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ABSTRACT

THE ROLE OF SELECTIVE ATTENTION AND THE DISTINCTIVENESS
OF CUES IN SIMPLE AND COMPLEX DISCRIMINATION LEARNING

by Frederick G. Fidura

Although a number of earlier studies in discrimination
leafning suggest that a concept of selective attention
is necessary for any adequate account of behavior, few
theorists have 1lncorporated thls concept into theories or
experiments. Recently, however, there has been a renewal
of interest in selective attention. A number of "two
stage" models of discrimination learning have been sug-
gested. These models assume that, in order to learn a
discrimination, the subject must (1) attend to the stimuli
which are relevant, and (2) learn the appropriate motor
response. These two stages are most easlly separated in
studlies where a complex discrimination 1s used, i.e.,
where in addition to a relevant stimulus dimension, there
are some number of 1rrelevant dimensions which vary from
trial to trial, and are unrelated to reward.

Typically, only two dimensions have been used, and
these were often in different sense modalities even though
there 1s evidence of an interaction between variables

affecting the stimulus selection process and the sense
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modality involved. The present study attempted to examine
the stimulus selectlon process and assess some of the
variables affecting this process when three visual stimulus
dimensions were used with a subject which is primarily a

"visual" organism.

Experiment I

This experiment assessed the acquisition of three
simple discriminations in terms of selective attention.
Twenty-seven Japanese quail learned a color, form, and
pattern discrimination, each presented alone in a discrete
trial procedure using a commercial operant chamber. Prior
to the beginning of discrimination training, the pecking
response (second stage of a two stage model) was well
established. The results showed that, in terms of the
number of trials required to reach criterion, color was the
easlest dimension to discriminate, followed by pattern
next easiest, then form. The interpretation was made that,
since the motor response was well established, differences
in acquisition reflected an attentional hierarchy among
the three dimensions with color having the highest prob-
ability of being attended to, followed by pattern, then

form.

Experiment Il

This experiment was designed to assess, (1) the

acquisition of a complex simultaneous discrimination in
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which the complex discriminative stimulus was composed of
three independent blnary stimulus dimensions with only

one dimension relevant, and (2) the acquisition of this
complex discrimination as a function of first learning

each of the three dimensions presented alone. Fifty-four
Japanese quail learned a complex discrimination where
either color, pattern, or form was the relevant dimension
and the remaining two dimensions were irrelevant. Half

of the subJects in each of the three groups had previously
learned the three dimensions presented alone to the same
criterion (subjects from Experiment I). The remaining

half of each group had no prior experience with the stimuli.
The results showed that, in terms of the number of trials
required to reach criterion, pretraining on both the rel-
evant and irrelevant dimensions of a complex discriminative
stimulus had no significant effect. And when Experiment II
was compared with Experiment I, 1t was seen that making the
discriminative stimulus into a complex stimulus by adding
two irrelevant dimensions significantly retarded learning
for the pattern and form dimensions, but had no signifi-
cant effect for the color dimension. In light of this
interaction it was suggested that varlables affecting the
attentlional process have thelr greatest effect when the
attentional probability of the stimuli involved is low, and
no effect when the attentional probability of a stimulus

is very high.
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Experiment II1I

This experiment assessed what 1s learned about ir-
relevant stimulus dimensions during the course of complex
discrimination tralning. The 27 subjects from Experiment II
which had no pretraining were required to learn each of
two dimensions presented alone which had previously been
irrelevant during complex discrimination training. The
results of this last experiment were compared with Experi-
ment I, and showed that significantly fewer trlals were
required to reach criterion for the pattern and form
discriminations for subjects which had these dimensions as
the 1rrelevant stimuli in the complex discrimination
training than for those which did not. No significant
difference was found for the color dimension. This inter-
action was considered in terms of the 1lnteraction principle
posited in Experiment II. The results suggested that any
stimulus selection going on in Experiment II did not pre-

clude the learning of something about the irrelevant
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dimensions.
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CHAPTER I

EXPERIMENTS AND THEORIES

In the simplest terms, attention refers to a
selectivity of response. Man or animal is
continuously responding to some events in the
environment, and not to others that could be
responded to (or "noticed") just as well. When
an experimental result makes it necessary to
refer to "set" or "attention", the reference
means preclisely, that the activity that controls
the form, speed, strength, or duration of the
response 1s not the immediately preceding
excitation of receptor cells alone. The fact
that a response 1s not so controlled may be
hard to explain theoretically; but it is not
mystical, and "attention" 1is not necessarily
anthropomorphic, or animistic, or undefinable
(Hebb, 1949, p. 4).

In one form or another, most psychologists admit to
something akin to an attentional process, but rarely has
thls process been pursued theoretically. According to
Hebb (1949), typical theoretical thinking starts out
preocgupied with stimulus or stimulus configuration as
the source and control of action, eventually runs into
the facts of attention, and agrees that attention 1is an
Important fact, without recognizing that this is incon-
sistent with one's earlier assumptions. Essentlially then,
psychologists have recognized the existence of an at-
tentional process, but have done so reluctantly and have
not, oddly enough, until recently, incorporated this

1



process into their theories. But the obvious theoretical
commonality among notions like set, attention, expectancy,
hypothesls, intentlion, vector, need, perseveration, and
preoccupation (Gibson, 1941, 781-782) 1s the recognition
that responses are determined by more than the lmmedliately
preceding sensory stimulation. This 1s not to deny the
importance of the lmmediate stimulus, but to deny that the
immediate stimulus environment 1s everything in behavior.

Mackintosh (1965) summarizes the argument for at-
tention well when he says:

Animals have nervous systems of limited size and
therefore limited capacity for processing and
storing information. Thus they are confronted
with the problem of selection. At some stage
they must discard irrelevant or redundant infor-
mation so as not to interfere with the storage of
important information. This line of argument
would seem to provide a general rationale for
postulating, as Broadbent (1958) does, the ex-
istence of filtering devices in the nervous
system; and 1if this approach is Jjustified, 1t is
undoubtedly of the first importance for behavior
theory. To put it at 1its simplest, if animals do
not respond to all features of their stimulus
input, then a sharp distinction must be drawn
between the physical stimull impinging on an
animal in any glven situation and the effective
stimulus which controls the animal's behavior in
that situation. Fallure to consider this dis-
tinctlion might lead to explanations of behavior
being offered that are at best incomplete and

at WOﬁSt, totally misconceived (Mackintosh, 1965,
p. 124).

On at least theoretical grounds then, it seems safe to
postulate a mechanism of attention and to assume the role

of attention 1s critical in any account of behavior. It
remains, however, to review experimental evidence supporting

such an assumption.



In terms of experiments, there has been a recent
renewal of interest in attentional variables. Over the
years there have been a number of studies, particularly in
discrimination learning, where the results relate to the
attentional process, but whose focus was other than at-
tention. Early in the history of psychology, the struc-
turalists ascribed a role to the related variable of
"attenslity" as a characteristic of a pure sensation
(Mackintosh, 1965), but it was more or less viewed in the
manner of a static parameter.

Attention really came to the fore during the

continuity-noncontinuity controversy (Mackintosh, 1965).
Because attention seemed to relate to the amount learned
during the presolution or precriterion period and was
also related to incidental learning, the role of attention
or selectivity of learning at first appeared to be one of
the chief distinguishing characteristics between the two
camps. "A crude representation of the two positions would
be that noncontinuity theory states that animals attend to,
and therefore learn about only one cue at a time, while
continuity states that animals learn equally about all
cues impinging on their receptors (Mackintosh, 1965,
p. 130)." That this debate may have been as much emotional
as aeademic 1s evidenced by the fact that no one suggested
the middle positien, namely, that animals might learn more
about some ecues than others. But 1n the heat of this

theeretieal dispute, attention, as a process to be studied



in i1ts own right, was set aside in favor of variables
which appeared to be more germane to the issue at hand.
The controversy will not be reviewed here, because the
research it generated sheds very little light on the
attentional process other than the vague suggestion that
learning can be selective and also because attentlon is
not really a distinguishing characteristic of either
position. Attention 1s a potent enough variable to tran-
scend the incremental versus all-or-none debate. That
attention is not peculiar to elther theory 1s evidenced
by the fact that the literature presents precisely specil-
fied incremental models of attention (Restle, 1961) as
well as all-or-none models (Trabasso and Bower, 1964) plus
at least one attempt at using attention in a two stage
model to reconcile the debate concerning the nature of
acquisition (Mackintosh, 1965).

