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Three experiments used appetitive conditioning with rats to examine the involvement of

elemental and con® gural processes in positive and negative patterning discriminations. The

® rst experiment demonstrated that negative and, to some extent, positive patterning discri-

minations were learned more rapidly when these discriminations consisted of stimulus ele-

ments that had previouslybeen the reinforced as opposed to the non-reinforced elements of a

simple discrimination. Experiment 2 revealed an excitatorysummation effect during the early

phase of negative patterning learning that depended upon discrimination pretraining. The

® nal experiment demonstrated faster discrimination learning between the compound and the

less salient, rather than the more salient, element of an instrumental patterning task. The

present set of results were interpreted as re¯ ecting the possibility, consistent with connec-

tionist theory, that internal representations of the conditioned stimuli change over the course

of a patterning discrimination.

An important problem in conditioning theory continues to involve the speci® cation of

how organisms learn about compound stimuli. Two procedures that illustrate different
approaches to the learning about compound stimuli are positive and negative patterning.

In the former discrimination, a compound stimulus is reinforced while the stimulus

elements that compose that compound are non-reinforced when presented in isolation.

Conversely, during negative patterning, the compound is non-reinforced while the sti-

mulus elements are separately reinforced.
Three different views about compound conditioning have emerged from the study of

patterning discriminations, all of which make different assumptions about how organisms

process information contained within a compound stimulus. The `̀ elemental’’ approach,

as exempli® ed in the research of Rescorla, Wagner, and Kehoe (e.g. Bellingham, Gillette-

Bellingham, & Kehoe, 1985; Kehoe & Graham, 1988; Rescorla, 1972, 1973; Rescorla,

Grau, & Durlach, 1985; Whitlow & Wagner, 1972) assumes that animals separately
represent and learn about each of the stimulus elements that de® ne stimulus compounds.
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According to this approach, in order to solve the negative patterning problem organisms
must develop excitatory associative strength to each of the stimulus elements, and they

must acquire inhibitory associative strength to a compound unique cue that is assumed to

be generated by the conjoint presentation of the two conditioned stimuli. The `̀ con® g-

ural’’ approach is currently based largely upon the ideas of Pearce (e.g. Pearce, 1987,

1994; Redhead & Pearce, 1995; see also Medin & Schaffer, 1978). According to this view,
subjects represent compound stimuli holistically and as being different from but similar to

their components. Negative patterning learning amounts to animals acquiring a discri-

mination between three different, but similar, stimuli. A third approach to the issue of

compound learning arises from multi-layered connectionist network models of condition-

ing (e.g. Gluck & Myers, 1993; Kehoe, 1988; Rudy & Sutherland, 1992; Rumelhart,
Hinton, & Williams, 1986; Schmajuk & DiCarlo, 1992). According to this approach, it

is assumed that conditioned stimulus representations change during conditioning, and

that con® gural and/ or elemental solutions develop according to the nature of the task.

One fairly straightforward manner in which the multi-layered connectionist approach

differs from the former approaches is in its assumption about the learning of compound

con® gurations. T he elemental and con® gural views assume that multiple stimuli within a
compound spontaneously con® gure, such that learning about these con® gural stimuli (be

they unique cues or holistic con® gurations) proceeds from the outset of training. In

contrast, the connectionist approach assumes that these `̀ unique cues’’ or `̀ con® gural

stimuli’’ are not present from the outset of training but rather are themselves the product

of learning.
To illustrate better this aspect of multi-layered connectionist approaches let us con-

sider a fairly typical multi-layered network solution to the negative patterning problem.

Figure 1 depicts the model network solution that is produced when a 2:4:1 network (input

units: hidden units: output unit) is trained using a standard back-propagation training

algorithm (see Rumelhart et al., 1986). Computational details regarding this simulation
can be found in Appendix A.

Notice that the conditioned stimuli, CS1 and CS2, are represented by input units, that

the unconditioned stimulus (US) is represented as a single output unit, and that internal

representations of the conditioned stimuli are conceived of as the pattern of activation of

hidden layer units on a given trial. The connection values between various units, which

emerged in a simulation of a negative patterning task with a stringent learning criterion,
are also indicated within the network. Depicted on the lower portion of the ® gure is the

pattern of activation of the four hidden units and the US unit after the network learns the

task for separate CS1+, CS2+, and CS1CS22 trials. Notice that in this solution (and this

is not an atypical solution to this problem with this network) the pattern of hidden unit

activations is different on each trial type. Note further that on compound trials the
strongly activated hidden unit itself strongly inhibits the US unit, whereas on single

element trials the pattern of activation of hidden layer units results in net excitation of

the unconditioned stimulus unit. These patterns of activation across the hidden layer are

not present from the outset of training, but they emerge as `̀ internal representations’ ’ of

the stimuli. Psychologically speaking, when the network produces a different pattern of
hidden unit activations on compound and element trials then the network is said to have

learned a con® gural representation of the compound. This view of stimulus con® guration
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contrasts sharply, however, with the manner in which other models interpret con® gural
processes (e.g. Pearce, 1994). Con® gural representations in the standard back-propagation

model must be learned.

The present set of studies were concerned with investigating the basic claim of multi-

layered connectionist models that internal representations of stimuli change over the

conditioning phase. The ® rst experiment examined a set of predictions regarding positive

and negative patterning learning that stem uniquely from the multi-layered back-
propogation network portrayed in Figure 1 (Rumelhart et al., 1986). The next two

experiments further explored the proposal that con® gural representations are learned

by determining if elemental and con® gural processes might contribute to negative

patterning learning at different times during acquisition.

EXPERIMENT 1

A potentially useful manipulation is suggested by the network approach described above

to evaluate the suggestions that con® gural representations must be learned in solving
patterning discriminations. A pretraining manipulation that partially generates internal

representations of the stimuli that resemble those required for solving the patterning

problem should facilitate patterning learning.
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FIG. 1. Representative 2:4:1 network solution to a negative patterning task using a back-propagation learning

algorithm. The lower portion indicates the hidden unit activation pattern and the activation of the unconditional

stimulus (US) unit on each trial type.



One pretraining manipulation that was investigated in the present study involved a
comparison between the effects of reinforced and non-reinforced pretraining upon the

learning of positive and negative patterning discriminations. Consider a situation in

which subjects are taught to make an auditory discrimination (A) and a visual discrimina-

tion (V) in a pretraining phase (e.g. A1+, A22 , V1+, V22 ). During a subsequent phase,

different groups could be trained on a negative patterning task involving either the
previously reinforced (A1+ , V1+, A1V12 ) or the previously non-reinforced stimuli

(A2+ , V2+, A2V22 ). Similarly, different groups of subjects could be trained on a positive

patterning task after reinforced (A12 , V12 , A1V1+ ) or non-reinforced (A2 2 , V22 ,

A2V2+) pretraining.

