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General Introduction

Chapter 1

LEARNING PSYCHOLOGY
Since the beginning of the last century, learning psychology has undergone a major
development. Two experimental procedures that Pavlov and Skinner pioneered,
classical or Pavlovian conditioning (Pavlov, 1927) and instrumental or operant
conditioning (Skinner, 1932), came to dominate psychological research on animal
learning. In a Pavlovian conditioning paradigm, a subject acquires an association
between an initially neutral stimulus (the conditioned stimulus or CS) and a
reinforcer (the unconditioned stimulus or US), while in an operant conditioning
procedure an association, among other possible associations, is thought to be
formed between the subject's behaviour and a reinforcer.
Learning research has considerably focused on studying animal learning
behaviour. The frequent use of animals reflects one of the basic assumptions of
learning theories.All vertebrates descend from the same ancestor and, therefore, the
general principles of learning are assumed to be similar across species. Skinner
(1956) noted that the response patterns of a pigeon, rat, and monkey after learning
a specific task are virtually identical:
Pigeon, rat, monkey, which is which? It doesn't matter. Of course, these three
species have behavioral repertoires which are as different as their anatomies. But
once you have allowed for differences in ways in which they make contact with
the environment, and in the ways in which they act upon the environment,
what remains of their behavior shows astonishingly similar properties. (Skinner,
1956, p. 230)

The assumption is that, once the basic principles that underlie learning behaviour
in less complex organisms, such as rats and pigeons, have been understood, this
knowledge can then be applied to more complex, human learning behaviour.
There has been an increase in the translation of animal learning experiments to
humans since the last two decades. Many authors have tried to replicate the basic
findings of animal research in humans (e.g., Lachnit & Kimmel, 2000; Lachnit &
Lober, 2001; Lovibond, Davis, & O'Flaherty, 2000; Salgado et al., 2000), or made a
direct comparison between learning in humans and rats (e.g., Artigas, Chamizo, &
Peris, 2001). Some of the results obtained in human learning experiments are quite
similar to those obtained in animal research (Artigas et al., 2001; Lovibond et al.,
10

General Introduction

2000; Salgado et al., 2000), whereas other results do not correspond with animal
findings (e.g., Lachnit & Kimmel, 2000; Lachnit & Lober, 2001).
Although the amount of human learning research steadily grows, many topics
are still not addressed and numerous problems and questions emerge from the data
that are gathered.The absence of similar findings in humans and animals can have
several causes: a difference in designs applied, the use of verbal tasks in human
subjects, the type of stimuli offered, or a dissimilarity in measures used as an index
of the establishment of associations. In the studies of Lachnit and colleagues, for
example, transfer tests were offered in which responding to new lettercombinations (CSs) was examined. None of the other human experiments, which
report positive findings on tests comparing animal and human learning, used
transfer tests and letter-combinations.
The experiments presented in this thesis correspond with the tendency to examine
human learning behaviour and to compare the results with those obtained in
similar animal learning paradigms. More specifically, the present experiments
address three topics of current interest that originate from the animal learning
psychology:
1) Surprise as a necessity for learning: cue competition
2) The possibility of several levels of associative learning: occasion setting
versus simple Pavlovian conditioning
3) The role of contextual cues in the retrieval of associations: context
dependency.
Before presenting the experiments conducted for this thesis, a short introduction
to each of these three topics will be given.

CUE COMPETITION
Rescorla-Wagner model
One of the most influential models of animal associative learning is the RescorlaWagner model (1972). This computational model can explain the acquisition and
extinction of simple CS-US associations as well as phenomena that are more
complex, such as stimulus interactions.The model asserts that surprise is a necessity
for establishing an association between two events. Surprise can be defined as a
11
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discrepancy between the expected and presented US. In this model, the US used
supports a limited quantity of associative strength (λ). Furthermore, the magnitude
of the change in the associative strength between a specific CS, CS1, and the US
(∆VCS1) as a result of a conditioning trial, is determined by the saliency of the CS1
(α1), the US used (β), and the discrepancy between λ and the sum of the associative
strengths previously acquired by all stimuli present on the CS1 conditioning trial
(VTOT). The change in the associative strength on a conditioning trial can be
formalized as follows:

∆VCS1 = α1 ∗ β (λ - VTOT)

Cue interaction
The Rescorla-Wagner model can explain cue-interaction effects such as blocking.
In fact, one could argue that this model was designed explicitly to formally describe
cue-interaction effects in animals. In cue interaction, conditioning of one stimulus
interacts with the acquisition and/or expression of the association of a second
stimulus.
In blocking, prior conditioning to one element of a compound prevents
conditioning to the other element. One of the most important animal experiments
demonstrating blocking was conducted by Kamin (1969). In his first experiment,
two groups were essential for demonstrating blocking. In the first group, the
blocking condition, a noise element (CS1) was first trained as a reliable signal for a
shock (US). Subsequently, CS1 was compounded with a second conditioned
stimulus, the onset of the houselights (CS2); this compound was consistently
followed by the same US. The second group, the control condition, only received
the compound conditioning. At test, both groups received CS2-alone test trials.
Subjects in the blocking condition showed no or little conditioned responding to
CS2, whereas vigorous responding was observed in the control condition. These
results support the notion that prior conditioning to CS1 blocks conditioning to
the CS2 element of the compound.

12
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According to the Rescorla-Wagner model, blocking occurs because one
element of the compound, CS1, has already acquired asymptotic associative
strength (λ) as a result of CS1-US training, thereby preventing the acquisition of
associative strength by CS2 in the compound training. In terms of surprise, the CS1
is a good predictor for the occurrence of the US; adding the second element, CS2,
does not provide extra information about the US.The occurrence of the US after
the CS1CS2 compound is therefore, not surprising and little or no learning about
CS2 takes place.

The comparator hypothesis
The Rescorla-Wagner model has had a large influence as a theoretical framework
for studies on animal learning, as well as on other studies addressing human
category learning, contingency judgements, and several other areas of learning
psychology (see Shanks, 1994 for a review).This model has been challenged by the
comparator hypothesis of conditioning (Miller & Matzel, 1988). The main
difference between the Rescorla-Wagner model and the comparator hypothesis is
that the former explains phenomena like overshadowing and blocking in terms of
acquisition failures, whereas the latter hypothesis ascribes these phenomena to
performance deficits. According to the comparator hypothesis, performance to a
CS is determined by the degree of predictiveness of the stimulus relative to the
context in which it is trained (Miller & Matzel, 1988). For example, in a standard
blocking design, the first trained stimulus, CS1, serves as a context or comparator
for the second element of the compound, CS2. Performance to CS2 is then
reduced, because the predictiveness of CS2 is not larger than that of its comparator.

Cue-interaction experiments using humans
The interest in human cue-interaction effects, specifically cue competition, has
increased over the last years. Several tasks have been developed in this research.
Some researchers have used non-verbal procedures such as electrodermal
conditioning (e.g., Davey & Singh, 1988; Hinchy, Lovibond, & Ter-Horst, 1995;
Lachnit et al., 1990, Experiment 3; Lovibond, Siddle, & Bond, 1988), an operant
suppression paradigm (e.g., Arcediano, Matute, & Miller, 1997), and eyelid
conditioning (Lachnit et al., 1990, Experiment 2; Martin & Levey, 1991). However,
13
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most of them reported difficulties in demonstrating cue competition. Davey and
Singh, and Lovibond et al. reported no evidence for blocking in human
electrodermal conditioning. Martin and Levey only reported blocking using a
within-subjects design but failed to show blocking when they applied a betweensubjects design. In the experiments of Lachnit and colleagues, non-reinforced
presentations of the non-blocked CS were necessary for observing the blocking
effect.
The best evidence for cue-competition effects in humans stems from
contingency judgement tasks (e.g., Chapman, 1991; Chapman & Robbins, 1990;
Dickinson, Shanks, & Evenden, 1984; Hamme & Wasserman, 1993, 1994; Shanks,
1985; Waldmann & Holyoak, 1992; Williams, Sagness, & McPhee, 1994). In these
tasks, participants are asked to rate the contingency between two events, for
example, the trading activity of stocks and a change in value of the entire stock
market (see also Chapman & Robbins, 1990).
Although evidence for cue competition effects has been found using
contingency judgement tasks or an operant suppression paradigm (Arcediano et al.,
1997; Chapman, 1991; Chapman & Robbins, 1990; Dickinson, et al., 1984; Shanks,
1985; Waldmann & Holyoak, 1992), none of these studies has yielded complete
blocking in human subjects.That is, in all these experiments the blocked stimulus
still acquired some predictive value.These results are not in line with the RescorlaWagner model that predicts complete blocking since the to-be blocked stimulus
was compounded with an already established predictor (see for an alternative
explanation Chapter 7).
Recent cue-competition experiments with both human (e.g., Matute,
Arcediano, & Miller, 1996;Wasserman & Berglan, 1998) and animal subjects (e.g.,
Denniston, Miller, & Matute, 1996; Esmoris-Arranz, Miller, & Matute, 1997; Miller
& Matute, 1996; see also Miller, Barnet, & Grahame, 1995 for an overview) also
obtained results for which the Rescorla-Wagner model offers no explanation.
These experiments provide evidence for cue-competition between subsequent
events and backward blocking. The Rescorla-Wagner model views learning as a
predictive process, with antecedent events (CSs) predicting the occurrence of
subsequent events (e.g., USs), and provides, therefore, no explanation for cue
competition between subsequent events. In backward blocking, a compound
stimulus comprising two elements is paired with an US. Later, one of the two
elements is associated with the same US. As a result of this training, the other
14
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element is retrospectively revaluated.The Rescorla-Wagner model is unable to deal
with reduced responding to a non-presented stimulus. In order to change
responding to a stimulus, the model requires its presentation (but see Hamme &
Wasserman, 1994 for an associative account of backward blocking).The discussion
whether performance, associative or other deficits underlie cue-interaction effects
is still open (see for example B.A.Williams, 1996).
Although the amount of research on cue interaction has increased over the last
two decades, many questions concerning the conditions under which cueinteraction effects in humans occur, or do not occur, remain to be answered.

OCCASION SETTING
Not all Pavlovian conditioning can be explained in terms of direct CS-US
associations. In some situations, stimuli do not function as CSs but acquire
modulatory power and become occasion setters. Instead of being directly associated
with the US and eliciting a conditioned response, occasion setters modulate the
expression of other, mostly ambiguous, CS-US associations (for reviews, see
Holland, 1992; Schmajuk & Holland, 1998; Swartzentruber, 1995). For instance, in
a serial feature-positive discrimination training, the CS (i.e. target stimulus, T) is
reinforced (US) after presentation of the occasion setter (i.e. feature, F), but not in
its absence, and this feature comes to modulate responding to the target stimulus
(Jenkins & Sainsbury, 1969).

Rescorla-Wagner model and comparator hypothesis
According to the Rescorla-Wagner model, in FP discriminations F is the most
predictive cue for the occurrence of the US and will therefore, acquire all
excitatory strength (F-US association), whereas T remains a neutral stimulus.
Likewise, in the comparator hypothesis, the predictiveness of F is larger than that
of its comparator stimulus, T. Accordingly, behavioural expression is mostly
governed by the F-US association.
However, a direct F-US approach is problematic for explaining the absence of,
or selective, transfer effects of F to other stimuli, and this approach cannot explain
that a change in associative value of F does not strongly affect the original FP
discrimination (see below).
15
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Differentiating occasion setters from Pavlovian CSs
Occasion setters can be distinguished from Pavlovian CSs in at least two ways: first,
by testing the effect of the stimulus on other target stimuli (Transfer Test), and,
second, by testing the effect of a change in its associative value on the original FP
discrimination (Extinction or Counterconditioning).

Transfer test
In a transfer test, the feature is presented together with a different target
stimulus paired with the same US. In this way, the transfer of behavioural control
of F to other stimuli can be examined.Transfer is only to be expected if F functions
as a CS. In case of a Pavlovian CS, the associative strength of F simply adds up with
the strength of other CSs associated with the same US (Rescorla & Wagner, 1972).
This is not the case with an occasion setter. Because no direct association between
F and the US is formed, F should modulate responding more to its original target
than to other target stimuli associated with the same US, which indeed has been
demonstrated repeatedly (e.g., Bonardi & Hall, 1994; Holland, 1989bc, 1991, 1995;
Morell & Holland, 1993;Wilson & Pearce, 1990).
Extinction and counterconditioning
In an extinction or counterconditioning training the associative value of F is
explicitly changed after FP discrimination training. This can be done by repeated
presentation of the feature alone, extinguishing a possible F-US association
(extinction), or by explicitly pairing F with a second US that elicits a response that
is incompatible with that of the first US (counterconditioning). In case F functions
as a simple CS, a change in its associative value should strongly affect performance
on the original FP discrimination. However, if F functions as an occasion setter,
with no direct F-US association, then a change in its associative value should not
alter this discrimination performance, which is exactly what is found in a number
of studies (e.g., Bouton & Nelson, 1998; Holland, 1989ab, 1991, 1995; Rescorla,
1986).

16
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Configural learning theory
Neither the comparator hypothesis nor the Rescorla-Wagner model can account
for all basic information-processing phenomena. Occasion setting falls outside the
domain of both theories. The configural learning theory of Pearce (1987, 1994)
provides a more successful account of occasion setting. This configural theory
proposes that compound stimuli, for example the feature and target, are processed
and presented in memory as a configural unit. Changing the stimulus, for example
by presenting only part of the compound, will not activate the entire representation
of the stimulus and will therefore result in a generalization decrement.The strength
of generalized responding to the changed stimulus is expressed by a parameter (S).
This parameter is a function of the number of elements that the original and
changed stimuli share. If the stimuli are very similar, they will have more elements
in common, and there will be a strong generalization in responding. When the
changed and original stimuli have no elements in common, the stimuli will be very
different and no, or little generalized responding is expected (for details see Pearce,
1987).
Pearce's model can be used to explain the absence of generalized responding to
another target stimulus in a transfer test. The model asserts that generalization of
responding is a positive function of the number of elements that the original and
changed stimulus have in common. The generalization from the original featuretarget compound (FT1) to the feature-transfer target compound (FT2) will be
smaller than the generalization of the target stimulus (T2) to FT2. Namely, all
elements of T2 are presented in FT2, whereas only half of the elements of
compound FT1 are presented in FT2.
However, with Pearce's configural approach problems arise explaining selective
transfer effects of occasion setters. Several researchers have demonstrated that
occasion setters do modulate responding to target stimuli that originate from an
identical type of discrimination training (e.g., Bonardi & Hall, 1994; Holland,
1989b, 1995; Morell & Holland, 1993;Wilson & Pearce, 1990).
Another weakness of the configural approach is that it cannot explain that a
change in the associative value of an occasion setter does not change the original
discrimination.According to the generalization principle, a counterconditioning or
extinction manipulation on F should at least partially generalize back to the
feature-target compound.

17
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Two different systems?
The Rescorla-Wagner model, comparator hypothesis, and configural approach all
assume one mechanism underlying associative learning and occasion setting.
Holland (1990, 1992) on the other hand, has developed a model that can account
for both Pavlovian conditioning and occasion setting. He proposes two separate
memory systems for representing occasion setting and Pavlovian conditioning.The
distinction between these two memory systems stems from experiments with
lesioned animals. Ross, Orr, Holland, and Berger (1984) have found that in a serial
FP discrimination, lesions of the hippocampal formation destroyed the acquisition
of occasion-setting properties by F, but had no effect on the acquisition of
Pavlovian conditioning to the same stimulus. Furthermore, young rats (younger
than 20 days), with immature hippocampal formations (e.g., Alvarado &
Bachevalier, 2000), are not sensitive to cues that help them to disambiguate the role
of a CS.At the same time, these young rats can establish a CS-US association using
the same stimuli (e.g., Carew & Rudy, 1991).
Although some researchers have demonstrated that an intact, or mature,
hippocampal formation is not essential for acquiring ambiguous discriminations
problems, this structure still seems to be necessary for a rapid acquisition of this type
of problems (see for an overview O'Reilly & Rudy, 2001). Altogether, the results
are indicative of two, or more, anatomically and functionally different memory
systems.
According to Holland, simple Pavlovian associations between events are stored
in a lower-level memory system. However, under conditions that facilitate occasion
setting, the relations between events are also stored in another, higher-order,
conditional memory system, which comprises if-then relations (e.g., Holland,
1990, 1992).
This model can account for the differences between occasion setters and
Pavlovian CSs. According to Holland, transfer is more likely to occur within
systems than between systems. Simple Pavlovian CSs summate their associative
strength with the strength of other stimuli trained with the same US. Furthermore,
Pavlovian CSs are sensitive to procedures that change their associative values (e.g.,
extinction). Occasion setters, stored in the conditional memory system, will transfer
their modulatory power to stimuli that underwent a similar type of discrimination
training, because these stimuli are represented in the same memory system, but not
to simple Pavlovian stimuli that are represented in the simple system. Likewise, a
18
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change in associative value of an occasion setter by simple Pavlovian conditioning
should not affect its occasion-setting role in the conditional system.
Many data are in favour of two separate memory systems, but other researchers
have obtained results that cannot be explained in terms of Hollands model.
Oberling, Gunther, and Miller (1999), presented a series of experiments that
provide evidence for parallel processes between occasion setting and simple
Pavlovian conditioning. In their experiments, non-reinforced presentations of F
retarded the acquisition of a FP discrimination, a result analogous to that of
Pavlovian learned irrelevance and latent inhibition.These results are indicative for
one, rather than two memory systems for Pavlovian conditioning and occasion
setting (see also Gunther, Cole, & Miller, 1998 for additional evidence). The
question regarding the exact mechanism underlying occasion setting and Pavlovian
conditioning is still subject for debate.

Time interval as an important variable
Some FP discriminations lead to occasion setting, whereas others induce
straightforward Pavlovian conditioning. In several experiments, Holland (e.g., 1986,
1989c, 1991) and Holland and Ross (1981) demonstrated that the time interval
between the feature and target is a critical determinant in this respect. Presenting
F before onset of T (serial FP discrimination) is more likely to induce occasion
setting, whereas a simultaneous presentation of F and T increases the chance of
obtaining Pavlovian conditioning.