In a recent review, Mackintosh (1965) deals with an
hypothesis arising out of the continuity-noncontinuity
debate but never adequately tested, namely,

that animals do not classify their stimulus inputs
with equal effectiveness 1n all possible ways at
once, and 1t should therefore be possible to in-
fluence what an animal attends to by appropriate
training procedures. . . . It 1s clear that a
different type of experiment 1s called for, one
that will test differences in degrees of learning
of, for example, primary and incidental cues, or
discover whether animals classify thelr input
equally effectively in all ways at once. This
modified non-continuity theory implies that the
more likely an animal 1s to classify its input in

one way, the less likely 1t willl be to classify it
in another. The most direct test of this assumption



is to train animals on a discrimination with two
relevant cues, and once they have reached criterion,
use transfer tests to discover how much they have
learned about each cue separately (Mackintosh, 1965,
p. 130-131).

Sutherland and Mackintosh (1964), in a test of this
assumption, trained animals on discriminations with two
relevant cues, a white horizontal rectangle versus a black
vertical rectangle. The subjects were then given transfer
tests on both a brightness and an orientation (horizontal-
vertical) discrimination presented alone. The results
showed a negative correlation between individual subject's
scores on one cue and their score on the other, thus
supporting the hypothesis. Reynolds (1961) presents sug-
gestive results in an operant discrimination study using
pligeons as subjects. Two birds learned to discriminate a
white triangle on a red key from a white circle on a green
key; 1.e., color and form were redundant. Following
acquisition, response rate was measured in the presence
of the four stimulus attributes alone. The results showed
that one subject was responding in terms of color only,
while the other subject was responding to the form dimension
and not color. Further data by Mackintosh (1965) suggests
that attention to the components of a complex discrimination
can be influenced by differential pretraining to the com-
ponents presented alone.

There 1s strong evidence then, that animals do not

classify their stimulus input in all potential ways at once.



They react selectively. The significance of this fact for
discrimination learning 1s obvious. In order to learn the
correct response, the subject must first classify the stim-
uli involved in the appropriate way (e.g., as structured by
the experimenter)--since he attends selectively, he must
attend to those cues which have relevance for reinforcement.
Only after attending to the relevant stimulus dimension
can the attributes of that dimension be assoclated with the
appropriate response. This argument has been the basis of
a number of recent "two stage" models of learning. From
these models have come experiments with most relevance for
selective attention.

However, while this recent literature presents studiles
on the attentlon process per se, it also gives rise to a
new problem--a problem of semantics. As researchers have
encountered the behavioral fact of a stimulus selection
process, they have attempted to deal with it in concepts
couched in the language of thelr own theoretical persuasion
or area of specialization. The result is that at least
four of these models; concept identification (Trabasso and
Bower, 1964), hypothesis sampling (Restle, 1961), over-
learning reversal effect (Lovejoy, 1966), attention (Mac-
kintosh, 1965) use an almost identical definition in de-
fining four different concepts. Further, concepts recently
introduced in the S-R animal literature present behavioral
equivalents of the previously mentioned models (Goodwin and

Lawrence, 1955; Kendler and Kendler, 1966; Spence, 1936,



1937). Few of the writers reference the others; it
appears as 1f there 1is little awareness among them of
these parallel lines of work. Almost all of the theories
are two stage models where the selection process takes
place in the first stage. The worst of it is that nowhere
is the paper by Gibson and Gibson (1955) cited, where they
adequately specified the first stage of the model of
discrimination learning as differentiation of the stimulus
complex. So, for the sake of simplicity, this review will
consider any paper 1in which the main focus is on stimulus
selection or on dimensional classification of stimulus
aspects as a paper on selective attention.

It has been shown that animals attend selectively
when cues are redundant and that the more they learn about
one cue the less they seem to learn about the other stim-
ulus. This finding generates the following gquestions;

(a) Can this selective process be learned? (b) Is it
possible to separate experimentally the classificatory
learning of the first stage from the second stage of
learning the appropriate motor response? Two lines of
evidence suggest answers to the above question: (a) ex-
periments on the acquired distinctiveness of cues, and
(b) overlearning reversal effect.

Studies on the acquired distinctiveness of cues
support a two stage model of discrimination where attention

to the relevant stimulus is learned in the first stage.



Lawrence (1949) used either a black-white cue, or rough-
smooth floor, or large-small goal compartment as the stim-
ulus dimension (discriminative stimulus) in a simultaneous
discrimination study with rats. Following this training,
the animals were given transfer tests using a successive
discrimination (T-maze) where two independent stimulus
dimensions were used, one relevant and one irrelevant.

The relevant cue was always correlated with reinforcement;
the 1rrelevant cue was not correlated with reward and was
randomly paired with the relevant dimension. For the
positive transfer group, the relevant dimension in the
successlive discrimination was the same as that learned in
the simultaneous discrimination, the negative transfer
group had the stimuli learned in prior training as the
irrelevant dimension in the transfer test, while a control
group had two totally new sets of stimull.

The results show that the positive transfer group did
significantly better than either the control or the neg-
ative transfer group. The control and negative transfer
group, on the other hand, did not differ significantly
from one another. Lawrence (1949) explains the positive
transfer on the baslis of acquired distinctiveness of cues.
It was assumed that a "mediating process" was established
during the simultaneous discrimination training that tended
to enhance the distinctiveness of the relevant cue. That

is, this process somehow rendered the stimulus input such



that the prior-learned dimension was more distinctive than
the other dimension used in the complex discrimination.
This mediating process transfered to the successive dis-
crimination. "As a result of the enhanced distinctiveness
of the relevant cue 1n the test situation, new instrumental
responses were assoclilated with the familiar cue more
rapidly than with the unfamiliar one (Lawrence, 1949,

p. 783)."

It is important to note that the design of the ex-
periment was such as to rule out explanations of this
transfer in terms of (a) carry-over of the same instrumental
response from learning to test situation since the re-
sponses were unrelated, (b) learned "general" ability to
solve discrimination problems since the negative transfer
and control groups were given exactly the same training on
the simultaneous discrimination as the positive transfer
group, (c) external inhibition since the positive and neg-
ative transfer groups both had one familiar and one un-
familiar cue in the test situation, (d) acquired reward
or acquired drive since agailn, these factors were balanced
for both the positive and negative transfer groups.

However, one hypothesis suggested by Lawrence's
(1949) mediating process hypothesis was not confirmed,
namely, that the negative transfer group should have done
significantly worse than the control group. Lawrence

assumes that the mediating process modifies the stimulus
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input and that this modified input is the stimulus con-
ditioned to the differential response. He further assumes
that the more typical laws of learning govern the relation-
shlp between this modified stimulus and response. By S-R
learning theory, the negative transfer groups should do
worse simply because of the strong association value (dis-
tinctiveness) of the irrelevant dimension which would
interfere with the learning of the relevant dimension.
Whereas the negative transfer group would first have to
extingulish the learned distinctiveness of the irrelevant
dimension and then learn the relevant dimension, the
control group only had to learn the relevant dimension.
That this hypothesis was not supported offers the first
suggestion that selective attention may not follow the
more tranditional laws of learning.

In a later experiment, Lawrence (1950) in a succes-
sive discrinination first trained one group of animals
to respond to a black-white stimulus dimension (relevant
or preferred dimension) while ignoring the presence of
chains hanging in the goal box entrance (irrelevant dimen-
sion), while a second group learned the converse dis-
crimination. Following this tralining, both groups then
learned a simultaneous discrimination with the two dimen-
sions redundant (both dimensions perfectly correlated and
relevant). At the completion of this training the animals

were tested :with the positive stimulil of each dimension
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opposed such that the dilrection of the choice gave an
indication of which of the two dimensions was influencing
performance. Finally, half of each group relearned the
simultaneous discrimination with both dimensions presented
alone, while the remaining half of each group relearned
the simultaneous dilscrimination with the stimulus at-
tributes of each of the dimensions reversed. The results
of the opposition test show the choices were made on the
basis of the preferred dimension, although there was some
tendency for the chailn relevant group to respond in terms
of the non-preferred cue; and finally, in the reversal
test the animals reversed on the preferred dimension
learned faster than they did on the non-preferred dimension.
Lawrence (1950) again Interprets these findings "in terms
of the concept of acquired distinctiveness of cues which
postulates that discrimination learning is essentlally a
two stage process, the first stage of which i1s a change in
the perceptual characteristics of the stimulus (Lawrence,
1950, p. 187)."