The multi-layered network model depicted in Figure 1 predicts that the patterning
discriminations will proceed rapidly if the consequence of the compound during pattern-

ing training was also the consequence for its components in the pretraining phase. In

other words, this model predicts that reinforced pretraining will facilitate positive pat-

terning learning, and that non-reinforced pretraining will facilitate negative patterning

learning. Simulation results are presented in the top panel of Figure 2. Details regarding

this simulation can be found in Appendix B.
Fortunately, the reason for these predictions is not obscure. During the pretraining

phase, associations between input and hidden unit layers develop such that internal

representations of each of the similarly treated stimuli become `̀ compressed’ ’ at the

hidden layer (see also Gluck & Myers, 1993). This means that each stimulus that is

treated alike (e.g. A1+ and V1+ or A22 and V22 ) comes to activate the same set of
hidden units during the pretraining phase. These hidden units, in turn, develop the

appropriate associations with the US unit (activating it on A1+ and V1+ trials, and

inhibiting it on A22 and V22 trials). T hus, by the time patterning training begins,

the compound stimulus already strongly evokes an internal representation that is appro-

priately connected to the US unit in solving the patterning task. The network requires
relatively few additional weight adjustments in order to solve the patterning problem. The

simulation results clearly show that non-reinforced pretraining facilitates negative pat-

terning relative to reinforced pretraining, and that reinforced pretraining facilitates posi-

tive patterning learning.

In the present experiment two groups of rats were trained initially to discriminate

between two auditory stimuli and two visual stimuli in the same conditioning sessions
(A1+ , A22 , V1+, V22 ). Different sets of subjects were then trained with a positive

patterning task in Experiment 1a and with a negative patterning task in Experiment 1b. In

each of these experiments, group reinforced pretraining was trained in the patterning task

using the stimuli that had been reinforced earlier in the initial simple discrimination

phase. Similarly, in each of these experiments, group non-reinforced pretraining was
trained in the patterning task using stimuli that had been non-reinforced in the earlier

phase.
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Experiment 1a: Effects of Pretraining upon Positive
Patterning Learning

Method

Subjects

Sixteen male Sprague-Dawley rats (supplied by Charles River Breeders) weighing approximately

340 g at the beginningof the experiment were used. T hey were individuallyhoused in a colony room

that was on a 16-hr light/ 8-hr dark cycle, and they were maintainedwith daily supplemental feedings

at 85% of their ad lib body weights.
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FIG. 2. Simulation results for negative patterning (lower panel) and positive patterning (upper panel) tasks

solved by a 6:4:1 network model. See text for more details.



Apparatus

The apparatus consisted of eight identical standard conditioning chambers, each of which was

housed in a sound- and light-resistant shell. The conditioning chambers measured 30.5 cm 3
24.0 cm 3 25.0 cm. Two end walls were constructed of aluminium, and the side walls and the ceiling

were made from clear Plexiglas. The ¯ oor consisted of 0.60-cm diameter stainless steel rods spaced

2.0 cm apart. In the centre of one end wall 1.2 cm above the grid ¯ oor was a recessed food magazine

measuring 3.0 3 3.6 3 2.0 cm (length 3 width 3 depth). A single 45-mg pellet (P.J. Noyes Co.,

Formula A) was dropped onto the magazine ¯ oor when the reinforcer was scheduled. On the inner

walls of the recessed magazine were an infra-red detector and emitter enabling the automatic record-

ing of head movements inside the magazine. T hese were located 0.9 cm above the ¯ oor and 0.8 cm

recessed from the front wall. Located 3.0 cm to the right of the magazine and 8.0 cm above the ¯ oor

was a lever. Access to the lever was prevented in these experiments by a sheet-metal covering. A 6-W

light bulb was mounted near the top of the rear wall of the outer chamber, above and towards the rear

end of the conditioning chamber. When activated, this light-bulb ¯ ashed, with equal on-off periods,

at approximately 1.5 cycles/ sec. A second 6-W light-bulb was mounted on the bottom of the side

wall of the outer chamber, below and behind the rear wall of the conditioning chamber. When

activated, this light-bulb remained continuously illuminated. Two speakers were mounted approxi-

mately 22 cm behind the front wall of the conditioning chamber (where the food magazine was

located). A 1500-Hz pure tone generated by the computer and ampli® ed by a Radio Shack ampli® er

was presented through one of these speakers. A white noise stimulus (produced by a Grason-Stadler

white-noise generator) was presented through the other speaker. These auditory stimuli measured

4 dB (1500-Hz tone) and 12 dB (white noise) above a background level of 78 dB (C weighting). The

chamber was dark except when the visual stimuli were presented. Fans attached to the outer shells

provided for cross-ventilation within the shell as well as background noise. All experimental events

were controlled and recorded automatically by a 386 IBM-clone microcomputer and interfacing

equipment (Alpha Products) located in the same room.

Procedure

Prior to the beginning of this experiment the rats were magazine trained with pellet and sucrose

reinforcers. In each magazine training session 20 pellet reinforcers were delivered according to a

variable time 60-sec schedule. Sucrose reinforcers (0.2 ml of a 16% solution) were delivered to the

same food magazine as the pellets, but in a separate session. The sucrose solution was not used in the

present study.

Pretraining. Over the next 15 sessions, all rats received training on an auditory discrimination

and a visual discrimination. In each daily session, two auditory and two visual stimuli were presented

on separate trials, but only one of each of these pairs was reinforced with food pellets. For subjects in

group reinforced pretraining (n = 8), the ¯ ashing light (F) and the white noise (N) stimuli were

reinforcedwhile the steady light (L) and tone (T) stimuli were non-reinforced. For subjects in group

non-reinforced pretraining (n = 8), F and N were non-reinforced while L and T were reinforced

during these sessions. Each session contained eight trials of each type, and the intertrial interval (ITI)

was variable around a mean of 60 sec, ranging from 30 to 90 sec. T he stimuli were 10 sec in duration

and the delivery of a single 45-mg food pellet was coincident with the offset of reinforced stimuli.

Positive Patterning. During the next 16 sessions, all subjects were trained on a positive pattern-

ing discrimination task. Each group received trials in which F and N were presented individuallyas
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well as in a simultaneouscompound (FN). T hese stimuli were 10 sec in duration as in the pretraining

phase, and a single pellet was delivered coincident with the offset of the compound stimulus. When

presented individually, F and N were non-reinforced. There were eight trials of each type in each

daily session, and these were irregularly interspersed throughout the session with the constraint that

each trial type occurred in each of eight 3-trial blocks. Four different trial sequences were used

throughout the experiment. The ITI averaged 2 min and ranged between 1 and 3 min.

Statistical Analysis. Analysis of variance (ANOVA) techniques were used here and throughout

the paper to evaluate the data. In order to gain added statistical power in detecting possible inter-

actions, the F tables of Rodger (1974, 1975) were used in evaluating main effects and interactions.

Results

Magazine response rates were recorded both during the stimuli and during a 10-sec
prestimulus period here and throughout all the experiments reported. Acquisition of

the Phase 1 discriminations proceeded uneventfully. By the end of Phase 1, all subjects

responded more to the reinforced than to the non-reinforced stimuli. Over the ® nal three

sessions of Phase 2, group reinforced pretraining averaged 32.4 responses per min during

the reinforced stimuli and 5.9 responses per min during the non-reinforced stimuli.

Group non-reinforced pretraining averaged 33.7 and 7.7 responses per min, respectively,
during reinforced and non-reinforced trials.

