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The effects of delay and difficulty
on discrimnination learning
and stimulus generalization®

DONALD G. WILDEMANN and JAMES G. HOLLAND
Universily of Pitlsburgh, Piltsburgh, Pa. 15213

Following traiming on an casy size discrimination, pigeons were matched on
the basis of stitnutus control by the positive stimulus following generalizalion
tests. Three Ss were immediately retrained on a more difficuit discrimination
along Lhe saome dimension, while the remaining three Ss were retrained afler a
6-month delay. The 6-month-delay graup took longer to learn the more difficult
discrimination and displayed less stimulus control on a subsequent generalization

test.

Relalively litde research hes bcen
done on memery for simple ¢operant
discriminations or on Lhe influence of
the pas<age of time belween learning a
gross  discrimination and lcarning a
fincr dise~ aination. This sludy
oxanines he effects of training a fine
discrimination immcdialely or &
months aftc training on a relatively
coarser discriminalion. The study also
measures the result of this retraining
on generalization gradients,

Previous findings suggesl Lhat the
generalizalion gradient is flatter if a
sufficient dclay inlervenes belween
training and testing, whether he lest
follows training only on a posiltive
stimulus {Thomas & Lopez, 1962) or
{ llows discrimination (training
(Thomas & Burr, 1969, Honig, 1969),
although, in the laller case, one sludy
falled to find this resull (Thomas el al,
1960). If a delay daes Patten the
gradient, we should expeel relarded
learring of a fine discriminalian when
a delay intervenes after learning a
coarse discrimination.

In the present study, pigeon- were
cither immediately shifled from an
casy 10 a mo.e difficull discrimination
or shifled after 2 6-month deley.

SUBJECTS
Six adult cxperimentally naive
White Carreaux pigcons were
mazainlained at B80% of their

free-feeding weights throughout the
experiment,
APPARATUS
A Grason-Sladler pigeen chamber
with two keys was modified Lo accept
inline projectors which could
transilluminale (he keys with any of
10 white circles. The smaliesl circle
diameter (Stimulus 1) was 0,185 in.
and each succceding circle
(Stimuli 2-10) increased in diameter
by 0.035 in.
PROCEDURE
Trainiug on the
Coarse Discrimination

*This research was supporied at iac
Learning Research ane Dovrlopment Center
v OE Conlract No. 41G158,

"i-"‘wn. Sci., 1971, Vel 22 (5)

Aflter magazine lraining, cach S was
trained for 7 days to peck at the
posilive stimulus (S+, Stimulus 3),
which was alternated randomly
between the two keys. Both keys were
employed throughout this sludy
because Lhe data were aceded for
comparison in anothcer study on
Lransposilion. Pecks were reinforced
on a 30-sec VI schedule of
reinforcement. Each S obtain~d 50
rcinforcements per scssion.
Reinforcement was a 3.75-sec period
of aceess to a hopper of mixed grains.
Trials were 30sec in duration ard
separated by an intertrial interval of
variable duration (mecan of 10scc)
with the chamber darkened. Responses
during the inlertrial interval delayed
the ouset ~f the next trial for 10 scc.
In the cighth session, the ncgalive
stimulus (S—, Stimulus1) was
intvouauced, and S* and ©— trials were
alternated randomly. On any trial,
oaly one of the two keys was
transilluminated with a stimulus,

For three Ss, responses to the S—
were extingiished; they met crilerion
when the total number of S+ responses
during one session was at leasl 20
timaes grealer than the number of S—
responses during that session. For the
other three Ss, approaches to S— were
extinguished by the blackout
technique (Lyons, 1968). Thesc birds
met criterion when the total number
of responses to S+ were al lea:t 20
times greater than the number of 8-
approaches. Roth methods were found
to produce similar peneralization
gradients when used with these stimuli
{(Wildemann & Holland, 1970).

Generalization Tests:
Coarse Discrimination

Each S was (ested three times
during the preliminary training. The
first and third tesls consisted of
stimutus pairs cr each Lrial, wilh the
number of respeases to each siimulus
being recorded. Ten trials were given

with each pair of stimuli.
Generalization gradienls were
calculate by summing the total

nutaber of risponses to cach stimulus,

e.g., lhe total number of responses lo
Slimulns 3 was the sum of the
respc.ases to Stimulus 3 when Pair 2-3
and Pair 3-4 were presenled. The
second test was a standard
generalizalion lest, with only one
slimulus present per trial. During this
test, each stimulus was piesented on
10 Qgifferent trials, while the key
position with the stimulus was
alternated randomly. Since cach tost
was ronducted without reinforcement,
responding was reestablished by
sceparating each test with an addilional
day of discrimination training,
Training on the
Fine Discrimination
Following preliminary training and
testing, Ss were matched on the basis
of the results of the first and third test
gradienls since these gradients
represent performance both at the
beginning and al lthe cnd of Lhis Lest
sequence. One bird from each pair was
assigned randomly to the na-delay
group, Lhe other Lo Lhe 6-month-delay
group. On the day following the hird
lest, the nodelay group began Lhe
second phase of discriminalion
training, The S+ value remained the
same, bul the new 8§— was Stimulus 2.
Thus, for the second phese of
diserimination training, the difference
between the S+ and S— was 0.035 in.,
or half the diflerence for Lhe coarse
discrimination. During this sccond
phasc of Lraining, responses to Lthe new
S— were extinguished for all Ss. The
criterion was again a 20 to 1 ratio of
S+ to S— responses during one session.
Six months after the Lh.rd Llest, the
delay group began the second phase of
discrimination training. Their
procedure was the same as Lhe
no-delay group.
Generalization Test:
Fine Discrimination
The fourth test had two parts and
was presented afler eriterion hid been
reached on (he finer discrimination.
Part 4a was a conventiona!l
generalization Lest with five trials per
stimulus value, whilc Part 4b presented
cach stimulus pair five times. Test 4b
immediately followed Test 4a.