Occasion setting in humans
Occasion setting has been extensively studied in animals, but only since the last
couple of years, researchers have tried to demonstrate occasion setting in humans
(Baeyens, Crombez, De Houwer, & Eelen, 1996; Baeyens, Hendrickx, Crombez, &
Hermans, 1998; Baeyens, Vansteenwegen, Hermans, Vervliet, & Eelen, 2001;
Hardwick & Lipp, 2000;Young, Johnson, & Wasserman, 2000). Three of these five
studies either failed to reveal occasion setting (Baeyens et al., 1996, 1998), or
obtained results that can be explained in terms other than occasion setting
(Hardwick & Lipp, 2000).
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The remaining two studies (Baeyens et al., 2001;Young et al., 2000) do provide
evidence for a modulatory function of the feature in a FP design. Baeyens and
colleagues examined the role of F in an operant conditioned suppression
preparation, the Martians game (e.g.,Arcediano, Ortega, & Matute, 1996).Young et
al. used a causal induction task to study occasion setting. Both studies employed
simultaneous and serial FP discriminations to test the influence of temporal order
between F and T on the acquisition of occasion-setting properties by F. In each
study, serial presentation of F and T resulted in selective transfer of F, and each study
showed that an extinction procedure on F did not eliminate the original
discrimination. The results of a simultaneous presentation of F and T were more
ambiguous; F readily transferred its associative strength to all other targets, which is
in line with F functioning as a CS. However, an extinction procedure on F did not
affect the original discrimination, a characteristic that is expected if F functions as
an occasion setter.
The aforementioned studies are a first step towards understanding human
occasion setting. However, much more research is necessary to further explore the
conditions under which occasion setting in humans occurs (e.g., temporal order
and task type), and which mechanisms underlie occasion setting.

CONTEXTUAL STIMULI
Learning does not take place in a vacuum. Besides the to-be conditioned stimuli
and USs, many other stimuli are present during learning. The function of these
stimuli, summarised here as contextual cues or shortly context, can be diverse and
complex. In the framework of Pavlovian conditioning, contextual cues can become
associated with CSs and USs (Balsam & Tomie, 1985). However, other researchers
demonstrated that contextual stimuli might also be involved in learning and
remembering that cannot be reduced to these relatively simple associations.These
studies indicate that contextual cues can affect the expression of associative
information acquired in their presence (Hall & Mondragón, 1998).

20
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Context as occasion setter
Under some conditions, contextual stimuli possess properties that are similar to
those of occasion setters. For example, in a study by Bouton and Swartzentruber
(1986) rats were given tone-shock pairings in one context (A), and tone-alone
presentations in a different context (B). As a result of this training, the rats showed
CRs to the tone in context A, but not in context B. Further tests demonstrated that
this responding was independent from any direct excitatory or inhibitory
association that might exist between the context and the US.According to Bouton
and Swartzentruber, context A functioned as an occasion setter, modulating the
CS-US association. Various other researchers have supported this interpretation
(e.g., Bouton & Nelson, 1994; Bouton & Swartzentruber, 1986; Schmajuk &
Holland, 1998; Swartzentruber, 1995).
There is an interesting parallel between the experiments of Bouton and
Swartzentruber and the serial FP discriminations mentioned in the previous
section. In a FP discrimination, a punctate stimulus, the feature, comes to control
responding to a target stimulus, whereas contextual stimuli controlled target
responding in the experiments of Bouton and Swartzentruber. Like occasion
setters, the context's modulatory abilities did not transfer to other, separately trained
CSs. Furthermore, repeated extinction exposures to the contextual stimuli
following discrimination training did not affect the ability of the context to
modulate CS performance (Bouton & Swartzentruber, 1986, Experiment 3).

Contextual control and configural learning
Besides extending occasion setting to contextual stimuli, Swarzentruber and
Bouton also provide evidence against a configural approach of occasion setting in
an additional experiment (Swartzentruber & Bouton, 1988). In this experiment,
rats learned two similar contextual discrimination tasks, each in two different
contexts. In these tasks, responding to a CS was reinforced in one context and nonreinforced in another context. At test, positive contextual control of performance
to a CS fully transferred to the CS trained in the alternative task.These data suggest
that discrimination performance was not solely based on the formation of a
configural Context-CS cue, because according to a configural learning approach a
switch in context should affect responding to the CS.
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Altogether, these and previous data (Bouton & Swartzentruber, 1986) seem to
indicate that contextual stimuli can fulfil a role identical to that of occasion setters,
whose modulatory powers also appear to transfer only to similarly trained CSs.

Contextual control without explicit training
In the previously mentioned studies, explicit discrimination training established
contextual control of the CS-US association. In some studies, the influence of
contextual cues on responding has been demonstrated without such explicit
training. In experiments by Hall and Honey (1989, Experiments 2 & 4; 1990), rats
received CS1-US training in one context, and CS2-US training in another
context. Switching the context during test trials resulted in a CR that was weaker
than the CR observed when testing occurred in the same context. This reduced
responding cannot be ascribed to a simple context-US association, since the same
US occurred in both contexts. Neither can these results be explained in terms of
generalization decrement. Namely, a switch in context did not affect habituation of
the unconditioned response (UR) to the stimuli used, indicating that the stimuli
were not perceived differently in the switched context (Hall & Honey, 1989,
Experiment 1; Hall & Honey, 1990, Experiment 2). Hall (1991) suggested that the
weaker CR observed in the switched context is the consequence of a retrieval
impairment. During learning, the CS-US association is stored along with the
contextual cues, and reinstating these contextual cues at test can help the retrieval
of the CS-US information (contextual occasion setting). A change or absence of
contextual cues at test will impair retrieval of the CS-US association.
Although Hall and Honey (1989, Experiments 2 & 4; 1990) provide evidence
for context-dependent responding by training rats in a non-informative, incidental
context, other authors have failed to replicate these effects (e.g., Bouton & King,
1983; Hall & Honey, 1989, Experiment 3; Lovibond, Preston, & Mackintosh, 1984,
Experiments 1c & 2). Hall and Honey (1990) stress the importance of the training
procedure used to assess contextual effects in Pavlovian conditioning. Only subjects
receiving one CS-US pairing showed context-dependent responding. No such
effect was observed in case of multiple pairings.
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Outshining hypothesis
The absence of context-dependent responding after multiple CS-US pairings in
the experiments of Hall and Honey (1990) can be explained by the Outshining
hypothesis (e.g., S.M. Smith, 1988, 1994). According to this hypothesis, effects of
incidental context cues can be completely outshone when better retrieval cues are
available. In both single and multiple CS-US pairings, the context serves as a
retrieval cue for the US. However, multiple pairings of the CS and US will lead to
a strong CS-US association, with the CS-alone being effective as retrieval cue.
Therefore, presenting the CS in a different context will not result in impaired CRs.
In case of a single pairing, resulting in a weak CS-US association, both the context
and CS serve as retrieval cues. Consequently, a change in context results in
diminished CRs.

Context-dependent effects in humans
There exists a vast amount of human research demonstrating context dependency.
Several context types have been manipulated, such as physical context (e.g.,
Godden & Baddeley, 1975), physiological state (e.g., Eich, 1980; Roy-Byrne et al.,
1987), input modality (Geiselman & Bjork, 1980), and background music (S.M.
Smith, 1985).
Much of this human research on context dependency has been conducted
using verbal tasks. For example, researchers have used word lists, different types of
associative-word tasks, consonant-vowel-consonant triplets, or homophones (see
also S.M. Smith, 1988). Besides a difference between animal and human research in
the nature of the target stimuli used, these tasks also differ in the tests used to reveal
context-dependent effects.Testing in animal research usually consists of presenting
the CSs in a context different from the context used during conditioning. Context
dependency is then expressed in a decrease in CRs. In human experiments, context
dependency is mainly expressed in the number or proportion of recalled or
recognised material.
However, Anderson, Wright, and Immink (1998), Shea and Wright (1995),
Wright and Shea (1991), and Wright, Shea, Li, and Whitacre (1996) have used
motor skill acquisition tasks and showed that contextual dependency can also be
expressed in an increase in response latency (time to initiate the correct motor
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response). Unfortunately, the contextual stimuli used by Wright and colleagues,
were not truly incidental. Each combination of contextual cues was consistently
related to the response to be made.This allows for the possibility that participants
became aware of these relationships and that the experiments did not address the
effect of true contextual, task-unrelated, cues.

Non-asymptotic learning
A last topic discussed is the relation between non-asymptotic learning,
accomplished by restricting the amount of training or increasing task complexity,
and context dependency. Many researchers, exploring context dependency in
animals, have found that a well-learned, or overtrained, response easily generalizes
across changes in (internal) contexts, whereas responses less well learned do not (see
for an overview Overton, 1985). Most of the studies demonstrating this effect have
varied the amount of training before inducing a change in context (see above, Hall
& Honey, 1990).
Additionally, the complexity of the task can affect context dependency. When
an animal in one drug state (internal context) learns two responses of unequal
difficulty, the easier response will generalize across different internal states, whereas
performance of the more difficult discriminative response will be impaired after a
change in drug state (Bliss, 1972). Unfortunately, all experiments on overtraining
and task complexity have been carried out in animals; to my knowledge, this has
not yet been studied in humans.

AIM OF PRESENT STUDIES
The experiments conducted for this thesis were carried out in order to provide
additional human-experimental data and to clarify some unsettled issues herein
relevant to each of the three topics discussed (i.e., cue competition, occasion setting
in FP discriminations, and context dependency).
In Chapter 2, four experiments are described that were carried out to examine
whether a previously established predictor of the occurrence of the US can block
the acquisition of associative strength and/or the expression of such strength by a
second, redundant, stimulus predicting the same US. The predictive value of this
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redundant stimulus was compared to that of a stimulus that did provide information
about the US on compound trials using an initially neutral stimulus as the second
element of the compound. Furthermore, the objective of these experiments was to
evaluate the conditions under which cue-interaction effects can be obtained, and
to test whether the results of these experiments fit into the framework of the
Rescorla-Wagner model.
In Chapter 3, results of FP discrimination experiments are reported that
investigate whether a serial FP discrimination is more likely to induce occasion
setting in humans than a simultaneous FP discrimination. The properties of the
feature were examined by means of a transfer test and a counterconditioning
manipulation. An analogue of the Skinner box was designed in order to enhance
the comparability between animal and human tasks.
The research described in Chapter 4 examined whether age affects the strategy
used to solve a serial FP discrimination. Both children and adults were tested using
the same apparatus and tests as described in Chapter 3.
The two experiments described in Chapter 5 assessed context dependency in
a, principally, non-verbal predictive learning task using true incidental context cues.
At test, the task was presented either with the same contextual stimuli that were
present during acquisition, or with different contextual stimuli.The design adopted
in these two experiments was modelled directly on that used in animal research.
The experiments in Chapter 6 were carried out to further specify the
conditions under which context dependency occurs. Specifically, the effect of task
complexity on context-dependent retrieval was examined. As in the previous
experiments on context dependency, the context at test was either the same as
during acquisition or different.
In the final chapter, Chapter 7, a discussion and general summary are presented.
In the General Discussion, the data presented in this thesis are compared to
previous human and animal research on the same topics, and are discussed in the
framework of existing (animal) learning theories and models.
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ABSTRACT
Four experiments assessed cue-interaction effects in a computer-controlled
predictive learning task. In Phase 1, participants learned that cue P was
consistently associated with the occurrence of an outcome (P+), whereas
cue N was never followed by the outcome (N-). In Phase 2, two neutral
cues, R and I, were compounded with P and N, respectively. Each
compound was followed by the outcome (PR+ and NI+).Thus, cue R was
compounded with the already predictive cue P, whereas cue I was
compounded with the non-predictive cue N. In each phase, participants
rated the contingency between the different cues and the outcome. In
Experiments 1 and 2, the spatial position of the cues was fixed, whereas it
was variable in Experiments 3, 4a and 4b. Verbal cues were used in
Experiments 1-3, whereas the cues consisted of geometrical figures in
Experiments 4a and 4b. Evidence for cue interaction, as indicated by giving
cue I a higher contingency rating than cue R after or during Phase 2, was
only found under the conditions of Experiments 1 and 2. The results
indicate that the use of positional cues facilitates the occurrence of cueinteraction effects. Possible reasons for this finding are discussed.
Keywords: Cue interaction; Positional cues; Predictive learning
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INTRODUCTION
Blocking is a well-established phenomenon in the animal conditioning literature
(e.g. Kamin, 1969). Blocking is demonstrated using a procedure consisting of two
distinctive phases. In Phase 1, a (to-be) conditioned stimulus (CS1) is first trained
as a reliable signal for an unconditioned stimulus (US). In Phase 2, CS1 is
compounded with a second to-be conditioned stimulus (CS2); the compound is
consistently followed by the US that was also used in Phase 1. At test, little or no
conditioned responding to CS2 is found, whereas vigorous responding to CS2 is
seen in participants receiving only Phase 2 training. CS1 is held to block the
acquisition and/or expression of an association between CS2 and the US.
Blocking, which is an example of cue interaction, can be explained by one of
the most influential models of associative learning, the Rescorla-Wagner model
(R-W model; Rescorla & Wagner, 1972). In fact, one could argue that this model
was designed explicitly to formally describe cue-interaction effects in animals.The
model asserts that the US used supports a limited quantity of associative strength
(λ). Furthermore, the magnitude of the change in the associative strength between
the CS and the US (∆VCS) as a result of a conditioning trial, is determined by the
saliency of the CS (α), the US used (β), and, most important for present purposes,
the discrepancy between λ and the sum of the associative strength previously
acquired by all stimuli present on the CS conditioning trial (VTOT) [formally:
∆VCS= α ∗ β ∗ (λ - VTOT)].According to the R-W model, in a blocking condition,
CS1 has already acquired asymptotic associative strength (λ) as a result of Phase 1
training, thereby preventing the acquisition of associative strength by CS2 in
Phase 2.
Cue interaction, specifically cue competition, has also been examined in recent
research with humans. This research frequently uses predictive-learning, or
contingency-judgement paradigms as a human analogue of animal cuecompetition procedures with standard CSs and USs. Interestingly, factors that affect
learning in these human paradigms show a striking similarity with those affecting
animal conditioning. For example, contingency judgements show changes over
trials and are sensitive to cue-competition effects (e.g. Dickinson et al., 1984;
Shanks, 1985; Siegel & Allan, 1996; Waldmann & Holyoak, 1992; Williams et al.,
1994).
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Several experiments obtained cue-interaction effects by using a predictive
learning task with fixed spatial positions for the predictive stimuli (e.g. Chapman,
1991; Martin & Levey, 1991;Waldmann & Holyoak, 1992;Williams et al., 1994).
The main objective of the present series of experiments was to further evaluate
the conditions under which cue-interaction effects can be obtained in a predictive
learning task. Specifically, we aimed at assessing whether the potential use of
positional cues, rather than non-positional cues, might facilitate finding reliable
cue-interaction effects. For instance, strong cue-interaction effects might be
especially limited to relatively simple tasks that do not demand elaborate stimulus
processing, or that somehow encourage transfer of information between different
phases of the experiment, which is a prerequisite for obtaining cue-interaction
effects such as blocking. It is conceivable that a task allowing for the use of
positional cues is a task that is much simpler than is a task using the same stimuli
but that does not allow for the use of positional cues.
The present experiments were based upon the research by Williams et al.
(1994). These authors used a stock market game modelled after that used by
Chapman and Robbins (1990). Briefly, participants were confronted with fictional
stock names that served as predictive cues. Individual stocks in a list of stock names
were indicated to be either traded or not traded. Participants could learn to predict
the (non) occurrence of a change in the value of the stock market, which served as
the outcome, on the basis of the trading activity of these stocks. After a
pretreatment task designed to encourage treating each stock as a separate element
rather than treating combinations of stock names as unique or configural cues,
there were two critical treatment phases. In Phase 1, one stock name, P, was
consistently associated with the outcome (P+), whereas another one, N, was
consistently associated with no change (N-). In Phase 2, one previously untraded
stock, R, was traded together with P and followed by the outcome (PR+).Another
previously untraded stock, I, was traded together with N and followed by the
outcome (NI+). Thus, R (= redundant) was compounded with a cue that was
already predictive of the outcome (P = predictive), whereas I (= informative) was
compounded with a cue previously associated with the absence of the outcome
(N = non-predictive). Subsequent rating of the likelihood that trading of the
individual Stocks R and I would be followed by a change in the stock market value
revealed a higher rating for I than for R.
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In Williams et al.s experiments the position of each stock name in the list of
five stock names was fixed throughout training and testing (personal
communication). As indicated above, this allows for the possibility that the
participants used a spatial or positional strategy to solve the task rather than that
they evaluated the predictive value of each stock. Accordingly, they might have
learned rules of the form (for example):If the stock on the second position of the
list is traded, the stock market will (not) change, rather than:if Stock X is traded,
the stock market will (not) change.
In Experiments 1 and 2, we attempted to replicate the basic cue-interaction
effect found by Williams et al (1994, Experiment 1). Furthermore, we intended to
examine whether participants in this type of task indeed use a positional strategy
and whether preventing the availability of such strategy will affect cue-interaction
effects (Experiments 2 & 3). Finally, we also assessed the magnitude of cueinteraction effects using pictorial predictive cues presented in a random position
(Experiments 4a & 4b).

EXPERIMENT 1
The first experiment was conducted to replicate the basic finding of Williams et al.
(1994), who found a higher rating on a contingency rating scale, after Phase 2, of
the informative stimulus I (trained in compound with the non-predictor cue N)
than of the redundant stimulus R (trained in compound with the predictive cue
P).To encourage elemental analyses of the stimuli, which has been shown to favour
blocking, the explicit pretreatment of Williams et al. (1994) was used. In Williams
et al.s Experiments 1-3, the explicit pretreatment consisted of X+, XY+,Y- and Ztrials.This pretreatment ensured that participants learned that one element, X, was
the predictive cue in the XY compound and that Y was not. In their experiments,
Y received only a moderate-to-low rating on a contingency rating scale.
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Method
Participants and apparatus
The participants were 20 students (2 males, 18 females), age ranging from 19 to
26 years. Participants received either course credit or were paid for participating.
The experiment was run individually for each participant, using a Power
Macintosh. Experiments were conducted on weekdays between 9:00-17:00 h.
Procedure
On entering the experimental room the participant was seated in front of the
computer. The experimenter started the program and the following instructions
appeared on the screen (translated from Dutch):
Hello, you are going to participate in a stock market game.The game consists of
a number of screens containing the names of several fictional stocks. Each screen
reflects the trading activity of the presented stocks on a single day. It is your task
to look carefully at the trading activity of the various stocks on the screen. On
the basis of this activity you can predict whether the value of the entire stock
market will change or will remain equal. Note that you are not deciding whether
to buy or sell any stocks. The trading activities of the stocks are determined by
the computer.
The total value of the stock market is determined by the trading activity of the
listed stocks. It is your task to decide whether the trading activity of the listed
stocks will affect the value of the entire stock market.
After taking a careful look at the trading activities, press the space bar.
Subsequently, a screen will appear asking you to make a choice. After you have
made a decision a feedback screen appears telling you if your choice was correct
or incorrect. Press space bar to start the game.

