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discrimination learning in the rat: 
Evidence for an attentional deficit 
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The ability of 16-28-day-old Long-Evans rats to solve simultaneous and successive brightness 
discrimination problems was assessed in a novel water-maze version of the Lashley jump stand. 
Performance on the two problems was virtually identical at every age, but older pups mastered 
both problems in far fewer trials than did younger pups (Experiment 1). Subsequent experiments, 
based on a two-stage attention theory analysis of discrimination learning, pointed to an atten-
tional deficit underlying the relatively poor performance of the young rats. 

Although the 17-day-old rat is capable of being condi-
tioned to a visual stimulus (Moye & Rudy, 1985), recent 
research suggests that the processes that enable it to learn 
other behaviors mediated by its visual system continue 
to develop (Rudy, Stadler-Morris, & Albert, 1987). Us-
ing the Morris water maze (Morris, 1981), Rudy et al. 
(1987) studied the development of two forms of spatial 
navigation that are also mediated by the rat's visual sys-
tem. In one case, rats could navigate to an escape plat-
form simply by using the visible proximal cues that were 
co-occurrent with it. In another case, the platform was 
hidden beneath the water's surface, but the rat could 
navigate to it by learning the platform's location relative 
to extramaze distal cues. Adult rats easily solve both 
problems (Morris, 1981). Rudy et al. (1987), however, 
found that these two forms of navigation were dissociated 
during ontogenesis: Rats only 17 days old were able to 
solve the proximal-cue problem, but it was not until the 
pups were 20 days old that the first evidence of distal-
cue navigation was observed. 

The purpose of the present research was to further in-
vestigate the development of learned behaviors mediated 
by the visual system by studying the development of 
brightness discrimination learning. Since Lashley 
(1929/1963) and Krechevsky (1932), many theorists have 
entertained what is called a two-stage theory of discrimi-
nation learning (e.g., Lawrence, 1949; Mackintosh, 1965; 
Sutherland & Mackintosh, 1971). In the first stage, the 
animal must learn to attend to the stimulus dimension that 
is relevant to the solution of the problem (e.g., bright-
ness). In the second stage, the animal comes to associate 
the specific values of that dimension (e.g., black or White) 
with the correct and incorrect choice outcomes. 

This research was funded in part by NSF Grant BNS-8207654 and 
Nll{ Grant DA0353I awarded to Jerry W. Rudy. We thank Peter Albert 
for his assistance in the collection of the data, and Tom Moye fOT his 
valuable comments on earlier drafts of this manuscript. Requests for 
reprints should be sent to Jerry W. Rudy, Department of Psychology, 
University of Colorado, Boulder, CO 80309. 
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Within this framework, the discrimination performance 
of young animals might be impaired relative to that of 
older animals because of maturational differences in either 
their associative or attentional processes. By systemati-
cally analyzing brightness discrimination learning by 
different-aged subjects, our goal was to delineate differ-
ences in attentional and associative processes that might 
exist during the period of ontogenesis in which the capac-

Figure 1. A schematic drawing of the apparatus used to study both 
the simultaDeouoi and successive brightness discrimination problems: 
a = the plastic stimulus card holders, b = the clear plastic dividing 
partition; c = the escape platfoml; and d = the observation platfoml. 

Copyright 1987 Psychonomic Society, Inc. 
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ity to solve brightness discrimination problems is emerg-
ing. In these experiments, we compared the performance 
of different-aged rats on two visual discrimination learn-
ing tasks. One was a simultaneous brightness discrimi-
nation, and the other was a successive conditional bright-
ness discrimination (Lawrence, 1949). 

To study the performance of young rats on both of these 
problems, we developed a new methodology that com-
bined the virtues of the Morris (1981) water maze with 
those of the Lashley (1930) jump stand. Our previous ex-
perience using the Morris water maze (Rudy et al., 1987; 
see also Schenk, 1985) had indicated that young rats adapt 
readily to water but are highly motivated to escape by 
swimming to a safe platform. 