The course of the positive patterning discrimination for both groups is displayed in

Figure 3. Mean magazine responding during FN, F, and N is displayed over successive

two-sessions blocks. It is apparent from this ® gure that the two groups acquired the

discrimination at similar rates. A Group 3 Stimulus 3 Block ANOVA revealed a sig-
ni® cant stimulus main effect, F(2, 28) = 33.21, as well as a signi® cant Stimulus 3 Block

interaction, F(14, 196) = 8.78. These results suggest that the discrimination improved

with training. The signi® cant Group 3 Block interaction, F(7, 98) = 3.26, re¯ ects higher

overall responding on the ® rst block in the group given reinforced pretraining. T he

Group 3 Stimulus 3 Block interaction was also signi® cant, F(14, 96) = 1.46.
A Group 3 Block ANOVA was also performed on the prestimulus magazine response

rate data. This analysis revealed signi® cant main effects for the group, F(1, 14) = 5.04 and

block, F(7, 98) = 1.70, variables. The overall rates of magazine responding during the

prestimulus intervals in the two groups were quite low, but more responding occurred in

group non-reinforced pretraining (3.0 responses per min) than in group reinforced pre-

training (1.8 responses per min).
Close inspection of the positive patterning discrimination data revealed that a single

subject in group nonreinforced pretraining responded at an extremely high rate to the

reinforced compound. Averaging over the ® nal four 2-session blocks, this subject

responded at a rate more than two standard deviations higher than all the other subjects

in that group. This subject’s mean response rate was 89.5 responses per min compared to
the group mean of 34.3 responses per min. In order to evaluate more fully the source of

the three-way interaction mentioned above and to minimize the contribution of this single

deviant subject, the data were transformed to discrimination ratios. As there was no

difference in responding to the elements, the discrimination ratio was of the form A/
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(A+B), where A refers to responding to the compound, and B refers to responding

averaged over the two elements. These transformed data are portrayed for each group

over successive blocks of training in Figure 4.

The discrimination ratio data indicate more clearly that the two groups acquired the

positive patterning discrimination at different rates. This impression was con® rmed with
an ANOVA, which revealed a signi® cant Group 3 Block interaction, F(7, 98) = 1.45.

Subsequent between-group ANOVAs were performed on these data at each block using a

pooled error variance (Kirk, 1968). This analysis revealed group differences at Blocks 5

and 7, Fs(1, 31) = 4.92. T he apparent differences on Blocks 6 and 8 just fell short of

statistical signi® cance, Fs(1, 31) = 3.95 and 3.28, respectively, Ps < .10.
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positive patterning task following reinforced (upper panel) or non-reinforced (lower panel) pretraining to the

elements in the prior simple discrimination phase.



Discussion

The present data offer modest support for the prediction derived from the Rumelhart et

al. (1986) network model that faster learning of the positive patterning task should arise
from reinforced pretraining to the elements. Although this difference was not obvious

when considering the response rates, transformation of these data to discrimination ratios

did reveal the predicted group difference. To evaluate more fully the claims of that model,

however, it is necessary to examine the effects of reinforced and non-reinforced pretrain-

ing upon negative patterning learning. Experiment 1b explored that issue.

Experiment 1b: Effects of Pretraining upon Negative
Patterning Learning

Method

Subjects

Sixteen new male Sprague-Dawley rats (supplied by Charles River Breeders) weighing approxi-

mately 350 g at the beginning of the experiment were used. T hey were housed and maintained as in

Experiment 1a.

Apparatus

The apparatus was the same as that used in Experiment 1a.
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having received reinforced or non-reinforced pretraining to the elements.



Procedure

Magazine training was the same as that used for Experiment 1.

Pretraining. Pretraining was carried out exactly as it had been in Experiment 1a.

Negative PatterningTraining. During the next 16 sessions, all subjects were trained on a nega-

tive patterning discrimination using the F and N stimuli from the pretraining phase. The procedure

was similar in most respects to the positive patterning procedure used in Experiment 1a with a few

noted exceptions. In this task reinforcement occurred after the stimuli when they were presented in

isolation but not when they were presented in compound. Each session contained 4 reinforced trials

with each of F and N and 16 non-reinforced trials with FN, with a mean ITI of 2 min. These trials

were irregularly interspersed throughout the session, with the constraint that each of four 6-trial

blocks included 4 non-reinforced FN trials, 1 reinforced F trial, and 1 reinforced N trial. Four

different trial sequences were used in the experiment. These parameters were chosen in order to

match the positive and negative patterning tasks on the total number of trials and reinforced trials in

each session.

Results

Acquisition of the Phase 1 discriminations in Experiment 1b proceeded smoothly. By the

end of Phase 1 all subjects responded more to the reinforced than to the non-reinforced

stimuli. Over the ® nal three sessions of Phase 1, group reinforced pretraining averaged
25.1 responses per min during the reinforced stimuli and 6.8 responses per min during

the non-reinforced stimuli. Similarly, group non-reinforced pretraining averaged 34.6

and 8.2 responses per min, respectively, during reinforced and non-reinforced trials.

The apparent difference between the groups in responding on reinforced trials was not
statistically reliable, F(1, 14) = 2.96, p > .10.

Performance on the negative patterning discrimination is shown for each group in

Figure 5. Presented is the mean rate of magazine responding during F, N, and FN over

successive two-session blocks of training. There are three aspects of these data worth

emphasizing. First, group reinforced pretraining (top panel) appears to have learned the

discrimination more rapidly than group non-reinforced pretraining (bottom panel).

Successful discrimination between each element and the compound occurred sooner
in group reinforced pretraining. Second, in both groups it was true that discrimination

learning was more rapid between the auditory element and the compound than between

the visual element and the compound. Third, an excitatory summation effect occurred

early in training. During the ® rst block there was more responding during the

compound than during either element. T his effect is more apparent in group non-
reinforced pretraining.

Many of these impressions were con® rmed with a Group 3 Stimulus 3 Block

ANOVA performed on these data. Signi® cant stimulus, F(2, 28) = 3.05, and Stimulus

3 Block, F(16, 224) = 13.24, effects revealed that over the course of training subjects

learned to discriminate among the three stimuli. A signi® cant Group 3 Block interaction,
F(8, 112) = 6.77, indicated that the overall level of responding was greater early in

training in group reinforced pretraining. Importantly, the signi® cant Group 3 Stimulus
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3 Block interaction, F(16, 224) = 1.70, revealed that the groups acquired the discrimina-

tion at different rates.

