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Previous experiments with pigeons have shown that
generalization gradients are markedly affected by discrimi-
nation training carried out with stimuli that are on a
different stimulus dimension than those employed during
testing (i.e., when training stimuli are "extradimensional"
to testing stimuli). For example, Honig (1969) trained
pigeons to respond differentially in the presence of two
successively presented stimuli along the wavelength dimension.
This procedure, called TD or '"true discrimination'" training,
was followed by acquisition of responding to three dark
vertical lines on a white background. Subjects trained in
this way provided a steeper generalization gradient on the
dimension of line orientation than others which had been
reinforced equally for responding to the two wavelength
stimuli ("pseudodiscrimination'" or PD training). Similar
effects on generalization gradients have been reported by
Reinhold and Perkins (1955), Thomas, Freeman, Svinicki, Burr
and Lyons (1970), Bresnahan (1970) and Hall and Honig (1974).

Extradimensional discrimination training also results in
positive transfer of training; i.e., TD training with one
stimulus dimension has been found to facilitate subsequent
discrimination learning involving novel stimulus dimensions.
In 1970 Eck and Thomas demonstrated this finding by giving

one group of pigeons TD training and another group PD



training using two line angles as stimuli. Both groups were
then trained to discriminate between two wavelengths. The
TD group learned the second discrimination more rapidly than
did the PD group. Such transfer of training results have
also been observed by Eck, Noel and Thomas (1969), Keilitz
and Frieman (1970), Thomas, Miller and Svinicki (1971),
Frieman and Goyette (1973) and Goyette (1973).

In interpreting the effects of extradimensional training
on generalization and transfer studies, Thomas (1969, 1970)
proposed the concept of general attentiveness. He suggests
that during true discrimination training subjects learn to
attend not only to the relevant stimuli (i.e., those corre-
lated with reward and non-reward), but also to stimulus
differences in general. This enhanced attentiveness to
stimulus differences is then carried over by the subject intec
future problems. It can either steepen generalization
gradients or increase the rate of acquisition of new discrim-
inations involving different stimulus dimensions. Pseudo-
discrimination training, on the other hand, teaches the
subject that it is not necessary to attend to stimulus
differences. Theoretically, such nondifferential training
should flatten gradients and disrupt subsequent discrimi-
nation learning.

The control condition in general attention studies has



typically been single stimulus (SS) training, which involves
reinforcing responses emitted in the presence of one
stimulus only. This procedure is considered an appropriate
comparison condition since subjects are not exposed to
stimulus differences prior to being tested along another
dimension. According to the general attention explanation,
TD training should enhance attention and PD should reduce it
relative to SS training.

Although TD training has frequently been shown to
steepen generalization gradients and facilitate the learning
of new discriminations relative to PD and SS training, the
latter two conditions have not consistently differed from
each other. In only one study (Bresnahan, 1970) has it been
demonstrated that PD training produces reliably flatter
generalization gradients than SS training; Honig (1969)
observed a small but statistically insignificant flattening
effect and Thomas (1969, 1970) reported no difference in
gradient slope between SS and PD trained subjects. In
studies of transfer of training, no statistically reliable
differences have been reported between PD and SS conditions
(Eck, Noel and Thomas, 1969; Thomas, Miller and Svinicki,
1971; Goyette, 1973).

A possible explanation for the similarity between PD

and SS conditions has recently been suggested by Honig (1969,



Experiments 5 and 6; 1974). He hypothesized that if the
level of attention to stimulus differences is low prior to
training, then PD training may not be able to reduce it any
further. To test this idea, a three stage experiment was
conducted. First, pigeons were given true discrimination
training between two line angles to presumably increase their
level of general attention. The subjects then experienced
either TD, PD, SS or no training along the wavelength dimen-
sion. The gradient of the group given TD followed by PD
training was significantly flatter than the gradients
obtained from the other groups. Honig concluded that PD
tgaining will reduce the amount of attention to stimulus
differences only if a high level of general attention has
previously been established through TD training.

The purpose of Experiment I reported in this paper was
to determine whether differences between PD and SS conditions
éould be obtained in a similar manner with a transfer of
training paradigm. As in Honig's study, three groups of
pigeons were given discrimination training with wavelengths
to initially increase their level of attention, and then they
received either PD, SS or no training along the line angle
dimension. For comparison purposes, th;ee additional groups
were given the same training but in reverse order; i.e., PD,

SS or no training was given with the wavelengths, followed



by discrimination training between two line angles. During
the final phase of the experiment, all six groups experienced
discrimination training between two auditory stimuli. The
question of interest was whether PD training would disrupt
transfer on the auditory problem relative to the SS and no

training conditions.



EXPERIMENT I

METHOD

Subjects

Subjects were 34 experimentally naive homing pigeons
obtained from a local supplier and maintained at 70-757% of
their free feeding weights for the duration of the experiment.
Apparatus

The experiment was performed in two identical operant
conditioning chambers with associated automatic programming
equipment. Both chambers have internal dimensions of
32 cm x 26 cm x 34.5 cm. Located on one wall of each chamber
is a Grason-Stadler response key 17.5 cm from the floor.
Directly below the key, 5 cm from the floor, is an opening
(5.2 cm x 6.4 cm) allowing access to a grain hopper. Stimuli
were projected onto the response key by Industrial Electronic
display cells equipped with G.E. No. 44 miniature lamps. The
display cells contained Kodak Wratten filters No. 65, 74, 99,
73 and 72B, which provided relatively monochromatic lights,
with peak transmission at 501, 538, 555, 576 and 606 nm
respectively. The display cells also produced a white line
.32 cm wide x 2.22 cm high in differing angular orientations,
300, 600, 90° (vertical), 120° and 150° from horizomtal.