Before pressing the space bar the participant was allowed to ask questions. The
experimenter made sure the participant understood the instructions and left the
room.
By pressing the spacebar the experiment started and a list of stock names
appeared in the centre of the screen. The names were placed in a fixed position
forming a column on the computer screen. Under the heading stocks were the
names of the fictional stocks. Beside the stock names, under the heading traded,
were the words yes or no giving trading information of that single day. Pressing
the space bar resulted in the next screen to appear, the choice screen: Make your
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choice. Press Y if you expect a change in the value of the entire stock market or
N if you expect that the value of the entire stock market remains equal. After
pressing one of the characters, a feedback screen popped up containing information
about the correctness of the choice and if the value of the stock market had
changed that day. If the answer was correct, for example Y, the following remark
became visible: Good.The stock market did change, else the remark False.The
stock market did change appeared on the screen. The feedback screen remained
visible for 2 seconds.
Contingency rating scale. Several times during the experiment, participants rated
the likelihood that the value of the stock market would change when each stock
was traded alone. Ratings were performed by pressing the appropriate numerical
cue on the keyboard. During these ratings the stocks maintained their original
position in the list and were rated from top to bottom.A rating of 1 meant that the
participant was sure that the stock market would not change (i.e., would remain
equal), whereas a rating of 9 meant that the participant was sure that the stock
market would change, (a rating of 5 meant may or may not be followed by a
change in the stock market).

TABLE 1
Design summary

Pretreatment
Experiment 1

Phase 2

Phase 1

Experiment 2-4

Experiment 1

Experiment 2-4

Experiment 1-4

X+

X+

P+

P+

PR+

XY+

XY-

N-

N-

NI+

Y-

Y-

R

R±

C-

Z-

Z+

I

I±

Ø-

C-

C-

Ø-

Ø-

+, Traded stock is always followed by a change in the entire stockmarket; -, traded stock is
never followed by a change; ±, trades stock is followed by a change on 50% of the trials; no
sign, not traded. P = predictev; N = non-predictive; R = redundant and C = control.
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Pretreatment. Table 1 summarises the design of this experiment, and that of the
following experiments.Three different stimuli were used as predictive cues with the
names hexagon (X), circle (Y) and square(Z). Stimuli were placed in a fixed
position and presented as described before. All participants received the same
pretreatment. Stimuli X and compound XY were always followed by a change in
the value of the stock market (X+ and XY+, respectively), stimulus Y and Z were
never followed by the outcome (Y- and Z-).The trial types were pseudo-randomly
mixed with the restriction that no more than two trials in succession were of the
same type. Each trial type was offered 12 times. After finishing the last trial the
participants were asked to make a rating of each cue as described above.
Blocking problem. The blocking problem followed immediately after rating the
stimuli from the pretreatment phase. All groups received the same blocking
problem, which consisted of two phases. In Phase 1, a partially counterbalanced
procedure was used. Stocks P and N (rhombus and line), and Stocks R and I
(round and triangle) were counterbalanced. The control stimulus C (spot)
was identical for all participants.The position of the stock names was the same for
all participants (i.e. from top to bottom: rhombus, spot, round, line, and
triangle, respectively). There were 12 each of P+, N-, C-, and Ø- (no stock
traded) trials. A contingency rating scale was offered after the participants had
finished the last trial (trial 48) of Phase 1 (rating of P, N, R, I, and C).
In the second phase there were 12 each of PR+, NI+, C-, and Ø- trials. After
these 48 trials the participants made a second rating of each individually traded
stock.Trials were pseudo-randomly mixed in both phases with the restriction that
no more than two trials in succession were of the same type.
Questionnaire. A questionnaire containing six open-end questions was
presented immediately after finishing the last rating. Participants were asked: (1) if
the instructions had been clear, (2) if they knew what to do after reading the
instructions, (3) what they thought of the duration of the task (e.g. too short or
long), (4) if the task was difficult, (5) which strategy, if any, was used, and (6) if they
had comments on the task.
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Criteria. Only the data of participants that mastered the first phase of the
blocking problem were used for data analysis. To be included in the analyses,
participants had to fulfil at least one of the following equivalent criteria (p = .001,
for achieving each of these criteria by chance): (1) The last ten trials were correct;
(2) there was no more than 1 incorrect response in the last 14 trials, or (3) there
were no more than 2 incorrect responses in the last 17 trials.The purpose of these
criteria was to ensure that participants had mastered the first phase of the blocking
problem. Accordingly, Stocks P and N were established as a reliable predictor and
non-predictor respectively, optimising the conditions for finding cue-interaction
effects in the second phase.
Behavioural measures and data analysis. Besides the rating of the various stocks,
the correctness of the prediction (correct/incorrect) for each trial of the three
phases (pretreatment, blocking Phase 1, and Phase 2) was registered. Both ratings
and correctness data were analysed using parametrical tests (analysis of variance,
ANOVA). Bonferroni tests were used to adjust the observed significance level
when multiple comparisons were made.The standard rejection criterion was set at
p < .05.

Results and discussion
All participants met one of the criteria mentioned above and their results were used
for analysis of the data from the blocking problem. However, only 16 participants
rated all three stocks of the pretreatment phase. The other four participants failed
to rate the first stimulus, which was stimulus Z and one participant also failed to
rate the third stimulus, X. However, their ratings of Phase 1 were in line with the
results from the other participants.Therefore, the data from these four participants
were included in the remaining analyses.
The pretreatment phase resulted in the following mean ratings: X: 8.4,Y: 2.3,
and Z: 2.5. The ratings differed significantly among stimuli (repeated measures
ANOVA, F(2, 30) = 43.75, p < .001). Stock X was rated significantly higher than
Stock Y and Z (Paired t-tests, ts > 6.94, ps < .001).The difference between Stocks
Y and Z was not significant (Paired t-test, t = .26).
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The results of the two phases of the blocking problem are summarised in
Figure 1.The ratings obtained after Phase 1 corresponded with those reported by
Williams et al.The stocks were rated differently (F(4, 76) = 71.16, p < .001). Stock
P, a perfectly good predictor of a stock market change, received a very high rating.
Stocks R and I, never traded in Phase 1, were rated intermediately. Finally, Stocks
N and C, which had never been followed by a change, received the lowest rating.
No significant difference was found between the rating of R and I (Paired t-test,
t = -.26).
The right side of Figure 1 displays the ratings after Phase 2 of the blocking
problem.The rating of Stock I was significantly increased compared to its Phase 1
rating (Paired t-test, t = -2.69, p < .05), this effect was not found for Stock R
(Paired t-test, t = -1.13). Again the stocks were rated differently (F(4, 76) = 26.67,
p < .001). Stock P received lower ratings after Phase 2, but was still rated as the
most predictive cue for a change in the total market value. Stock N received a
higher rating after Phase 2 than was the case after Phase 1.The control stimulus C
remained equally low after both phases. Most importantly, after pairings with nonpredictor N, Stock I was rated significantly higher than Stock R, which had been
paired with predictor P (Paired t-test, t = -2.36, p < .05).

Mean Contingency Rating

9
8
7
6
5
4
3
2
1
0
P

N

R

I

Phase 1

C

P

N

R

I

C

Phase 2

Figure 1. Mean contingency ratings (+SEM) of the individual stocks in the
different phases of the blocking problem of Experiment 1. P= predictive, N =
non-predictive; R = redundant; I = informative and C = control.
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The higher contingency rating for I than for R accords with the results
reported by Williams et al. (1994, Experiment 1). However, the results of Phase 1
of the blocking problem suggest that R and I were not rated as true neutral stimuli.
Participants tended to rate the untraded stocks in the direction of the scale-value
representing definitely not followed by a change. Stock R and I received a mean
rating of 3.95 and 4.05, respectively. Statistical analyses revealed a significantly lower
rating for Stock R than the expected neutral value 5 (One sample t-test, t = -2.24,
p < .05).
In the questionnaire, three participants indicated that they paid attention to the
position of the traded stock (the position of yes in the list) rather than to the stock
name itself. Although all participants mastered the task, six participants did not
know what to do after reading the instructions. None of the participants reported
that the task was too difficult.

EXPERIMENT 2
In Experiment 1, we replicated the basic finding of Williams et al. (1994,
Experiment 1). After Phase 2, the informative stimulus I (trained in compound
with the non-predictor cue N) received a higher rating than did the redundant
stimulus R (trained in compound with predictive cue P). However, our impression
was that participants mainly made use of a positional strategy to solve the task.This
impression was substantiated by the explicit report from three participants that they
did so. Experiment 2 explicitly addressed this issue. To that end, the participants
were asked to make one final rating after the last standard rating also used in
Experiment 1. During the final rating, the stock names were presented individually,
in a position on the screen that differed from that used during the previous training
and test phases. This precluded the use of positional cues and enabled testing our
hypothesis that the participants would rate all stocks as neutral as a result of a lack
of learning about the stock names proper.
According to various models of associative learning (e.g. Rescorla & Wagner,
1972), the magnitude of blocking should increase with an increasing number of
trials in Phase 2 of the blocking problem, at least as long as the sum of the
associative strength of the elements comprising a stimulus compound has not reach
an asymptotic level. Therefore, a second modification was the use of multiple
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ratings throughout Phase 2, enabling us to note potential changes in the magnitude
of blocking (difference between R and I) in the course of training.
After Phase 1 in Experiment 1, participants tended to rate the untraded Stocks
R and I in the direction of a non-predictor instead of rating them as neutral stocks.
In Experiment 2 we explicitly attempted to establish that the stocks would acquire
a neutral value. Instead of not trading R and I in Phase 1, as was done in
Experiment 1, each of these cues was followed by the outcome on 50% of the trials
in the initial phase.This modification resulted in an intermediate rating of R and I
at the conclusion of Phase 1 (see Results and discussion).
A fourth and final modification concerned the pretreatment phase. In
Experiment 1 participants could have easily used an efficient strategy requiring
minimal effort by counting the number of traded stocks in the pretreatment (e.g.
if two stocks are traded, the stock market will change) and transfer this strategy
to Phase 2 of the blocking problem. This implies that they did not at all come to
evaluate the value of one traded stock in relationship with that of another copresent traded stock. For this reason we decided to use X+, XY-, Y-, and Z+
pretreatment trials. This combination of trials undermines the validity of more
simple strategies like those indicated above, while presumably still promoting an
elemental analysis that should amplify cue interaction.

Method
The participants were 20 students (11 males, 9 females), age ranging from 23 to 30
years.The apparatus and procedure were identical to those of Experiment 1 except
for the following. Since six participants in Experiment 1 did not know what to do
after reading the instructions, two identical practice trials were offered to familiarise
the participants with the task. Fictional stock names oval, star and straight
were used. Only stock straight was traded and predicted a change in the total
market value.All participants received the same pretreatment. Stimuli X and Z were
always followed by a change in the value of the stock market (X+ and Z+,
respectively), stimulus Y and the compound XY were never followed by the
outcome (Y- and XY-). In Phase 1 of the blocking problem, there were 10 each of
P+, N-, C-, and Ø- (no stock traded) trials. Additionally, 10 trials each of R and I
were followed on half of the trials by a change in the value of the stock market; on
the other half the stock market remained the same (R+/- and I+/-). In the second
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phase, there were 12 each of PR+, NI+, C-, and Ø- trials.After 8, 24, and 48 trials
(i.e. after 2, 6, and 12 trials of each type) the participants made a rating of each
individually traded stock. After completing the last standard rating (i.e., the rating
made after 48 trials), the participants were asked to make one final rating.This time,
the stock names were presented individually to preclude the use of position cues.
The order in which the individual stimuli were presented differed from their serial
position in the list (e.g., the first stimulus to rate was not the stimulus at the first
row of the original list).

Results and discussion
The data from four participants were excluded from data analysis. These
participants did not meet one of the inclusion criteria mentioned in Experiment
1. The remaining 16 participants were 10 males and 6 females (age range: 23-30
years).
More males participated in Experiment 2 than in Experiment 1. However, this
was not considered to be problematic given the fact that both Experiments 1 and
2 failed to reveal significant differences between the sexes for the various ratings
(ANOVAs, Fs < 3.75, for all possible comparisons with respect to the stimuli
involved in the blocking problem).
The data from two participants were excluded from the pretreatment analysis.
Each of these participants failed to rate the first stimulus, which was stimulus Z.
However, their ratings of Phase 1 were in line with the results from the other
participants.Therefore, the data from these three participants were included in the
remaining analyses.
The pretreatment phase resulted in the following mean ratings: Z: 8.14,Y: 1.00,
and X: 7.07. The ratings differed significantly among these stimuli (F(2, 26) =
90.23, p < .001). Stocks Z and X were each rated significantly higher than Stock
Y (ts > 9.33, ps < .001).The difference between Stocks X and Z was not significant
(t = 1.79).
The results of the two phases of the blocking problem are summarised in
Figure 2. The stocks were rated differently (F(4, 60) = 9.63, p < .001). Stock P, a
perfectly good predictor of a stock market change, received a very high rating.
Stocks R and I, each followed by a change on 50% of the trials, were rated
intermediately. Finally, Stocks N and C, which had never been followed by a
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change, received the lowest rating. No significant difference was found between the
rating of R and I (t = .39), and both Stocks R and I did not differ from rating scale
value 5 (One sample t-test, ts < 1.15).
Ratings of R and I increased over the following three series, that is, after trial
8, 24, and 48 (Fs(3, 45) > 3.05, ps < .05). On each of the three series of ratings
performed after Phase 1, Stock I was consistently rated higher than was Stock R.
The rating after trial 24 revealed a significantly higher rating for Stock I than for
Stock R (t = -2.35, p < .05).The difference after 8 and 48 trials just failed to reach
statistical significance (ts < 1.89, .08 < ps < .15).
On the very last series of ratings, during which the participants could no longer
make use of positional cues, only Stock P was rated significantly higher than Stocks
I and C (ts > 4.11, ps < .01).A marginally significant difference was found between
Stocks P and R (t = 2.73, p = .06). No significant difference was found among
Stocks N, R, I, and C (F(3, 45) = . 87).
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Figure 2. Mean contingency ratings (+SEM) of the individual stocks in the different
phases of the blocking problem of Experiment 2. P= predictive, N = non-predictive; R
= redundant; I = informative and C = control.
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The overall higher contingency rating for I than for R on the first three ratings
of Phase 2 accords with the results of Experiment 1 and those reported by Williams
et al. (1994, Experiments 1-3).This correspondence suggests that the modifications
introduced in Experiment 2 did not hinder replicating former findings.
There was an increase in the magnitude of the difference between R and I
from the first to the second rating in Phase 2. This finding accords with models
predicting an increase in cue-interaction effects with increasing numbers of
training trials. However, a complicating fact is that there was no longer an increase
in the difference between R and I from the second to the third rating in Phase 2.
On the contrary, a separate analysis of the data from the third rating revealed no
significant difference, whereas it had been significant on the second rating. At
present the reason for this null result on the third rating is unclear.
The most important result of the present experiment is that the participants
used the position rather than the identity of the stimuli to solve the task. Cue
interaction was only observed when the participants could use positional cues.
Eliminating the possibility to use these cues in the final rating resulted in all stimuli
receiving an intermediate rating, except for the consistently trained predictor P that
retained its high rating.

EXPERIMENT 3
The results from Experiment 2 suggest that the participants used the position rather
than the identity of each stimulus to detect a possible contingency with the
outcome.The aim of Experiment 3 was to determine whether cue interaction also
occurs after preventing the use of position cues by randomising the position of the
stocks during training.

Method
The participants were 20 students (2 males, 18 females), age ranging from 18 to 28
years. The apparatus and procedure were identical to those of Experiment 2 with
the exception of the stimulus position. In the pretreatment phase, the stimulus
position was fully counterbalanced leading to 6 different combinations. In Phases 1
and 2, the position of the stimuli was partially counterbalanced in such a manner
that every stimulus was placed once on each location, leading to 5 different lists.
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Results and discussion
Three participants did not meet one of the inclusion criteria mentioned in
Experiment 1. The data from the other 17 participants (15 females, 2 males: age
range 18-28 years) were used for data analyses.The data from one participant were
excluded from the pretreatment analysis because of a failure to rate the first
stimulus (Z). However, the ratings of Phase 1 were in line with the results from the
other participants, so the data from this participant were included in the remaining
analyses.
The pretreatment phase resulted in the following mean ratings: X: 7.3,Y: 2.1,
and Z: 8.2.The ratings differed significantly among stimuli (F(2, 30) = 37.98, p <
.001). Stocks X and Z were each rated significantly higher than Stock Y (ts > 5.56,
ps < .001). No difference was found between Stocks X and Z (t = 1.40).
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Figure 3. Mean contingency ratings (+SEM) of the individual stocks in the different
phases of the blocking problem of Experiment 3. P= predictive, N = non-predictive; R =
redundant; I = informative and C = control.
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The results of the two phases of the blocking problem of Experiment 3 are
shown in Figure 3.The ratings obtained after Phase 1 were comparable to those of
Experiment 2.The stocks were rated differently (F(4, 64) = 21.34, p < .001). Stock
P received the highest rating, Stocks N and C received the lowest ratings, and
Stocks R and I were rated intermediately. There was no significant difference
between the rating of R and I (t = -.34).
Both the ratings of R and I increased over the following three series, that is,
after trial 8, 24, and 48 (F(3, 48) > 4.90, ps < .01). No significant difference was
found between Stock I and Stock R on any of the three series (ts < .53).
No reliable differences were found between the rating of the stocks after trial
48 and the very last rating, in which the stocks were presented separately and
individually (ts < 1.45). This indicates that in the absence of positional cues, the
participants used the identity of the stimulus to detect the various contingencies.
The results of Experiment 3 differ from those obtained in Experiments 1 and
2 in that both stimuli I and R received equal ratings on all series, indicating no cueinteraction effect. This null result, in turn, suggests that eliminating the possibility
to use positional cues interferes with obtaining a cue-interaction effect as observed
in Experiments 1 and 2. In other words: cue interaction might be especially
prominent among positional cues. The question arises if randomising the position
of the stimuli in Experiment 3 increased the difficulty of the task to the extent that
participants no longer observed the change in predictive value for stimuli R and I,
and that this is the reason for finding no cue-interaction effect in the present
experiment. In fact, data from the pretreatment phase support the idea that the
present task was more difficult than the previous experiment. In Experiment 3,
more errors were made during the pretreatment phase (which was identical in
Experiments 2 and 3, except for randomising the cues position in Experiment 3)
than in Experiment 2 (Independent samples test, t = -2.92, p < .01).
The main objective of the following experiments was to address this issue by
simplifying the task while maintaining the random position of the stimuli.
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EXPERIMENTS 4A AND 4B
The predictive cues used in Experiments 4a and 4b consisted of geometrical figures
instead of the verbal descriptions of these figures used in the previous two
experiments. Previous research suggests that this change in nature of the stimuli
might simplify the task (e.g., Barton, 1972), which might uncover cue-interaction
effects even if the use of positional cues is precluded. Moreover, in the previous
experiments, the outcome was defined as a change in some fictitious value while
the participants were not informed about any minimal or maximal value. This
allows for the possibility that R was not perceived as truly redundant in Phase 2
but as a predictor of a larger change in the outcome (i.e., P+ combined with R+
gives PR++). According to the Rescorla-Wagner model (1972) this hinders
finding a cue-competition effect. Therefore, in Experiment 4b we used a more
fixed outcome to maximise the likelihood of cue competition.