In order to assess the nature of this three-way interaction, separate repeated one-way

ANOVAs were performed at each block for each group using a pooled error term (Kirk,

1968). For the group given reinforced pretraining, these tests revealed signi® cant differ-

ences in responding on the three types of trials on Blocks 4 through 9, Fs(2, 35) > 3.14.
Subsequent post hoc tests following the methods of Rodger indicated that responding

during N exceeded responding during FN in each of these blocks, but that responding

during F was greater than responding during FN only in Blocks 7 through 9. Moreover,

responding was shown to be greater during N than during F on Blocks 4, 5, 6, and 8. For

group non-reinforced pretraining, one-way ANOVAs performed at each block indicated
differences in responding on the three types of trials only on Blocks 7 and 9, F(2, 35) =

3.53 and 3.23, respectively. Additional post hoc tests revealed more responding during N

ELEMENTAL AND CONFIGURAL PROCESSES 107

FIG. 5. Mean rates of responding across two-session blocks of Experiment 3 to each of the stimuli in the

negative patterning task following reinforced (upper panel) or non-reinforced (lower panel) pretraining to the

elements in the prior simple discrimination phase.



than during FN on Blocks 7 and 9, and that responding during F exceeded responding
during FN only on Block 9.

The excitatory summation effect in the ® rst block did not reach statistical signi® cance

in the analysis just reported because of a considerable amount of variability in the data

beyond the ® rst block of training. The error variance on the ® rst block, MSe = 24.13, was

drastically less than the error variance averaged over all subsequent blocks, MSe = 139.6.
This state of affairs justi® es a closer look at performance during this block.

A separate Group 3 Stimulus ANOVAwas performed just on the ® rst block data. This

analysis revealed a signi® cant summation effect. For this analysis, responding to the

compound for each animal was compared to responding to the element that elicited the

higher rate of magazine responding. Thus, greater compound than element responding
with this measure would conservatively indicate excitatory summation. In group

reinforced pretraining, compound responding was 28.6 responses per min compared to

26.6 responses per min for the element responded to most. In group non-reinforced

pretraining, the comparable response rates were 15.7 and 11.7 responses per min for

compound and element trials, respectively. The analysis revealed a signi® cant main effect

of group, F(1, 14) = 15.25, and of stimulus, F(1, 14) = 5.87. However, the Group 3
Stimulus interaction did not approach signi® cance, F(1, 14) = 0.70.

A separate Group 3 Block ANOVA was performed on the prestimulus magazine

response rates during negative patterning discrimination training. This analysis revealed

a signi® cant Group 3 Block interaction, F(8, 112) = 2.26. T his interaction indicates that,

as was found in Experiment 1a, somewhat more prestimulus responding occurred in
group non-reinforced pretraining (5.4 responses per min) than in group reinforced pre-

training (3.9 responses per min), but that this was true for some but not all of the training

blocks.

Discussion

The results from Experiments 1a and 1b can be summarized as revealing that rein-

forced pretraining facilities, negative patterning learning (compared to non-reinforced

pretraining), and, with the discrimination ratio measure at least, it also facilitates posi-

tive patterning learning. These experiments were motivated by the unique prediction

derived from the multi-layered network model described above, which suggests that
reinforced pretraining would facilitate positive patterning and that non-reinforced pre-

training would facilitate negative patterning. Only the ® rst of these expectations received

some support.

The central claim of the network model that gave rise to these predictions is that

con® gural representations are not normally present from the outset of training, but that
they are acquired over the conditioning phase. The pretraining manipulation used here

was expected to construct partially the con® gural representations that could then be used

in appropriate ways during the positive and negative patterning tasks. The present data

suggest that if changes in the internal representations of stimuli occur throughout train-

ing, they do not do so in the manner anticipated by the standard multi-layered network
model of Rumelhart et al. (1986).
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An alternative way of thinking about the present data is to think of pretraining as
in¯ uencing not the manner in which stimuli are represented but the amount of processing

the stimuli receive. For example, suppose that reinforced stimuli are processed more

effectively than non-reinforced stimuli. One consequence of this would be to enhance

the salience of the stimuli, and this could, in turn, result in faster learning.

Such an idea is not unprecedented (e.g. Mackintosh, 1975). More recently, Rescorla
(1991) presented data from a task related to those used here to make a similar point. In

Rescorla’s study, the modulatory in¯ uence that either an inhibitor or a facilitator exerted

upon responding to a target stimulus was enhanced by separately reinforcing the mod-

ulatory stimulus. These results are especially relevant to the present studies because

patterning discrimination learning might itself be understood in terms of the stimuli
acquiring modulatory functions. For example, as the negative patterning task consists

of A+ , B+, and AB2 trials, one can construe learning in terms of A inhibiting B (or vice

versa) during AB compound trials. Rescorla demonstrated (using a within-subjects

design) that in a B+, AB 2 task separate A+ training facilitated learning relative to

separate A2 training. A natural interpretation of this result together with those reported

here is that separate reinforced training enhanced the processing of A.
Although this interpretation makes sense of the fact that reinforced pretraining facil-

itates both positive and negative patterning learning, it may be premature to dismiss the

central notion of the network approach that internal representations undergo changes

across conditioning. Two additional aspects of the results from Experiment 1b are worthy

of further exploration.
First, recall that excitatory summation was observed early in training in Experiment

1b. This result is readily explained by an elemental model of conditioning but not by a

con® gural model (e.g. see Redhead & Pearce, 1995). T he Rescorla±Wagner model (Pes-

corla & Wagner, 1972), for example, assumes that compound responding re¯ ects the sum

of the associative tendencies conditioned to the elements. In contrast, in Pearce’s con® g-
ural theory, the elements generalize only a portion of their associative strength to the

compound. Unless one also assumes that the context contributes to this generalization

(e.g. Aydin & Pearce, 1995, 1997; Pearce, Adam, Wilson, & Darby, 1992; Rescorla, 1997),

then the total associative strength generalizing to the compound will only equal that

conditioned to either stimulus element, and no summation would be obtained. Parenthe-

tically, although the inclusion of context can be used by Pearce’s model to generate a
summation effect in some procedures, we have been unable to observe such an effect

when simulating the effects of non-reinforced pretraining of the sort used here upon

negative patterning learning.

Given the theoretical signi® cance of summation during negative patterning, it becomes

important to understand the conditions under which one might expect to observe sum-
mation in this task. Data from pilot studies conducted in our laboratory have indicated

that summation does not occur when negative patterning is not preceded by a simple

discrimination. Redhead and Pearce (1995) similarly failed to observe excitatory summa-

tion early in negative patterning training using a procedure that did not include pretrain-

ing to the elements. T hus, in addition to altering the processing of stimuli, the pretraining
manipulation used in Experiments 1a and 1b might somehow alter the manner in which

the stimuli are represented, which would encourage excitatory summation.
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The second ® nding from Experiment 1b that remains to be explained is that the
discrimination between N+ and FN 2 was learned more quickly than the discrimination

between F+ and FN 2 . Redhead and Pearce (1995) demonstrated how con® gural and

elemental theories differ in their predictions regarding the relative speed of discrimina-

tions between the non-reinforced compound and each of the stimuli when they differ in

salience. It becomes of interest, therefore, to ask whether the F and N stimuli used here
differed in salience, and if so whether the pattern of results with these stimuli follows that

predicted by an elemental or a con® gural model. Each of the next two experiments

addressed these issues in turn.

EXPERIMENT 2

The present experiment determined whether the summation seen at the onset of the

negative patterning discrimination depended upon the pretraining procedure used in

Experiment 1. In each of Experiments 2a and 2b one groupÐ group non-reinforced

pretrainingÐwas given the same training as the similarly named group in Experiment

1b. In Experiment 2a, this group was compared to a control group that received an equal
number of exposures to the conditioning context but without stimuli being presented.