While Lawrence has successfully shown that an animal
can learn in a more or less permanent way to attend to a
particular stimulus dimension, he has failed to show that
an animal learns to ignore an irrelevant dimension in a
way that a mediational hypothesis would suggest, agailn
suggesting that while attentional processes involve learning

they may not follow the traditional laws of learning.
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Studies in reversal learning also provide evidence
for an attentional process, particularly studles assessing
the effects of overlearning the original discrimination on
later reversal. LoveJoy (1966) has done a searching
analysis of overlearning reversal effect (ORE). Essen-
tlally, the phenomenon 1is as follows: With some dis-
criminations in the white rat such as brightness, over-
learning on the original discrimination facilitates
learning the reversed discrimination as compared to animals
who have had no overlearning (Capaldi and Stevenson, 1957;
Komaki, 1961; Mackintosh, 1962, 1963b, 1963c; Pubols,
1956; Reid, 1953). On the other hand, in studies of ORE
where a simple position habit is used, either no effects
are found (Clayton, 1963b; D'Amato and Jagoda, 1962;
D'Amato and Schiff, 1964; Hill, Spear, and Clayton, 1962;
Komaki, 1962; Mackintosh, 1963a) or significant decrements
in reversal learning are found (Clayton, 1963a; Galanter
and Bush, 1959; Hill and Spear, 1963; Kendler and Kimm,
1964; Mackintosh, 1963a). Findings where ORE is seen are
certainly contrary to the traditional S-R position that,
(a) habit strength 1s an increasing function of the number
of reinforcements, (b) extinction is an inverse function
of habit strength, and (c) reversal learning is a matter
of extingulishing an old habit and learning a new one. 1In
an attempt to modify these assumptions to fit the ORE data,

no attempts have been made to change the first assumption.
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Some writers, however, have suggested changing the second
by hypothesizing that extinction 1s not a monotonic function
of the nﬁmber of rewards (North and Stimmel, 1960; Siegel
and Wagner, 1963). But assuming such to be the case would
not account for why ORE 1s found with some discriminations
and not with others. And further, there are data within
the very experiments in which an ORE 1s found which suggest
that resistence to extinction 1s greater for the over-
trained subjects than for the non-overtrained subjects--in
accordance with the second assumption (Lovejoy, 1966).

It seems most likely that the third assumption will have

to be changed--namely, that reversal learning 1s not simply
a matter of extinguishing an old habit and learning a new
one.

Modifications of this third assumption have usually
taken the form of a "learning set" hypothesis or some form
of positive transfer which, in general, assumes that all
learning experience is helpful in future learning and, in
particular, animals learn something in overlearning trials
which facilitates reversal (Lovejoy, 1966). At best such
an account is vague, at worst, it 1s not true. The re-
versal experiment in the second study by Lawrence (1950)
provides evidence to the contrary (the design was such as
to eliminate "learning set"‘interpretations). And it would
still remain to account for why ORE 1is seen with some

stimulus dimensions and not with others.
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To date, only Lovejoy's (1966) attentional model has
been able to account for the findings in the ORE literature.
Briefly, the account goes as follows: Discrimination
learning 1s assumed to‘rgquire two stages, (1) the animal
must attend to the relevant stimulus dimension, and (2)
must learn the appropriate response to make. It should be
obvious that saylng the animal is learning to attend to
the relevant dimension 1s equivalent to saying that the
probability of attending is increasing. Now most prob-
ability theorists assume and Mackintosh (1965) cites evi-
dence to show that the rate of learning in the first stage
is slower than that in the second. (And many of these
same theorists assume that the second stage takes place
in very few or even one trial.) Like other two stage
theorists, Lovejoy (1966) posits that attention, 1like
~overt responses, can be learned in terms of the probabil-
ity of a given stimulus belng attended to. When an ori-
ginal discrimination is overlearned, the probabilility of
attending continues to increase in overlearning. In re-
versal, the overtrained animal continues to attend to the
relevant dimension even in the face of initial errors,
whereas, the non-overtrained animal soon abandons the
relevant dimension and must later return to it in order
to learn the reversed discrimination, thus accounting
for ORE. Moreover, the same set of postulates can account

for the lack of ORE with certain stimuli. Inasmuch as
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the rat 1s a nocturnal animal, it seems likely that position
cues have a much higher probabllity of belng attended to
than brightness (Lawrence would say they are more dis-
tinctive). If the discriminative stimuli used have a

high initial probability of being attended to, as in posi-
tion habits with rats, thils probability rapidly approaches
1.00 and 1s asymptotic at the time of criterion on the
original discrimination. Thus overlearning cannot be
effective in increasing the maximal probability, and no
ORE is seen. Lovejoy (1966) pfesents some convincing
evidence in support of his hypothesis. But perhaps as
important as defining the role of attention 1in reversal
learning is the finding, not made expliclt by Lovejoy
(1966), that there is an obvious interaction between the
attention process and the particular stimuli involved.
This fact is also suggested by the second Lawrence study
(1950) in the opposition experiment where, although there
was a strong tendency to respond 1n terms of the preferred
dimension, many animals responded in terms of brightness
rather than chains, even though it was the non-preferred
dimension. It seems that brightness is inherently more
distinctive than the presence of chains and that the
nature of the stimuli used interacts with the process of
"learned distinctiveness." This interaction between innate
attention value and learned attentlon value has obvious

implications for any two stage model of discrimination



16

learning and especilally for the design of any experiment
assessing such a model.

At this Juncture, 1t seems appropriate to summarize
and discuss briefly three classes of theory which have
attempted to explaln stimulus selection. Broadly classi-
fied, these are (a) orienting response theories, (b)
mediating response theories, and (c) attention theories.
Orlenting response theories represent an attempt by S-R
behaviorists to keep the determinants of stimulus selection
in the external environment. It was noted in Spence's
(1936) earliest formulation of discrimination learning that
"the mere presence of the cue stimulus somewhere in the
experimental situation does not guarantee its impingment
on the animal's sensorium at or near the critical moment
of the response (1936, p. 438)." 1In a later work he
elaborates by saying that the solution to discrimination
problems involves the learning of '"responses which lead
to . . . the orientation and fixation of head and eyes
toward the critical stimuli. That is, the animal learns
to 'look at' one aspect of the situation rather than
another (Spence, 1937, p. 432)." This explanation becomes
unsatisfactory in the face of experiments which used
complex stimull where it was physiologically impossible
for the animal to orient his receptors toward the relevant
dimension without, at the same time, orienting toward the

irrelevant dimension. Yet the animal learned the



17

discrimination (Mackintosh, 1965). (There is still need,
however, for a study in which the complex stimull are
specifically structured so that it 1i1s impossible to orient
toward one dimension without, at the same time, orienting
toward the irrelevant dimension.) The popularity of this
orienting response model 1s probably due to an ingenious
experiment by Wyckoff (1952), where animals had to learn

a response 1n order to see the discriminative stimuli.
Wyckoff called this response an "observing response." This
response has been equated with the orienting response which
is unfortunate since the learning of an observing re-
sponse has nothing to do with orienting the receptors, and,
in fact, is a study of response chaining or acquired reward
rather than a study of the orlenting response.

If it is clear that animals attend to some stimuli apd
ignore others, it should likewise be clear that this stim-
ulus selection process cannot be characterized simply by
reference to overt orientlng responses. Recognizing this
fact, medliating response theories have sought explanations
inside the skin, but just inside. Although they might
differ 1n detall, mediating response theories usually
assume the following as stated by Lawrence (1949):

. . medilating processes are always established

to some extent during the discrimination learning
and possibly in all learning situations. The
association between the physical stimulus situ-
ation and the instrumental behavior is viewed

as a two stage process; the end organ stimulation

arouses a mediating process which in turn gives
rise to a stimulus pattern that is associated
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with the instrumental behavior. The hypothesis
states that during learning, the mediating pro-
cess and 1ts accompanying stimulus pattern are
gradually established. By the end of learning,
the modified stimulus pattern is qualitatively
different from what it was at the start of
learning; i1t has acquired a distinctiveness in
the sense that new instrumental behavior 1s more
readily associated with this modified stimulus
pattern than it would have been to the pattern
originally aroused by the end organ stimulation.
. . . These mediating processes are conceived

of as having the characteristies of instrumental
behavior, i.e., they are assumed to be learned,
unlearned, and to show all the other functional
propertlies that have been demonstrated for
instrumental behavior (Lawrence, 1949, p. 781-
782).