Method
The participants in Experiment 4a were 18 students (4 males, 14 females), age
ranging from 20 to 28 years; those in Experiment 4b were 16 students (4 males, 12
females), age ranging from 18 to 42 years. The apparatus and procedure in
Experiments 4a and 4b were identical to those of Experiment 3, except for the
nature of the predictive cues and of the outcome. The fictional stock names were
replaced by geometrical figures. In the pretreatment phase, a triangle (stimulus X;
base: 4 cm, height: 4 cm), a circle (stimulus Y: Ø 4 cm), and a square (stimulus Z;
4x4 cm) formed a line in the centre of the computer screen. In Phases 1 and 2, five
identical circles (Ø 3 cm) were used; four of these contained one of four different
geometrical figures (size: ca 1 cm): a rhombus, a square, a circle, or a triangle, the
remaining circle was empty. Note that the stock names used in Experiments 1 to 3
corresponded with the nature of the geometrical figures used in the present two
experiments. Each of the figures was placed in the centre of the circle and had the
same colour as did the circle. The figures were visible because they had a whitecoloured brim.The circle without a figure served as the control stimulus (C).The
position of the figures was randomised across trials. Instead of using a yes to
indicate activation of the predictive cue, this activation was indicated by changing
the predictive cues colour from black (inactive) to red (active). In Experiment 4a,
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the outcome was a rise in a fictional number that was not actually shown.
Information about this number (i.e., whether there was a rise or no rise) was
indicated on a feedback screen. In Experiment 4b, the appearance and nonappearance of a blue-coloured computer screen served as the presence and absence
of the outcome, respectively.
The contingency rating scales were offered at the same points in the different
training phases as in Experiments 2 and 3, with the exception of the last rating scale
(no position cues) that was no longer presented. The reason for omitting this last
rating was that Experiment 3 revealed that, as a result of using a random cue
position during training, the nature of the test of each predictive cue (i.e. whether
or not the other cues were present) did not affect the outcome of the ratings.The
participants task again was to assess the contingency between activation of each of
the predictive cues and the outcome. All further details not mentioned here were
as in Experiment 3.

Results and discussion
Five participants in each of the Experiments 4a and 4b failed to reach one of the
inclusion criteria. The data of the remaining participants, 13 participants (10
females, 3 males, age range: 19-26 years) in Experiment 4a, and 11 participants (2
males, 9 females: age range: 19-27 years) in Experiment 4b were used for data
analyses. In none of the analyses of primary importance was there a significant
difference between experiments. Therefore, we pooled the data from the two
experiments.The following results are all based upon the pooled-data set.
The mean ratings of the stimuli in the pretreatment phase were X: 6.9,Y: 2.7,
and Z: 6.6. The ratings differed significantly among stimuli (F(2, 46) = 45.41 p <
.001). Figures X and Z were each rated significantly higher than Y (ts > 6.67, ps <
.001). No significant difference was found between stimuli X and Z (t = -.88).
As an index of task difficulty, we compared the number of errors in the
pretreatment phase with those in Experiment 3. Unfortunately, this comparison
revealed no difference (t = -.19). This implies that, contrary to our intention, use
of the geometrical cues instead of verbal cues failed to make the task easier.
The results of the different phases of the blocking problem are summarised in
Figure 4. The ratings obtained after Phase 1 corresponded with those of the
previous experiments. The stimuli were rated differently (F(4, 92) = 30.34, p <
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.001). Stimulus P received the highest rating, R and I were rated intermediately,
and N and C received the lowest rating. No difference was found between R and
I (t = .32).
There was a significant increase between the initial rating of R and I after Phase
1, and each of the succeeding three ratings (Fs(3, 69) > 5.60, p < .01). Importantly,
on none of the three ratings was there a significant difference between the rating
of R and I (ts < .15).
The results of Experiments 4a and 4b correspond with those of Experiment 3
in failing to reveal cue interaction.Although we did not succeed in evaluating cueinteraction effects in a task that does not allow for the use of positional cues but
that is still less complex than Experiment 3, the present results do add to the null
results of the latter experiment. Even with the use of a different type of predictive
cue and of a different outcome as used in Experiments 1 and 2, no cue-interaction
effects were found in all experiments using a random cue-position procedure.
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Figure 4. Mean contingency ratings (+SEM) of the individual stocks in the different
phases of the blocking problem of Experiment 4. P= predictive, N = non-predictive; R =
redundant; I = informative and C = control.

46

Cue-interaction effects in human predictive learning

GENERAL DISCUSSION
Experiment 1 replicated the basic finding reported by Williams et al. (1994,
Experiment 1). A cue, R, that was followed by an outcome in the presence of a
well-established predictor of that outcome was subsequently rated significantly less
predictive of the outcome than was another cue, I, that was followed by the
outcome in the presence of a non-predictive cue.
A similar result was obtained in Experiment 2, in which Stocks R and I were
given an explicit neutral value. Instead of not trading R and I in Phase 1, as was
done in Experiment 1, each of these cues was followed by the outcome on 50% of
the trials in the initial phase.This modification resulted in an intermediate rating of
R and I at the conclusion of Phase 1 while maintaining the cue-interaction effect.
Notably, this effect was obtained despite the relatively large rating of the supposedly
non-predictive cue N, a circumstance that should work against finding reliable cue
interaction. During the final rating, in which the stock names were presented
individually, the cue-interaction effect disappeared. This suggests that the
participants learned about the position of the stocks in the list rather than about
the names of the individual stocks.
Experiment 3 differed from Experiment 1 and 2 in that the predictive cues no
longer had a fixed position on the computer screen. Experiment 4a was identical
to Experiment 3, except for the use of geometrical figures as cues instead of verbal
descriptions of these figures. Finally, Experiment 4b was identical to Experiment
4a, except that the outcome was fixed rather than variable.The actual chronological
order in which the experiments were run was such that a null result (Experiments
4a & 4b) was followed by a positive result (i.e., blocking, Experiment 2), which
again was followed by a null result (Experiment 3) and a positive result
(Experiment 1).This pattern of results cannot simply be explained by referring to
factors unrelated to the experimental manipulations.
We also performed an overall analysis to assess the effect of the position
variable. Specifically, we ran a doubly multivariate repeated measures ANOVA with
cue position (fixed vs. random) as a between-subject factor, phase as a withinsubject factor (Phase 1 and 2), and rating for R and I as measurements.The analysis
showed that the ratings of both cue R and I increase from Phase 1 to Phase 2 (
Fs(1, 75) > 81.72, ps < .001). More importantly, a marginally significant effect of
cue position was found for cue R (F(1, 75) = 3.95, p = .05), but not for cue I (F(1,
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75) = .52).The fixed-position condition resulted in a significantly lower rating of
cue R than was the case for the random condition.The interaction between phase
and cue position with respect to the cue R ratings was marginally significant (F(1,
75) = 3.43, p = .068). Although this interaction just fell short of statistical
significance, it supports the idea that the fixed condition produced a smaller
increase in the rating of R as a result of further training of cue R after Phase 1 than
was the case for the random condition.
Altogether, these results strongly suggest that randomising the position of the
cues hinders the occurrence of cue-interaction effects. Although this suggestion is
based upon a between-experiment comparison, it is very important to note that all
experiments were run in a period of about 12 months, participants were randomly
assigned to the experiments, and a homogeneous group of participants was used
(virtually all participants were psychology students) that showed a large consistency
with respect to performance in the pretreatment phase and in Phase 1 of the
blocking task.The actual chronological order in which the experiments were run
was Experiment 4a, 4b, 2, 3, and 1. This implies that reliable cue interaction was
found both before and after obtaining null results. Furthermore, treating the
experiments as separate blocks in a factorial experiment and making a betweenblock comparison is not uncommon in the literature and gives the experimenter a
number of advantages (Winer, 1971).This type of design gives the opportunity to
collect a large data set, to test multiple conditions and versions while at the same
time reducing the risk of making procedural mistakes.
A question that remains to be answered is the reason for this apparent difference
in sensitivity for cue-interaction effects as a function of the presence versus absence
of informative positional cues. One possibility is that a task with fixed position cues
is easier than is a task without such cues. Indeed, analysis of the pretreatment data
suggests a greater complexity of the task in Experiments 3, 4a and 4b (no cue
interaction) than that in Experiments 1 and 2 (cue interaction). Participants in the
experiments using a random position of the cues made more errors in the
pretreatment phase than did the participants with fixed cues (F(1, 75) = 19.70, p <
.001). One way in which a larger task complexity could hinder cue interaction is
because it somehow prevents transfer of the predictive value of the different cues
from training Phase 1 to the blocking Phase 2. Participants in the last three
experiments might have treated Phase 2 as a new task.Accordingly, P and N may
have been perceived as neutral cues at the outset of Phase 2, thereby precluding
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cue-interaction effects. However, this possibility is rendered less likely in view of
the fact that, on the first rating after the blocking phase in each of these
experiments (i.e. after 2 trials of each type), stimuli P, N, R, I and C were still rated
differently (Fs > 3.94, ps < .01), with the same pattern of differences between cues
as observed for the Phase 1 ratings. This implies reliable transfer of information
from Phase 1 to Phase 2. Relatedly, greater task difficulty somehow could have
encouraged treating the PR and NI compounds as separate, unique, configural
entities that are distinctively different from the sum of the separate elements of
which each of these compounds is composed (e.g. Pearce, 1987, 1994). However,
problematic for this account is that more errors were made on the NI trials than
the PR trials (Paired t-test, t = 3.65, p = .001). This difference is not expected if
both compounds were treated as new stimuli and there had been no transfer of any
predictive value from Phase 1 to Phase 2.
As an alternative to these possibilities, it may be that the nature of the cues as
such (spatial/positional vs. non-spatial/-positional) is responsible for the difference
in proneness to cue interaction, without a difference in task complexity mediating
this difference. For example, suppose that the presence of positional cues
encourages an entirely different approach to the task at hand compared to when
such cues are lacking. The presence of these cues might result in a more global
or automatic processing of the relevant cues, in this case the positional cues, than
is the case in the absence of positional cues.Without positional cues, the participant
needs to elaborately process or encode the identity of the different cues themselves.
If so, it is conceivable that, generally, the possibility to use positional cues (partially)
hinders processing of a new, added element in Phase 2 more than is the case
without such possibility.This difference in extent of stimulus processing might then
come to the fore more profoundly in the presence of a cue that already has
acquired a strong predictive value, and thus attracts much attention (P), than in the
presence of a non-predictive cue (N). Without positional cues, all cues are
(elaborately) processed to the same extent and, therefore, are able to equally acquire
predictive value in the course of Phase 2 training.
The spirit of this theoretical approach of the present results is more in line with
that of models stressing changes in CS or cue processing as a result of training (e.g.,
Mackintosh, 1975) than with that of models emphasising changes in US or
outcome processing (Rescorla & Wagner, 1972). Perhaps, human predictive
learning tasks in general are more likely to imply processes as described by CS49
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processing models than are analogues conditioning procedures using animal
participants with biologically significant USs, which may be better described by
US-processing models. In any case, the present results are relevant to the question
of what conditions are especially conducive to cue-interaction effects in human
contingency judgements (see Hinchy, Lovibond & Ter-Horst, 1995; Williams,
Sagness & McPhee, 1994, for additional conditions) or to cue-interaction effects in
general (e.g. Lachnit et al., 1990; Martin & Levey, 1991).
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ABSTRACT
In the present experiment participants were presented either a serial (F →
T+/T-) or a simultaneous (FT+/T-) feature-positive (FP) discrimination
using a Skinner box for humans. After the participants mastered the
discrimination, the associative properties of F were examined using a
transfer test and a counterconditioning manipulation. F affected responding
to a transfer target less in the serial than in the simultaneous condition.
However, counterconditioning of F did not affect initial discrimination
performance in either condition. These results were discussed in the
framework of occasion setting, elemental learning, configural learning, and
a neural network model.
Keywords: Configural learning; Counterconditioning; Feature-positive
discrimination; Occasion setting;Transfer test
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INTRODUCTION
Pavlovian conditioning (Pavlov, 1927) has typically been understood in terms of
learned excitatory or inhibitory associations between an initially neutral stimulus,
the conditioned stimulus (CS), and a biologically relevant event, the unconditioned
stimulus (US). However, not all results of Pavlovian conditioning can be explained
in terms of CS-US associations. In some situations, stimuli do not function as CSs
but fulfil a role as occasion setters. Instead of being directly associated with the US
and eliciting a conditioned response, occasion setters modulate the expression of
other, mostly ambiguous, CS-US associations (for reviews, see Holland, 1992;
Schmajuk & Holland, 1998; Swartzentruber, 1995).
One way of investigating occasion setting is by using a feature-positive (FP)
conditional discrimination (Jenkins & Sainsbury, 1969). In a feature-positive
procedure, the target (T) stimulus is only reinforced (+) when presented together
with the feature stimulus (F), but non-reinforced (-) when presented alone (FT+,
T-). According to the traditional models of Pavlovian conditioning (e.g., Pearce &
Hall, 1980; Rescorla & Wagner, 1972), F will acquire all excitatory strength (F-US
association), whereas T will remain a neutral stimulus. In terms of occasion setting
however, the differential responding on the FT and T alone trials is the result of the
modulatory power of F as an occasion setter on the T-US association (Bouton &
Nelson, 1998; Holland, 1992; Ross & Holland, 1981).
In the last decades, occasion setting has been studied extensively in animals in
both Pavlovian conditioning paradigms (see Holland, 1992; Schmajuk & Holland,
1998; Swartzentruber, 1995 for an overview) and operant conditioning paradigms
(e.g., Holland, 1991, 1995; Holland, Hamlin, & Parsons, 1997; Morell & Holland,
1993). The results of these studies reveal two properties that distinguish occasion
setters from simple Pavlovian CSs. First, the modulatory power of an occasion setter
cannot be reduced to a simple F-US association. This characteristic can be
examined by explicitly changing the associative value of F. If F would function as
a CS, a change in associative value of F ensures that the response pattern to the
original FT discrimination is altered. Instead, if F operates as an occasion setter a
change in associative value should not affect its modulatory power and no change
in the original FT discrimination is expected (e.g., Bouton & Nelson, 1998;
Holland, 1989ab, 1991, 1995; Rescorla, 1986).
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A second characteristic that distinguishes a CS from an occasion setter is its
effect on other target stimuli. In case of a CS, the associative strength of the CS
simply adds up with the strength of other CSs associated with the same US
(Rescorla & Wagner, 1972). In case of an occasion setter, no direct association
between F and the US is formed and F should modulate responding more to its
original target, or similarly trained targets, than to other target stimuli associated
with the same US (e.g., Bonardi & Hall, 1994; Holland, 1989bc, 1991, 1995; Morell
& Holland, 1993;Wilson & Pearce, 1990).
Not all FP conditional discriminations automatically lead to occasion setting
instead of straightforward Pavlovian conditioning. Holland (1983, 1986) suggested
that a perceptual discontinuity between F and T favours occasion setting. This
perceptual discontinuity can be accomplished by establishing a time interval
between the feature and target stimulus. Presenting F before T, a so-called serial FP
discrimination, is more likely to induce occasion setting than does a simultaneous
presentation of F and T (e.g., Holland, 1986, 1989c, 1991; Ross & Holland, 1981).
Occasion setting has extensively been studied in animals but only a limited
amount of research has been reported on human occasion setting (Baeyens,
Crombez, De Houwer, & Eelen, 1996; Baeyens, Hendrickx, Crombez, & Hermans,
1998; Baeyens,Vansteenwegen, Hermans,Vervliet, & Eelen, 2001; Hardwick & Lipp,
2000;Young, Johnson, & Wasserman, 2000).Three of these human studies failed to
reveal occasion setting. Baeyens and colleagues (1996 and 1998) did not find an
occasion-setting based modulation of evaluative flavour-flavour conditioning. The
results of the FP discrimination of Hardwick and Lipp (2000) are more ambivalent.
They report differential responding to the target stimulus when this stimulus is
preceded by the feature (Experiment 1). However, in their second experiment they
conclude that this differential responding does not necessary reflect a modulatory
power of the feature but could, for example, also be interpreted in terms of a simple
feature-outcome or CS-US association.
The remaining two articles (Baeyens et al., 2001;Young et al., 2000) do provide
evidence for a modulatory function of the feature in a FP design. Baeyens and
colleagues (2001) examined the role of F in an operant conditioned suppression
preparation, the Martians game (Arcediano, Ortega, & Matute, 1996). In this game,
F and T were presented either serially or simultaneously. In the serial condition, an
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extinction procedure on F did not affect the discriminative F → T/T responding
(Experiment 1), and F transferred its modulatory power only to similarly trained
targets (Experiment 2).These data provide evidence for occasion-setting properties
of F.The results of the simultaneous condition are more ambiguous; an extinction
procedure on F did not affect the original discrimination (Experiment 3), but F
readily transferred to all other targets (Experiment 4).Young et al. (2000) obtained
similar results in a causal induction task with chemicals. In both the serial and the
simultaneous group, an extinction procedure on F did not eliminate the original
discrimination performance. More selective transfer of F in the serial condition was
found but F transferred readily to all types of target stimuli in the simultaneous
condition (Experiment 1). The results of both Baeyens et al. and Young et al.
underline the importance of the temporal order between F and T (see also Young
et al., 2000, Experiment 2a).
Besides extending and replicating previous findings on human occasion setting,
our aim was to make the human and animal tasks more comparable. Occasionsetting research in rats is usually performed in Skinner boxes, whereas in the tasks
demonstrating human occasion setting, the stimuli were presented on a computer
screen. In order to enhance the comparability between animal and human operant
conditioning tasks, a human analogue of the Skinner box was designed.
In this Skinner box, an operant conditioning paradigm instead of a Pavlovian
paradigm was used. It is not uncommon to use of an operant paradigm to study
occasion setting. Holland and colleagues (see Holland, 1992), for example, arranged
Pavlovian occasion-setting relations among stimuli but additionally demanded that
an operant response (R) had to be made in the presence of the target stimuli in
order to receive reinforcement. The difference with a Pavlovian conditioning
paradigm is that, in an operant paradigm, F comes to function as a higher-order
occasion setter, controlling the relation between the target, response and reinforcer.
Schematically, an operant FP discrimination can be formulated as: F → [T → (R
→ US)] and T → (R → no US). Although F may have functioned as a higherorder occasion setter in the experiments of Holland and colleagues (see Holland,
1992), the results of extinction, counterconditioning, and transfer test resembled
those obtained in Pavlovian experiments. A simultaneous presentation of the
stimuli did not lead to occasion setting, whereas a serial presentation did.
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In the present experiment, the influence of the temporal order of F and T on
the acquisition of occasion-setting properties of F was examined by employing a
serial and simultaneous FP discrimination. In this discrimination, participants
learned to make a specific response, R1, when target T1 was presented together
with, or after, the feature (F) in order to earn points (US). Responses on T1-alone
presentations were punished by subtracting points; refraining from responding on
T1-alone trials was reinforced by adding points. Subsequently, participants were
trained to make a different response, R2, to a target T2.The modulatory power of
F on responding to target T2 was examined in a non-reinforced transfer test in
which T2 was either presented alone (T2), or in the presence of F or after F (FT2).
If F functions as an occasion setter, R2 responses on FT2 presentation are expected,
because F was never trained in combination with T2 and should not effect the
previously learned response in the presence of that target (R2). On the other hand,
if F solely functions as a stimulus with a direct association with R1 (hereafter
referred to as a CS function to indicate the parallel with a standard Pavlovian
occasion-setting preparation), presentation of FT2 should result in a response
competition between R1 responses of the F → R1 association, and R2 responses
of the T2 → R2 association. In that case, a random response pattern of R1 and R2
responses is expected. After this test, F was counterconditioned with the opposite
response, R2.This counterconditioning ensured that F becomes directly associated
with R2. The effect of this counterconditioning was examined in a retest. In this
test, the original FT1/T1 discrimination was presented without reinforcement. If
F functions as an occasion setter, counterconditioning of F should not affect the
FT1/T1 discrimination: FT1 should still elicit R1 responses. On the other hand, if
F functions as a CS, FT1 should encourage R2 responses. Finally, in a nonreinforced temporal reversal test,T1 was presented before F, changing the temporal
order between the stimuli. The purpose of this last test was to obtain information
about the necessity of maintaining the same temporal relation between F and T1
for finding the response patterns observed in the retest.