In our task (see Figure 1), the pups were placed on an 
observation platform facing the discriminanda, but rather 
than being required to jump to the correct stimulus, they 
were placed in the water and required to swim under the 
stimulus card to find the escape platform. On the simul-
taneous problem, the subjects were presented with two 
stimulus cards, one black and one white, and the platform 
was always behind either the black or the white card. On 
the successive conditional problem, the subjects were also 
presented with two cards, but, on a given trial, the cards 
were either both black or both white. The location of the 
platform was contingent upon whether the cards were both 
black or both white. For example, if both were white, 
the platform was behind the card on the right, and if both 
were black, it was behind the card on the left. 

EXPERIMENT 1 

A comparison of how different-aged rats perform on 
simultaneous and successive discrimination problems is 
of interest for several reasons. First, no systematic anal-
ysis of how the rat's performance changes during develop-
ment is available for either task. Second, a developmen-
tal analysis can potentially be useful in determining the 
degree to which the performance of these two problems 
depends upon the same underlying processes. Evidence 
for different underlying processes would take the form 
of a developmental dissociation in which the age at which 
rats were able to solve one problem was different from 
the age at which they could solve the other. Thus, in Ex-
periment 1, we assessed the ability of pups 16, 18, 20, 
and 28 days of age to learn both simultaneous and suc-
cessive conditional brightness discriminations. 

Method 
Subjects. The subjects were Long-Evans-derived hooded rat pups 

of both sexes bred at the University of Colorado. Pregnant female 
rats were checked for births each day between 9:00 and 11:00 a.m. 
A new litter was considered to be 0 days old. Each litter was culled 
to 9 pups 2-3 days after birth, and housed with the dam in a 
45 x25 x20 cm Plexiglas maternity cage containing pine shavings. 
The dams had continuous access to Wayne laboratory chow and 
water. When the pups were 21 dlIys old, the dam was removed from 
the cage. The subjects were in a colony with a 12: 12 light/dark cycle. 

Apparatus. The apparatus (see Figure 1) consisted of an aquar-
ium that contained two stimulus card holders, a partition, an es-
cape platform, and an observation platform. The discriminanda (the 
black or white stimulus cards) were inserted into clear plastic stimu-
lus card holders (19L x 14W cm) that were suspended from the 
partition. The partition, a clear Plexiglas panel, was fitted with sus-
pending rods so that the bottoms of the stimulus card holders were 
2 cm above the water level and 40 cm from the back wall of the 
aquarium. 

The 9-cm-diam escape platform was located on either one or the 
other side of the partition, and behind the stimulus card holder. 
The top of the platform was 2.0 cm below the surface of the water. 
The observation platform (16L x 6W cm), located at the opposite 
end of the aquarium, protruded 6.5 cm above the water surface. 
The distance between the forward end of the observation platform 
and the discriminanda was 24 cm. 

The exterior of the glass aquarium (60L x 30W x 39H cm) tank 
was covered by brown paper. An opaque top covered the end of 
the aquarium where the escape platform was located. The water 
was 10.5 cm deep and was rendered opaque by white Crayola pow-
der paint (20 g/19.8 liter). The water temperature was maintained 
at 30°,28°,26°, and 24° C for 16, 17-18, 19-20, and 21-28-day-
old pups, respectively. The tank was cleaned and the water was 
changed daily. 

Design and subject assignment. At each age, two litters each 
contributed 4 subjects to both the simultaneous and successive con-
ditional training conditions (n = 8 at each age). Males and females 
were distributed as equally as possible among the various condi-
tions. Different groups of pups began training at 16, 18, 20, and 
28 days of age. The average weights of the pups for the different 
age groups were 28.5,30.4,33.3, and 71.1 g for the 16-, 18-,20-, 
and 28-day-olds, respectively. For half of the subjects trained on 
the simultaneous problem, the escape platform was always located 
behind the black card; for the other half, it was behind the white 
card. For half the subjects trained on the conditional problem, the 
platform was on the right when both cards were black and on the 
left when both cards were white; the opposite was true for the other 
half. Since performance on the two problems was independent of 
which stimulus card was correct or whether the platform was on 
the left or right when the two cards were black or white, the counter-
balancing factor will be ignored in the data presentation. 