The one fact that seems clear from this description
is that medlating response theories are rather vague,
leaving the precise nature of the mediating process un-
specified, almost as though the phenomenon was merely
recognized and given a name. And such vagueness gen-
erates further difficulties. Even though the nature of
the mediating process is unspecified, Lawrence (1949)
still assumes that the process involves traditional laws
of learning. The first concept is so vaguely stated that
1t 1s 1mpossible to show that the second does not
logically follow. And there are data in the very same
paper in which Lawrence (1949) describes the mediating
process which show that the second assumption just is
not true. That there were no significant differences
between the control group and the negative transfer group
in Lawrence's (1949) first experiment implies that "un-
learning" the mediating process does not follow the tradi-

tional extinction laws, as he was applying them.
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Attention theories, rather than trying to modify S-R
theory to fit the data, have taken a more "perceptual”
approach (Kendler and Kendler, 1966). Basically, all at-
tentlion theories, including theories like the concept
identification theory of Trabasso and Bower (1965) and the
pothesis i1s sampling theory of Restle (1961), assume that
any organism has a limited neurological and/or behavioral
capabllity of attending to incoming stimuli. That 1is,
information processing is limited. Mackintosh (1965) sug-
gests that the lower the organism, the smaller this
processing capability, and Miller (1956) has attempted to
show that humans seem to be limited to about seven basic
units of information (although, unlike lower animals,
they seem to be able to group greater amounts of infor-
mation to fit this seven bit format). By nature, then,
all organisms selectively attend to the stimulus en-
vironment; this results in the selection of information
(stimuli) which 1s relevant.

It 1s usually assumed, either implicitly or ex-
plicitly, that this 1s a central rather than a peripheral
neural process. However, 1t 1s not necessary to assume
awareness. In view of the above, discrimination learning
involves attending to (selecting out) the appropriate
stimulus dimension and then learning the appropriate choice
(motor) response to make. This attention or stimulus se-
lection can be either innate or learned. The experiments

cited in this chapter provide evidence for a two stage

hy-
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model. As to which variety of two stage model most
adequately describes the data, the question seems to be
an open one. While the orienting response model (Spence,
1936, 1937) may not be acceptable on physiological
grounds, it is difficult to critically differentiate
between mediating process and attention models at the
behavioral level.

Kendler and Kendler (1966) feel that attention
theories are no more precisely stated than mediational
process theories, and that this vagueness may even serve
a strategic functlon in this early stage of assessment of
stimulus selection phenomena. "Is it strategic to try and
force all the results into some preconceived mold based
upon a single phychological process such as 'selective
attention' or 1s it better to allow for some theoretical
options (Kendler and Kendler, 1966, p. 282)?" Early for-
mulations of orienting response theories (Spence, 1936,
1937) and mediating process theories (Lawrence, 1949)
emphasized sensory control of behavior and learning vari-
ables whereas attention models (Hebb, 1949) emphasized
central control of behavior and perceptual variables.

But in more recent S-R theorlies, central processes have
acquired an importance equal to that of sensory control
(Kendler and Kendler, 1966) while contemporary attention
theories have come to consider the act of attention as

a response which is often learned (Mackintosh, 1965).
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The two positions are converging in many respects. Per-
haps the only remaining difference is that "the (S-R)
model selects out a certain portion of the environment so
that 1t strikes the organism's sensorium, attention
determines how a particular pattern of stimuli striking
the receptors will be organized in an effective stimulus
compound (Kendler and Kendler, 1966, p. 285)." Both
positions may be required for an adequate account of
learning. Kendler and Kendler (1966) feel that: "Both
the mediational S-R and selective attention formulations
are in need of further conceptual articulation and experi-
mental programs designed to identify variables to which
the theoretical mechanisms can be correlated (p. 288)."
While the bulk of the research cited in this chapter
supports the stimulus selection process as an important
determinant in animal learning, few studies have set out
to assess the selection process per se. And these for the
most part have been content merely to show that some kind
of two stage model, where stimulus selectlon takes place
in the first stage, 1s necessary to account for discrim-
ination learning. It seemed appropriate then to begin
assessing the parameters of selective attention and to
specify more accurately the role of attention in discrim-
ination learning. It also seemed worthwhile to specify
in attentional terms the relationship between the various
stimulus dimensions which constitute a given stimulus

complex.
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The complex discriminative stimulus used in most
studies has 1nvolved two or more sense modalities. Yet
both Lawrence (1950) and Lovejoy (1966) have shown that
there 1s an interaction between attention and the sense
modality involved. Such an interaction might obscure an
investigation of the parameters of selective attention.
Therefore, a study was called for where all the components
constituting the discriminative stimulus were in the same
sense modality--preferably a dominant modality. It would
also be informative to extend the complexity of the dis-
criminative stimulus beyond two dimensions. But before
combining stimulus dimensions into complex patterns, as
much as possible ought to be known about the learning of
the dimensions when presented alone. For example, let us
assume pretraining to the same criterion on each of these
dimensions. What would be the effect on the later learning
of a complex containing these constituents where only one
is relevant? While Lawrence (1950) has shown that 1little
is learned about the less distinctive of the two redundant
dimensions, 1t remained to show what is learned about ir-
relevant dimensions. The following three experiments were
an attempt to assess these variables and evaluate their
theoretical implications. For the most part, this study
was more parametric than theoretical in conception. As
Mackintosh (1965) points out, all theories thus far put

forward are vague and non-specific. It was difficult to
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formulate critical hypotheses in the presence of little
data and even less theory. However, it was hoped that

the findings would have implications on which theory could
be built.



CHAPTER II
EXPERIMENT I

This experiment assessed the acquisition of three
binary visual discriminations; color, pattern, and form in
Japanese quail. Visual discriminations were chosen because
the dimensions are easier to manipulate than for other
modalities. Quail were selected as subjects because they
are primarily a visual organism and make good laboratory
subjects in every respect (Fidura and Gray, 1966).

For purposes of this experiment, it was assumed that
a two stage learning model most adequately describes even
simple discrimination learning where only one binary di-
mension (two attributes) 1s learned at a time. Since the
choice response (a keypeck) was the same for the three di-
mensions, any differences in acquisition should mainly
reflect differences in the first, or attentional stage.
That is, any differences in acquisition should reflect
the probability or difficulty of attending to one dimen-
sion, relative to the other two, when only one dimension
i1s present at a time throughout each of the three dis-
crimination problems. The data for each of the three simple
discriminations provide a basellne against which to measure
effects 1n Experiments II and III, where three dimensions

24
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were combined to form complex discriminative stimuli.
Although not the main focus, the experiment also provided
comparative data on learning in quail which is presently

not available in the literature.

Method

Subjects

The subjects were 27 male and female Japanese quail

(Coturnix coturnix japonica) 50-60 days of age, selected

from the colony maintained at the Psychological Laboratory
at Michigan State University. The birds were bred, hatched,
and raised in this colony from stock originally obtained
from the Department of Poultry Science at Michigan State

University.

Apparatus

The apparatus consisted of a commercial operant
chamber fitted with two pecking keys. The chamber was
modified by raising the floor 2 1/8 in. and by mounting
a multiple stimulus projector behind each key. The stim-
ulus projector was capable of presenting 212 possible
stimull alone and in comblination. Presentation of stimuli,
reinforcement, and the over-all functioning of the ap-
paratus was programmed by means of a punched-paper tape-
reading device operating through a system of relays and

timers. The same apparatus was used throughout the three

experiments.



26

Procedure

The subjects were maintained at 75-80% ad libitum
body welght. The pecking response was well established
by requiring the subjects to peck an amber-lighted key
versus a simultaneously present non-lighted key (randomized
for position) for 200 food reinforcements (referred to as
key-peck pretraining). Not only did thls overcome the
birds' natural tendency to perseverate on one key, but
more importantly, it insured that the motor response com-
ponent of acquisition was well established prior to dis-
crimination training on the three visual dimensions. An
amber rather than a white-lighted key was used to avoid
later generalization to a small white circle used as a
discriminative stimulus in the form discrimination. Pilot
research showed that pretraining with amber as compared
to white, has no effect on a later-learned red-green color
discrimination.