56

Serial and simultaneous feature-positive discriminations

METHOD
Participants
Two groups, drawn out of the same population of psychology students,
participated in this experiment and received course credit for participation. Group
1, consisting of 18 participants (6 males and 12 females, mean age 21.4 years), was
offered a serial FP discrimination. Group 2, consisting of 19 participants (6 males
and 13 females, mean age 24.7 years), received a simultaneous FP discrimination.
Apparatus
A human Skinner box (after an idea of Dr. W.H.I.M. Drinkenburg) was used
for training and testing the participants.As can be seen in Figure 1, this Skinner box
shows a strong resemblance to the traditional animal Skinner box. The panel was
made of hardboard and contained two speakers, one left and one right, a green light
that was placed below each speaker, and two red buttons, placed at the bottom of
the panel. In-between the two buttons, a feeder was placed, which was not used
in the current experiment. Responses could be reinforced or punished by adding
or subtracting a number of points, respectively. Punishment rather than omission of
the reinforcer was used in order to help participants distinguish incorrect responses
from non-reinforced responses on test and probe trials (see below).A display at the
top of the panel showed the total amount of points earned.Two lights, a green and
a red one, were placed above the feeder. A Power Macintosh with specially
designed software controlled the experiment.The experiment was run individually
for each participant and conducted on weekdays between 9:30 a.m. and 5:00 p.m.
The session lasted about 20 minutes.

Stimuli
Presentation of the stimuli, timing, and data collection were computer
controlled. The feature and target stimuli were of a different modality to increase
the likelihood of finding occasion setting (Holland, 1992).A tone (1000 Hz, 60 dB)
presented through the two speakers served as a feature stimulus (F) and the red and
green lights above the feeder functioned as target stimuli (Ts). The green lights
placed below the speakers served as response indicators, marking the period of each
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of the training and test trials in which responses were recorded. Pressing the left
button, the right button, or making no response at all could be reinforced,
depending on which trial type was in effect (see below). Correct responses were
reinforced by adding points to the total number of points, incorrect responses were
punished by subtracting points. Participants could press a button multiple times to
gain more points per trial. The total number of points could not fall below zero.
The roles of the target stimuli (red and green light) and the position of the
reinforced button (left or right) on the different trial types were fully
counterbalanced leading to four different versions. For the sake of simplicity, only
one version of the experiment is described in the rest of the method section.

Reward
counter
Green light (T1/T2)

Red light (T2/T1)
70 cm

Response
indicator

Speaker for
tone (F)

100

50 cm
Button (R2/R1)

Button (R1/R2)

100 cm
“Feeder”

Figure 1.
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Procedure
On entering the room, the participant was seated in front of the panel. The
experimenter started the program and gave the participant a printed instruction
(translated from Dutch):
In this game, it is your task to gather as many points as possible. You can earn
points by pressing one of the two red buttons, or by NOT pressing the buttons.
It is possible to gain more points by pressing the button multiple times.You can
earn a maximum of five points per trial.
By paying attention to the tones and lights on the panel you can find out which
response is correct. Points can be earned as soon as the two green lights above the
buttons go on.You can keep pressing the buttons for as long as the green lights
are on. The button presses will no longer be registered as soon as the lights are
switched off.
Later in the game, you will no longer be told whether your choice was correct
or incorrect on each trial.The number of points will remain the same. Be careful,
the computer still registers your responses and you can still earn points. These
points will not be visible on the display, but will be saved in the computer.
Therefore, keep on pressing (or not pressing) the buttons, accordingly to what
you think will be the correct answer!
The end of the game will be indicated by a jump of the total number of points
to zero.

The experimenter verbally repeated the most important instructions. The
participant was allowed to ask questions after these instructions.The experimenter
made sure the participant understood the instructions and left the room. The
experiment was run in one session and consisted of five training phases and three
tests (see also Table 1).
T1 training. In this training, both groups were trained not to respond after a
T1 presentation.The T1 was the green light above the feeder. At the start of the
training, 50 points were given to the participants. In this way, incorrect responses
could be punished immediately. The T1 was presented for 1500 ms and 1000 ms
after its termination, the response lights were offered for 3000 ms. Only button
presses made during this 3000 ms period were registered. Making no response was
reinforced by adding 5 points to the total number of points. Pressing one of the
two buttons was punished by subtracting the total number of button presses from
the total number of points, with a maximum of 3 points per trial. Pressing both
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TABLE 1
Overview of trained and tested associations

Serial condition
T1 training
Feature-positive
training

F→

(75% reinforced)

Temporal
reversal test

T1 → no response
T1 → R1

T1 → no response
FT1 → R1
T2 → R2

T1 → no response
T1 → R1
T2 → R2

T1 → no response
FT1 → R1
T2 → R2

F→
F→

T1 → no response
T1 → R1
T2 → ?
T2 → R2

T1 → no response
FT1 → R1
FT2 → ?
T2 → R2

F → R2

Counterconditioning

Retest

T1 → no response

F→

(75% reinforced)

Transfer test

T1 → no response

T2 → R2

T2 training

Mix training

Simultaneous condition

F→

T1 → ?
T1 → ?

T1 →

F →?

F → R2
T1 → ?
FT1 → ?
T1 →

F→?

Note: F is an auditory stimulus, T1 and T2 are visual stimuli; R1 and R2 are pressing the
left and right button (counterbalanced). Question marks indicate non-reinforced test trials.

buttons within one trial was punished by subtracting 3 points. An interval of 250
ms separated the several additions or subtractions presented after the response
period in each training. In this way, participants could easily track the number of
correct or incorrect responses they previously had made. The inter-trial-interval
(ITI) used throughout was 2000-3000 ms. Schematically, the response requirement
in T1 training can be expressed as follows:T1 → no response → US,T1 → R1 →
no US,T1 → R2 → no US, and T1 → R1/R2 → no US. Hereafter, we will only
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refer to the combinations of stimuli and responses yielding a US (increase in
points), while only schematically indicating the associations between stimuli and
responses that are assumed to be formed as a result of training (e.g. T1 → no
response, see also Table 1).The training ended after completing 10 correct trials in
a row (i.e., not responding for 10 successive trials) and led automatically to the next
training, the Feature-positive training. If the participants did not reach this criterion
within 100 trials or 10 minutes, the experiment was discontinued.
Feature-positive training. In this training, the T1 training trials were mixed with
trials in which the feature (F) was present. One group received a serial featurepositive (FP) training (Serial group); the other group was presented a simultaneous
FP training (Simultaneous group). In the Serial group, F was presented for 1500 ms,
and after an inter-stimulus-interval of 1000 ms,T1 was offered for 1500 ms. In the
Simultaneous group, F and T1 were presented simultaneously for 1500 ms. The
remainder of the trial was the same for both groups. After 1000 ms, the response
lights were switched on for 3000 ms and pressing the left button (R1) was
reinforced. Pressing the left button multiple times was rewarded by adding the
number of button presses to the score, with a maximum of five points per trial.
Pressing the right button (R2) was punished by subtracting the number of button
presses from the score, with a maximum of 3 points. Not pressing the buttons on
feature/target trials or pressing both buttons within one trial was punished by
subtracting 3 points. Schematically, the FP training can be expressed as follows: F
→ T1 → R1 and T1 → no response for the Serial group, and, FT1 → R1 and T1
→ no response for the Simultaneous group. Trial types with and without the
feature were pseudo-randomly mixed with the restriction that no more than three
trials in a row were of the same type.A trial was considered as correct if at least one
point was earned. The training ended after completing 10 correct trials in
succession, which then led automatically to the next training, T2 training. The
experiment was discontinued if the participants did not reach this criterion within
100 trials or 10 minutes.
T2 training. In the T2 training, both groups were trained to press the right
button (R2) after T2.T2, the future transfer target, consisted of the presentation of
the red stimulus light above the feeder (1500 ms). Correct responses in the marked
3000 ms period were reinforced as before. Pressing the left lever, pressing both
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levers within one trial, or responding not at all were punished by subtracting points
(maximum of 3 points, as was the case in the FP training). The criteria for
continuation to the next training were the same as described for T1 and FP
training.
Mix training. In this training, the trials of the FP and T2 training were mixed.
F → T1 (FT1 for the Simultaneous group),T1, and T2 trials were mixed at a ratio
of 1 : 1 : 1 and offered in blocks of 12 trials. One probe trial of each trial type was
offered in each trial block (per block 25% of the trials). On the probe trials, no
reinforcement was offered and the number of points on the display remained the
same. The correctness of the responses on the probe trials was recorded and
included in the criterion for continuation to the next step of the experiment (see
below). Like in the experiments of Baeyens et al. (2001), these non-reinforced trials
were introduced to ensure that the participants did not treat the non-reinforced
trials at test as a new task. The remaining 75% of the trials were reinforced as
before.The trial types were pseudo-randomly mixed with the same restrictions as
mentioned before. Responding correctly for 15 trials in a row led automatically to
the first test, the Transfer Test.The experiment was discontinued if the participants
did not reach this criterion within 100 trials or 10 minutes.
Transfer test. The role of the feature was examined by means of the Transfer
Test.This was done by testing the effect of the feature on responding to T2 (Serial
F → T2; Simultaneous FT2). If F merely functioned as an occasion setter for T1,
with no or only a weak F → R1 association, F should exert little or no influence
on responding to T2. Accordingly, participant should continue responding by
pressing the right button (R2). However, treating the feature as a CS should result
in a strong F → R1 association. Presenting F on T2 trials should then result in a
response competition between R1 responses (i.e., pressing the left button) of the F
→ R1 association, and R2 responses (i.e., pressing the right button) of the T2 →
R2 association. Shortly, the stronger the F → R1 association, the more F will
transfer its behavioural control to T2, the larger the decrease in R2 responses.Trials
were offered in two blocks, each containing 14 trials. In each block, two transfer
trials without reinforcement were offered (F → T2 → ?). The position of the
transfer trials was trial 7 and 10 in the first block, and trial 5 and 13 in the second
block. Multiple test trials were used in order to detect possible conflicting response
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tendencies (e.g., R1 on test trial 1, and R2 on test trial 2).The transfer trials for the
Serial group and Simultaneous group are indicated as F → T2 and FT2,
respectively. The remaining 12 trials were identical to those in the Mix training:
four T1, four F → T1 (or FT1), and four T2 trials, with 25% of each trial type nonreinforced. After two trial blocks (28 trials) the Transfer Test ended and a next
training, counterconditioning of the feature, was offered.
Counterconditioning training. The feature was explicitly associated with the
response opposite to that used in the preceding training and test.Thus, R2 was the
reinforced response upon presentation of F. Pressing the left button (R1), both
buttons, or no button at all was punished by subtracting points as before. Shortly,
this can be formulated as: F → R2.This training promotes that the feature becomes
associated with the response opposite to that potentially acquired during FP
training (F → R1). After having responded correctly on ten trials in a row the
second test, the Retest, was introduced.
Retest. In this test, the effect of the counterconditioning training of F on the
initial FP discrimination was tested. The test consisted of the same trials as
presented in the FP training, but no reinforcement was provided after responding.
If the feature functions as a CS, counterconditioning of the feature in the previous
training should now prompt R2. If the feature functions as an occasion setter, the
original relations between T1 and R1 should remain intact: F → T1 → R1 (Serial
group) or FT1 → R1 (Simultaneous group). For the Serial group, the Retest can
be expressed as: F → T1 → ? and T1 → ? and for the Simultaneous group as: FT1
→ ? and T1 → ? The test ended after 8 trials after which the last test, the Temporal
Reversal Test, was offered.
Temporal Reversal Test. The temporal relation between F and T1 was altered in
this test.T1 was presented for 1500 ms and, after 1000 ms, the feature was offered
(1500 ms). The purpose of this last test was to obtain information about the
necessity of maintaining the same temporal relation between F and T1 for finding
the response as observed in the Retest for the F → T1 or FT1 trials. After two
identical trials, the experiment ended and a questionnaire was given.
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Questionnaire. Participants were asked to fill in a questionnaire to obtain
information about the saliency of the stimuli used (i.e., F, T1, and T2). Saliency was
measured using a rating scale (1-10). A rating of 1 meant that the participant
thought that the stimulus was not salient at all, whereas a rating of 10 meant that
the participant found that the stimulus was extremely salient.
Behavioural measures and data analysis. On each trial, the number of presses for
each button was registered. The number of responses on a trial was used as an
indicator of certainty.The idea is that participants make more responses when they
are more certain that their response is correct.The data of the three tests (Transfer
Test, Retest, and Temporal Reversal Test) were used for data analyses. All data were
analysed using parametric tests (analysis of variance [ANOVA], repeated measures
ANOVA, and one-sample t-test). Significant interactions between main factors
were examined further using the error terms from the overall analysis (Winer,
1971). Bonferroni tests were used to adjust the observed significance level when
multiple or pairwise comparisons were made. The rejection criterion was set at p
< .05 throughout.

RESULTS
Two participants (one male and one female) in the Serial group and 3 participants
(3 females) in the Simultaneous group were excluded from the data analysis.These
five participants did not reach the end of the experiment. The remaining 32
participants, 16 in each group, were used for data analyses.Table 2 summarizes the
mean number of trials needed to complete each training. This mean number of
trials was used as an indicator of task difficulty.ANOVAs with the mean number of
trials on each training phase as dependent variables, and experimental condition as
between-subjects factor were carried out.These analyses revealed no main effect of
experimental condition, Fs(1, 31) < 1, indicating that the two experimental
conditions were equally difficult.
Furthermore, a possible influence of experimental condition on the response
rate of the correct trials in each training was examined. The overall mean rates of
responding were 6.42 and 6.23 responses per trial for the simultaneous and serial
condition, respectively. ANOVAs, with response rate as dependent variables, and
experimental condition as between-subjects factor, did not reveal any effect of
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experimental condition, Fs(1, 31) < 1.
The remainder of the results section will focus on the data obtained in the
three tests.When F → T1 and FT1 trials are concurrently discussed, these trials will
be summarized as F/T1, and the F → T2 and FT2 trials as F/T2.

Transfer test
The top panel of Figure 2 depicts the mean number of R1 and R2 responses per
trial type presented in the Transfer Test.The data of the Serial group are displayed
on the left side of the graph, the data of the Simultaneous group on the right side.
In each group, participants did not respond much to T1. For both the Serial and
Simultaneous group, the mean number of R1 and R2 responses on the T1 trials
did not significantly differ from zero, one-sample t-tests, ts(15) < 1.27.These results
were expected as participants learned to refrain from responding on T1-alone trials.
The figure also shows that both groups reacted mainly with R1 responses on
F/T1 trials and with R2 responses on the T2 trials.Two separate repeated measures
ANOVAs on the F/T1 and T2 trials confirmed this notion. In each analysis,
response type (R1/R2) functioned as within-subjects factor and experimental
condition as between-subjects factor. Both analyses revealed only a main effect of
response type, Fs(1, 30) > 89.35, ps < .001. A repeated measures ANOVA on the
data from the F/T1 and T2 test trials, with the mean number of correct F/T1 and
T2 responses as within-subjects factor, and experimental condition as betweensubjects factor, did not reveal any significant effect, Fs(1, 30) < 1.These data show
that the participants in both groups mastered F/T1 and T2 to the same extent.