Pretraining. Prior to each training session, subjects were given 
two warm-up trials with the stimulus cards and holders absent. On 
each trial, the pup was placed on the observation platform facing 
the direction of the escape platform. Ten seconds later it was re-
moved and placed in the water 8 to 10 cm from the escape plat-
form and allowed to swim onto it. The escape platform was located 
once on each side of the partition. 

Training. After the last pretraining trial, the pup was placed back 
on the observation platform facing the back wall of the aquarium. 
The appropriate stimulus cards were then put in place and the pup 
was turned to face the stimulus cards for 15 sec. If the pup turned 
and faced away from the cards, the experimenter gently repositioned 
it. The pup and observation platform were then removed from the 
apparatus. The pup was then placed in the water facing the center 
of the back wall of the maze. A trial ended when the pup swam 
under the stimulus card holder on the side of the partition that con-
tained the escape platform. It was then allowed to sit on the escape 
platform for 20 sec. If the pup made an incorrect choice, it was 
required to correct the error. The next trial was again begun by 
placement of the pup on the observation platform in the apparatus. 
At all times, the experimenter stood at the back of the aquarium 
facing the discriminanda. 

A training session consisted of 26 trials. For the subjects in the 
simultaneous black versus white discrimination groups, each stimu-
lus card appeared equally often on each side. The schedule of al-
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ternation required that the same stimulus card (e.g., black) could 
never be on one side for more than 3 consecutive trials and that 
transitions could occur after 1, 2, or 3 trials. This yielded a total 
of 14 transition trials in which the location of the stimulus cards 
was reversed, 7 occurring in each of the first and second blocks 
of 13 trials. Since the escape platform's location was always be-
hind either the black (B+ vs. W-) or the white (B- vs. W+) stimu-
lus card, it was equally often on the right and left sides of the dividing 
partition. 

For half the trials in the successive conditional discrimination 
problem, both stimuli were either black or white. In all other respects 
the alternating schedules were identical in the two problems. 

Dependent variables. The major dependent variables were: 
(1) trials to criterion, with the pup being said to have learned the 
task when it had swum to the positive stimulus in 7 of 8 trials in 
a single session, and (2) percentage of correct responses, as denoted 
by the percentage of trials on which the pup swam first to the posi-
tive stimulus. 

Results 
The major findings of this experiment (see Figure 2) 

can be summarized easily. First, perfonnance on both the 
simultaneous and successive problems was age-dependent: 
older rats mastered both problems faster than did the youn-
ger rats. Second, performance on the two discrimination 
problems was virtually identical at every age. 

An age X task analysis of variance on the trials to cri-
terion measure revealed a significant effect of age [F(1,56) 
= 273.53,p < .01], but neither the task main effect nor 
the age X task interaction approached significance. Post 
hoc comparisons revealed that pups that started training 
when they were 16 or 18 days old took more trials to reach 
criterion than did pups that started training when they were 
20 or 28 days old. Also, the 20-day-olds took more trials 
than did the 28-day-olds (Newman-Keuls, p < .01). 

Discussion 
A critical task for developmental analysis is to deter-

mine why the discrimination perfonnance of younger pups 
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Figure 2. Mean number of trials to criterion for both the simul-
taneous and successive brightness problems as a function of age. 
Solid bars represent scores on the successive problem, and open bars 
represent scores on the simultaneous problem (Experiment 1). 

is impaired relative to that of older pups. As noted, within 
a two-stage theoretical analysis, the impaired discrimi-
nation performance of younger relative to older animals 
could reflect maturational differences in either their asso-
ciative or their attentional processes. 

The historical starting point for dissociating the contri-
butions of attentional and associative processes to dis-
crimination learning was Lashley's (1929/1963) obser-
vations about the perfonnance of individual subjects that 
were learning a simultaneous brightness discrimination. 
He noticed that perfonnance usually changed abruptly 
from chance to virtually perfect. 