Following these 200 pretraining trials, each subject
learned three discriminations. Both the reinforced and
the non-reinforced stimull were presented simultaneously
using a discrete trial procedure. These three binary

stimulus dimensions and their attributes were as follows:

Reinforced Non-reinforced
Color Red Green
Pattern Horizontal lines Vertical lines

Form Triangle Circle
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In any given dimension, the same attribute was positive for
all animals. Pillot research showed no significant dif-
ferences in trials to criterion as a function of which
attribute was positive for any dimension. A summary of

these data is given below.

Trials to criterion

Color Pattern Form

red + green + horizontal + vertical + triangle + circle +

M 25.8 22.2 131.4 156.2 336.1 331.6
sd 20.8 15.9 86.1 110.5 196.2 115.6
n 2 2 2 2 2 2

The colors were equated for intensity, and the order
in which the discriminations were learned was randomly
determined. A response to elther key terminated the stim-
ulus lights and rendered the keys inoperative for eight
seconds. A food hopper was avallable for five seconds fol-
lowing a correct response. The food used for reinforcement
was the same as that used 1n the home cage, a finely cut
grain specially formulated for quail. The formula was
developed by the Department of Poultry Science at Michigan
State University and 1s commercially available through King
Milling Co. of Lowell, Michigan. To avold perseveration on
one key with resulting 50% partial reinforcement, a mod-
ified correction technique was used. On error trials the

stimulus sequencing system was not advanced, consequently,
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the stimulus attributes maintained the same relative
position on the next trial. Correct, error, and total
responses were recorded. The criterion of acquisition was
15 consecutive correct responses, and experimental sessions

were one hour a day.

Results

Table 1 presents the mean number of total trials and
error trials to the first criterion trial for each dimen-
sion, together with their standard deviations. All trials
to criterion are computed as trials to the first criterion
trial throughout the three experiments. There is an ob-
vious increase in both mean error and mean total trials
to criterion and an increase in variability for color,
pattern, and form respectively. Table 2 presents the
product-moment intercorrelations of the three dimensions
for error and total trials to criterion. The entries
above the dilagonal are the intercorrelations of total
trials, while those below the diagonal indicate the inter-
correlations among error trials. With Fisher's logarithmic
transformation of r (Blommers and Lindquist, 1960) for
transforming product-moment correlations to unit normal
deviates, none of these correlations is significant at
the .10 level of significance, for the hypotheslis that p = 0.

Table 3 gives mean total trials and mean error
trials to criterion for each of the possible orders in

which each of the dimensions was learned. Table 4
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presents the six analysis of varlance summary tables for
trials to criterion as a function of the order in which the
dimension was learned. Under the null hypothesis that

M} = ujy; =u3, where the subscripts indicate the order 1in
which any dimension was learned, an inspection of Table 4

shows that no significant order effects were found.

Discussion

The increase in trials to criterion reflects the
increasing difficulty of color, pattern, and form, re-
spectively, as does the increase in variability. Clearly,
color is easiest to discriminate, followed by pattern,
then form. These findings agree with the results of other
avian studies such as those of Zeigler (1963) and others,
concerning the relative difficulty of the stimull used.

In the few specles of birds tested, color and brightness
discriminations are usually least difficult to learn, fol-
lowed by pattern discriminations, then geometric form.

Inasmuch as the actual motor response (keypeck to
left or right key) was the same for all dimensions and was
well established prior to discrimination training, it
would seem valid to interpret these results 1n terms of
a two stage model of discrimination learning. That 1s,
since the motor response was the same for all dimensions
and was well established prior to the beginning of tralning,
differences in the acquisition of the three dimensions

reflect differences in the first or attentional stage of
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TABLE 1.--Means and standard deviations of total trials and
error trials to criterion for each dimension.

(n = 27)
Color Pattern Form
total error total error total error
M 34.9 11.2 114.4 4g.y 329.1 144.5
sd 25.9 9.9 71.9 28.5 205.3 91.6

TABLE 2.--Intercorrelations among the three dimensions for
error and total trials. (Entries above the dlagonal are
for total trials, entries below the diagonal are for

error trials.)

Color Pattern Form
Color 1.00 .16 .28
Pattern .20 1.00 .01
Form .29 .15 1.00

TABLE 3.--Mean total and mean error trials to criterion for
each dimension as a function of the order in which each
dimension was learned.

Color Pattern Form
total error total error total error
Learned
first 27.3 7.1 109.8 52.5 327.4 146.0
Learned
second 45,3 15.1 109.6 41.6 350.1 156.7
Learned

third 30.1 10.1 123.8 52.8 307.7 129.0
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TABLE 4.--Summary table of the six analyses of variance of

mean error and mean total trials to criterion for each
dimension as a function of order.

Error trials

Source of variation df ss ms F p(F)
Color
Between groups 2 279.4 139.7 1.470 .25
Within groups 24 2282.7 95.1
Total 26 2562.1
Pattern
Between groups 2 682.4 341.2 401 .68
Within groups 24 20403.9 850.2
Total 26 21086.3
Form
Between groups 2 3276.7 1638.4 .183 .83
Within groups 24 215027.9 8959.5
Total 26 218304.7
Total trials
Source of variation df ss ms F p(F)
Color
Between groups 2 1737.4 868.7 1.320 .28
Within groups 24 15762.4 656.8
Total 26 17499.9
Pattern
Between groups 2 1185.5 592.7 .107 .89
Within groups 24U 133123.0 5546.8
Total 26 134308.5
Form
Between groups 2 T648.6 3824.3 .084 .91
Within groups 24 1088058.8 45335.8
Total 26 1095707.4
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discrimination learning. Viewed 1n this way, differences

in the acquisition measure reflect an innate attentional

or distinctiveness hierarchy in Japanese quail, 1.e., color
stimull are innately more distinctive or have a higher prob-
abllity of beilng attended to, followed by pattern stimulil
which are less distinctive and less likely to be attended
to, and finally geometric form. The absence of any sig-
nificant order effects along with the non-significant cor-
relations offers further evidence of such a hierarchy, and
also indicates that the acquisition of any one of the three
discriminations 1s 1ndependent of the acquisition of the
other two when the motor response is exactly the same and
has been previously well established. These results suggest
that when the motor responses are identical and well
establlished, it 1s possible to separate discrimination
learning, to some degree, into two stages.

On the baslis of a single process theory, on the other
hand, higher intercorrelations among the three discrim-
ination problems might have been expected, glven any sort
of assumption about generallzed learning ability. A bird
which did well on one discrimination relative to the rest
of the distribution of subjects, might have been expected
to have done well on all of them. An examination of the
scatter plot showed no curvilinear relationship, and
further examination of the data showed that, in fact, the

Subjects were changing relative positions from distribution
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to distribution, even though the absolute order of d4dif-
ficulty was the same for all birds. It seems unlikely
then, that these low correlations were due to statistical
artifact.

Finally, in 1ight of these results, it seems to be
appfopriate and informative to consider even simple dis-

crimination learning in terms of a two stage model.



CHAPTER III

EXPERIMENT II

This experiment was designed to assess, (1) the
acquisition of a complex simultaneous discrimination in
which the complex discriminative stimulus was composed
of three independent binary stimulus dimensions with only
one dimension relevant, and (2) the acquisition of this
complex discrimination as a function of first learning
each of the three dimensions presented alone. Three groups
of Japanese quall learned a complex discrimination in which
the complex consisted of color, pattern, and form with
either color, pattern, or form relevant and the other di-
mensions 1rrelevant. Half of each group, the subjects
from Experiment I, had received prior training on the three
dimensions presented alone, all to the same criterion. The
other half of the subjects in each group received no prior
training.

Some predictions of the outcome of this experiment
are possible on the basis of the theories reviewed:
Prediction 1 (orienting response theory): Under the
conditions of this experiment, discrimination learning

should be virtually impossible. All variant stimulus

34
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dimensions will be presented visually on two 1" keys. It
will be physiologically impossible to orient the visual
receptors toward the relevant dimension without, at the
same time, orienting them toward the irrelevant dimension,
thus learning could hardly occur. Prediction 2 (mediating
process theory): Since the stimulus selection process
obeys all the laws of instrumental learning, pretraining
on each of the dimensions presented aloﬁe to the same
criterion should result in no differences between the
three pretrained subgroups in the acquisition of the com-
plex discriminations. Pretraining to the same criterion
on each of the dimensions presented alone should result in
these stimull being equally distinctive. In other words,
each of the dimensions, because of this prior experience,
should have an equal probabllity of being attended to.
Thus any complex discrimination using all three dimensions
and regardless of which is relevant, should be learned at
the same rate and no differences between pretrained sub-
groups should be found. As 1n the previous experiment,
the second stage or cholce response was well established

before discrimination training was begun.