TABLE 2
Mean number of training trials for each group

Training

Serial condition

Simultaneous condition

T1 training

18.31

16.69

Feature-positive training

16.56

17.44

T2 training

13.00

13.19

Mix training (75% reinforced)

17.63

20.00

Counterconditioning

11.69

12.06
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The data of the F/T2 trials are displayed on the right side of the graphs.As can
be seen, the mean response rate on these trials strongly declined compared to the
F/T1 and T2 trials.The mean response rate was calculated by averaging the mean
number of R1 plus R2 responses. A repeated measures ANOVA, with trial type
(F/T1, T2, and F/T2) as within-subjects factor, and experimental condition as
between-subjects factor, was performed.This analysis revealed a main effect for trial
type, F(2, 60) = 51.79, p < .001, but no effect for experimental condition or
interaction, Fs < 1.35. Pairwise comparisons revealed that the response rate on the
F/T2 trials was significantly lower than on each of the other two trial types of the
Transfer Test, ps < .001.
As can be seen in Figure 2, participants in the Serial group reacted with more
R2 than R1 responses on the F/T2 trials.This difference, if any, was much smaller
for the participants in the Simultaneous group. A repeated measures ANOVA on
the F/T2 data, with response type (R1 or R2) as within-subjects factor and
experimental condition as between-subjects factor, confirmed this observation.
This analysis revealed a main effect for response type, F(1, 30) = 12.34, p < .005,
reflecting overall more R2 than R1 responses, and a significant condition x
response type interaction, F(1, 30) = 4.96, p < .05.This interaction reflects that the
participants in the Serial condition responded with more R2 than R1 on F/T2,
F(1, 30) = 16.44, p < .01, whereas no differential responding was observed in the
Simultaneous condition, F(1, 30) < 1.

Retest
The middle panel of Figure 2 displays the mean number of R1 and R2 responses
on the T1 and F/T1 trials after counterconditioning of the feature (F → R2).The
response patterns of the two groups resemble those on the T1 and F/T1 trials
during the Transfer Test.That is, in both the Serial and the Simultaneous condition,
the mean number of R1 and R2 responses on the T1 trials did not differ from zero,
one-sample t-tests, ts(15) < 1.58, and participants made more R1 than R2
responses on F/T1, repeated measures ANOVA, F(1, 30) = 90.01, p < .001.
Two separate repeated measures ANOVAs were carried out to compare the
mean number of R1 and R2 responses on the F → T1 and T1 trials of the Transfer
Test and Retest. Comparing the performance on these tests gives the opportunity
to examine a possible effect of the counterconditioning training on the FP
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Mean number of responses

Transfer Test
8

R1 responses

7

R2 responses

6
5
4
3
2
1
0
T1 F -> T1 T2 F -> T2

T1

FT1

T2

FT2

Retest
Mean number of responses

8
7
6
5
4
3
2
1
0
T1

F -> T1

T1

FT1

Temporal Reversal Test
Mean number of responses

8
7
6
5
4
3
2
1
0
T1 -> F

Serial

T1 -> F

Simultaneous

Figure 2. Mean number of R1 and R2 responses + SEMs for the Serial and Simultaneous
group on the Transfer Test (top panel), Retest (middle panel), and Temporal Reversal Test
(bottom panel).
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discrimination. In each analysis, test type (Transfer Test versus Retest) functioned as
within-subjects factor, R1 and R2 served as measures, and experimental condition
served as between-subjects factor. These analyses revealed no main or interaction
effects, Fs(2, 29) < 2.22, indicating that, for both groups, the counterconditioning
of F did not affect the F/T1 versus T1 discrimination.

Temporal reversal test
As can be seen at the bottom of Figure 2, changing the temporal relation between
F and T1 strongly altered the response pattern. A repeated measures ANOVA, with
test type (Retest versus Temporal Reversal Test) as within-subjects factor, R1 and
R2 as measures, and experimental condition as between-subjects factor, was
performed to compare the response patterns of the F/T1 trials of the Retest and
the T1 → F trials of the Temporal Reversal Test.This analysis revealed a main effect
for test type, F(2, 29) = 41.57, p < .001, but no effect for experimental condition
or interaction, Fs(2, 29) < 2.78. The main effect of test type was caused by a
significant increase in R2 responses, F(1, 30) = 82.76, p < .001, and a significant
decrease in R1 responses, F(1, 30) = 18.41, p < .001.These results indicate that the
mere presentation of T1 and F is not sufficient to prompt the same response as
required during the initial FP training. Only when the participants were offered the
stimuli in the correct temporal order, did the response pattern on the F/T1 trials
remain intact.

Questionnaire
One participant in the Simultaneous condition failed to fill out the questionnaire.
The ratings of the other participants (n = 31) were used for data analyses. The
saliency ratings in the Serial group of the tone (F),T1, and T2 were 8.94, 9.06, and
9.44, respectively. For the Simultaneous group the mean ratings for these stimuli
were 7.60, 7.80, and 7.13, respectively.A repeated measures ANOVA, with stimulus
type (F, T1, and T2) as within-subjects factor, and experimental condition as
between-subjects factor, revealed only a significant effect for experimental
condition, F(1, 29) = 4.38, p < .05.The participants in the Simultaneous condition
gave lower saliency ratings to the stimuli than did the participants in the Serial
condition. No other effects were found, Fs(2, 58) < 1.
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DISCUSSION
In the present experiment, participants received either a serial or a simultaneous
operant FP discrimination. In this discrimination, participants learned to make a
specific response, R1, when target T1 was accompanied by the feature (F), and to
make no response when T1 was presented alone. Subsequently, participants were
trained to make an R2 response on T2 trials.The influence of F on responding to
T2 was tested in the Transfer Test. After this test, F was explicitly associated with
R2 and once more, the FT1/T1 discrimination (without reinforcement) was
offered. A last test, the Temporal Reversal Test, was presented to examine the effect
of a change in temporal order between F and T1.
The results of the Transfer Test show a decline in the overall response rate on
the F/T2 trials. This decline might be the result of the novelty of the F/T2
combination. Accordingly, the new combination of stimuli might have caused an
increase in the latency to initiate responding, with a resulting decrease in response
rate.The extent of novelty may also have differed between groups, with the change
from T2 to F/T2 being less marked in the serial (relatively longer interval between
F and T) than in the simultaneous condition (no delay between F and T). This
differential novelty can, in principle, also account for the difference in response
pattern between the two groups. This issue will be further discussed in the
framework of a configural learning approach to the present data. However, we will
first continue the discussion within an occasion-setting framework.
Besides the novelty of the F/T2 combination, the reduction in response rate
might also be the result of response competition. Accordingly, if F did not solely
function as an occasion setter, presentation of F should induce a R1 response (CS
properties of F). Presentation of T2 should prompt the opposite response, R2.The
result of these two conflicting response tendencies is then visible as a decrease in
response rate at the F/T2 trials. However, in the Serial condition the participants
solved this conflict, if any, in a way that is more consistent with an occasion-setting
strategy.That is, less transfer of F on T2 responding was observed in the serial group,
expressed as more R2 than R1 responses on the F → T2 trials. These results are
expected according to an occasion-setting account, because in case of a serial
presentation, F is more likely to function as an occasion setter, retrieving the T1 →
R1 relation. Since F has no strong direct F → R1 relation and it does not retrieve
the T2 → R2 relationship, presentation of F on T2 trials should not prompt R1
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responses; hence, the absence of competing R1 tendency should result in more R2
than R1 responding.
In case of a simultaneous presentation of F and T1, it is expected that the more
valid predictor F will acquire direct associative strength with R1. Presenting F
before T2 should lead to response competition, and no clear preference of R2 over
R1 responses is expected. The results of the Simultaneous group are in line with
this notion: participants showed no preference for one response type over the other.
No differences between the two conditions were found in the Retest. Both
groups responded in accordance with the occasion-setting notion.
Counterconditioning of F did not affect the FT1/T1 discrimination; participants
made R1 responses on the F/T1 trials and did not respond at all on the T1 alone
trials. The maintenance of the FT1/T1 discrimination performance was expected
in the Serial but not in the Simultaneous group. In the latter group,
counterconditioning of F was expected to result in R2 responses on the FT1 trials.
Namely, the Simultaneous condition should promote a direct association between
F and R1. With F as CS being the only reliable predictor in the FT1/T1
discrimination, counterconditioning of F with R2 should result in R2 responding
on the FT1 trials. This was clearly not the case: the original discrimination
remained fully intact.
The Temporal Reversal Test shows that the mere presentation of T1 and F is
not sufficient to prompt the same control over responding as observed in the
previous phases. In both groups, presenting T1 before onset of F altered the
response pattern as observed in the Retest.The necessity of maintaining the same
temporal relation at test as during training, are in line with animal experiments.
Holland, Hamlin, and Parsons (1997) manipulated the temporal relation between F
and T in a feature-positive discrimination.The performance of rats was best when,
at test, the F-T interval was the same as during training. However, our results differ
from those of Young et al. (2000). In their experiment 2a, reversing the order of F
and T did not result in differential responding. The participants made the same
predictions on FT as on TF presentations although the participants in the serial
condition, but not in the simultaneous or overlap condition, were slower on trials
with the changed temporal order than on those presented in the trained order.The
difference in the response patterns found in our and Youngs experiment can be
explained by an important design difference. In the experiment of Young and
colleagues, no counterconditioning or extinction of F took place (Experiments 2a
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& 2b). Participants learned to respond to a specific feature target combination. At
test, both F and T were presented and, since neither F nor T was manipulated after
acquisition, presentation of TF should lead to the same prediction as FT. In our
experiment, the associative value of F was explicitly changed by pairing F with R2
before the Temporal Reversal Test was presented.
The results obtained in the Transfer Test and Retest, are in line with the results
of previous experiments that provide evidence for occasion setting in humans
(Baeyens et al., 2001;Young et al., 2000).All experiments show that a simultaneous
and serial FP discrimination result in differential responding on the transfer test(s)
with more transfer in the simultaneous condition. More strikingly, all experiments
also show that, in both conditions, changing the associative value of F did not
eliminate the original FP discrimination. Neither extinction nor
counterconditioning of F strongly affected the response patterns in the
simultaneous and serial condition. These results contradict the idea that F will
always function as a conditioned stimulus in the simultaneous condition, and as an
occasion setter in the serial condition.
Perhaps the Retest results obtained in the Simultaneous group do not reflect
occasion setting, but reflect a different mechanism. Both the traditional learning
theory and the occasion-setting theory assume that a compound stimulus, FT, can
be broken down into two elements F and T. According to the first theory, each of
the two elements can become directly associated with the outcome. The latter
theory assumes that one element comes to retrieve the association of the other
element with the outcome. An alternative hypothesis is that the simultaneous
discrimination is not solved by means of elemental learning, but by configural
learning. Configural theories propose that compound stimuli are processed and
represented in long-term memory (LTM) as a configural unit and not as the sum
of the elements (e.g., Pearce, 1987, 1994). In case of the Simultaneous group in our
experiment, the representation of compound FT1 as a single unit is associated with
R1. Changing the stimulus, for example by presenting only part of the compound,
will not activate the entire representation of the stimulus and will therefore result
in a generalization decrement.The strength of generalized responding is a function
of the similarity between the changed stimulus, for instance presentation of Falone, and the original situation, the FT1 compound, and can be expressed by a
parameter S (FT1SF).This parameter can vary between 0 and 1 and is a function of
the number of elements that the original and changed stimuli share. If the stimuli
71

Chapter 3

are very similar, they will have more elements in common, and S will be close to
1 and there will be a strong generalization of responding. When the changed and
original stimuli have no elements in common, the stimuli will be very different and
S will be close to 0 with no, or little generalized responding (for details see Pearce,
1987).
Pearces model, however, has problems explaining the response pattern for the
Simultaneous group on the FT2 trials of the Transfer Test. Based on the formula
used by Pearce (1987) to compute the degree of similarity, the generalization from
FT1 to FT2 (encouraging R1) is smaller than the generalization from T2 to FT2
(encouraging R2). This implies more R2 than R1 responding on the FT2 trials,
which was not found. However, considering the strong decline in the mean
number of responses on FT2, one can argue that the absence of differential
responding was caused by a floor effect.
Pearces configural approach to the data of the Transfer Test in the Serial
condition in relation to the results of the Simultaneous group is more successful.
According to this configural learning account, a serial presentation of F and T1 will
lead to a representation of T1 plus the trace of F in LTM. As a result, the effective
intensity of F might be reduced and the value of F/T1SF/T2 (promoting R1) will be
smaller, and T2SF/T2 (promoting R2) will be larger in the Serial than in the
Simultaneous condition. This implies less response competition between R1 and
R2, and a larger number of R2 responses in the Serial than in the Simultaneous
condition (for formulas see Pearce, 1987).
However, Pearces configural approach, and any other account based on
generalization decrement, has problems explaining the combined results of the two
groups on the Transfer Test and Retest. In the Retest, both groups showed no
generalization from the counterconditioning of F (R2 responses) to the F/T1 trials
in the Retest. This absence of any effect of the counterconditioning treatment
cannot be explained by Pearces configural account.Within each group, all stimuli
were rated as equally salient, and at least some generalization from F to F/T1 is
expected, which was not observed. Furthermore, according to the generalization
principle, the differential generalization observed in the Transfer Test on F/T2,
should also be apparent in the Retest on F/T1 after counterconditioning of F.This
was clearly not the case: no differential responding between the Serial and
Simultaneous group was observed in the Retest. Hence, neither an elemental
theory, nor Pearces configural approach can explain the results of the simultaneous
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conditions on both the Transfer Test and the Retest, whereas the results on both
tests of the serial conditions can be explained in terms of occasion setting.
Baeyens and colleagues also point out that a configural approach is unlikely in
their serial condition. In their experiments, as well as in the experiments of Young
et al., a selective transfer of the feature to other target stimuli was found. Transfer
occurred to targets from other, similar FP discriminations but not to the following
types of stimuli: a trained and extinguished stimulus (Baeyens et al., 2001,
Experiment 2;Young et al., 2000, Experiment 1), a partially reinforced stimulus, and
a neutral stimulus (Baeyens et al., 2001, Experiment 2). This selective transfer
cannot be explained in terms of configural learning.
A last approach to be discussed is the neural network model of conditioning
proposed by Schmajuk, Lamoureux, and Holland (1998).This model deviates from
the previously mentioned approaches in that it combines configural and
elementary processes. In this model, a stimulus can directly connect with the
representation of the US, indirectly through a hidden configural unit, or both. In a
simultaneous FP discrimination, presentation of F will result in responding based
on a strong direct F-US associations. This is not the case in a serial FP
discrimination in which F comes to function as an occasion setter. A serial
presentation of F and T will result in a strong T-US association because of Ts close
temporal relation with the US. Besides the direct T-US association, T will also
activate hidden configural units, which itself inhibit the US representation, thereby
inhibiting responding on T-alone presentations. On F → T presentations, F
regulates responding to T indirectly by inhibiting the configural, hidden unit.
Without the inhibition of the hidden unit, T will elicit responses in accordance
with the T-US association.
The neural network model can explain the response pattern for the Serial
group on the Transfer Test and Retest. In the Transfer Test, the influence of F on
responding to T2 is examined. Because T2 is a simple CS, it will not activate the
configural, hidden unit and, therefore, the inhibiting effect that F has on the hidden
unit will not affect responding to T2. In the counterconditioning training, F is
explicitly associated with R2. However, on the Retest, F → T1, little response
competition is expected between the R2 responses elicited by F and the R1
responses induced by the modulated T1-US association, because T1 has a closer
temporal relation with the US than has F.
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The neural network model can also explain the results of the Simultaneous
condition on the Transfer Test. Because participants rated F and T as equally salient,
the neural network model predicts that responding on FT presentations is
controlled by a direct F-US association.Transfer of control by F on responding to
T2 can be explained by combining the effects of the F-US and T2-US association.
Both associations will activate the same US output unit, but will result in two
competing responses, R1 and R2, respectively.This response pattern is exactly what
we observed.
However, like Pearces configural approach, the model has problems explaining
the result of the Simultaneous condition on the Retest. According to the neural
network model, both the initial FT discrimination and the counterconditioning
manipulation on F result in activation of the same US. However, the F-US
association acquired on the original discrimination will elicit R1 responses,
whereas the F-US association acquired on the counterconditioning training will
induce R2 responses.This conflict implies that responding on FT presentations in
the Retest should at least be somewhat affected, which was not observed.Although
one can argue that F acquired both CS and occasion-setting properties as a result
of FT training, the model does not explicate which test circumstances will
explicitly appeal to the CS or occasion setting properties of F.
A last issue deserving attention is the fact that all experiments that provide
evidence for occasion setting in humans report asymmetric results for the
simultaneous condition.That is, the joint results of the transfer tests are in line with
the notion that F functions as a conditioned stimulus, that is, F equally transfers to
all types of other targets. Instead, the results of the retests support the idea that F
functions as an occasion setter. Namely, neither extinction nor counterconditioning
of F eliminates the original FP discrimination. This asymmetry in the data of the
simultaneous groups can be explained by a difference in novelty. On the transfer
test a new feature-target combination is offered. It is possible that especially new
trial types encourage an elemental strategy, with F functioning as a CS. On the
retests, an already familiar trial type, the FT compound, is offered. This familiar
compound can trigger the accompanying response pattern, which is stored in
LTM, and participants will respond in accordance with the original FP
discrimination.
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In conclusion, the results of the present experiment are in line with previous
findings on human occasion setting. However, the question regarding the exact
mechanism underlying the performance in the two experimental conditions
remains to be answered.
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ABSTRACT
The present experiment examined whether 9-10 year old children and
adult students differ in cognitive strategy used to solve a serial featurepositive discrimination. Using a human Skinner box, the participants
learned to make a specific motor response (R) to a visual target stimulus
(T) when it was preceded by an auditory feature cue (F) and to refrain from
responding to T when presented alone. In principle, this discrimination can
be solved in two distinctively different ways: by forming a direct association
between F and R (simple associational strategy), or by using F to effectuate
the association between T and R (occasion setting). Subsequent tests
evaluated the ability of F to (1) affect responding to a transfer target
(transfer test) and (2) affect responding to T after a counterconditioning
manipulation (retest). The results suggest that, for both the children and
students, responding during the transfer test was under the control of the
associational strategy. However, retest responding was controlled by
occasion setting more in the students than in the children.
Keywords: Age differences; Associational learning; Cognitive strategy;
Feature-positive discrimination; Occasion setting
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INTRODUCTION
In Pavlovian conditioning (Pavlov, 1927) an initially neutral stimulus, the
conditioned stimulus (CS), is paired with a biologically relevant event, the
unconditioned stimulus (US). As a result, an association is thought to be formed
between the CS and US. However, not all conditioning can be explained in terms
of direct CS-US associations. In some situations, stimuli do not function as CSs but
acquire modulatory power and become occasion setters. Instead of being directly
associated with the US and eliciting a conditioned response, occasion setters
modulate the expression of CS-US associations (for reviews, see Holland, 1992;
Schmajuk & Holland, 1998; Swartzentruber, 1995).
The nature of the mechanism underlying conditioned responding (occasion
setting versus simple association function) can be investigated by means of a (serial)
feature-positive (FP) discrimination (Jenkins & Sainsbury, 1969). In this
discrimination, one stimulus, the target (T), is only followed by the US (+) when
presented together with, or preceded by, the feature stimulus (FT+), but not when
presented alone (T-). In principle, this FP discrimination can be solved in two
different ways. First, the FP discrimination can be solved by Pavlovian
conditioning: F is the most predictive cue for the occurrence of the US and will,
therefore, acquire all excitatory strength (F-US association), whereas T remains a
neutral stimulus (e.g., Pearce & Hall, 1980; Rescorla & Wagner, 1972). Second, the
FP discrimination can be solved by means of occasion setting with F functioning
as an occasion setter, effectuating the T-US association (Bouton & Nelson, 1998;
Holland, 1992; Ross & Holland, 1981), with this ability being independent of any
separate, simple associations that this occasion setter may have with other stimuli
(CSs or USs).
Extensive studies in animals, using both Pavlovian (see Holland, 1992;
Schmajuk & Holland, 1998; Swartzentruber, 1995 for an overview) and operant
conditioning paradigms (e.g., Holland, 1991, 1995; Holland, Hamlin, & Parsons,
1997; Morell & Holland, 1993) have revealed two properties that distinguish
occasion setters from CSs. First, the modulatory power of an occasion setter cannot
be reduced to an F-US association. If F functions as a CS, a change in its associative
value -implying a change in the associative value of the FT compound- alters the
response pattern on the original FT/T discrimination. However, if F operates as an
occasion setter, a change in its associative value leaves the original discrimination
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performance intact (e.g., Bouton & Nelson, 1998; Holland, 1989ab, 1991, 1995;
Rescorla, 1986).
A second property that distinguishes an occasion setter from a CS is its effect
on responding to other target stimuli. In the case of a CS function, the associative
strength of the CS simply adds up with the associative strength of other target
stimuli paired with the same US (Rescorla & Wagner, 1972). An occasion setter,
however, modulates responding more to its original target, or similar trained targets,
than to other stimuli (e.g., Bonardi & Hall, 1994; Holland, 1989bc, 1991, 1995;
Morell & Holland, 1993;Wilson & Pearce, 1990).
Occasion setting has extensively been examined in animals, but only a limited
amount of research reports on occasion setting in humans (Baeyens, Crombez, De
Houwer, & Eelen, 1996; Baeyens, Hendrickx, Crombez, & Hermans, 1998;
Baeyens, Vansteenwegen, Hermans, Vervliet, & Eelen, 2001; Dibbets, Maes, &
Vossen, in press; Hardwick & Lipp, 2000; Young, Johnson, & Wasserman, 2000).
Only three of these articles provide evidence for an occasion-setting function of
the feature in a FP design (Baeyens et al., 2001; Dibbets et al., in press;Young et al.,
2000), and these studies have all used adults as participants.
According to several authors, young children and adults differ in how they
process complex events (for an overview see House, Brown, & Scott, 1974).
Children younger than 4½ - 5 years of age have more problems solving tasks that
require a relational strategy than do older children (e.g., Halford, 1995; Rudy,
Keith, & Georgen, 1993). For example, young children have difficulties solving a
standard oddity discrimination task (e.g., see House et al., 1974 for an overview;
Overman, Bachevalier, Miller, & Moore, 1996), a conditional discrimination task
(e.g., Gollin & Liss, 1962), a transverse patterning problem (Rudy et al., 1993), and
spatial relational tasks (e.g., Lehnung, Leplow, Free, Herzog, & Ferstl, 1998;
Overman, Pate, Moore, & Peuster, 1996). However, in all of these experiments,
young children were able to solve similar tasks if those tasks also permitted a simple
associational solution.
It seems that children around the age of seven are able to use both simple
associational and complex relational strategies (see House et al., 1974). Because
most experiments concentrate on the ontogeny of these strategies, it is not clear
whether different age groups prefer the use of one of the strategies, even when
having access to both strategies. We expect that, although children older than 7
years of age can use both relational and associational strategies, they will be inclined
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to use an associational strategy, since this strategy has been useful in the recent past.
Adult participants, however, having more experience in successfully solving
relational problems using a more complex (relational) strategy will preferentially
select such strategy (Halford, 1993).
To test this hypothesis, an operant instead of a Pavlovian serial FP
discrimination was offered to students and 9-10 year old children. Operant
paradigms are frequently used to examine occasion setting. Holland and colleagues
(see Holland, 1992), for example, offered animals Pavlovian occasion-setting
relations between stimuli but additionally required the subjects to make an operant
response (R) on presentation of the target stimulus (T) in order to receive
reinforcement (US). The difference with a Pavlovian occasion-setting paradigm is
that, in an operant paradigm, F may come to function as a higher-order occasion
setter, controlling the relation between T, R, and US. The relation between the
stimuli and responses can be formalised as follows: F → [T → (R → US)] and
T → (R → no US).Although F functioned as a higher-order occasion setter in the
experiments of Holland and colleagues (see Holland, 1992), the results resembled
those obtained in Pavlovian occasion-setting experiments.
This operant FP discrimination can be solved by using a simple associational
strategy, a more complex relational strategy, or both. In case of a simple associational
strategy, F will function as a stimulus that is directly associated with the response
that elicits the US, (F → R). In case of a complex relational strategy, F comes to
function as an occasion setter, triggering the relation between the target and
response, F → (T → R).
In the present experiment, a human version was used of a standard Skinner box
typically employed in animal learning and memory research. Specifically,
participants learned to make a specific response (R1) when a specific visual target
(T1) was presented after an auditory feature (F) in order to earn points (US).
Responding when T1 was presented alone resulted in a decrease of points (no US).
Subsequently, participants were trained to make a different response (R2) to
another target (T2), which resulted in the same US.The effect of F on responding
to T2 was examined in a non-reinforced transfer test in which T2 was either
presented alone (T2) or after F (F → T2). If participants use an occasion-setting
strategy in the original FP discrimination, F → T2 trials are expected to evoke R2.
This is because F is not an occasion setter with respect to R2 and, therefore,
presentation of F will not affect the T2 → R2 association. On the other hand, if
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participants use a simple associational strategy in the original FP discrimination, F
will come to function as a stimulus with a direct relation with R1 (hereafter
referred to as a CS to indicate the parallel with a standard Pavlovian occasionsetting preparation). In case F functions as a CS, presentation of F → T2 should
result in a response competition between R1 responses prompted by the F → R1
association, and R2 responses triggered by the T2 → R2 association.The result of
these competing response tendencies would be expressed in a more or less random
response pattern within participants.
After the Transfer Test, F was conditioned with the opposite response, R2.This
counterconditioning ensured that F becomes directly associated with R2. The
effect of this manipulation was examined in a test in which the original F →
T1/T1 discrimination was presented without reinforcement. If F exclusively
functions as an occasion setter, counterconditioning of F should not affect the F →
T1/T1 discrimination performance, implying that F → T1 trials should still elicit
R1 responses. If F functions as a CS, presentation of F → T1 should result in a
response competition between R2 responses elicited by the F → R2 association,
and R1 responses prompted by the original F → R1 association.