The stationary period during which performance is at 
chance is often referred to as the "presolution" period. 
According to two-stage theory, this reflects the period 
when the subject's perfonnance is under the control of 
an irrelevant stimulus dimension. The abrupt change to 
near-perfect perfonnance is interpreted as marking the 
moment when the subject has begun to attend to the rele-
vant stimulus dimension, allowing it to quickly learn to 
associate the specific stimulus values with the trial 
outcomes. 

Given this perspective, one can ask if the age-related 
differences in discrimination learning reflect maturational 
differences in the attentional processes or those in the as-
sociative processes. 

The data presented in Figure 3 provide a basis on which 
this judgment can begin to be made. It presents "back-
ward learning curves" (see Sutherland & Mackintosh, 
1971) for the different-aged subjects trained in Experi-
ment 1. This treatment of the data adjusts for the fact that 
individual subjects at each age reached criterion follow-
ing different numbers of "presolution" trials. To obtain 
these curves, we identified the block of 5 trials in which 
each subject fmished its run to criterion. The mean per-
centage of correct responses on this block of trials is the 
terminal point of the curves in Figure 3 Oabeled 0 on the 
abscissa). Working backward from this point, the remain-
ing data points are the mean percentage of correct 
responses for each block of 5 trials preceding criterion 
completion. In this figure, we collapsed across the simul-
taneous and successive problems so that 16 subjects at 
each age contributed to the data. 

Viewed this way, one can see that the primary differ-
ence between younger and older pups was the duration 
of the "presolution" period, which was much longer for 
the younger pups than for the older pups. The rate of tran-
sition from the presolution to the solution period, 
however, was equally rapid for pups at all ages. 

Within the context of two-stage theory, the transition 
data would mean that there is little or no ontogenetic 
Stage 2 difference in the rate at which the association 
between the correct stimulus and the escape platfonn is 
fonned. The younger pups' relatively prolonged pre-
solution period could then mean that the primary differ-
ence between younger and older pups lies in the Stage 1 
attentional processes. 
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Figure 3. "Backward" learning curves for the different-aged pups in Experiment 1. See text 
for a complete description of how these data were obtained. 

EXPERIMENT 2 

Experiment 2 was designed to evaluate the attentional 
explanation. Recall that the presolution period for animals 
that began training when they were 16 days old lasted (see 
Figure 3) at least two sessions (52 trials). In Experi-
ment 2, 16-day-olds received two training sessions on 
either the simultaneous or the conditional brightness 
problems. In the third session (the session during which 
pups this age had reached criterion in Experiment 1), we 
reversed the significance of the stimuli for half of the pups 
trained on each problem. For example, if the simultaneous 
problem had been B+IW- in the first two sessions, it be-
came B-IW + in the third session, and if the conditional 
problem had been B, go rightlW, go left, it was reversed 
to B, go left/W, go right. The contingencies operating 
during the first two sessions remained in effect during the 
third session for the remaining subjects. 

If the attentional interpretation is correct, and the pre-
solution period is prolonged because the pups are not at-
tending to the brightness cues and consequently do not 
learn about their significance, then the pups in the rever-
sal condition should reach criterion as fast on Day 3 of 
training as the pups in the nonreversal condition. On the 
other hand, however, it is possible that the younger pups 
were learning about the contingencies associated with the 
specific brightness cues but that the strength of these as-
sociations was not sufficient to influence the pups' per-
formance (see Spence, 1936). If the latter hypothesis is 
correct, then pups in the reversal condition should take 
more trials to reach criterion than the pups in the non-
reversal condition. because what they had learned (e.g., 
B+/W -) would interfere with what they must now learn 
to reach criterion in the third session (B-!W+). This nega-
tive transfer strategy has been used many times to address 
the same issue in the adult discrimination learning litera-

ture (see Ehrenfreund, 1948; Krechevsky, 1938; Spence, 
1945). 