This control group would determine if summation would occur without pretraining to the

stimuli. In Experiment 2b group non-reinforced pretraining was compared to a control

group that received non-differentially reinforced pretraining. This control group was

exposed to each of the auditory and visual stimuli in each pretraining session, but these
stimuli were all partially reinforced (A1+ , A12 , A2+, A22 , V1+, V12 , V2+, V22 ).

This control group would determine whether preexposure to the stimuli and reinforce-

ment, and not the discrimination pretraining per se, would be suf® cient for observing

summation.

Experiments 2a and 2b

Method

Subjects

32 experimentally naive male Sprague-Dawley rats (supplied by Charles River Breeders)

weighing approximately 375 g at the beginning of the experiment were used. Of these, 16 were

used in Experiment 2a and 16 in Experiment 2b. The rats were housed and maintained as in

Experiment 1.

Apparatus

The apparatus was the same as that used in Experiment 1.

Procedure

Experiment 2b was performed after Experiment 2a had been completed, but the same general

procedureswere used in both except where noted below. The rats were initially given two magazine
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training sessions with pellet reinforcement. Each of these sessionswas 20 min long, during which 20

reinforcers were delivered randomly in time.

Pretraining. For group non-reinforced pretraining (n = 8 in Experiment 2a and n = 8 in

Experiment 2b), the pretraining phase was much the same as that in Experiment 1. Over 16 sessions

of pretraining, these subjects received non-reinforced trials with F and N and reinforced trialswith L

and T. Subjects in the control group of Experiment 2aÐ group context preexposureÐwere merely

placed in the conditioning chambers for comparable periods of time without any stimulus events

occurring during most of this phase. On the 16th day of pretraining, group context preexposure

received the same number and temporal distribution of pellet deliveriesas those given to group non-

reinforced pretrainingon that session, in order to reacquaint this group with pellets in the magazine.

The control group of Experiment 2bÐ group non-differential reinforcementÐreceived each

stimulus (N, T, F, and L) reinforced on two of eight trials. In addition, in order to equalize the total

number of reinforcementsreceived in the two groups, therewere eight presentationsof the reinforcer

in the ITI. These unsignalled reinforcers were presented during the ITI with the constraint that they

be separated from the immediately preceding and following trials by between 30 and 65 sec. With

these parameters, the average time separating successive reinforcements (`̀ cycle time’’ = 120 sec) is

three times greater than the average time to reinforcement within the stimuli (`̀ trial time’’ = 40 sec).

Thus, it was expected that by the end of pretrainingthe two groups would be respondingcomparably

and at low levels to F and N.

Negative Patterning. During the next four sessions, all subjects were trained on a negative

patterning discrimination task using the F and N stimuli from the pretrainingphase. T he procedures

were identical to those used in Experiment 1b. Brie¯ y, each session contained 4 reinforced F trials, 4

reinforced N trials, and 16 non-reinforced FN trials, with a mean ITI of 2 min.

Results

Acquisition of the Phase 1 discriminations proceeded smoothly. By the end of Phase 1
training, group non-reinforced pretraining responded more to the reinforced than to the

non-reinforced stimuli. In Experiment 2a these subjects averaged 33.1 and 6.7 response

per min, respectively, during reinforced and non-reinforced trials over the ® nal three

sessions of Phase 1. In Experiment 2b group non-reinforced pretraining averaged 29.9

and 7.7 response per min, respectively, during reinforced and non-reinforced trials over

the ® nal three sessions of Phase 1. Group non-differential reinforcement (from Experi-

ment 2b) responded on average 6.9 responses per min to the stimuli (¯ ash and noise) to
be used during negative patterning training.

Performance averaged across the four sessions of the negative patterning discrimina-

tion is shown for each group in Figure 6. The mean rate of magazine responding during

F, N, and FN is shown separately for the groups run in Experiment 2a (top panel) and
Experiment 2b (bottom panel). As was true in Experiment 1b, the two groups given non-

reinforced pretraining once again displayed evidence of summationÐ that is, they

responded more during the compound than during either element. In contrast, the two

control groups responded either less or no differently to the compound than to the

element responded to most (the noise).
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These data were analysed with a Group 3 Stimulus ANOVA. For this analysis, data

from the two groups given non-reinforced pretraining were combined to form one level of

the group factor, and the two control groups were included as additional levels of this
factor. For the purposes of evaluating summation, the measure reported in Experiment 1b

was adopted here. In particular, responding to the compound stimulus for each subject
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was compared to responding to the stimulus element that controlled the higher rate of
responding. This analysis revealed a signi® cant main effect of group, F(2, 29) = 4.83, as

well as a signi® cant Group 3 Stimulus interaction, F(2, 29) = 11.89. The group main

effect indicates that there was more overall responding in group non-reinforced pretrain-

ing than in the control groups. T he interaction was evaluated with separate repeated

measures analyses performed on each group using a pooled error term. This analysis
revealed that compound responding exceeded element responding in group non-rein-

forced pretraining, F(1, 29) = 9.58, that it was less than element responding in group

context preexposure, F(1, 29) = 13.66, and that it did not differ from the element that was

most responded to in group non-differential reinforcement, F < 1.

A separate between-group ANOVA was performed on the prestimulus magazine
response rate data. Although prestimulus responding was numerically greater in group

non-reinforced pretraining (4.5 responses per min) than in group context preexposure

(3.4 responses per min) and group non-differential reinforcement (2.6 responses per

min), this analysis failed to reveal any between-group differences.

Discussion

The results of Experiments 2a and 2b support the ® nding that discrimination pretraining

results in summation during the early stages of negative patterning learning. Moreover,

this enhanced responding to the compound cannot be attributed to an effect of mere

exposure to the stimuli or to the context during the pretraining phase. It seems likely that
this summation effect in the negative patterning procedure depended upon the stimuli

having undergone prior discrimination training. However, it may be noted that ® rm

conclusions regarding the control groups of the present experiment are complicated by

the fact that these groups responded less overall than the groups given non-reinforced

pretraining.
Nevertheless, the importance of the excitatory summation effect reported here is that it

raises an interesting interpretative problem for models of negative patterning. As noted

above, the Pearce model does not predict summation after non-reinforced pretraining like

that used here. T he Rescorla±Wagner model, on the other hand, does predict summation.

However, it is not immediately obvious that this summation should have depended upon

pretraining.
One effect of pretraining might be to diminish any unconditioned suppressive effects

of the stimuli that could prevent excitatory summation from normally occurring. Proble-

matic for this view, however, is the ® nding in Experiment 2b that group non-differential

reinforcement failed to show excitatory summation. As this group had an equal oppor-

tunity to habituate to the unconditioned suppressive effects of the stimuli, excitatory
summation would have been expected.

Another way of potentially explaining the excitatory summation effect that occurs after

discrimination pretraining makes use of the notion of disinhibition (see Aydin & Pearce,

1995). For example, if conditioned inhibition developed to the non-reinforced stimuli

during the pretraining phase, then compounding these stimuli might have produced
increased responding due to disinhibition. Although this account cannot be ruled out

in the present study, this explanation is somewhat unattractive in view of Rescorla’s (1997)
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results demonstrating that excitatory summation in this paradigm does not depend upon
inhibition developing to the stimuli.