Reward
counter
Green light (T1/T2)

Red light (T2/T1)
70 cm

Response
indicator

Speaker for
tone (F)

100

50 cm
Button (R2/R1)

Button (R1/R2)

100 cm
“feeder”

Figure 1. Schematic representation of the human Skinner box.
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METHOD
Participants
Thirty-four children (17 males and 17 females, mean age: 9 years and 7 months)
and twenty-two students (12 males and 10 females, mean age: 24 years and 1
month) participated in this experiment.The children received a small present (e.g.,
keyring, stickers, or marbles) for participation; the students received course credit
for their contribution.The children were recruited from a local elementary school
and permission for their participation was obtained by asking their parents to fill in
a written informed consent. Students could participate by writing down their
name on a participant list.

Apparatus
A human Skinner box panel was used for training and testing (see Figure 1).
The panel was made of hardboard and contained two speakers, one on the left and
one on the right side. Furthermore, a green light was placed below each of the
speakers and two red buttons were placed at the bottom of the panel. In-between
the two buttons, a feeder was placed which was not used in the current
experiment. Responses could be reinforced or punished by adding or subtracting
points, respectively. A display at the top of the panel showed the total amount of
points earned.Two lights, a green and a red one, were placed above the feeder. A
Power Macintosh, with specially designed software, ran the experiment. The
experiment was run individually for each participant and conducted on weekdays
between 9:30 and 17:00 h.The total test duration was about 20 minutes.
Stimuli
Stimulus presentations, timing, and data collection were computer controlled.
The feature and target stimuli were of a different modality. A tone (1000 Hz, 60
dB) served as a feature (F) and the red and green lights above the feeder functioned
as target stimuli (Ts).The green lights placed below the speakers served as response
indicators, marking the period in which responses were recorded. Responses to
either the left button, the right button, or making no response at all could be
reinforced, depending on which trial type was in effect (see below). Correct
83

Chapter 4

responses were reinforced by adding points to the total number of points and
flashing the response indicators. Incorrect responses were punished by subtracting
one point. Participants could press a button multiple times to gain more points per
trial.The total number of points could not fall below zero.The roles of the target
stimuli (red and green light) and the position of the reinforced button presses (left
or right) were fully counterbalanced.
Procedure
On entering the room, the participant was seated in front of the panel. The
experimenter started the program and gave the participant oral instructions
(translated from Dutch):
You are going to play a game. The purpose of this game is to gather as many
points as possible. You can earn points by pressing the left button, the right
button, or by NOT pressing the buttons. It is possible to gain more points by
pressing the button multiple times.You can earn a maximum of five points per
trial.
By paying attention to the tones and lights on the panel, you can find out
whether you have to press the left button, the right button, or do not have to
press the buttons at all. Points can be earned as soon as the two green lights above
the buttons go on. You can keep pressing the buttons for as long as the green
lights are on. Button presses before the lights are switched on, or after the lights
are switched off, are not counted.

The participant was allowed to ask questions after these instructions. The
experimenter repeated the most important instructions and started the first
training. During training trials, the participant was verbally encouraged (e.g., you
are doing very well) without telling the correct answers. No verbal feedback was
provided on test trials.The experiment was run in one session and consisted of six
training phases and two tests (see also Table 1).The transitions between the training
phases and tests were not marked for the participants in any way except where
explicitly indicated.
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TABLE 1
Overview of trained and tested associations

Training/Test

Trial types
T1 → no response

T1 training
Feature-positive
training

F→

T2 → R2

T2 training

Mix training

F→

T1 → no response
T1 → R1
T2 → R2

F→

T1 → no response
T1 → R1
T2 → R2

F→
F→

T1 → no response
T1 → R1
T2 → ?
T2 → R2

(100% reinforced)

Mix training
(75% reinforced)

Transfer test
(75% reinforced)

F → R2

Counterconditioning

Retest

T1 → no response
T1 → R1

F→

T1 → ?
T1 → ?

Note: F is an auditory stimulus, T1 and T2 are visual stimuli; R1 and R2 are pressing the
left and right button (counterbalanced). Question marks indicate nonreinforced test trials.

T1 training. The participant first learned not to respond after presentation of
T1.T1 consisted of either the green or red light above the feeder. At the start of
training, 50 points were given to the participant. In this way, incorrect responses
could be punished immediately by subtracting points. T1 was presented for 1500
milliseconds (ms) and 100 ms after its termination, the response lights were offered
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for 3000 ms. Only button presses made during this 3000 ms period were registered.
Making no response was reinforced by adding five points to the total number of
points. An interval of 650 ms separated the several additions after the response
period in each test or training. The indicator lights were flashing during the
additions. Pressing one of the two buttons, or pressing both buttons, was punished
by subtracting one point.Throughout the entire experiment, a random inter-trialinterval with a range of 3000 to 4000 ms separated the trials. Schematically, T1
training can be expressed as follows: T1 → no response → US, T1 → R1 → no
US,T1 → R2 → no US, and T1 → R1/R2 → no US. Hereafter, we will only refer
to the combinations of stimuli and responses leading to reinforcement (US), while
only schematically presenting the associations between stimuli and responses that
are assumed to be formed as a result of training (e.g., T1 → no response, see also
Table 1). The training ended after completing five correct trials in a row (i.e., not
responding for five trials) and led automatically to the next training: the Featurepositive training. If the participant did not reach this criterion within 50 trials or
10 minutes, the experiment was discontinued.
Feature-positive training. The T1 trials of the previous training were mixed with
trials in which the feature (F) was presented prior to T1.The feature was presented
for 1500 ms and, after an inter-stimulus-interval of 100 ms,T1 was offered for 1500
ms. One hundred ms after termination of T1, the response lights were switched on
for 3000 ms and pressing one of the two buttons (R1) was reinforced.The number
of R1 responses was added to the score, with a maximum of five points per trial.
Pressing the other button (R2), both buttons within one trial, or no button at all
was punished by subtracting one point from the total score. Schematically, this
training can be expressed as: F → T1 → R1 and T1 → no response.Trial types with
and without the feature were pseudo-randomly mixed with the restriction that no
more than three trials in a row were of the same type. A trial was considered as
correct if at least one point was earned. The training ended after completing five
correct trials in succession and led automatically to the next training:T2 training.
The experiment was discontinued if the participant did not reach this criterion
within 50 trials or 10 minutes.
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T2 training. Subsequently, the participant learned to press R2 after T2. T2
consisted of the presentation of the alternative stimulus light above the feeder (1500
ms). Correct responses were reinforced as before. Pressing the incorrect lever,
pressing both levers within one trial, or responding not at all were punished by
subtracting one point. The criteria for continuation to the next training were the
same as mentioned in T1 and Feature-positive training.
Mixed training. In this training, the trials of the Feature-positive and T2 training
were mixed. F → T1,T1, and T2 trials were mixed at a ratio of 1 : 1 : 1 and offered
in blocks of 12 trials.The trial types were pseudo-randomly mixed with the same
restrictions as mentioned before. Responding correctly for seven trials in a row led
to the next training.
Partial Reinforcement training. This training started with the following verbal
instructions (translated from Dutch):
You are doing so well that we are going to make the game more complex. From
now on, you can no longer earn points every time you press or do not press the
buttons. Be careful, the computer still counts the points you earn. These points
will not be visible on the display, but will be saved in the computer. Therefore,
keep on pressing or not pressing the buttons according to what you think will be
the correct answer!

The Partial Reinforcement training was identical to the mixed training with the
exception of the reinforcement schedule. Instead of a continuous reinforcement
schedule, the participant was reinforced on 75% of the trials. That is, in each trial
block of 12 trials, one probe trial of each trial type (T1, F → T1, and T2) was
offered. On these trials, no reinforcement was given and the number of points on
the display remained the same. The probe trials were included to ensure that the
participant continued responding (or not responding) after non-reinforced trials.
The trial types were pseudo-randomly mixed with the same restrictions as
mentioned before. Seven correct trials in a row led automatically to the first test:
the Transfer Test.
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Transfer test. The Transfer Test was performed to assess which strategy was used
to solve the FP discrimination.This was done by testing the effect of the feature on
responding to T2. If an occasion-setting strategy was used in the original
discrimination, F came to function as an occasion setter for T1. The response
pattern on F → T2 trials should then be identical to that of T2 training (i.e., R2)
and no transfer of behavioural control of F to T2 is expected. With a simple
associational strategy, F comes to function as a CS and competition between R1
and R2 is expected: presentation of F on T2 trials should induce R1, while, at the
same time,T2 itself should evoke R2.
The Transfer Test consisted of one block of 14 trials. In this block, two transfer
trials (on trials 7 and 10) without feedback were offered, which can be formulated
as F → T2. The remaining 12 trials were identical to those of the Partial
Reinforcement training: four T1, four F → T1, and four T2 trials, with 75% of each
trial type reinforced. The Transfer Test ended after 14 trials and the next training,
counterconditioning of the feature, was offered.
Counterconditioning. In this training, the feature was explicitly paired with a
response that was opposite to that during the FP discrimination.Thus, R2 was the
reinforced response upon presentation of F. Responding with R1, with R1 and R2,
or making no response at all were all punished by subtracting one point. Shortly,
this can be formulated as follows: F → R2.This training promotes that the feature
becomes a CS for R2. Responding correctly on five trials in a row led to the last
test, the Retest.
Retest. The last test consisted of the same trials as presented in the Featurepositive training, but no reinforcement was provided after responding. If the
participant only uses a simple associational strategy, F will function as a CS, and
response competition between R1 and R2 is expected on F → T1. Namely, the
previous F → R2 training will elicit R2 responses, while the original F → R1
association prompts R1 responses. An occasion-setting strategy will leave the
original F → T1/T1 discrimination intact: F → T1 → R1 and T1 → no response.
The Retest can be expressed as: F → T1 → ? and T1 → ? The experiment ended
after 2 trials of each trial type (i.e., 4 trials).
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Behavioural measures and data analysis. On each trial, the number of button
presses on the left and right button was registered. The number of responses was
used as an indicator of certainty under the assumption that participants make more
responses the more they are certain that their response is correct. The data of the
Transfer Test and Retest were used for data analyses. All data were analysed using
parametric tests (ANOVA, MANOVA Wilks Lambda, and One sample t-test).
Interactions between main factors were examined further using the error terms
from the overall analysis (Winer, 1971). Bonferroni tests were used to adjust the
observed significance level when multiple comparisons were made. The rejection
criterion was set at p < .05 throughout.

RESULTS
Fourteen children (8 males and 6 females) and two students (1 male and 1 female)
were excluded from the data analysis because they did not fulfil one of the
performance criteria indicated above.The remaining 40 participants, 20 in each age
group, were used for data analyses (mean age children: 9 years and 9 months, mean
age students: 24 years and 2 months).Table 2 summarises the mean number of trials
needed to complete each training phase. A MANOVA was carried out with the
mean number of trials for each of the training phases (i.e.,T1, FP,T2, mixed, partial
reinforcement and counterconditioning training) as dependent variables and age

TABLE 2
Mean number of training trials for each group

Training

Children

Students

T1 training

16.90

11.60

Feature-positive training

15.60

8.75

T2 training
Mix training (100% reinforced)
Mix training (75% reinforced)
Counterconditioning

7.10

7.20

14.95

9.45

9.10

8.40

10.05

7.15
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group as between-subjects factor.This analysis revealed a main effect of age group,
F(6, 33) = 5.09, p < .005. Univariate tests indicated that the students needed less
trials to reach the criterion in the FP training, the mixed training, and the
counterconditioning training, Fs(1, 38) > 4.82, ps < .05, than did the children.
Furthermore, a possible influence of age on the mean response rate of the
correct trials of each trial type in each training was examined (i.e., F → T1,T2, and
F-alone).The overall mean rates of responding for the children and students were
5.49 and 4.15 responses per trial, respectively.A MANOVA with the mean response
rate on the different trial types as dependent variables, and age group as betweensubjects factor revealed no effect of age group, F(7, 32) < 1.