Method

Subjects
Fifty-four male and female Japanese quail, 50-60

days of age were used as subjects in this experiment. The

source of the subjects was the same as i1n Experiment I.
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Procedure

The subjects were maintained at 75-80% ad libitum
body weight. Half of each of three groups of 18 subjects
was composed of the 27 subjJects from Experiment I who had
previously learned three binary stimulus dimensions pre-

sented alone, to a criterion of 15 consecutive correct -

o

responses (discrimination pretraining). These subjects
from Experiment I were randomly assigned to the three
groups. The remalning half of each group was naive and
following the 200 key-peck pretraining trials (amber vs.
non-lighted key), continued on key-peck pretraining for
500 additional trials in an attempt to control overall
number of key-pecks prior to the beginning of the experi-
mental condition. In the next phase of the experiment,
each group learned a simultaneous complex discrimination,
i.e., they learned to discriminate one relevant dimension
in the presence of two bilnary stimulus dimensions which
were irrelevant (uncorrelated with reward) and varied
independently of the relevant dimension. In procedural
terms, all three of the followiling stimulus dimensions

were presented on two keys of a Skinner box:

Dimension Binary Stimulus Attributes

Color red versus green

Pattern horizontal versus vertical lines
Form triangle versus circle

The attribute listed first in the above table was positive
when that particular dimension was relevant.
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One attribute from each dimension consituted the
stimulus complex presented on each key. There are eight
possible ways of presenting the six attributes of three
dimensions on two keys such that both attributes of the
same dimenslon are never present on the same key; these
eight combinations were randomly presented thus insuring
that each of the dimensions was independent of the others
and each was randomized for position. Visually the keys
appeared as a white triangle or circle on a red or green
background with four white horizontal or vertical lines
superimposed on the other two dimensions. The three groups
of subjects learned either a color, pattern, or form dis-
crimination with the remaining two dimensions irrelevant.
A response to elther key terminated the stimulus lights
and rendered the keys inoperative for eight seconds. A
food hopper was available for five seconds following a
correct response. The food used for reinforcement was the
same as that used in the home cage. To avoid perseveration
on one key with resulting 50% partial reinfércement, a
modified.correction technique was used. On error trials,
the stimulus sequencing system was not advanced, con-
sequently, the attributes maintained the same relative
position on the next trial. Correct, error, and total
responses were recorded. The criterion of acquisition
was 15 consecutive correct responses; experimental ses-

sions were one hour a day.
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Summary of design:

Relevant dimension in complex
discrimination problems

Color Form Pattern
Discrimination pre-
training (from Ex-
periment I) n= 9 n= 9 n= 9 n = 27
No discrimination
pretraining n= 9 n= 9 n= 9 n = 27

Results

Means and standard deviations of error trials and
total trials to criterion of the complex discriminations
for each of the relevant dimensions and each degree of
pretraining are presented in Tables 5 and 6. From these
tables 1t 1s obvious that the relative difficulty of any
dimension in the complex discrimination, with respect to
the other two dimensions, is the same as in Experiment I--
in order of increasing difficulty; color, pattern, and
form, respectively. Table 7 gives a summary of the two-
way analysis of variance for the mean error trials, and
Table 8 presents this analysis for mean total trials.
Tables 7 and 8 show no significant effect from degree of
pretraining (p>.05), whereas the main effect with respect

to the relevant dimension was highly significant. The
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TABLE 5.--Means and standard deviations of error trials to

criterion on complex discriminations.
9)

(n per cell

Relevant dimension

Color Pattern Form Marginal

Mean 4.5 65.0 616.0 228.5
Pretrained

sd 3.9 22.1 275.4

Mean 8.2 184.8 596.1 263.0
Non-pretrained

sd 12.1 76.0 301.5
Marginal Mean 6.4 124.9 606.1 245.8

TABLE 6.--Means and standard deviations of total trials to

criterion on complex discriminations.
(n per cell = 9)

Relevant dimension

Color Pattern Form Marginal

Mean 17.8 161.0 1421.7 533.0
Pretrained

sd 15.4 66.0 623.2

Mean 21.9 412.4 1361.4 598.0
Non-pretrained

sd 22.9 164.0 647.5
Marginal Mean 19.8 286.7 1391.6 566.0
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TABLE 7.--Summary table of analysis of variance among mean
error trials to criterion as presented in Table 5.

Source of variation df ss ms F p(F)
Relevant dimension 2 3630982.3 1815491.2 62.90 .000
Degree of pretraining 1 16085.6 16085.6 .56 470
Relevant dimension 2 50315.1 25157.6 .87 .430
X degree of pre-
training
Residual 48 1385350.2 28861.5
Total 53 5082733.3

TABLE 8.--Summary table of analysis of variance among mean
total trials to criterion as presented in Table 6.

Source of variation 4df ss ms F p(F)

Relevant dimension 2 19041049.4 9520524.7 68.00 .000

Degree of pretraining 1 57232.7 57232.7 L4410 .530
Relevant dimension 2 243673.0 121836.5 .87 .430
X degree of pre-
training
Residual 48 6718222.9 139963.0

Total 53 26060177.9
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relevant dimension by degree of pretraining interaction
was not significant (p>.05). Tables 9 and 10 present a
sub-effects analysis of variance for mean error and mean
total trials to criterion on the complex discriminations
for the pretrained subgroups only. As Tables 9 and 10
indicate, both error and total means are significantly
different between subgroups, or between dimensions, for
the pretrained subjects.

Tables 11 and 12 compare the results of Experiment I
with Experiment II for each of the three relevant dimensions
(simple discriminations from Experiment I versus complex
discriminations from Experiment II). Tables 13 and 14
present a summary of the two-way analyses of variance of
the means in Tables 11 and 12. For purposes of this
analysis, the scores of pretrained subjects were not used,
since the complex discrimination scores and the simple discrim-
ination scores for the pretrained subgroups were from the
same subjects and therefore not independent. As Tables 13
and 14 show, both degree of complexity and relevant di-
menslon had significant effects, namely, at the .001 level.
The relevant dimension by degree of complexity interaction

was also significant at the .001 level.

Discussion

It is clear from the data presented in Table 5 that
the prediction from the orienting response model, namely,

that learning would be virtually impossible, was not
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TABLE 9.--Summary table of analysis of variance among error
means of the three complex discriminations for pretrained
subjects only.

——
—

Source of variation df ss ms F p(F)
Between groups 2 2043356.5 1021678.2 40.1 .000
Within groups 24 610636.3 25443,1

Total 26 2653992.8

TABLE 10.--Summary table of analysis of varliance among total
means of the three complex discriminations for pretrained
subjects only.

Source of variation df ss ms F p(F)
Between groups 2 10742091.2 5371042.6 40.0 .000
Within groups 24 314485.6 131035.4

Total 26 13886942.8
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TABLE 11.--Means and standard deviations of error trials
to criterion for each relevant dimension and degree of
complexity.

(n per cell = 9)

Relevant dimension

Color Pattern Form Marginal
Complex stimu- Mean 8.2 184.8 596.1 263.0
lus dimensions
(Experiment II) sd 12.1 76.0 301.5
Simple stimu- Mean 11.2 49.4 144 .5 63.9
lus dimensions
(Experiment I) sd 9.9 28.5 91.6
Marginal Mean 10.6 110.3 369.5 163.5

TABLE 12.--Means and standard deviations of total trials
to criterion for each relevant dimension and degree of
complexity.

(n per cell = 9)

Relevant dimension

Color Pattern Form Marginal
Complex stimu- Mean 21.9 4i12.4 1361.4 598.6
lus dimensions
(Experiment II) sd 22.9 164.0 647.5
Simple Stimu- Mean 34.9 114.4 329.1 139.5
lus dimensions
(Experiment I) sd 25.9 71.9 205.3

Marginal Mean 28.5 242.7 835.8 369.0
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TABLE 13.--Summary table of analysis of variance among mean
error trials to criterion as presented in Table 11.