One tentative conclusion to be drawn here is that discriminative pretraining may be

important for an excitatory summation effect to be observed in the negative patterning

procedure. This point potentially has interesting theoretical implications. If one were to

interpret excitatory summation as re¯ ecting elemental processing of stimulus compounds,
then perhaps through a perceptual learning process (see Hall, 1991) discrimination pre-

training increases the tendency to treat compound stimuli elementally.

This conclusion is especially interesting because it is opposite to the claim by Redhead

and Pearce (1995) that animals solve negative patterning discriminations by treating the

compound in a holistic fashion. Support was provided for this claim by the results from
experiments that examined the in¯ uence of stimulus salience on negative patterning. A

series of computer simulations described by Redhead and Pearce (1995) reveals that an

elemental model (i.e. the Rescorla±Wagner model with unique cues) predicts that the

discrimination between the compound and the more salient element of a negative pat-

terning discrimination will progress more rapidly than that between the compound and

the less salient element. T he Pearce model (Pearce, 1987, 1994), in contrast, predicts the
opposite outcome, principally because there will be less generalization between the com-

pound and the less salient element than between the compound and the more salient

element. Experimental results reported by Redhead and Pearce (1995) supported the

con® gural model. T hus, if the data from the present studies are to be interpreted as

re¯ ecting elemental processing of the compound, then it is important to examine in the
present situation the in¯ uence of stimulus salience on the acquisition of the negative

patterning discrimination.

It is noteworthy that for the negative patterning discrimination of Experiment 1b

subjects in the negative patterning problem experienced greater dif® culty discriminating

F from the FN compound than they did N. Of course, it is possible that reduced
responding to F resulted from the emergence of conditioned rearing or orienting beha-

viours that competed with magazine responding. It is also possible, however, that the

difference is one of associability. If this were the case, then it becomes important to

understand which of the two stimuli (N or F) is relatively more salient. If the excitatory

summation consistently seen at the outset of negative patterning learning in the present

studies re¯ ects elemental processing of the compound, and if these subjects continued to
use an elemental strategy to solve the problem, then one would expect to discover that N

is more salient than F. The ® nal experiment examined this question using a procedure

where competing behaviours were not likely to play a role.

EXPERIMENT 3

The present study investigated the relative salience of the N and F stimuli in an effort to

extend the results reported by Redhead and Pearce (1995). Two groups of rats were

trained on different instrumental discrimination learning tasks. Rats in group patterning

were exposed to an instrumental patterning discrimination in which the correct response
in a two-choice discrete-trials procedure was contingent on whether the stimuli were

presented individuallyor in compound. For instance, on F alone and N alone trials, lever
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pressing would be the correct response, but on FN compound trials, chain pulling would
be the correct response. Strictly speaking, this task is neither a negative nor a positive

patterning task, because reinforcement could occur on all trials. Nevertheless, it is a

patterning discrimination in so far as it requires different responses on compound and

element trials. One of the virtues of using an instrumental patterning choice task here is

that it effectively eliminates the role of competing behaviours that may be conditioned to
either of the two stimuli. If the results in this task were to replicate those observed in the

Pavlovian procedures of Experiment 1b, then N should acquire discriminative control

more rapidly than should F.

In order to assess the relative salience of N and F, a control group was included. In this

group, N and F served as discriminative stimuli in a two-choice discrete-trials instru-
mental conditional discrimination task in which each stimulus signalled a different correct

response alternative. For this group, no compound stimulus trials were included. T he

degree of stimulus control acquired by each stimulus can be taken as an index of their

salience.

Method

Subjects

Sixteen experimentally naive male Sprague-Dawley rats (supplied by Charles River Breeders)

weighing approximately360 g at the beginningof the experiment were used. They were housed and

maintained as in Experiment 1.

Apparatus

The apparatuswas the same as that used in Experiment 1 with the exception that lever and chain

manipulanda were accessible during training sessions. The chain manipulandum was created by

suspendinga chain through the ceiling from a microswitch mounted on the outer part of the ceiling.

The chain was positioned approximately 3 cm to the left of the magazine and about 3 cm away from

the front wall on which the magazine was located.

Procedure

The rats were initially given one magazine training session with food pellets. This session was

20 min long during which 20 reinforcers were delivered randomly in time. Following this training, all

rats were given lever press training followed by chain pull training with a continuous reinforcement

schedule until they had earned approximately 50 reinforcements for each response. Hand shaping

was used if necessary. Rats were then given training in different 20-min sessions with each response

reinforced according to a variable interval 15-sec schedule. T his training continued for 4 days

followed by 2 days of concurrent training in which two independent variable interval (VI) 15-sec

schedules were in force during each 20-min session.

Instrumental Discrimination Training. Following concurrent VI training, the rats were separated

into two groups that were matched in terms of their overall rates of responding, as well as their rates

of responding to the two responses that were to be designated as `̀ R1’’ and `̀ R2’’. Group patterning

received 24 training sessions in which the lever and chain were concurrently available. For every
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animal, one of the responses (R1+) was reinforced during the singly presented stimuli according to a

VI 15-sec schedule while the other response (R22 ) was extinguished.During compound trials, this

reinforcement contingency was reversed (R12 , R2+). The identity of R1 and R2 was counter-

balanced across lever press and chain pull responses for the subjects in each group. Each session

contained eight 30-sec trials of each stimulus presented separately and sixteen 30-sec compound

stimulus trials. These trials were separated by an IT I of 30 sec. There were four different trial

sequences that were used irregularly throughout training.

Group conditionaldiscrimination was trained in the manner just described except that there were

no compound trials. One responsewas reinforced in the presenceof N while the other was reinforced

in the presence of F. The stimulus-correct response assignments were counterbalanced across sub-

jects in this group. Following Session 12, subjects in this group were trained with a discrimination

reversal. Training of the reversal problem continued for an additional 12 sessions.

Results and Discussion

Acquisition of the instrumental patterning discrimination in group patterning is pre-

sented in the upper panel of Figure 7. That ® gure shows R1 and R2 responding in the
presence of stimuli F, N, and FN over four-session blocks of training. Due to considerable

individual differences in the rates of lever press and chain pull responding, the data have

been transformed to elevation ratios. T his ratio takes the form A/ (A+B), where A refers

to the rate of responding during the stimulus and B refers to the rate of responding in the

prestimulus period. Note that in the presence of F and N, R1 was reinforced while R2 was

extinguished, but that R2 was reinforced while R1 was extinguished in the presence of
FN. Generally, the data show that correct choice responding developed rapidly on FN

trials, and more rapidly on N than on F trials. In other words, the discrimination between

FN and N emerged sooner than that between FN and F.