White noise, produced by a homemade white noise generator,



and a 1000 Hz tone, produced by a Hewlett Packard audio
osciolator Model 201CR, were used as auditory stimuli.
Except for the grain-hopper light during reinforcement, the
response key provided the only source of light in the experi-
mental chambers,
Procedure

Subjects were randomly assigned to one of six experi-
mental conditions: A True Discrimination-Pseudodiscrimi-
nation (TD-PD), a True Discrimination-Single Stimulus (TD-SS),
a True Discrimination-Hold (TD-HOLD), a Pseudodiscrimination-
True Discrimination (PD-TD), a Single Stimulus-True Discrimi-
nation (SS-TD), and a Hold-True Discrimination (HOLD-TD)
group. The group names designate the nature of Phase 1 and
Phase 2 training. Six subjects were assigned to the TD-SS,
TD-HOLD, SS-TD and HOLD-TD groups, while five birds were
placed in the TD-PD and PD-TD groupsl.

Preliminary Training. On Day 1, subjects in all groups

were magazine trained, key-peck trained, and given 30 rein-
forcements of 3-sec access to the grain hopper on a contin-
uous schedule (CRF). The subjects were given 30 more
reinforcements on a continuous schedule on Day 2. On Day 3,
the schedule was changed so that every fifth response was
reinforced (FR-5), and on Day 4 the ratio was increased to

FR-20, This procedure facilitated the subsequent transition



to a variable interval (VI) schedule.

For the next 3 days, responses were reinforced on a VI
30-sec schedule for 17.5 min each day. Each daily session
consisted of 15 stimulus presentations of l-min duration
separated by l0-sec blackout periods which the response key
was darkened and no responses were reinforced. Throughout
preliminary training, the response key was illuminated with
a 555 nm light for all groups.

Phase 1. Following keypeck training, subjects in the
TD-PD, TD-SS and TD-HOLD conditions were given discrimination
training with 555 nm as the positive stimulus (s*) and 538 mm
as the negative stimulus (S"). 1In the presence of S,
responses were reinforced on a VI 30-sec schedule, and in the
presence of S™ no responses were reinforced. For all three
groups, each session of discrimination training consisted of
30 stimulus periods of l-min duration separated by 10-sec
blackouts. Positive and negative stimulus periods were |
presented in a quasi-random order with the restrictions that
no more than two S* or S~ periods appear successively and
that within each block of 10 stimulus presentations S* and
S~ appear five times each, Discrimination training continued
for each bird until a criterion of 10 S responses for each
S~ response was attained in four consecutive daily sessions.

During Phase 1 the other three groups received either



PD, SS or no training with the wavelength stimuli. The
PD-TD group experienced the same sequence of color stimuli

as the discrimination groups, but the stimuli were not
correlated with the reinforcement contingency. For half the
time (determined on a random basis), the VI 30-sec reinforce-
ment schedule was in effect duringrpresentations of the

555 nm stimulus, and for the other half, reinforcement
accompanied the 538 nm stimulus. Subjects in the SS-TD group
were given reinforced keypeck training with 555 nm projected
on the response key. Responses were reinforced on a VI 30-sec
schedule of reinforcement. Each daily session of training
consisted of 15, l-min stimulus-on periods separated from
each other by 10-sec blackouts. In this phase, birds in the
HOLD-TD condition were weighed daily but experienced no
training with the wavelength stimuli. To determine the
length of time they should remain in Phase 1 training,
subjects in theseithree groups were randomly matched to
individual birds that were to have the same type of training
but in reverse order; i.e., PD-TD birds were paired with
TD-PD subjects, SS-TD with TD-SS, and HOLD-TD with TD-HOLD.
Thus, each PD-TD, SS-TD and HOLD-TD bird remained in Phase 1
until the subject with which it was matched had reached
criterion on the wavelength discrimination (i.e., for an

equivalent number of sessions).



Phase 2. In the second phase of the experiment, the
three groups which experienced PD, SS or no training during
Phase 1 (the PD-TD, SS-TD, and HOLD-TD groups) were given
true discrimination training between a 90° line angle (S+)
and a 60° line angle (S™). During both the positive and
negative stimulus periods the line angle was illuminated on
a 555 nm surround. Other procedural details were identical
to the discrimination training given in Phase 1 of this
experiment.

The three groups which received true discrimination
training in Phase 1 (the TD-PD, TD-SS and TD-HOLD groups)
were placed in either the PD, SS or HOLD condition during
Phase 2. The TD-PD group experienced the same sequence of
line angle stimuli as the discrimination groups, but
responses were reinforced half the time in the presence of
the 9090 stimulus and the other half the time in the presence
of the 60° stimulus. Both line angles were illuminated Qn a
555 nm surround. Subjects in the TD-SS group were reinforced
on a VI 30-sec schedule of reinforcement for responding to
the 90° stimulus on a 555 nm surround. Finally, the birds in
the TD-HOLD group were not trained with the line angle
stimuli, but were simply weighed daily during Phase 2. Sub-
jects in all three groups remained in Phase 2 until their

match in the reverse order condition reached criterion on the

10



line angle discrimination.

Phase 3. All six groups of birds were then trained for
nine days on an auditory discrimination between a 1000 HZ
tone (S*) and white noise (S”). Responses were reinforced
on a VI 20-sec schedule in the presence of S+, and no
responses were reinforced in the presence of S . Each daily
session of discrimination training consisted of 20 stimulus
periods of l-min duration, separated from each other by
10-sec blackouts. To facilitate responding in the presence
of the novel stimuli: 1) the first stimulus period on Day 1
was a positive (reinforcement) period; 2) subjects were
immediately given 3-sec access to mixed grain at the begin-
ning of the first stimulus-on period; and 3) the duration of
the first stimulus period was extended by the length of time
it took the subject to emit an initial response. During both
the positive and negative stimulus periods, the response key
was illuminated with the 90° white line on a 555 nm surround.
Other procedural details were identical to the discrimination
training given in Phase 1 of this experiment. A summary
table of the design of this study is presented in Table I.

The rates of responding to positive and negative
stimuli, and the percentage of the total responses to ST were
computed each day of discrimination training for each subject.

This percentage was taken as an index of the overall

11
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discrimination performance and transfer of training effects

in Phase 3.

RESULTS

Phase 1. The average number of days required to reach
criterion on the wavelength discrimination was as follows:
TD-PD = 6.40, range = 6-7; TD-SS= 6.17, range = 6-7; and
TD-HOLD = 7.67, range = 6-92. A one-way analysis of
variance of the mean days to criterion scores revealed no
statistically significant differences between the three
groups during Phase 1, F(2, 14) = 1.31.