Source of variation df ss ms F p(F)

Relevant dimension 2 1235784.5 617892.2 36.2 .000
Degree of complexity 1 535409.8 535409.8 31.4 .000

Relevant dimension 2 488790.5 244395.,2 14.3 .000
X Degree of com-

plexity
Residual 48 818792.7 17058.2
Total 53 3078777.4

TABLE 14.--Summary table of analysis of variance among mean
total trials to criterion as presented in Table 12.

——

Source of variation df ss ms F p(F)

Relevant dimension 2 6296073.4 3148036.7 L40.L4  .000

Degree of complexity 1 2845570.7 2845570.7 36.5 .000

Relevant dimension 2 2646537.4 1323268.7 17.0 .000
X degree of com-
plexity

Residual 48 3738518.4 77885.8

Total 53 15526699.9
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realized. The discriminations were learned in a situation
where it was seemingly impossible to orient the receptors
toward the relevant dimension without also orienting toward
the irrelevant dimension. These findings are in agreement
with those of Sutherland and Mackintosh (1964) with rats
and strongly suggest that an unmodified and literally
interpreted orienting response model cannot account for the
phenomenon of stimulus selection or selective attentilon.
The prediction from the mediating process model likewise,
did not agree with the findings of Experiment II; mean
error and total trials on the complex discriminations for
groups with equated prior experience differed as a function
of the relevant dimension. These data suggest, contrary to
the mediation process model, that equated prior experience
wlth the components of a stimulus complex, in the form of
learning each of the simple dimensions presented alone, does
not result in the components becoming equally distinctive.
In fact, pretralning does not have a significant effect on
the subsequent learning of a complex discrimination: The
non-pretrained group learned the complex discrimination
equally well.

Generalizing to this study from the overall results
of Lawrence's (1949) study presents a picture contrary to
what was found in the present experiment. The results of
Lawrence (1949) suggest, (1) pretraining on a stimulus

dimension which will later be the relevant dimension in a
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complex discrimination facilitates the learning of that
complex discrimination, (2) pretraining on a stimulus
dimension which will later be the irrelevant dimension

in a complex discrimination has no effect on the learning
of that complex discrimination. In terms of the present
experiment, since all pretrained subjects received pre-
training on both relevant and irrelevant dimensions which
later constituted the complex discriminative stimulus,
the net effect should have been a facilitation in the
learning of the complex discrimination. Such a facili-
tation was not found.

There are of course, important major methodological
differences between the two experiments. In the Lawrence
(1949) study, subjects were pretrained only on the later-
to-be relevant or irrelevant dimensions so that both the
negative and positive transfer groups had one new dimension
in the complex discrimination (positive transfer group, new
dimension irrelevant; negative transfer group, new dimen-
sion relevant). In the present study, subjects received
pretraining on both the later-to-be relevant and irrelevant
dimensions. Any generalizations drawn from a comparison
of the two studies should be made cautiously, with the
methodological differences in mind.

Finally, the effects of making the discriminative
stimulus complex by adding two 1rrelevant dimensions are

seen in Tables 11 and 12. The overall analysis of the data
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presented in these tables strongly implies that, in general,
adding stimuli which vary from trial to trial and are un-
related to reward (irrelevant), results in slower discrim-
inative learning of the relevant stimulus dimension.
However, the presence of a significant interaction means
that this statement must be qualified. The interaction
suggests that any effects of adding irrelevant cues depend
on what the relevant dimension is. If the relevant dimen-
sion 1is dominant, then adding irrelevant dimensions has

no effect on learning.

Earlier in this paper 1t was suggested that the data
presented by Lawrence (1950) and Lovejoy (1966) imply that
an interaction might exist between any particular variable
affecting the attentional process and the sense modality
or particular stimull used. In light of the data from
this experiment, where all stimull were visual, a more
adequate generalization would be that the interaction is
actually between the variable affecting the attentional
process and the attentional probability or distinctiveness
of the stimulil involved, irrespective of the sense modality
or the specific stimulus. Specifically, effects of any
variable are greatest when the initial probability of at-
tending to a stimulus dimension 1is minimal, and conversely,
effects are least or zero when the initial distinctiveness
of the dimension is high or maximal. Such a position 1is

congruent with that of Lovejoy (1966) and could account
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for the apparent inconsistencies found in stimulus se-
lection studies (Lawrence, 1949, 1950; Lovejoy, 1966;

Mackintosh, 1965).



CHAPTER IV
EXPERIMENT III

Experiments I and II were designed to answer questions
concerning the role of selective attention in (1) the ac-
quisition of either a color, pattern, or form discrim-
ination in the presence of two independent irrelevant
stimulus dimensions, (2) the acquisition of this complex
discrimination following equated prior experience with each
of the dimensions presented alone as compared to no prior
experience. Experiment III was designed to measure what,
if anything, 1s learned about irrelevant stimulus dimen-
sions during the course of complex discrimination training.
This was assessed by means of presenting the formerly ir-
relevant dimensions singly, as the only dimensions in a
final simple discrimination task. Following complex dis-
crimination training with either color, form, or pattern
relevant, three groups were given relearning transfer
tests on the two 1rrelevant dimensions presented alone, and
finally relearning of the relevant dimension presented
alone.

Once again, the state of current theory precluded

specific predictions. Most attention theories would

49
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predict that nothing is learned about the irrelevant di-
mensions,.i.e., they either lose their distinctiveness or
they remain unchanged; although Mackintosh (1956) cites

data that suggest "a little" is learned about irrelevant
dimensions. He 1s, however, vague as to how much "a little"
is. Some mediating response theories seem to imply that,
following complex discrimination training, the later
learning of a previously irrelevant dimension would be
impeded, though no rationale is given for why this should

be so. Because of this theoretical lack, the approach of

thlis experiment, like the previous two, was empirical.

Method

Subjects

The subject were 27 male and female Japanese quail,
50-60 days of age, obtained from the colony maintained by
the Psybhoiogical Laboratory at Michigan Staté University.
These were the same subjects which had served in Experiment

IT in the non-pretrained subgroups.

Procedure

The three subgroups of nine subjects each, which were
trained on a complex discrimination in Experiment II with
elther color, pattern, or form relevant and without prior
discrimination pretraining, were given transfer tests by
being required to learn a simple discrimination for each

of the two previously 1irrelevant dimensions. Only one
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dimension was present throughout a discrimination prob-
lem as 1n Experiment I, and again the criterion was 15
consecutive correct responses. The order in which these
two discrimination problems were learned was randomly
determined. Following the acquisition of these two dis-
criminations, each subjJect relearned the dimenslon which
had been relevant in the stimulus complex of Experiment II.
This time, however, the dimension was presented alone, and
all subjects were run to the same criterion. Other pro-
cedural aspects such as level of motivation, length of

experimental sessions, etc. were the same as in Experiments

I and II.
Summary of design
Relevant dimension 1in Experiment II
Color Pattern Form
Simple dimensions Pattern Color Color
learned 1n
Experiment III Form Form Pattern
n 9 9 9
Results

The results are presented in terms of means and
standard deviations of error trials and total trials to
criterion. These measures are for each of the three di-
mensions presented alone on both the postrairing transfer
discriminations (where each dimension was one of the two

previously irrelevant dimensions of Experiment II), and

I3
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the pretraining discriminations (from Experiment I).
These data are presented in Tables 15 and 16, which also
give the probability of the t statistlic assoclated with
differences between the postralning transfer means and
pretraining means. On the form and pattern dimensions,
Tables 15 and 16 show that learning was significantly
faster for subjects which previously had these dimensions
as irrelevant in the complex task than for subjects which
did not have such experience. That 1s to say, positive
transfer occurred for these less dominant dimensions.

For the color dimension, on the other hand, no sig-
nificant differences between pretralning and postraining
means were found. And while no specific statistical test
of a possible interaction was performed, it is clear from
the results of the six t tests taken together, that an
interaction exists in these positive transfer effects and
the three stimulus dimensions.

Table 17 presents means and standard deviations of
total trials to criterion of those subjects which learned

the simple pattern and form discriminations of this last

experiment. Here 1t can be seen that the positive transfer

effects (Tables 15 and 16)were independent of which di-
mension was relevant in Experiment II.