Method 
Four litters each contributed 8 subjects to this experiment. All 

subjects were 16 days old at the start of training. Half the subjects 
in each litter were assigned to the simultaneous brightness discrimi-
nation problem (n= 16) and half to the successive conditional bright-
ness discrimination problem (n= 16). 

Phase 1 of training began when the pups were 16 days old and 
consisted of two 26-trial sessions administered on successive days. 
Phase 2 was initiated on the third day of training. For half the sub-
jects trained on each problem, the significance of the stimuli was 
reversed (R); for the remaining half, the significance was not 
reversed (NR). Within each problem subset, 4 subjects from each 
litter were assigned to the reversal condition and 4 were assigned 
to the nonreversal condition (n==8 for each of the four final condi-
tions). In all other respects, the procedures employed were identi-
cal to those used in Experiment 1. 

Results and Discussion 
The first point to note is that no subject in either the 

simultaneous or the conditional training condition reached 
criterion during the 52 trials of Phase 1, thus replicating 
the results of the first experiment. More importantly, 
however, pups in the reversal conditions reached crite-
rion as quickly as did the nonreversal pups (see Figure 4). 
This was true for both the simultaneous and the condi-
tional problems. This finding suggests that pups learned 
little or nothing about the significance of the visual cues 
during Phase 1, and therefore supports the attentional 
deficit hypothesis. 

EXPERIMENT 3 

The results of Experiment 2 provide no evidence that. 
during the pre solution period. 16-17 -day-olds learned 
about the contingencies associated with the black and 
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Figure 4. Mean number of trials to criterion on the simultaneous 
and sucteSSive problems during the third training session of Experi-
ment 2. Key: NK = nonreversal, R = reversal. 

white discriminanda. Consider, however, an observation 
that can be derived from Experiment 1. Specifically, even 
though pups trained when 16 and 17 days old did not reach 
criterion during their first two training sessions, they did 
reach criterion when they were 18 days old. Thus, their 
performance at 18 days of age was far superior to that 
of pups that did not begin training until they were 18 days 
old. The latter pups did not reach criterion until they were 
20 days old. If, as indicated by the results of Experi-
ment 2, the 16-17-day-olds failed to learn about the 
specific contingencies during the presolution period, what 
had they learned that facilitated their subsequent perfor-
mance when they were 18 days old, as opposed to pups 
that were experimentally naive on Day 18? 

Another possibility can be derived from two-stage at-
tentional theory. Perhaps the pups had just begun to at-
tend to the relevant stimulus dimension (brightness), and 
perhaps it was this learning that facilitated their perfor-
mance on Day 18, making for the difference found be-
tween them and the naive pups. 

In addition to such a specific source of transfer, how-
ever, there is a great deal of nonspecific learning that could 
have facilitated performance of the 18-day-olds that had 
been trained when they were 16 and 17 days old. For ex-
ample, they had the opportunity to habituate to being in 
the water, to learn that there was an escape platform, and 
to learn how to climb onto it. It is likely that the opportu-
nity to become generally familiar with the training en-
vironment could contribute to subsequent performance. 
Experiment 3 was designed to compare the contribution 
of these specific and nonspecific sources of transfer to 
the 18-day-old pups' performance. 

Method 
Two litters each contributed 8 pups to this experiment, 4 to each 

of two training conditions. The pups were 16 days old at the start 

of training. One group (n=8) was trained on the simultaneous bright-
ness problem in the same manner as in the previous experiments. 
One subject in this group was lost due to procedural error, reduc-
ing the n to 7. Pups in the procedural control group (n=8) were 
treated exactly like the pups trained on the simultaneous problem 
with one major difference. During their first two sessions, the black 
and white stimulus cards were not inserted into the clear plastic 
card holders. On each trial, these pups had to locate the invisible 
platform, which alternated from side to side according to the sched-
ule used on the simultaneous problem. This ensured that pups in 
the control group had the opportunity to become familiar with the 
general requirements of the task, but gave them no oppoctunity to 
learn that brightness was the relevant dimension. It also meant that 
there were no relevant cues available. On the third day of training, 
when the pups were 18 days old, the black and white stimulus cards 
were inserted into plastic card holders and the control pups were 
challenged to solve the simultaneous brightness discrimination. 