Phase 2. The three groups which experienced either PD,
SS or no training during Phase 1 were given the line angle
discrimination task in Phase 2. A discrimination index score
(i.e., the percentage of total responses emitted in the
presence of S') was calculated for each subject, for the
first nine days of Phase 2 training.

The mean group discrimination index scores for the
PD-TD, SS-TD and HOLD-TD groups during Phase 2 are presented
in Figure 1. The values plotted represent group means
calculated from individual indices. In addition, the number
of sessions presented for each group equals the upper extreme
of the group's range. For subjects reaching criterion before

the last session, the data points obtained from the criterion

13



Pigure 1. Mean discrimination index scores for the three groups
given line angle discrimination training during

Phase 2, Experiment I.
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day were taken as estimates for the remaining sessions.

To determine whether the preceding PD, SS or HOLD
conditions had any differential effects on the acquisition
of the line angle discrimination, a 3 x 9 (Group x Day)
analysis of variance of these scores was conducted. This
analysis yielded a statistically significant Day effect,
F(8, 112) = 49.164, p < .01, but no reliable Group effect,
F(2, 14) = 0.928, or Group x Day interaction, F(16, 112) =
1.538.

Another way to analyze the data obtained in Phase 2 is
to examine the mean number of sessions to criterion scores,
which were as follows: FPD-TD = 14.40, range = 10-18,

SS-TD = 12.17, range = 10-15; and HOLD-TD = 13.33, range =
9-19. A one-way analysis of variance yielded no statistic-
ally reliable differences between these sessions to criterion
scores, F(2, 14) = 0.573.

The results from Phase 2 are consistent with past
observations that PD and SS training produce no differences
in performance on subsequent discrimination problems. It
should be noted that the HOLD-TD group which was not run
during Phase 1 did have single stimulus training with the
555 nm stimulus during preliminary training and may not have
differed from the SS-TD group during Phase 2 for this reason.

Phase 3, The subjects in all six groups were maintained

16



on the auditory discrimination for nine consecutive days.
Discrimination index scores were obtained from each subject,
for each day of Phase 3 training. These scores were sub-
jected to a 3 x 9 (Group x Day) analysis of variance, and

revealed statistically significant group, F(5, 28) = 4.966,

p < .01, and Day effects, F(8, 224) = 92.281, p < .01, and a

Group x Day interaction, F(40, 224) = 1.737, p <.0l (See

Il

Table 1II). Neuman-Keuls comparison of the group means of the
discrimination index scores (averaged over days) revealed
that the means of the TD-HOLD (x = 72.38), PD-TD (x = 73.86),
SS-TD (x = 71.94) and HOLD-TD (x = 70.86) groups were not
reliably different from each other, but were reliably
different from the means of fhe TD-PD (x = 65.00) and TD-SS
(x = 60.54) groups, which also were not reliably different.

In Figure 2 the average group discrimination index
scores for each daily session are presented. As can be
seen, subjects in the TD-HOLD, PD-TD, SS-TD and HOLD-TD
groups learned the auditory discrimination at a faster rate
and reached a higher level of performance than did TD-PD
and TD-SS subjects after nine days of training.

The differences in performance illustrated in Figure 2
could reflect a more rapid increase in response rate to st
for the TD-HOLD, PD-TD, SS-TD and HOLD-TD groups, a more

rapid decrease in response rate to S for these groups, or

17



TABLE II

Analysis of variance summary table (F ratios) of the
discrimination index scores, response rates emitted
in the presence of S*, and response rates emitted in

the presence of S° during Phase 3, Experiment I.

Source Degrees Discrimi- S* Response S” Response
of of nation

Variance Freedom Index Rate Rate

Between Ss 33
Groups 5 4.966%% 0.759 1.271
Error 28

Within Ss 272
Days 8 92.281%* 9,198%* 39.235%%
Gps x Days 40 1,737 1.050 1.893%%
Error 224

** p < ,01

18



Figure 2. Mean discrimination index scores for all experimental
conditions over the nine days of discrimination

training in Phase 3, Experiment I.

19
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both. To select among these alternatives, response rates
in the presence of the two training stimuli (S* and S~ com-
ponents) were analyzed separately over the nine days.

Figure 3a depicts the mean group response rates emitted
in the presence of the positive stimulus, plotted as a
function of days. An analysis of variance of S* response
rate indices yielded only a statistically reliable Day
effect, F(8,224) = 9.198, p < .01 (See Table 1I). From
Figure 3a it can be seen that the lack of a Group x Day
interaction is due to the fact that all groups exhibited
some increase in responding in the presence of the positive
stimulus during the nine days of Phase 3 training.

The average group response rates emitted in the
presence of S~ over the nine days of Phase 3 are presented
in Figure 3b. An analysis of variance of S™ response rate
scores revealed a statistically reliable Day effect,

F(8, 224) - 39.235, p < .01, and reliable Group x Day inter-
action, F(40, 224) = 1.893, p < .0l (See Table II). In
Figure 3b a general decreasing trend is apparent in all
groups; however, the subjects in the TD-PD and TD-SS groups
did not exhibit as rapid a decline in responding as the
TD-HOLD, PD-TD, SS-TD and HOLD-TD subjects. These latter
four groups began the nine days of Phase 3 training with a

higher rate of response to the S~ stimulus, but by the final

21



Figure 3. (a) Mean response rates in the presence of the
positive stimulus (S+) and (b) mean response rates in
the presence of the negative stimulus (S~) for all

s8ix groups over nine days of discrimination training

in Phase 3, Experiment I.
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day they had reached a lower rate of response to the
negative stimulus than the TD-PD and TD-SS subjects. This
pattern of responding is reflected in the statistically
reliable Group x Day interaction.

The analyses of the response rates in the presence of
the positive and negative stimulus indicate that the
discrimination performance differences among the groups in
Phase 3 (See Figure 2) are primarily a function of differ-
ences between groups in response rate reduction in the

presence of the negative stimulus (See Figure 3b).