RESULTS
Coarse Discrimination
Figuie 1 shows ke composite

grac'ants obtained (or each group. The
diagona! line in each gradient shows
the modal value of tha' gradient.
Tests 1-3 were prescnled after training
on the coarse discrimination. On the
fist test, five of the six Ss showed
some evidence of peak shifl, In Fig. 1,
this can be scen most clearly in Lhe
generalization gradient for the
6-month-del=y rroup where the mdde
of the responses is shifted to
Stimulus 4, away from bolh the
positive and ncgative stimuli (3 and 1,
respeciively). Grouping Lhe individual
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soddicats  muhes  this trend ess
apparent  for the no-delay  group,
although Fig. 1 shows thit there were
alimost  as  many responses  to
Stimulus 3 as to tite positive stimulus.
On Test 2, after an additional day of
discrimmaltion Iraining, the percentage
of the responses to the positive
stimulus increased by abuut 107 lor
all birds. By the third test, most
responses  were  to  the positive
stimulus, and there were few responses
to any  extreme values (c.g.,
Stimuli 6-10), On each of the three
tests, less than 107 of the total
responses were emitted to Stimulus 2,
the negative stimulus on the fine
discrimination.
Fine Diserimination

Table 1 shiows the numbcer of days
to  critevion  anc.  the number of
responses to the negative stimulus
during the sccond phase of training.
All Ss (vok =t least 3 davs to leamn the
fine diser'mination dJespite the fact
that they cniitted less than [0% of
their responses to the new negative
stivulus value during the first three
generalization tests. The
6-manth-delay group had many more
crrors than the no-delay group (9,807
as compared with 2,821). The dclay
group tended to take longer to learn
the fine discriminution. The delay,
the -efore, may retard the acquisilion
of the fine discriniination.

Figure 1 shows the gradicnts for the
delay and no-delay groups. The
no-delay group vonlinued to ¢mil
mosl of their respor es to the positive
stimulus on both parts of the fest. On
Part 1a, 607 of their total responses
occurred to  Stimulus 3, while in
Part 4b, 827 of their total responses
were emitted Lo the positive stimulus.
This gruup also made very (ew
responses to  the more  cxtreme
Stimuli 6-10, emitting only 17 of their
total responses to  these  values
throughout the test. There was far fess
stimulus control fer the 6-month-delay
group. On Test 5 |, only 25% of the
tolal responses were emitled to tha
positive stimulus, and a rclatively
la-ger number of responses  were
cmitted to the more extreme stimuli
[6-10 :35%)]. Although less spparent,
this cffect is also found in the second
hall of the test (4b), where 11% of the
tolal responses slill occerred to values
above Stimulus 6 and the responses to
S+ arc 18 percenlage points fess than
for the no-celay group.

DISCUSSION

A dclay afler original 1raining
appears to flatlen the generalization
gradicnt. When the delay intervenes
after the initial training bul before the
gencralization test, rclalively fewer
responses occur to the discriminative
stimulus  (8+) and more (o other
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Fig.1. Composite generalization
gradients for the 6-month-delay and
the nodelay groups.

stimu'i {Thomas & Lopez, 1962;
Thomas & Burr, 1969; Honig, 1969).
The recalts reported here confirm an
implicaton of thic lessening of
stimulu.  control. A long  delay
between learning one discrimination
and progressing to a finer
discrimination increases  the  time
required 1o learn the finer
discrimination; and the delay increases
the number of responses (o the
negative stimulus during training on
the finer discrimination. The increase
in S-- responding #fter the delay, as
well as  the assumed spread  of
generali ation  (cf. Thomas & Burr,
1969), may result from dissipalion
with time of (he inhibition established
in the criginal lvarning. Morcover,
fter the fine discrimination s
¢ wublished, the cffects of the delay
nersist on a subsequent geneialization
test, with less responding lo S+ and
more to other stimulus values than is
fcund when no delay occurs in
training. The spread in the gradient
could be, in part, the result of the

HICreise S responses caused by the
delay. The temptation to attribute all
of the spread in the geadient of the
delay group to grealer S— responding
is frustrated by the fact that one 8 in
the delay group had approximuately the
same nuniber of errors as the no-deloy
Ss; yet this 8§ still showed a flattened
gradicnt on the last generalization test.
Nevertieless, the delay between
learning the cowrse and  the [line
direriminations resulted in a ilatter
gradient, whether as a direct ¢ffeet of
the delay or as an effect of mave S~
responding in the seccond
discrimination.

There is an implication in
educational practice in these resulls
when one is remiinaced that educational
practice generally, and progremmed
instruction most specifically, arranges
for gradual progression from casy to
difficult (or from coarse
discriminations to  finer
discriminaticns). These results suggoest
that it wouid be poor practice to
introduce delays between carly and
fate slages in the learning sequence.
Thus, any automatic assumplion based
on the rote-learning literature that
spaced lcarning is superior is not
always warranted.
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Table 1

Procedure
S 5% No Uclay
§52 No Delay
553 No Dclay
S 45 6-Month Delay
548 6-Month Delay
547 6-Month Delay

Peiformance to Criterion on the Fine Discrimination

Towl Xumber of
Responses to Criterion

936
1308
511
1246
5609
2592

Days to
Criterion

BN AR~AR~Y-. Y

Psychon. Sci,, 1971, Vol. 22(5)