These data were statistically analysed with a Stimulus (F, N, FN) 3 Response (correct

vs. incorrect) 3 Block ANOVA. All main effects and interactions were signi® cant in this
analysis. In order to evaluate further the three-way interaction, F(10, 70) = 2.05, separate

Stimulus 3 Response ANOVAs were performed for each four-session block following

Kirk (1968). These tests revealed signi® cant two-way interactions at Blocks 2, 3, 5, and 6,

smallest, F(2, 15) = 3.96. Separate repeated measures ANOVAs were then performed on

Block 6 comparing correct and incorrect responding in the presence of each stimulus.
This analysis revealed signi® cantly more correct than incorrect responding in the pre-

sence of N, F(1, 15) = 12.16, and FN, F(1, 15) = 28.08, but not in the presence of

stimulus F.

A separate statistical analysis was performed on the prestimulus response rate data. A

Response (R1/ R2) 3 Block ANOVA revealed a signi® cant Response 3 Block interaction,

F(5, 35) = 4.52. This interaction indicates that whereas prestimulusR1 responses increased
across training, prestimulus R2 responses decreased. Overall, R1 responses (15.6 responses

per min) appeared greater than R2 responses (9.7 responses per min), but this main effect

was not signi® cant.

The lower panel of Figure 7 shows data from the acquisition and reversal phases for

group conditional discrimination. Subjects were better at selecting the correct response in
the presence of stimulus F than in the presence of N during both the acquisition and the

reversal phases. The data from the ® nal three blocks of each phase were analysed with a
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Phase (acquisition, reversal) 3 Stimulus (F, N) 3 Response (correct, incorrect) 3 Block

(® nal three blocks of acquisition and reversal) ANOVA. This analysis revealed a signi® -

cant Stimulus 3 Response interaction, F(1, 7) = 7.66, that did not interact with phase.

This result indicates that discriminative responding during F was superior to that during

N by the end of each phase.
A separate Response (R1/ R2) 3 Block 3 Phase ANOVA was performed on the

prestimulus response rate data. This analysis revealed a signi® cant main effect of block,

F(2, 14) = 8.66, as well as a signi® cant Phase 3 Block interaction, F(2, 14) = 3.35. Each

of these re¯ ect a general decline in responding over the ® nal three blocks of each phase.

Overall, R1 responding (10.8 responses per min) did not differ from R2 responding (12.9

responses per min).
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The results from the present experiment were consistent with those from Experiment
1b in demonstrating faster discrimination between FN and N than between FN and F in

the patterning task. In addition, the results provided independent evidence that F was

more salient than N. T his evidence came in the form of F acquiring more stimulus control

than N in both the acquisition and reversal phases of the (non-patterning) conditional

discrimination task. These results together are consistent with, and thus extend, those
reported by Redhead and Pearce (1995) in showing greater dif® culty in discriminating the

salient than the weak element from the compound in a negative patterning problem.

GENERAL DISCUSSION

The present set of experiments illustrate several interestingcharacteristicsabout patterning

discrimination learning.First, both negativeand to some extent positivepatterning learning

are facilitated by a pretraining phase in which the elementsof the patterning discrimination

are reinforced rather than non-reinforced (cf., Forbes &Holland, 1980). Second, pretrain-

ing on the discrimination task used here seemed necessary for the occurrence of excitatory

summation during the early stage of negative patterning learning. T hird, in the negative
patterning task discrimination was more dif® cult between the compound and the more

salient element than between the compound and the less salient element.

The present set of studies were aimed at evaluating a fundamental claim of certain

connectionist theories that compound stimulus representations change over the course of

a patterning discrimination task. T his claim was evaluated in several ways. First, unique
predictions arising from a speci® c network model concerning the effects of pretraining

upon patterning learning were examined. Second, evidence was sought for the more

general claim made by these sorts of models that elemental and con® gural processes

might both be employed at different times in solving patterning tasks. Although the

results from the present studies do not provide strong support for the particular network
model inspiring these experiments, they do provide some support for the idea that both

elemental and con® gural processes contribute to patterning learning.

In the ® rst experiment the standard feedforward network introduced by Rumelhart et

al. (1986) was evaluated. As discussed in greater detail above, that model makes the

prediction that reinforced pretraining should facilitate the learning of a positive pattern-

ing discrimination, and that non-reinforced pretraining should facilitate the learning of a
negative patterning discrimination. The results from Experiments 1a and 1b do not

support these predictions. Instead, the results suggest that reinforced pretraining might

in¯ uence subsequent patterning learning by enhancing the processing and therefore the

associability of reinforced stimuli. T his effect apparently would have precedence over and

above any hypothesized effects that pretraining might have upon the establishment of
con® gural network representations.

The results from Experiments 2 and 3 are of interest as they provide support for the

more general claim from connectionist theory that both elemental and con® gural pro-

cesses might contribute to patterning learning. As noted above, elemental and con® gural

theories differ in their expectation of excitatory summation during the early portion of
negative patterning learning. Excitatory summation is predicted by an elemental but not

usually by a con® gural model. Although Pearce’s con® gural model (Pearce, 1987, 1994)
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can be made to produce excitatory summation in some settings, as discussed previously it
is questionable how applicable it is to the present ® nding of summation (cf. Darby &

Pearce, 1997).

Thus, it is tempting to conclude that the excitatory summation effect seen during the

early portion of negative patterning learning re¯ ects elemental processing of the com-

pound stimulus. However, the results of Experiment 3 present serious problems for an
elemental model. That experiment demonstrated that the elements used in the negative

patterning task were of unequal salience, and that discrimination between the compound

and the less salient element was easier than that between the compound and the more

salient element. As noted by Redhead and Pearce (1995) this result is precisely that

anticipated by the Pearce con® gural model and is opposite to that predicted by the
elemental model of Rescorla and Wagner.

Taking these two results together, it would appear that both elemental and con® gural

processes may contribute to negative patterning learning but that elemental processes are

engaged sooner. This conclusion is at odds with models of discrimination learning that

start with either elemental or con® gural assumptions. Moreover, the conclusion suggests

that we begin to think seriously about how to incorporate into our models the possibility
that both elemental and con® gural processes contribute throughout acquisition.

The theoretical approach advocated here is a connectionist one. T he standard feed-

forward model of Rumelhart et al. (1986) did not accurately predict the results from the

® rst set of experiments reported here. Nevertheless, the fundamental assumption of these

typesof models that internal stimulusrepresentations undergosigni® cant changes through-
out acquisition has received some support from the present studies. In particular, the

® nding that both elemental and con® gural processes contribute to negative patterning

learning is entirelyconsistent with this framework. One can think, for example, of excitatory

summation occurring at theoutset of negativepatterningbecausean internal representation

of the compound CS has not yet become differentiated from its elements. Once the internal
representations of the compound and its elements become differentiated, then a con® gural

representation is said to be learned, and the discrimination problem can be solved.

These possibilities were evaluated in a simulation of the negative patterning task when

stimulus salience differs between the elements of the discrimination problem. This simu-

lation, given the problems noted above, used a slightly modi® ed version of the network

depicted in Figure 1. The modi® cation consisted of an addition of direct connections
between input (CS) and output (US) layers of units to the network depicted in Figure 1.