DISCUSSION

Experiment I showed that groups given PD and SS
training prior to any discrimination training performed no
differently on the Phase 3 auditory transfer problem than
the groups that never received any PD or SS training during
Phase 1 or Phase 2. However, when either PD or SS training
intervened between the two discrimination problems, the
acquisition of the auditory discrimination was markedly
retarded. The finding that PD disrupts transfer under these
conditions is consistent with Honig's results (1969, 1974)
and provides some support for Thomas' general attention
hypothesis. It appears that once a subject has been taught

to attend to stimulus differences, such a set can be



disrupted by non-differential PD training.

The surprising result was that SS training also dis-
rupted the acquisition of the transfer discrimination. As
mentioned previously, Thomas considers SS training a neutral
comparison condition since the subject learns nothing about
stimulus differences. Theoretically, it should not disrupt
transfer.

Thomas also assumes that stimulus generalization and
transfer of training paradigms reflect similar attentional
processes (Thomas, 1970; Eck, et al., 1969; Eck, et al.,
1970; and Hansen, et al., 1971). According to this aspect
of the general attention hypothesis, the decrease in general
attention which presumably occurred during intervening SS
training in Experiment I should be measurable by a generali-
zation test as well as by a transfer problem. However, in
the study cited previously, Honig (1969, 1974) reported that
only intervening PD training flattened generalization
gradients, not intervening SS training. Contrary to Thomas'
assumption, this experimental evidence suggests that transfer
performance and generalization slope may not be independent
indicators of the same attentional process.

Experiment II was designed to examine the discrepancies
between the results of Experiment I and the assumptions of

the general attention hypothesis. Three groups of subjects

25



were given either TD training only, SS training only or TD
training followed by SS training. All three groups received
the same average amount of exposure to two stimulus
dimensions during these training phases. A generalization
test was then given, followed by another discrimination
problem involving a third stimulus dimension. Finally, an
attempt was made to correlate the transfer results with a
measure of generalization gradient slope. The purpose of
Experiment II was threefold: 1) to replicate the disruption
of transfer by intervening SS training, 2) to determine to
what extent intervening SS training disrupts the enhancing
effects of initial TD training, and 3) to determine if

transfer performance and generalization slope are correlated.



EXPERIMENT II

METHOD

Subjects

Subjects were 27 experimentally naive homing pigeons
obtained from a local supplier and maintained at 70-75% of
their free feeding weights for the duration of the experi-
ment.
Apparatus

The apparatus consisted of three operant conditioning
chambers that were identical to those described in Experiment
I. In addition, a white key light, produced by a 0.4
neutral density filter in the display cell, was used as a
stimulus during some parts of the experiment,
Procedure

Subjects were randomly assigned to one of three experi-
mental conditions: a True Discrimination-Single Stimulus
(TD-SS), a True Discrimination Only (TD-HOLD), and a Single
Stimulus Only (HOLD-SS) group, with nine subjects in each
group. The group names correspond to the nature of training
prior to Phase 3 of the experiment.

Preliminary Training. All subjects were given pre-

liminary training using the same procedures as described in

Experiment I, except that throughout this period the response

27



key was illuminated with a white light for all groups.

Phase 1. Following keypeck training, subjects in the
TD-SS group were given discrimination training with 555 nm
as the positive stimulus (S+) and 538 nm as the negative
stimulus (5°). The TD-HOLD group was trained on the same
discrimination between 555 nm and 538 nm, but a vertical
white line was also displayed on the response key during
both pasitive and negative stimulus periods. Discrimination
training continued for each bird in both groups until a
criterion of 10 S* responses for each S™ response was
attained in three consecutive daily sessions. Other pro-
cedural details were identical to the discrimination training
given in Phases 1 and 2 of Experiment I.

During Phase 1 the HOLD-SS group received no training
with the wavelength stimuli. The length of the hold was
determined by randomly matching each HOLD-SS subject with
either a TD-SS or TD-HOLD subject. Each HOLD-SS bird
remained in Phase 1 until its match reached criterion on the
wavelength discrimination (i.e., for an equivalent number of
sessions). This procedure was used to maintain a constant
amount of time between preliminary training and tests for
generalization and transfer for all groups.

Phase 2. Subjects in the TD-5S and the HOLD-SS groups

were next given single stimulus training with a 90° white

28



line on a 555 nm surround. Each TD-SS and HOLD-SS subject
was trained with the single stimulus for a number of days
equivalent to the number of sessions required by a TD-HOLD
subject to reach criterion in Phase 1, This procedure was
used to assure that each group received the same average
amount of training with the line angle stimulus. Other
details of single stimulus training were identical to that
given in Phases 1 and 2 of Experiment I,

During Phase 2 subjects in the TD-HOLD group were
weighed daily but not rxrun. Each bird in the TD-HOLD group
was held a period of time equivalent to the number of
sessions required by a different TD-HOLD subject to reach
criterion in Phase 1. As in Phase 1, the purpose of this
hold condition was to maintain a constant amount of time
between preliminary training and testing for all groups.

Generalization Test. On the day following Phase 2, all

subjects were given a five min warmup consisting of the
training condition under which each subject acquired
responses to the line angle (i.e., TD-SS and HOLD-SS sub-
jects received single stimulus warmup and TD-HOLD subjects
experienced true discrimination warmup). A generalization
test was then carried out in extinction. The test stimuli
were five different line angles (30°, 60°, 90°, 120° and

150° from horizontal) presented with the 555 nm background

29



removed. Each subject received 10 different series of the
five stimuli; within each series the five stimuli were
randomly ordered. Stimulus presentations were for 30-sec
each, with 10-sec blackout periods intervening. If the
subject did not respond for three consecutive series, the
generalization test was terminated. On the day following
the generalization test, twelve of the subjects were placed
into Phase 3 training. The other fifteen subjects (5 per
group) were given a second day of generalization testing.
The extra day of testing was added to determine whether the
length of the one-day test was sufficient to obtain accurate
data on the shape of the generalization gradients. No warm-
up was given prior to the second test; but other procedures
were identical to those of the initial day of generalization
testing.