Results 
No subjects trained initially on the simultaneous prob-

lem reached criterion during the 52 trials of training ad-
ministered during the first two sessions. Note, however, 
that in the third session, these pups reached criterion in 
many fewer trials (see Figure 5) than did the procedural 
control pups that were transferred to the simultaneous 
problem [t(13) = 3.10, p < .01]. 

Even though 16-17-day-olds displayed no evidence of 
learning the contingencies associated with the black and 
white discriminanda (Experiment 2), they took only about 
a third as many trials to reach criterion as did the 
procedural controls. This outcome is interpreted as sup-
porting the hypothesis, derived from two-stage attention 
theory, that pups given discrimination training when 16 
and 17 days old can solve the discrimination problem 
when they are 18 days old much faster than task-naive 
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Figure 5. Mean number of trials to criterion during the transfer 
session of Experiment 3. The data for naive pups i<I a re-preseotation 
of the data for pups in Experiment 1 that were 18 days old at the 
start of training on the simultaneous discrimination problem. Key: 
S = simultaneous discrimination problem, PC = procedural con-
trol; N = naive. 
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I8-day-olds, in part because they had begun to attend to 
the relevant stimulus dimension (brightness). This find-
ing is important because it provides additional support for 
the applicability of the two-stage approach to the solving 
of discriminations by the young rats. 

The pups in the procedural control group also benefited 
substantially from exposure to the general features of the 
training environment. To make this point clear, the num-
ber of trials it took task-naive I8-day-olds from Experi-
ment 1 to solve the simultaneous problem is also included 
in Figure 5. Procedural-control pups took only about half 
as many trials to reach criterion as did task-naive 18-day-
olds. The performance of the pups in the procedural con-
trol condition may have benefited from their having 
learned that spatial cues were irrelevant to the solution 
as well as from their having had the opportunity to habit-
uate to the nonspecific aspects of the task. 

EXPERIMENT 4 

Given the results of the previous experiments, we sus-
pected that the major difference between the younger and 
older rats might lie in their attentional as opposed to their 
associative processes. We also wondered if the attentional 
deficit could be caused by the young rats' relative inabil-
ity to ignore irrelevant cues. In the preceding experiments, 
the irrelevant stimuli that had been most likely to influence 
the animals' choice behavior were position cues. If the 
young animals had difficulty in solving the brightness 
problem because they could not suppress responding to 
position cues and not because of a general associative 
deficit, then they should learn a position discrimination 
with relative ease. 

Method 
All subjects (n=6) were 16 days old at the start of the experi-

ment. After pretraining (see Experiment I), the subjects were trained 
on a position discrimination. On this problem, the platform was 
always located behind either the left or the right stimulus card. In 
order to determine its initial position preference, the subject was 
first given five trials with a platform behind both cards. The side 
chosen most often on these trials was designated as the subject's 
preferred side. Training on the position problem then began with 
the platform located on the subject's nonpreferred side. The sub-
ject was then trained until it reached the criterion of 7 of 8 correct 
choices. To ensure that the pup's position preference was indeed 
modifiable by training, immediately after this criterion was reached, 
the platform was moved to the other side and the subject was re-
quired to reverse its position preference. The 7-of-8-correct choices 
criterion was also used for the reversal problem. During both origi-
nal and reversal training, the black and white stimulus cards were 
present but were irrelevant to the problem's solution. Just as in the 
previous experiments, these cards were equally often on the left 
and right sides. They were alternated according to the procedure 
described in Experiment 1. 

Results and Discussion 
The mean number of trials to reach criterion on the 

original position problem and its reversal was 2 and 7.8, 
respectively. The ease with which 16-day-olds learned and 
reversed a position discrimination should be contrasted 

with their performance on the brightness discrimination 
problem, with which both 16- and 18-day-olds took over 
50 trials to reach criterion (see Figure 2). 