Table 18 presents the mean total trials to criterion
for each of the three dimensions, where each dimension was

the relevant dimension in Experiment II--essentially a
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TABLE 15.--Means and standard deviations of error trials to
criterion for the three dimensions presented alone on the
postraining transfer tests and during pretraining.

Color Pattern Form

Mean 10.8 25.6 61.9
Postraining transfer

sd 8.1 13.6 38.6
(Experiment III)

n 18 18 18

Mean 11.2 49 .4 144.5
Pretraining

sd 9.9 28.5 91.6
(Experiment I)

n 27 27 27

TABLE 16.--Means and standard deviations of total trials to
criterion for the three dimensions presented alone on the
postraining transfer tests and during pretraining.

Color Pattern Form

Mean 35.2 66.6 155.0
Postraining transfer

sd 25.3 35.3 82.2
(Experiment III)

n 18 18 18

Mean 34.9 114.4 329.1
Pretraining

sd 25.9 71.9 205.3
(Experiment I)

n 27 27 27
p(M -M ) .92 .01 .001

pre post

[T
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TABLE 17.--Means and standard deviations of total trials to
criterion of the pattern and form dimensions from postraining
transfer test as a function of the relevant dimension in

Experiment II.

—

Dimension relevant during complex

Simple dimension
learned during pos-
training transfer test

discrimination learning Pattern Form -—
Mean 7007 13701 -
Color
sd 32.5 46.3
Pattern Mean 172.1
sd 107.5
Form Mean 62.4
sd 39.4
t (Color vs Form L47
t (Color vs Pattern 1.05
P .35 .15

TABLE 18.--Means and standard deviations of total trials to
criterion for the three dimensions which were relevant in

complex discrimination

learning.

Color Pattern Form

Mean 11.4 36.5 50.2
Experiment III

sd 9.8 35.6 34.5

Mean 34.9 114.4 329.1
Experiment I

sd 25.9 71.9 205.3
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relearning measure. This table shows the same order of
difficulty in relearning the three dimensions as was seen

in Experiments I and II.

Discussion

In Experiment III it was found that the learning of
a simple stimulus dimension 1s facilitated when this di-
mension was 1rrelevant in a previous complex discrimination
problem. This positive transfer effect strongly indicates
that something is learned about irrelevant dimensions
during the course of complex discrimination training.
Therefore, even though stimulus selection was goling on
in Experiment II, this process was not so selective that
it ruled out some sort of learning with respect to the
stimull which were uncorrelated with reward. And although
none of the theoriles reviewed in Chapter I deal speci-
fically with what 1s learned about irrelevant dimensilons,
the positive transfer found 1n this experiment might best
be understood within the S-R mediation process framework.
That 1s, all stimulus dimensions present just prior to
reinforcement were conditioned to the response, although
the degree of conditioning was much greater for the relevant
than for the irrelevant dimensions.

This same kind of thinking, on the other hand, would
predict that the greater number of trials on which the
irrelevant stimuli were presented, the greater the amount

of "incidental" learning that should occur. For example,
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the irrelevant pattern stimuli were presented on an average
of 1361 trials during complex discrimination training when
form was the relevant dimension. S-<R theories would
predict that the amount of "incidental" learning for
pattern should have been greater where form rather than
color was the relevant dimension. Yet as can be seen in
Table 17, the pattern discrimination was learned equally
well whether form or color was the previously relevant
dimensions. Since it appears that whatever was learned
about pattern was more or less learned in 22 trials, it
would seem that whatever is learned about irrelevant di-
mensions 1is learned very early in training.

As 1n Experiment II, there 1s an interaction between
the variable affecting the stimulus selection process and
the particular stimulil used. Specifically, it appears
that some incidental learning of the pattern and form di-
menslions occurs but no incidental learning of the color
dimensions occurs. Agaln, this interaction would be
handled by the generalization put forward in Chapter III,
namely, that variables affecting the attentional process
have their greatest effect when the initial attentional
probability of the stimulli involved is relatively low, and
conversely, these varlables have least effect when the

initial probability of the stimull involved is high.



CHAPTER V

SUMMARY OF FINDINGS

Taken as a whole, the results of this study show
that discrimination learning can be separated into the two
stages posited by contemporary S-R theorists and selective
attention theorists. The first stage appears to be an
attentional stage requiring the organism to attend to or
select out the relevant stimulus dimension; the second
stage 1s the learning of the appropriate motor response
(approach to a positive cue and non-approach to a negative
one). And while the two stages are most clearly seen when
complex discriminations are used, the results of simple
discrimination experiments can also be meaningfully inter-
preted within this framework, providing the motor response
is well established prior to the beginning of discrimination
training. In such an experiment, it 1is possible to assess
the attentional probability of any simple stimulus di-
mension as 1t relates to any other simple dimension. And
further, these assessed attentional probabilities provide
a baseline against which effects can be measured when these
same stimulus dimensions are used either as relevant or ir-

relevant dimensions in a complex discrimination.
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The results of Experiment II suggest that pretraining
on both the relevant and irrelevant dimensions of a complex
discrimination has no effect on the later learning of that
complex discrimination. A number of earlier studies
(Lawrence, 1949; Mackintosh, 1965) have shown that pre-
training only on the relevant dimension facilitates the
learning of the complex discrimination. Only the Lawrence
(1949) study has attempted pretraining on the irrelevant
dimension in terms of making the dimension distinctive,
with no effects found. No contemporary theory handles
thlis last finding satisfactorily. There 1s a great need
for additional research on the effects of pretraining on
irrelevant dimensions and for research on the more generic
process of extinction or suppression of attentional re-
sponses. Most theories (Lawrence, 1949; Mackintosh, 1965)
assume that attentlional responses to irrelevant stimuli
must be extinguished before the relevant dimension can be
learned. But as yet, no studies have been done which
specifically assess the nature of this extinction or de-
termine to what degree extinction 1s necessary.

The present experiment, along with other studies
(Lawrence, 1950; Lovejoy, 1966; Mackintosh, 1965), shows
that many of the variables which affect the stimulus se-
lection process interact with the stimull used. It was
pointed out that what the specific stimuli were could be

disregarded if one considers the distinctiveness or
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attentional probability of these dimensions. The general-
ization made in Chapters III and IV is as follows: The
interaction is between the effective variable and the at-
tentional probability involved, regardless of what the
specific stimulus or sense modality is; the direction of
the 1nteraction 1s that greater effects occur when atten-
tional probabilities are low, lesser or zero effects occur
when the probabilities are high. It was suggested that
this generalization accounted for the results of a number
of studles, using a wide range of stimuli.

In the present study, one variable which reflected
the above interaction principle was degree of complexity.
The results showed that adding two irrelevant stimulus
dimensions to a pattern or form discrimination, made these
discriminations significantly more difficult. This same
procedure had no effect on a color discrimination. This
study however, only 1investigated the effects of introducing
two irrelevant dimensions. Further research involving the
introduction of one, three, or even more irrelevant dimen-
sions 1s needed.

Possible the most significant finding of this study
is that the subject 1s learning a good deal about irrelevant
dimensions in the course of complex discrimination training.
A search of the literature produced no studies in which
a comparable result was found. In more detail, the fol-

lowing interaction was found: Nothing was learned about the
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stimulus dimension of high attentional probability, but
a good deal was learned about the dimensions of low at-
tentional probability.

All of the interactions reported above make good
intuitive sense, since it would seem unlikely that any
of the variables affecting the selective attention pro-
cess would be effective in increasing attention to stimuli
for which the probability of attending is already high or
maximal. The logic 1s identical to that of the Lovejoy
(1966) hypothesis presented in Chapter I to account for
ORE.

One of the advantages of using three dimensions in
a complex discrimination over typical studies using only
two dimensions, 1s that questions can be asked about rele-
vant, irrelevant, and redundant dimensions using the same
complex discrimination. For example, studies in the
literature (Lawrence, 1949; Mackintosh, 1965) show that
nothing 1s learned about redundant dimensions, while the
present study has shown that a good deal 1s learned about
irrelevant dimensions of low attentional probability.
The three dimensional design could permit the assessment
of relevant, redundant, and irrelevant dimensions by simply
having one each of a relevant, redundant, and irrelevant
dimension, followed by the administration of transfer
tests. Such a design would seem to offer a greater degree

of control than any of the studies reported thus far.
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Finally, these three experiments, like those re-
ported in Chapter I, support the notion that any adequate
account of behavior will have to take stimulus selection

or selectlive attention into account.
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