Phase 3. In the third phase of Experiment II all three
groups were givén twelve days of discrimination training
between a 1000 Hz tone (S*) and white noise (S”). This
transfer discrimination problem was procedurélly the same as
that given in Phase 3 of Experiment I. A summary table of the

design of Experiment II is presented in Table III.

RESULTS

Phase 1. The mean number of daily sessions to reach

30
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criterion for subjects in the TD-SS and TD-HOLD groups was
as follows: TD-SS = 6.11, range = 5-8; TD-HOLD = 5.67,
range = 5-8. A t-test conducted on these days to criterion
scores indicated no significant differences existed between
the two groups, t(16) = 0.915. Subjects in the HOLD-SS
group were weighed daily for an average of 5.89 sessions,
range = 5-8.

Mean response rates emitted in the presence of the
positive stimulus ranged from 59.68 on Day 1 to 88.04 on
Day 8 for birds in the TD-SS group (ST = 555 nm) as compared
with 54.71 and 110.65 respectively, for subjects in the
TD-HOLD group (S' = 90° white line on 555 nm surround).

The number of sessions represented in these mean response
rate scores equals the upper extreme of each group's range.
For subjects run fewer than eight days in this condition,
the data points obtained from the last day were taken as
estimates for the remaining sessions. A 2 x 8 (Group x Day)
analysis of variance of the positive rates showed no
significant Group effect, F(l, 16) = 1.006, but revealed a
statistically reliable Day effect, F(7, 112) = 10.182,

p < .01, and a Group x Day interaction, F(7, 112) = 2.619,
p < .05. The response rate in the presence of the positive
stimulus increased over sessions for both groups. This

increase could be due to the occurrence of behavioral
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contrast, or may be the result of an initial generalization
decrement caused by the change in chromatic stimuli, or
both. Since both groups were given the same wavelength
discrimination, it is not clear why the significant inter-
action occurred. A statistical analysis of the mean
response rates emitted in the presence of the negative com-
ponent revealed no significant differences.

Phase 2. Subjects in the TD-SS and HOLD-SS groups
were maintained in this phase for an average of 5.67 daily
sessions, range = 5-8. Birds in the TD-HOLD group were not
run for 5.67 mean daily session, range = 5-8.

The average response rate per min in the presence of
the 90° line on the 555 nm surround ranged from 81.97 on
Day 1 to 77.17 on Day 8 for birds in the TD-SS group, as
compared with 48.87 and 58.48 respectively, for HOLD-SS
subjects. The high rate of response established in the
TD-SS group during the Phase 1 color discrimination appears
to have carried over into Phase 2.

Generalization Test. The mean absolute generalization

gradients for Day 1 testing of all 27 subjects are presented
in Figure 4a. The gradients from different groups differed
both in absolute level and shape. The TD-SS group emitted
the highest number of responses to all the stimuli, and its

gradient peaked at the training stimulus (90°). The
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Figure 4. (a) Mean absolute generalization gradients and

(b) mean relative gradients for all groups on Day 1

of the line angle generalization test (includes nine

subjects per group).
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gradient of the HOLD-SS group also peaked at the vertical
line angle, but these subjects emitted a lower number of
responses to each of the line angle stimuli. The TD-HOLD
group emitted approximately the same total number of
responses as the HOLD-SS group, but the highest number of
responses was made in the presence of the 120° stimulus.

A 3 x5 (Group x Stimulus) analysis of variance of the mean
absolute gradients revealed only a significantly reliable
Stimulus effect, F(4, 96) = 2.456, p = .05.

Figure 4b depicts tﬁe mean relative gradients obtained
from all subjects during the Day 1 test. For each subject,
the percentage of total responses emitted in the presence of
the five generalization test stimuli was determined. The
values plotted in Figure 4b represent group means calculated
from these individual percentage transformations. A 3 x 5
(Group x Stimulus) analysis of variance of the mean relative
gradients yielded a statistically reliable Group effect,
F(2, 24) = 4,208, p < .05; and a reliable Stimulus effect,
F(4, 96) = 3.180, p < .05. In Figure 4b it can be seen that
the relative gradients peak at 90° for all three groups, and
the HOLD-SS group appears to have a steeper relative
gradient than the other two groups. However, no statistic-
ally reliable Group x Stimulus interaction was found.

Fifteen of the 27 subjects (5 per group) also experienced
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an additional day of testing. Mean absolute generali-
zation gradients for the fifteen birds given two days of
testing are presented in Figure 5a. The left half of
Figure 5a depicts the number of responses emitted in the
presence of the line angle stimuli by the fifteen subjects
on the first day of testing. On the right half is the
total number of responses which they emitted during both
days of testing. Although the total number of responses
increased for all groups during the second day of testing,
the overall shape of the gradients and the ordering of the
groups appeared essentially the same as they did after one
day of testing. A 3 x 5 (Group x Stimulus) analysis of
variance of the mean absolute gradients after two days of
testing revealed no statistically reliable between-group
differences.

Mean relative generalization gradients for the subjects
given two days of testing are shown in Figure 5b. The left
half of the graph represents the percentage transformations
from the first day of testing and the right half shows the
relative gradients from both days of testing. The second
day of testing steepened the relative gradient of the TD-SS
group and slightly flattened the gradients of the other two
groups. A 3 x 5 (Group x Stimulus) analysis of variance of

the mean relative gradients after two days of testing
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Figure 5.

(a) Mean absoclute generalization g;adients and

(o) mean relative generalization gradients for Day 1
only (left-hand graphs) and Days 1 and 2 combined
(right-hand graphs) of the line angle generalization

test (includes five subjects per group).
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yielded only statistically reliable Group, F(2, 12) = 5.273,
p < .05, and Stimulus effects, F(4, 48) = 2,681, p < .05.

Phase 3. Subjects in all tﬁree experimental conditions
were placed in an auditory discrimination for 12 consecutive
days. Discrimination index scores were obtained from each
subject, for each day of Phase 3 training. A 3 x 12 (Group
x Day) analysis of variance of these scores revealed
statistically reliable Group, F(2, 24) = 3.49, p < .05, and
Day effects, F(1l1l, 264) =75.494, p < .01, No significant
Group x Day interaction was found, F(22, 264) = 0.452 (See
Table 1IV). A Newman-Keuls comparison of the group means of
the discrimination index scores (averaged over days) showed
that the means of the TD-SS (x = 64.27) and HOLD-SS (x =
65.50) groups were not reliably different from each other,
but were reliably different from the mean of the TD-HOLD
(x = 72.79) group.