This modi® cation, initially advanced by Schmajuk and DiCarlo (1992; also Schmajuk,

Lamoureux, & Holland, 1998), can be thought of as producing an elemental/ con® gural

hybrid model. T he direct input±output layer connections are an instantiation of the

Rescorla±Wagner model, but since differentiated compound representations may emerge
at the hidden layer this model also includes a con® gural component. It is noteworthy that

a major difference between this model and the Schmajuk and DiCarlo (1992) model is not

in the architecture, but in the learning rules applied to the architecture. Unlike in

Schmajuk and DiCarlo (1992), Rumelhart et al.’s (1986) back-propagation learning rule

was used throughout the network here.
Figure 8 presents the simulation results of a Pavlovian negative patterning problem

when stimulus salience is assumed to differ. Notice that over training both of the results of
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interest reported in the present studies were produced. Summation is seen early, but

discrimination between the more salient element and the compound is slow relative to

discrimination between the less salient element and the compound. The chief point to be
drawn here is not that this successful simulation should persuade the reader of the

appropriateness of this particular network model of patterning learning, but rather that

the connectionist approach with its assumption of changing internal stimulus representa-

tions may lead to models that are more faithful to the data than are existing models that

lack this assumption.

In summary, the present set of results seem to point to more ways in which our
understanding of patterning learning is limited. Strictly elemental or strictly con® gural

approaches are unlikely to succeed in explaining learning in patterning tasks. Such an

understanding may require that we develop models that incorporate assumptions of each

of these approaches (see also Kehoe & Graham, 1988). The connectionist network per-

spective clearly does this, although its success will depend upon how the interaction
between elemental and con® gural processes is conceived.
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APPENDIX A

In models of the sort used here, hidden and output unit activations are given by two

equations:

Netinput( j ) = S iW( i j) * Act( i) 1

Act( j) = 1/ (1 + e2 n e t i n p u t
( j)) 2

Notice that the activation of unit j is a logistic function of the weighted sum of activations

of those units that are connected to unit j. The activation values for input layer units are

assumed to take on the value of 1 for active units and 0 for inactive units. Assuming a set

of random starting weights (between 2 0.5 and +0.5) connecting input-to-hidden units

and hidden-to-output units, activation of the output unit can be calculated using the

equations above. However, weights will need to be adjusted in order to ensure that the
network learns to activate appropriately the output unit when different input units are

active (i.e. on different trials). In order for weight adjustments to be calculated, error

signals must be generated for output and hidden layer units. These error signals will serve

as `̀ teaching’’ values that serve as the activation goal for that unit. The error signal for

output units is given by:

d (o ) = ( l 2 Act(o )) * (1 2 Act(o )) * Act(o ) 3

where l is the value of reinforcement (1) or non-reinforcement (0). T he product of the
second and third terms is the derivative of the activation function for the output unit.

Inclusion of this derivative is required for weight adjustments to result in reductions in

errorÐ that is, for `̀ gradient descent’’ learning to occur. T he error signal for hidden layer

units is a weighted portion of this output error:

d (h ) = (1 2 Act(h )) * Act(h ) * S oW(h o ) * d (o ) 4

The learning rules are then applied to input-to-hidden unit and hidden-to-output unit

connections. The rule governing changes in the latter type of connections is given by:

D W(h o ) = Act(h ) * d (o ) * a + m * D W(h o ) 5

where a is a learning rate parameter. Similarly, the learning rule for changes in input-to-

hidden unit connections is given by:
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D W( ih ) = Act( i) * d (h ) * a + m * D W( ih ) 6

In the present simulations the overall speed of learning was facilitated by multiplying a

`̀ momentum’’ parameter ( m ) by the change in weight on the previous trial and adding this

to the change in weight calculated for the current trial. In the present simulations the

values of a and m were 0.1 and 0.9, respectively.

APPENDIX B

To simulate two discriminations along different sensory continua, similarity was coded in

terms of common elements. Thus, pretraining was accomplished with six different input
units (A, B, C, D, X, and Y) combined to form four different trial types: AX+ , BX 2 ,

CY+, DY2 . Following near-asymptotic training on this problem, the network was trained

on either a positive patterning task in which the stimuli had been reinforced (i.e. AX 2 ,

CY2 , AXCY+) or one in which the stimuli had been non-reinforced (i.e. BX 2 , DY2 ,

BXDY+). Similarly, training on the negative patterning task used either the previously

reinforced stimuli (i.e. AX+ , CY+, AXCY) or the previously non-reinforced stimuli (i.e.
BX+ , DY+ , BXDY2 ).

The simulated data in Figure 2 average across 10 simulated runs through the problem.

Processus eÂ leÂ mentaire et con® gureÂ dans l’apprentissage
discriminatoire de combineÂ s

Trois expeÂriences utilisant une proceÂdure de conditionnement appeÂtitif chez le rat ont

examineÂle degreÂauquel des processus eÂleÂmentaires et con® gureÂs sont impliqueÂs dans les

discriminations de combineÂs positifs et neÂgatifs. La premieÁ re expeÂrience a deÂmontreÂque la

discrimination des combineÂs neÂgatifs (et des combineÂs positifs) fut apprise plus rapidement

quand ces discriminations impliquaient des eÂleÂments ayant eÂteÂrenforceÂs auparavant, en

comparaison avec des eÂleÂments nonrenforceÂs durant une simple discrimination. L’expeÂrience

2 a reÂveÂleÂun effet de sommation excitatoire au deÂbut de l’apprentissage des combineÂs

neÂgatifs attribuable aÁ la phase preÂ-entraõÃnement. La dernieÁ re expeÂrience a deÂmontreÂun

apprentissage discriminatoire plus rapide entre le composeÂet l’eÂleÂment le moins manifeste

au lieu de celui qui eÂtait le plus manifeste dans une taÃche de combineÂs instrumentale. Ces

reÂsultats furent interpreÂteÂs en terme de la theÂorie connexioniste qui preÂdit que les repreÂ-

sentations interne des stimuli conditioneÂs changent durant le cours d’une discrimination de

combineÂs.

Procesos elementales y con® guracionales en el
aprendizaje discriminativo de patroÂ n

En tres experimentos se usoÂcondicionamientoapetitivocon ratas para examinar la implicacioÂn

de los procesos elementales y con® guracionales en las discriminaciones de patroÂn positivo y

negativo. El primer experimento demostroÂque las discrimonaciones de patroÂn negativo y,
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hasta cierto punto, positivo se aprendõÂan maÂs raÂpidamente cuando estas discriminaciones

constaban de elementos estimulares que se habõÂan reforzado previamente en comparacioÂn

con los elementos no reforzados de una discriminacioÂn simple. El experimento 2 reveloÂun

efecto de sumacioÂn excitatorio durante le primera fase de aprendizaje de patroÂn negativo que

dependõÂa de la discriminacioÂn de preentrenamiento. El uÂltimo experimento demostroÂun

aprendizaje discriminativo maÂs raÂpido entre el compuesto y el elemento menos saliente

que con el maÂs saliente de una tarea de patroÂn instrumental. Este conjunto de resultados

se interpreta en el sentido de que re¯ eja la posibilidad, consistente con la teorõÂa conexionista,

de que las representaciones internas de loss estõÂmulos condicionados cambian durante una

discriminacioÂn de patroÂn.
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