This finding is consistent with the hypothesis that the 
16-day-olds' problem on the brightness discrimination is 
attentional rather than associative. It is also consistent with 
the additional hypothesis that young rats do poorly on 
brightness discriminations because they have difficulty in 
learning to ignore or inhibit their responses to irrelevant 
position cues. If this is true, and young rats have no 
general associative deficit, then they should be able to 
readily solve position discriminations. It is unlikely that 
this problem could be solved in fewer trials than were re-
quired by the 16-day-olds in the present experiment. It 
must be pointed out, however, that these data can also 
be interpreted to mean that young rats can quickly learn 
to attend to position cues but have difficulty in identify-
ing brightness cues as being relevant. 

GENERAL DISCUSSION 

In the introduction, we noted the possibility that pups 
might solve the simultaneous brightness problem at an 
earlier age than they would the successive conditional, 
and that this would imply that the two tasks were, to some 
degree, subserved by different processes. Performance 
on the two problems, however, did not interact with age. 
At every age, pups required no more training to reach 
criterion on the successive problem than they did on the 
simultaneous problem. These data thus provide no evi-
dence that the two tasks are subserved by different 
processes. 

Performance on both the simultaneous and successive 
brightness discrimination tasks, however, was age depen-
dent. The youngest pups (16- and 18-day-olds) in these 
experiments required almost six times the number of trials 
to reach criterion as did the oldest pups (28-day-olds). 

Several sources of data converge to indicate that a fun-
damental difference between the younger and older pups 
resides in the processes that determine the degree to which 
they attend to the relevant visual stimuli, as opposed to 
the associative processes that enable the pups to learn the 
contingencies correlated with these cues (e.g., B+/W-). 

The results of Experiment 4 rule out the possibility that 
the youngest animals have a general associative learning 
deficit. They learned and reversed a spatial position dis-
crimination in remarkably few trials. The data from this 
experiment also virtually eliminate the possibility that the 
the 16-18-day-olds' impaired performance on the bright-
ness problem reflects immature motor systems or motiva-
tional systems. If they were not able to swim or if they 
were not motivated to escape the water, then learning a 
position discrimination should also have been impaired. 

The backward learning curves for the different-aged 
pups (see Figure 3) revealed that the primary difference 
between young and old pups occurred in the "presolu-
tion" period. Younger pups required more trials to "break 
out" of this stage than did older pups. Pups at every age, 
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however, showed equally rapid transitions from the pre-
solution to solution phase. This finding suggests that 
young pups do not have an associative deficit that is 
specific to brightness cues. 

Additional evidence against the associative deficit ac-
count can be derived from Experiment 3. The procedural 
control animals that were exposed to all aspects of the 
task except the brightness cues when they were 16-17 days 
old subsequently solved the brightness discrimination 
problem (introduced when they were 18 days old) in about 
30 trials. This is approximately the same number of trials 
that task-naive 20-day-olds took to solve the problem (see 
Figure 2). If the difference observed in Experiment 1 be-
tween task-naive 16-18-day-old animals and task-naive 
20-day-olds reflected an associative impairment, then the 
nonspecific training given the 16-17 -day-old pups 
(procedural controls) should not have had any impact on 
the rate at which they subsequently solved the brightness 
problem; in fact, however, it made 18-day-olds function-
ally equivalent to 20-day-olds. 

One could also argue that the young rats' impairment 
on the brightness problem is simply visual, that they can-
not discriminate the brightness cues as well as 6'lder 
animals. The behavior of the pups in the procedural con-
trol condition also argues against the visual deficit in-
terpretation. If the 16-20-day-olds' problem was simply 
sensory, then it is difficult to see how their exposure to 
the nonspecific aspects of the task when they were 16-17 
days old could make the procedural controls solve the 
brightness problem in as few trials as 20-day-olds. If one 
assumes, however, that the 16-20-day-olds' visual sys-
tem is sufficiently developed to permit them to detect the 
difference between the black and white discriminanda but 
that they have an attentional deficit, then one might ex-
pect to see that learning brightness discriminations can 
be facilitated by the treatment that the procedural control 
pups experience. It is also difficult to see how the visual-
impairment interpretation can account for why the rate 
of transition from the presolution to the solution phase 
of performance was independent of training age (see 
Figure 3). 