The mean group discrimination index scores for each
daily session are presented in Figure 6. 1In this figure the
values plotted represent group means calculated from
individual indices. As Figure 6 indicates, subjects in the
TD-HOLD group learned the auditory discrimination at a
faster rate and reached a higher level of performance than
did TD-SS and HOLD-SS subjects after 12 days of training.

The differences in performance illustrated in Figure 6
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TABLE IV
Analysis of variance summary table (F ratios) of the
discrimination index scores, response rates emitted
in the presence of S*, and response rates emitted in

the presence of S~ during Phase 3, Experiment II.

Source Degrees Discrimi- s* Response S~ Response
of of nation

Variance Freedom Index Rate Rate

Between Ss 26
Groups 2 3.490% 9.498%%* 1.802
Error 24

Within Ss 297
Days 11 75.494%% 15.860%* 36,087%%
Gps X Days 22 0.452 1.120 1.622%
Error 264

* p <.05

*% p < ,01
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Figure 6. Mean discrimination index scores for all three groups
over the twelve days of discrimination training in

Phase 3, Experiment II.
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could reflect a more rapid increase in response rate to the
positive stimulus for the TD-HOLD group, a more rapid
decrease in response rate to the negative stimulus for this
group, or both. To select among these alternatives,
response rates in the presence of the two stimuli were
analyzed separately over the 12 days.

In Figure 7a the mean group response rates emitted in
the presence of the positive stimulus are plotted as a
function of days. An analysis of variance of st response
rate scores yielded a statistically reliable Group,
F(2, 24) = 9.498, p < .01, and Day effects, F(1ll, 264)=
75.494,-p < ,01, Figure 7a illustrates that the lack of a
significant Group x Day interaction was due to the fact that
all groups exhibited an increase in responding in the
presence of the positive stimulus during Phase 3. The
statistically reliable Group effect was analyzed using a
Newman-Keuls test. This comparison of the group means of
the positive rates (averaged over days) revealed that the
mean of the TD-HOLD (x = 127.77) group was reliably dif-
ferent from the means of the TD-SS (x = 92.05) and HOLD-SS

(x = 75.99) groups, which were not reliably different from

each other.
Mean group response rates emitted in the presence of

S™ over the 12 days of Phase 3 are presented in Figure 7b.
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Figure 7. {a) }ean response rates in the presence of the

1000 Hz tone {S*) and (b) mean response rates in the
presence of white noise (5~) for the three groups
over the twelve days of discrimination training in

Phage 3, Exﬁeriment 1I.
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An analysis of variance of S  response rate scores revealed
a statistically reliable Day effect, F(1l1l, 264) = 36.087,

p < .01, and reliable Group x Day interaction, F(22, 264) =
1.622, p < .05 (See Table 1IV). As seen in Figure 7b, there
is a general decreasing trend over days in all groups; how-
ever, the subjects in the TD-HOLD group exhibited a more
rapid decline in responding than did the TD-SS and HOLD-SS
subjects. This is reflected in the statistically reliable
Group x Day interaction. The TD-HOLD group showed response
rate decreases on each succeeding day following Day 1, while
subjects in the TD-SS and HOLD-SS groups initially increased
their rates of responding fohfhe S~ component. The TD-SS
and HOLD-SS groups maintained rates above that occurring on
Day 1 until Day 6 or Day 4, respectively.

The analyses of the response rates in the presence of
the S* and S~ components indicate that the discrimination
performance differences among the groups in Phase 3 (See
Figure 6) are due to differences between groups in response
rate in the presence of both the positive and the negative
stimulus (See Figures 7a and 7b).

Previously, no significant positive response rate
differences have been found in transfer of training studies
using pigeons (See Thomas, et al., 1971; Frieman and

Goyette, 1973). The results from this study may be
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clarified by examining Figure 8, which depicts the mean
response rates emitted in the presence of the positive
stimulus in all three phases of the study for the three
experimental groups. The difference between the TD-HOLD

and the other two groups in Phase 3 may be attributed to

the fact that the TD-HOLD group reached a higher rate of
response to the positive stimulus in Phase 1. This higher
rate of responding appeared to continue during Phase 3. No
explanation is available to account for the initial positive
rate difference between the TD-HOLD and TD-S5S groups.

Correlation. The line angle generalization gradients

were correlated with discrimination index scores using the
Pearson Product Moment correlation coefficient. The value
used as an index of gradient slope was the percentage of

total responses emitted to the training stimulus (90°) by

subjects within each group (only the first day of generali-
zation testing was considered). To estimate the rate of
acquisition of the transfer discrimination problem, each
subject's discrimination index scores were averaged over

the 12 days of Phase 3. Thus, within each group, each
subject's mean discrimination index (averaged over days) was
correlated with the percentage of total responses which that
subject emitted to the vertical line angle.

The correlation for each group was as follows: HOLD-SS,
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Figure 8. Mean response rates in the presence of the positive
gtimulus (S¥) in all three phases of Experiment II

for all three groups.
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r = +0.3068; TD-HOLD, r = +0,0255; and TD-SS, r= +0.8068.
The only statistically reliable positive correlation was
that of the TD-SS group, which was significant at the .05
level for 7 degrees of freedom. Scattergrams in which
individual values from the three groups are plotted are
presented in Figure 9, with the TD-SS group on the left,
the TD-HOLD group in the center, and the HOLD-SS group on
the right. It appears that the significant correlation for
the TD-SS group is due to the two points in the upper right

portion of that group's scattergram.

DISCUSSION

Experiment II clearly demonstrated that intervening
SS training does disrupt the acquisition of a subsequent
discrimination problem. The TD-SS group which received TD
followed by SS training acquired the subsequent auditory
discrimination significantly slower than the TD-HOLD group
which experienced TD training only. In addition, the
transfer performance of the TD-SS group was no better than
that of the HOLD-SS group which was given SS training only;
thus, intervening SS training appears to completely elimi-
nate the positive effects of initial TD training.

