the cxlis pivgiwiy
ming involved. ‘
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Computers have aleo been used quite extensively in the generation of
stimulue materials. This is particularly appropriate when an oscilloscope
ie used for display. Given the dimensions on which stimuli cam vary it is
ususlly possible to write a program to generate all possible stimulus
objects. In this manner the experimenter can have an extremely large puol
of potential stimulus objects even though a large number of them may never
be used.

A further advantage for the use of computers in conduccing experiments
is timing flexibility. It is poscible for the experimenter to specify with
a high degree of accuracy, the timing of all experimental events under his
control. The flexibility of the computer allows the timing to be easily

varied over trials, or to be conditional on the occurrence ¢f other ovents.

Some Disadvantagee of Computer Control

As long as I have listed some advantagez of computer control, it is
only fair that I also list some disadvantages. The most serious disadvan-

tage is probably the limited number of response modes available. In mavy

casas there is only one responsc .wode, that of depressing a key on a key-
board. If facilities are available, one can adapt more sophisticated resp-
onse devices for computer input, but for the typical enperimenter the
availability is limited. This situation is being alleviated asnew response
devices become more common. Devices recently developed, or under develep-
;ent, allow the computer to sense the movewent of an electronic pencil, the
location of a finger touch and the movemeui 2f blocka.

A further disadvantage of computer-assisted experimentation is the

length of time it takes before an experiment can be‘implamented. I am re- 4




ferring to the time necessary for computer programming and debugging. Un~
less one plans to process a large number of s&bjects, or do a series of
related experiments using the same general procedure, it may be more expe-
ditious to carry out the experiment by conventional means. Once again,
tals is an area where steps are being taken to bring relief. In this case
rollef is in the form of epecial computer languages. Several languages for
the presentation of instructional materials have reached different stages
of development. A language for the acquisition of oceamgraphfi.c data has
also been created and hopes for a general experimental language do not seem
out of place.

One disadvantage that holds for almost any computer program that is
at all complex, is that one can never really be sure that a program will
work for all possible cases until they have all been tried. This is pro=-
bably more serious for experimentation than for analysis programs since there
ere usually several independently derived anmlysie programs to serve as
checks on each other. Nevei'theless, some analysis routines have been faulty
and yet been used for long periods of time. It will be quite difficult to
determine if the routines which obtain the data are in errvor.
Equipment-Sheving va, Time-Sharing

In general, experiments run under computer control y particularly those
using smell computers, are done in an equipment-sharing manner. Diffarent
experiment:; are run at different times, with each being loaded into the
computer as it is needed. In this mode of operation, each experimental pro-
cedure mway use any or sll of the available equipment. |




An alternative to equipment-sharing is time-sharing, in which several
experimente are conducted in 1 perticular time period using a single comp-
uter. This is feasible since in a typical experiment the computer can
spend over 90% of its time waiting for the subject to respond. The imple-
mentation of a time-sharing experimental lzboratory requires a greater ini-
tial investment in programming but allows more efficient use of the major
comprnent of the laboratory, the computer. The computer which most readily
adepts to this type of use is a small or medium sized computer in the
$ 50,000 - $150,000 price range. A high input-output rate is desirable Lut
a large amount of fast-access memory and great processing capability are
not essentisl. A slower muss memory is important, however, for servicing
even a smell number of stations with any flexibility. Thie slower mass
memory can be uscvd for storing data, both current and background, decision
and analysis programs, supject matter, and gener:l service routines.

Jmplications for Data Analysis

There are implications that computerized daia collection has for data
analysie which are worth considering. I have already mentioned the relative
ease with which large numbers of variabiec may be sampied. A feature worth
considering in more detail is the possibility of altering the experimental
procedure, or instructional sequence, on the basis of the analysis of pre-
vious responses.

Let me give some examples of situations which might benefit from this
facility. I have been . formed that a reasonable hypothesis in paired-
associate learning is that the learning of a particular pair is facilitated
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in oroportion to the number of times it f;llows a correct response. This

is a very difficult hypothesis to test unless you can vary the order of

the list after each response. Ii the list order can be varied after each
response, it is possible to randomly assign pairs to conditions of following
a high percentage of correct responies and a low percentage of correce re=-
sponses. Usilrg a computer for list presentation and data collection makes-
the task quite simple.