Other evidence consistent with the attentional-deficit in-
terpretation, can also be marshaled. The negative trans-
fer paradigm employed in Experiment 2 provided no evi-
dence that the younger pups (16-17-day-olds) learned the 
specific contingencies associated with the black and white 
discriminanda during the so-called presolution period. For 
example, pups trained for two sessions on a B+ versus 
W - simultaneous discrimination reached criterion as fast 
when they were transferred to a B- versus W + problem 
as did pups trained throughout on the B- versus W + 
problem. If they had acquired the relevant associations 
in the presolution period, the pups in the transfer condi-
tion should have taken more trials to reach criterion. The 
absence of such specific learning during the presolution 
period is consistent with the view that the young pups 
failed to learn about the brightness cues because they were 
not attending to them. 

Even though young pups apparently learned very little 
during the presolution period about the specific contin-
gencies associated with the brightness cues, the results 
of Experiment 3 suggest that by the end of the second ses-
sion of training, they were beginning to attend to these 
stimuli. Pups trained with the brightness cues relevant 
when they were 16 and 17 days old required fewer trials 
to reach criterion than did the procedural control pups. 

This review of the data argues against sensory, motor, 
motivational, or associative (general or specific) deficits 
as underlying the young rats' impaired performance on 
the brightness discrimination learning problems. At this 
time, however, we are unable to reject the hypothesis that 
there is a fundamental difference between younger and 
older rats in their attentional processes. 

The nature of this attentional difference might lie either 
(1) in the failure of young animals to attend to brightness 
cues because they have difficulty in learning to ignore ir-
relevant cues, such as position cues, or (2) in the exis-
tence of a specific deficit in the process that enables the 
young animals to orient to and process visual stimulation. 
The former hypothesis is a version of a class of attention 
theories (Zeaman & House, 1963; Lovejoy, 1968, Suther-
land & Mackintosh, 1971) that share what Thomas (1970) 
has called the "inverse" hypothesis. According to this 
class of theories, stimuli are thought to compete for ac-
cess to some limited-capacity attentional process such that 
attention to one stimulus configuration will be at the ex-
pense of others. The latter hypothesis is similar to Mac-
kintosh's (1975) suggestion that the attention-capturing 
properties (termed salience) of different stimulus events 
are independent, and that attending to one event is not 
at the expense of attending to another event. 

We are currently biased toward favoring the "inverse" 
version of the attentional hypothesis. This is primarily be-
cause the 16-18-day-old procedural control animals of Ex-
periment 3, which were pretrained to all features of the 
task except the brightness cues, subsequently learned the 
brightness discrimination in half as many trials as did 
similar-aged task-naive animals. Thus, the training given 
the procedural controls increased their likelihood of at-
tending to the brightness cues (increased their salience). 
For the salience of a stimulus dimension to increase 
through learning, an attentional theory that assumes that 
stimulus dimensions have independent saliences (Mac-
kintosh, 1975) would require that dimension to be cor-
related with a favorable set of reinforcement contingen-
cies. This condition could not possibly have been met for 
the procedural control animals. First, the specific black 
and white brightness values were not present during the 
pretraining phase. Second, in the pretraining phase, all 
stimulus dimensions that were present, including bright-
ness, were irrelevant to platform location. 

In contrast, the behavior of the procedural controls is 
easily interpreted by the "inverse" attentional account. 
During pretraining, the pups learned that some stimulus 
dimensions (e.g., spatial location) were irrelevant. Thus, 
the ability of the irrelevant cues to compete for attention 
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was reduced, and that of the subsequently introduced 
brightness cues was correspondingly enhanced. 
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