In contrast to the transfer data, the results of the
test for stimulus generalization were both unexpected and

unclear. The two groups given TD training in Phase 1 were
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Pigure 9.

Scattergram illugtrating the correlation between
each subject's mean discrimination index score
{averaged over days) and its percentage of total
responses to 50° during the line angle generalization
test. Data from the TD-SS group is presented on the
left, the TD-HOLD in the center, and the HOLD-SS

on the right.
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expected to have significantly steeper line angle gradients
relative to the HOLD-SS group, since the treatments given
groups TD-SS and TD-HOLD are standard procedures used to
demonstrate the steepening effects of extradimensional TD
training on generalization gradients. One of these
standard procedures involves giving TD training along one
stimulus dimension, then SS "acquisition'" training along a
second dimension; this is basically the training experienced
by TD-SS subjects. In the other procedure, TD training is
given along one dimension, and an irrelevant stimulus (i.e.,
one that is not correlated with reward and non-reward) from
a second dimension is concurrently presented on all trials;
this resembles the treatment given the TD-HOLD subjects.
Following either of these training procedures, TD training
has been found to steepen generalization gradients around
the second stimulus dimension relative to SS training
(Thomas, 1969; Honig, 1969; Thomas, et al., 1970; Bresnahan,
1970; and Mackintosh and Honig, 1970). In this experiment
no differences between groups in steepness of slope were
apparent. Even if a statistically significant Group x
Stimulus interaction had been found, the meaningfulness of
the slope differences would be in question since the
absolute gradients did not cross.

There is no clear explanation for the discrepancies
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between these generalization data and the results reported
in the literature. It has been noted previously (Turner and
Mackintosh, 1972) that the steepening effect of extra-
dimensional TD training on generalization gradients has been
small in magnitude and somewhat elusive. In the present
study, any comparisons among group gradients are further
complicated by the unstable nature of this data. The
average absolute and relative gradients obtained on Day 1
from fifteen of the subjects appear different from the
average gradients produced by all 27 subjects (Compare
Figures 4a and 5a, 4b and 5b). In addition, the conclusions
drawn about slope differences depend on whether one or two
days of testing are considered (See Figure 5b). The reasons
for these unstable data are not obvious.

Although generalization gradients and discrimination
performance have been assumed to be determined by the same
underlying attentional process, a highly significant posi-
tive correlation between these two procedures was not
obtainéd. However, there are several difficulties in
interpreting the correlational data. Larger sample sizes
may be needed to provide more points for an accurate indi-
cation of correlation. In addition, a clearer picture of
the relationship between generalization slope and discrimi-

nation performance might have emerged if less variability
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had existed in the generalization data. Yet this large
degree of variability in the generalization data may itself
be an indicator that measures of generalization and discrim-
ination are not reflecting identical underlying processes.
A graphic examination of individual measures for both
generalization and discrimination showed a remarkable simi-
larity in performance between subjects within each group on
the transfer discrimination problem, and considerable
variability within each gfoup on the line angle generali-
zation test. For example, 67% (6 out of 9) of the subjects
in the TD-HOLD group had attained a 90% criterion discrimi-
nation score by Day 12, while only 117 (1 out of 9) and 227 :
(2 out of 9) had reached the same level in the TD-SS and
HOLD-SS groups, respectively. On the other hand, there were
no systematic differences between groups in the generali-
zation data (See Figure 4) due to extensive variability
within each group. If the two procedures were measuring the
same attentional process, then it is not unreasonable to
expect similar degrees of variability within each group on
each measure,

Although in this study extradimensional training did
not have the same systematic effect on generalization that
it did on discrimination learning, performance on transfer

discrimination problems is frequently related to the
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steepness of generalization gradients; e.g., Experiment I,
which showed that intervening PD training disrupts transfer,
was based on Honig's finding (1969, 1974) that PD training
flattens generalization gradients when it follows initial
TD training. Further investigation is called for to
clarify the relationship between stimulus generalization

and discrimination learning.

GENERAL DISCUSSION

The major finding in Experiments I and II is that
either PD or SS training, intervening between two successive
operant discrimination problems, disrupts the acquisition of
the second discrimination. Since PD training presumably
teaches the subject that stimulus differences are not
important, Thomas' general attention hypothesis can account
for the disruptive effects of intervening PD training. How-
ever, his hypothesis cannot explain why intervening SS
training, which should not teach the subject anything about
stimulus differences, also eliminates the facilitative
effects of initial TD training.

Turner and Mackintosh (1972) have developed an alter-
native explanation for the effects of extradimensional
training. Based on a suggestion by Wagner (1969), they

propose that in addition to the obvious sources of stimulus
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control, such as the stimuli presented to the pigeon on
the response key, there is another factor in free-operant
situations which might influence performance on generali-
zation tests and transfer problems; namely, the subject's
own pattern or rate of responding.

To test this hypothesis, Turner and Mackintosh con-
ducted a free-operant study in which two groups of pigeons
received TD training between blue and green, with a vertical
white line superimposed on the color. Two other groups
were given PD training with the same stimuli. In the
second phase of the experiment, one of the TD and one of the
PD groups experienced single stimulus training with red
only. The other two groups both were given TD training with
red positive and yellow negative. Thus, each group experi-
enced one of the following treatments: TD-TD, TD-5S5, PD-TD
or PD-SS. All groups were then given a generalization test
on the dimension of line orientation. The group which
received TD-SS training produced steeper line angle general-
ization gradients than the PD-SS group, confirming the
results obtained by Thomas et al.(1970). However, the
gradients of the TD-TD and PD-TD groups did not differ from
each other, and both were similar to that obtained from the
TD-SS group. The flattening effect of PD training was

counteracted completely by subsequent TD training.
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Turner and Mackintosh concluded that PD training must
affect performance during test trials rather than what is
learned about stimulus differences during initial training.
They suggest that during PD training attention to internal,
proprioceptive cues increases, so that each response be-
comes controlled by the occurrence of a prior response.
These powerful internal stimuli are present during all test
trials and tend to produce a constant rate of responding
during testing. Thus, following PD training, stimulus
control by experimentally manipulated stimuli is masked by
a pattern of repetitive responding. In contrast, during
TD training subjects must attend to the external, relevant
stimuli (i.e., those correlated with reward and non-reward).
Control by irrelevant, internal stimuli is suppressed,
allowing TD subjects to demonstrate control acquired by
experimentally manipulated stimuli during testing.