There are many situstions where a responsive display is desirable.
This might involve plotting an equation, showing the output of an electri-
cal circuit, etc. This can be viewed as a type of data analysis in that an
analysis of the student's response uniouely determines the neﬁ stimulus.,
The new stimulus for the student, i.e., the waveform of the circuit's output,
will be a function of the students reeponse, i.e.; the values he gave for
registors, capacitors, etc.

Av. example that is even more applicable for the area of educational
research is the investigation of the effest of subject matter parameters
on learning rate. In this type of study one varics the mode and maraer
of presentation, content variables, etc., in an atteupt to optimize the
learning rate for a subject. A problem in this area of reseerch is that
there are mary effects which are not under the experimenters coantrel, such
as individual differences in students and time trends due to practice,
fatigue, boredom and the like. If we could do eway with some of these un-

desirable sources of variance, this could be viewed as a problemt for response-

surface methodology.
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A tool that may be useful in computer presentation of subject matter,

which has not been extensively investigated, is latency of response. In
a drill situation one often uses N consecutive correct as &« criterion for
success. It seems reasonable that one could terminate the drill earlier if
the latency of the correct responses were used as an additiorai indication
of learning. An example may make this point more clearly. A spelling drill
which we use for demonstration purposes in our computer-assisted laboratory,
requires that a subject spell a word correctly more times than he spells it
incorrectly before the word is dropped from the drill. In spelling a word
like SC1ENCE a subject ...y stumble on the I-E rule several times before get-
ting the word right. Withuut getting into a debate on the merits of over-
learning, I wculd like to suggest that instead of requiring the subject to
speil SCIENCE correctly four or five times, we allow an alternative crite-
rion of two correc: responses with latencies well bslow his mean latency.
Real-Time Analysis

As experiments done under computer control , become more prevalent, more
att&ption will have to be pa.d to developing appropriate statistical tech-
niques for 'real-time" analysis, i.e., analysis of the data while the ex~
periment is in progress. Techniques which are described as '"sequential
statistics" are probably not adequate to the task. Listed urier segquential
statistics one finds measures of runs, auto-correlations and combinatiohs
thereof. It nay be th«t auvto-corrziation will be particularly helpful in
studying varievles such as motivation or attention, which may behave in a
cyclical mammer. To this one mizht also add sequential designs such as
fractional factorials, which are particularly helpful in exploratory studies,



but an abundant supply of techniques is missing.

Implementing real-time analysis techniques and using them for the modi.
fication of experimental procedures will lead to what mighc¢ be conmidered b;
some to be another disadvuantage of computer-assisted experimentation. The
problem is that if an experimenter plans to make full use of the computer-
assistance, he must consider all possible outcomes ior stage one of his
expe.iment if he plans to modify the procedure for stage two and must con-
sider all possible outcomes of all possible variations of stuge N if he
plans to modify the procedure for stage N+l. This may be an overpowering
restriction for some experimenters and they may choose to ignore some of
the advantages of computer-assistance. -For those of us who recommend this
strange type of behavior, i.e., planning what to do with the data before
collecting it, computer controlled experiments may offer a blessing in dis-
guise.

In closing, let me say that although some people may see an advanced
state of computer-assisted experimentation arriving very quickly, there are
several inhibiting factors that I would like tc mention. One involves an
uncritical acceptance of computer accomplishment by those not familiar
with comput=rs. This is the 'Did y,u see tue computer that printed a picture
of Santa and his reindeer?" type comment. This attitude qf awe 1is often
fostered by computer users who sometimes attribute slightly supernatural
properties to their programs ('"Then depending on the type of student, the
computer gives him .. "). This combination tends to lessen the demands thut

computer users be particularly creative in their applications.




10

A final inhibitor is the tendency for the use of a computer to become
a goal rather than a means to an end. It ls very easy to get so carried
away with programming that one does nothing else. One extreme example of
this might be a person who spends so much time creating a prograzu to write
up studies that he never has time to collect any data to write up. Hopefully,
these inhibitors will have negligible effects and computer-assisted labo-

ratories will be rapidly implemented.