Turner and Mackintosh's hypothesis is supported by a
second experiment in which they used discrete-trial pro-
cedures to eliminate repetitive responding. Under these
condifions, PD-TD training resulted in sharper line angle
gradients than TD-TD training. Turner and Mackintosh con-
cluded that TD training actually produces a selective
attention effect in both free-operant and discrete-trial

situations; i.e., relative to PD, TD training reduces the amount
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of attention available to other stimulus dimensions, in-
cluding internal sources of stimulus control. In free-
operant situations, TD training merely appears to enhance
general attentiveness since the constant rate of responding
established during PD training results in flattened
generalization gradients. When repetitive responding is
controlled, TD subjects have flatter gradients, demonstrat-
ing less control by irrelevant, external stimuli than PD
subjects.

These findings suggest an interesting interpretation
of the data collected in Experiments I and II. It is
feasible to view free-operant PD and SS conditions as quite
similar types of training: the reinforcement schedules
differ, but subjects in both groups learn that it pays to
"keep pecking''. In both PD and SS conditions control by
internal stimuli may increase. During subsequent discrim-
ination test problems, the repetitive pattern of responding
that results from PD and SS training would directly inter-
fere with the reduction of response rate in the presence of
the negative stimulus. This effect has been observed in
Experiments I and II and in other transfer studies. TD
training, on the other hand, suppresses control by internal
cues; therefore, differential response rates develop more

rapidly during subsequent discrimination problems. The
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Turner-Mackintosh hypothesis can account for the fact that
no differences occurred between groups given either PD or
SS training prior to the transfer problem, and also can
explain why PD and SS subjects learn transfer tasks slower
than TD subjects.

Transfer performance following the HOLD condition
appears to depend on the amount of control acquired by
internal stimuli during the condition immediately preceding
it. In Experiment I, a repetitive pattern of responding
had been established in preliminary training for all three
groups given the Phase 2 line'angle discrimination. This
may have been the reason the PD-TD, SS-TD and HOLD-TD groups
did not differ during Phase 2. However, when PD, SS or HOLD
conditions followed initial TD training, the repetitive
pattern of responding that was suppressed by initial TD
training was not re-established in the TD-HOLD group prior
to the Phase 3 auditory discrimination. Therefore, the
intervening HOLD group learned the auditory discrimination
faster than either the intervening PD or SS groups. In
free-operant situations, the amount of control acquired by
irrelevant, internal stimuli in the training condition
immediately preceding the test phase may be a major deter-
minant of subsequent performance on generalization tests

and transfer problems.
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Although Turner and Mackintosh's explanation does seem
to fit the data from Experiments I and II, it can not account
for other findings, such as why SS training has not been
observed to flatten generalization gradients. In addition,
general attention explanatibns of the effects of intervening
PD and SS training cannot be ruled out; i.e., it is con-
ceivable that both PD and SS conditions produce an overall
reduction in attention to both relevant and irrelevamt cues,
relative to TD training. Thus, the question remains open as
to whether intervening PD and SS training result in retro-
active interference, disrupting an established attentional
mechanism as Honig and Thomas suggest, or in proactive
interference, establishing a repetitive pattern of response
as Turner and Mackintosh propose.

Conclusions from many studies of transfer of training
and stimulus generalization have been based on the use of SS
training as a comparison condition. Clearly; when SS
training follows TD training it does not have a neutral
effect on subsequent transfer performance. The HOLD con-
dition might be seen as an alternative control procedure;
when subjects are not run they cannot learn any response or
conceptual strategies. However, since all subjects must be
exposed to SS training during response acquisition in pre-

training, the HOLD condition does not always provide an
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adequate comparison condition. For instance, the lack of
difference between the HOLD-TD and SS-TD groups in the

Phase 2 discrimination of.ﬁxpériment I cannot be clearly
interpreted, for the only training each group experienced
prior to the line angle discrimination problem was single
stimulus training with the color dimension. The analysis of
SS and HOLD conditions must be continued, employing discrete-
trial as well as free-operant procedures. Not until an
appropriate control condition is determined can any final
conclusions be drawn concerning the effects of extradimen-
sional TD and PD training on stimulus generalization and

transfer of training.

63



FOOTNOTES
1Six birds were initally assigned to both the TD-PD
and PD-TD groups. During preliminary training; one subject
in the TD-PD group died. A subject in the PD-TD group
which had been matched to the dead bird was subsequently

dropped from the study, leaving 5 birds in the TD-PD and

PD-TD groups.

2Due to an error by the experimenter, two birds in the

TD-PD group were run only 3 days at criterion instead of
4 days. One day each was added to these two birds' days to

criterion score before obtaining the TD-PD group average.
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ABSTRACT

In experiment I, three groups of pigeons were given true
discrimination (TD) training between two wavelengths.
Following this training, one group received pseudodiscrimi-
nation (PD) training with two line angles, the second group
was given single stimulus (SS) training with a vertical line,
and the third group was not run. Three additional groups
were given the same kinds of training but in reverse order.
Subjects who received either PD or S5 training following TD
training acquired a subsequent auditory discrimination at a
slower rate than the subjects given either no intervening
training or the SS and PD training prior to initial TD
training. Experiment II demonstrated that a groﬁp given
intervening SS training did not differ from a group that
feceived SS training only, and both acquired a new discrimi-
nation more slowly than a group given TD training only. A
generalization test was given prior to the transfer problem,
but no differential effects of the experimental conditions
were 6bserved. The effects of intervening PD and SS training
on transfer were discussed in terms of interference from
internal, irrelevant stimuli, and the appropriateness of SS
as a control condition in transfer of training experiments

was discussed.