Transfer test
The top panel of Figure 2 depicts the mean number of R1 and R2 responses per
trial type presented in the Transfer Test.The data from the children are displayed on
the left side of the graph, the data from the students on the right side. Both the
children and the students did not respond much on T1-alone trials. One sample ttests indicated that, in each group, the mean number of R1 and R2 responses on
T1 did not significantly differ from zero, ts(19) < 1.46.
Figure 2 also shows that both groups primarily reacted with R1 on F → T1
trials and with R2 on T2 trials. Two separate repeated measures ANOVAs
confirmed this notion. In each analysis, response type (R1 versus R2) functioned
as within-subjects factor, and age group as between-subjects factor. Both analyses
revealed only a main effect of response type, Fs(1, 38) > 116.79, ps < .001. These
results are expected since both groups were trained to refrain from responding on
T1, to react with R1 on F → T1 trials, and with R2 on T2 trials.The absence of a
group difference indicates that both groups mastered the task equally well.
The data of the F → T2 trials are displayed on the right side of Figure 2.As can
be seen, both the children and the students reacted with an equal number of R1
and R2 responses on the F → T2 trials. The overall response rate, however, was
higher for the children than for the students. A repeated measures ANOVA on the
F → T2 trial type data, with response type (R1 or R2) as within-subjects factor,
and group as between-subjects factor, confirmed this description of the data. This
analysis revealed only a main effect of group, F(1, 38) = 17.36, p < .001, reflecting
a higher response rate for the children than for the students. No effect of response
type or response type x age group interaction was found, Fs < 1.
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Mean number of responses

Transfer Test
8

R1 responses

7

R2 responses

6
5
4
3
2
1
0
T1

F -> T1

T2

F -> T2

T1

F -> T1

T2

F -> T2

Retest
Mean number of responses

8
7
6
5
4
3
2
1
0
T1

F -> T1

Children

T1

F -> T1

Students

Figure 2. Mean number of R1 and R2 responses + SEMs for the children and students
on the Transfer Test (top panel) and Retest (bottom panel).
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Retest
The bottom panel of Figure 2 depicts the mean number of R1 and R2 responses
on the T1 and F → T1 trials of the Retest. The data of the T1 trials strongly
resemble those obtained in the Transfer Test, that is, the mean number of R1 and
R2 responses in each group on did not differ from zero on these trials, one sample
t-test, ts(19) < 1.75. These results indicate that counterconditioning of F did not
influence (not) responding to T1.
The results obtained on the F → T1 trials are more complex. A difference
between age groups is observed when the results on the F → T1 trials of the Retest
are compared with the results of the same trials of the Transfer Test. The response
pattern of the students had not changed: participants continued to make primarily
R1 responses. The response pattern of the children, however, had changed.
Compared to the Transfer Test, children showed a decrease in the mean number of
R1 responses and an increase in the mean number of R2 responses. A MANOVA
was carried out to test the influence of the counterconditioning training on the FP
discrimination. In this analysis, test type (Transfer Test/Retest) served as withinsubjects factor, R1 and R2 functioned as measures, and age group functioned as
between-subjects factor.This analysis revealed a main effect of test type, F(2, 37) =
4.72, p < .05, and marginally significant effects of age group and age group x test
type interaction, Fs(2, 37) > 2.70, ps < .08. The main effect of test type reflects a
general decrease in responding.The interactions were analysed further and revealed
that only for the children, relative to the Transfer Test, did the mean number of R1
responses decrease, F(2, 37) = 14.99, p < .01, and the mean number of R2
responses increase, F(2, 37) = 9.91, p < .01. No change in the mean number of R1
or R2 responses was observed in the students. Fs < 1. Planned comparisons on the
F → T1 trials of the Retest revealed that only the students responded with more
R1 than R2 responses on F → T1, t(19) = 4.45, p < .001, no significant difference
between R1 and R2 was detected in the children, t(19) = 1.42. Furthermore, the
children made more R2 responses than did the students on the F → T1 trials of
the Retest, F(2, 37) = 6.86, p < .01 but no difference was detected between age
groups on the same trials in the Transfer Test, F(2, 37) < 1.
These data indicate that the response pattern on F → T1 was significantly
affected by the counterconditioning in the children, but not in the students.
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DISCUSSION
In the present experiment, children and students received an identical serial FP
discrimination task. All participants learned to make a specific response, R1, when
a feature, F, preceded a target T1. They also learned to refrain from making a
response when T1 was presented alone. Subsequently, participants learned to make
a R2 response upon presentation of T2. The effect of F on responding to T2 was
tested in a Transfer Test. Subsequently, F was explicitly associated with R2 and, in
the Retest, F → T1 and T1 (no reinforcement) were offered once more.
The results of the Transfer Test indicate that the children and students
eventually mastered the task to the same extent. Participants primarily responded
with R1 on F → T1 trials, with R2 responses on T2 trials, and refrained from
responding on T1-alone trials. No significant differences were detected between
the two age groups. The results obtained on the F → T2 Transfer Test trials
indicated that the response rate for the children was higher than that for the
students. This difference might reflect that the children are more certain of their
choices on the F → T2 trials, or it might represent a higher degree of impulsivity.
Impulsivity is known to decline over the years as participants learn to control their
behaviour to avoid errors and increase their efficiency (e.g., Maccoby, 1984; Salkind
& Nelson, 1980).
The absence of a difference in the number of R1 and R2 responses on the
F → T2 Transfer Test trials, in both groups, is in line with a simple associational
strategy. Accordingly, if F functions as a CS, presentation of F should induce R1
responses, whereas presentation of T2 should prompt the opposite response, R2.
The result of these two response tendencies is then visible as a random response
pattern. In case F functions as an occasion setter, no direct F → R1 association is
formed and presentation of F should have no effect on T2 → R2.
The data of the Retest show a different picture.The counterconditioning of F
did not affect the F → T1/T1 discrimination in the students; participants primarily
continued to make R1 responses on the F → T1 trials and did not respond on the
T1-alone. Furthermore, no differences were detected between responding on the
F → T1 trials of the Transfer Test and Retest. The children too refrained from
responding on the T1 trials, but they reacted differently on the F → T1 trials than
did the students. On these latter trials, the children reacted with both R1 and R2
responses, and compared to the F → T1 trials of the Transfer Test, the mean number
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of R1 and R2 responses decreased and increased, respectively. Furthermore, the
children made significantly more R2 responses on the F → T1 trials of the Retest
than did the students, whereas this was not the case for the same trials in the
Transfer Test.This change in response pattern is only expected if participants use a
simple associational strategy to solve the FP discrimination.That is, such a strategy
results in a direct association between F and R1. A change in the associative value
of F, by explicitly associating F with R2, should result in a response competition
between R1, elicited by the original F → T1 discrimination, and R2, triggered by
F → R2. In case of an occasion-setting strategy, F is not directly associated with
R1, or discrimination performance at least does not rest upon such an association,
and a change in the associative value of F should not disturb the original response
pattern on F → T1. Thus, the childrens altered response pattern on the F → T1
trials of the Retest provides evidence for a simple associational strategy; the intact
response pattern of the students corresponds with an occasion-setting strategy.
The retest results of the students are in line with previous recent human
occasion-setting experiments (Baeyens et al., 2001; Dibbets et al., in press;Young et
al., 2000).All these articles report that, in a serial FP discrimination, a change in the
associative value of F does not eliminate the original FP discrimination.
The absence of an occasion-setting strategy for the students on the F → T2
Transfer Test was unexpected. Previous research has indicated that, in a serial FP
discrimination, F primarily affects responding to its original target, or to similarly
trained targets (Baeyens et al., 2001;Young et al., 2000). No transfer of F is typically
observed in the case of a trained and next extinguished stimulus (Baeyens et al.,
2001; Young et al., 2000), a partially reinforced stimulus, or a neutral stimulus
(Baeyens et al., 2001). Moreover, no complete transfer was observed to another
target associated with the same US (Dibbets et al., in press).
The observed lack of a response pattern that is in accordance with an occasionsetting strategy in students is probably caused by the short Feature-Target interval
(FTI). Results obtained in animal experiments suggest that shortening the FTI
results in a decrease of the occasion-setting potential to the benefit of the
associational mechanism of F in FP discriminations (e.g., Holland 1986, 1992; Ross
& Holland, 1981). In the present experiment, we used a short FTI because a pilot
study showed that children were not able to solve the FP discrimination when
using longer FTIs.
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The results of the children are in line with our expectations. Children older
than 7 years prefer a more simple associational strategy to a complex, relational
occasion-setting strategy. On both the Transfer Test and the Retest, they responded
in accordance with a simple strategy and no evidence for occasion setting was
observed.
The childrens response on the F → T1 retest trials cannot be explained in
terms of a retrieval failure. If the children were not able to retrieve information
from the original FP discrimination, one would expect a random response pattern
on both F → T1 and T1 trials. However, this was not the case.The children refrained
from responding on the T1 trials of the Retest, as was previously learned in the FP
discrimination, and reacted with R1 and R2 responses on the F → T1 trials.
The results of the students underline the idea that adults can use both a simple
associational strategy and an occasion-setting strategy to solve the FP
discrimination. The results of the students on the F → T2 trials are in line with a
simple associational strategy while the results of the Retest are in line with a more
complex occasion-setting strategy.The use of separate strategies on the Transfer Test
and Retest might be explained by a difference in novelty. On the Transfer Test, a
new feature - target combination is offered. It is possible that especially during new
trial types participants fall back on a simple associational strategy, with F
functioning as a CS.The Retest implies the presentation of an already familiar trial
type, F → T1. This familiar combination may leave more space for expressing a
complex relational, or occasion-setting, strategy.The use of such a strategy is then
visible as a response pattern that corresponds with the one observed in the original
FP discrimination.The Retest results indicate that the children are inclined to use
an associational strategy, even when the stimulus combination is familiar.
To summarise, the results of the present experiment suggest that children, who
are expected to have access to both simple associational and complex relational
strategies, are inclined to use a simple strategy to solve a serial FP discrimination
under more conditions than are students. The latter relied on both simple and
complex strategies to solve the same discrimination, but let the simple associational
mechanism affect their responding under less conditions than was the case for the
children.These results are generally in line with those of previous occasion-setting
experiments and provide the first indication of the use of different strategies in
children and students in conditional discrimination problems as operationalized in
the present FP discrimination task.
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ABSTRACT
Two experiments assessed contextual dependencies in a predictive-learning
task. Participants learned to associate each of four pictorial stimuli with the
occurrence or non-occurrence of a specific outcome. Each of these stimuli,
the intentional stimuli, was presented against one of two different visual
(Experiment 1) or auditory (Experiment 2) context stimuli.These context
stimuli were incidental: participants were not explicitly instructed to pay
any attention to them and each of them in isolation was not predictive of
the outcome. During acquisition and testing, participants expressed the
expected relationship between intentional stimulus and outcome by an
appropriate key press.At test, intentional stimuli were presented either with
the same contextual stimulus as also present during acquisition (same trials),
or with the other one (switched trials).The response latency was slower on
switched trials than on same trials in each experiment, a result extending
previous findings on the effect of environmental contextual stimuli on task
performance. Results are discussed in the framework of contextual
occasion setting and habituation to contextual stimuli.
Keywords: Context dependency; Predictive Learning; Response Latency;
Switched Context
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INTRODUCTION
Memory is said to be context dependent if recall of learned material is better if
testing is conducted in the same context as present during learning than if it is
conducted in another context. Importantly, the impairment in the other context
must not be readily explainable in terms of some more or less trivial factor, such as
a difference in novelty between contexts. There is a wealth of both animal and
human research demonstrating context dependency. In most animal research on
this subject, context is defined as environmental context (e.g., Honey,Willis, & Hall,
1990) or as physiological state (e.g., Maes & Vossen, 1996, 1997ab; Maes,Van Rijn,
& Vossen, 1996). Various types of context have also been manipulated in human
research, such as physical context (e.g., S.M. Smith, 1988), physiological state (e.g.,
Roy-Byrne et al., 1987), mood state (e.g., Balch & Lewis, 1996), and input
modality (e.g., Geiselman & Bjork, 1980).
Most of the experiments examining context-dependent memory in humans
have focused on verbal learning using word lists (e.g., Herz, 1997; Schab, 1990; S.M.
Smith, 1979; D.G. Smith, Standing, & Man, 1992), different types of associativeword tasks (Ackerman, 1987; Hanley & Morris, 1987; McEvoy, Nelson, Holley, &
Stelnicki, 1992), sentences (Masson, 1979), or non-words and words (Russo,Ward,
Geurts, & Scheres, 1999, Experiments 2 & 3). In all of these experiments, context
dependency was expressed in the number or proportion of recalled or recognised
material.
However, Anderson, Wright, and Immink (1998), Shea and Wright (1995),
Wright and Shea (1991), and Wright, Shea, Li, and Whitacre (1996) have used
motor skill acquisition tasks and showed that contextual dependency can also be
expressed in an increase in response latency (time to initiate the correct motor
response). In their experiments, stimuli were displayed on a computer monitor.The
stimuli consisted of both intentional cues, essential for achieving some correct
motor response (a particular sequence of key presses), and incidental cues, not
obviously related to the task. Generally, switching the incidental stimuli, hereafter
referred to as contextual cues, during retention led only to an increase in response
error if the task was more complex. In a relatively easy task, context dependency
was reflected as an increase in response latency. However, the contextual stimuli
used by Wright and colleagues, were not unrelated to the actual motor task.
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Namely, each combination of contextual cues was consistently related with a
specific motor response. In this way, the contextual stimuli were informative and,
thus, helpful with respect to the specific motor response that the participants were
required to make as a response to each of the target stimuli. This allows for the
possibility that participants became aware of these relationships and that the
experiments did not address the effect of true contextual, task-unrelated, cues.
The main purpose of the present experiments was to examine whether or not
contextual dependencies can also be found in a (principally) non-verbal task using
non-informative context cues. To that end, each context stimulus was made
completely uninformative with respect to the target information; this information
was exclusively and consistently provided by target stimuli.
An other equally important feature of the present study is that the search for
contextual dependencies was embedded in a predictive-learning task, rather than in
the perceptual-motor skill acquisition paradigm. To our knowledge, no
experiments have been conducted to examine the influence of contextual cues in
a predictive-learning task. Briefly, participants had to learn to predict whether or
not each of a number of target stimuli would be followed by an outcome (a
specific symbol on the computer screen). Each of these target stimuli was presented
against a background, the contextual stimulus, in such a manner that the
background stimuli were non-informative with respect to the (non) occurrence of
the outcome.
The advantage of using a predictive-learning task, instead of a perceptualmotor learning task, is that the former task is more analogous to the paradigms
typically adopted in animal research on context effects (e.g., Bouton, 1993; Hall &
Honey, 1989).This animal research makes use of classical and operant conditioning
procedures, implying the learning of predictive relationships between stimuli, or
between responses and stimuli (e.g., Dickinson, 1980). The idea is to study the
fundamental processes of learning and memory in animals and to generalize these
findings to humans. By using similar paradigms, the gap between animal and
human research is reduced.Therefore, a predictive-learning task enables more direct
comparisons with the results of experiments on context dependency in animals
than is the case with previous research.
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EXPERIMENT 1
In the predictive-learning task used in the first experiment, participants had to
learn whether or not four pictorial stimuli (the target stimuli) would be followed
by a computer screen containing a specific symbol (the outcome). Two of the
target stimuli were consistently followed by the outcome; the remaining two target
stimuli were consistently not followed by the outcome. Two target stimuli, one of
which was always followed by the outcome whereas the other always was not, were
consistently presented against one contextual stimulus (a specific colour of the
computer screen).The remaining two target stimuli, again one of which was always
followed by the outcome and the other was not, were presented against another
contextual stimulus (another colour of the computer screen). This design ensures
that only the target stimuli are informative with respect to the outcome, and has
the advantage that the participants were equally habituated to both backgrounds
during the acquisition phase and no new background stimuli needed to be
introduced at test. The within-subject design used also has the advantage of
optimising the sensitivity to detect context effects.
After acquisition, participants received two types of test trials. One type
consisted of the presentation of familiar combinations of target and contextual
stimuli, and the other of new combinations. On each trial during acquisition and
testing, participants had to express their expectancy with respect to outcome (non)
occurrence by pressing one of two keys. A contextual dependency of task
performance would be reflected in more response errors and/or slower response
latencies on trials with a new stimulus combination than on trials with a familiar
stimulus combination.

Method
Participants and apparatus
The participants were 41 students (29 females, 12 males), ages ranging from 17
to 33 years.The participants participated on a paid basis.The experiment was run
individually for each participant, using a Power Macintosh. Experiments were
conducted on weekdays between 9:00 and 5:00 h.
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Procedure
On entering the room the participant was seated in front of the computer.The
experimenter started the program and the following instructions appeared on the
screen (translated from Dutch):
You are going to play a game with a number of figures. It is your task to detect
a regularity between these figures and either a blank screen or a screen with a plus
sign. At the bottom of the screen containing the figure, you will see a sentence
inviting you to make a choice: Press K if you expect a plus sign to follow the
figure, or press D if you expect a blank screen to follow the figure.
Make your choice and matching key press as quickly as possible because you will
have only a limited amount of time. Initially, you will have to guess whether the
figure will be followed by the plus sign or by the blank screen. After you have
made a choice, a feedback screen will appear showing you the correct answer.Try
to give as many correct answers as possible.

Subsequently, two practice trials without time limits were presented to familiarise
the participant with the general procedure of the task.The participant was allowed
to ask questions after the practice trials. The experimenter made sure the
participant understood the instructions, then left the room.
Stimuli
Four black geometrical figures served as target stimuli: a circle (diameter: 7 cm),
a triangle (base: 7 cm; height: 7 cm), a rectangle (base: 7 cm; height: 4 cm), and a
hexagon (diameter: 7 cm). Each of the figures was centred in the middle of the
computer screen and was presented against one of two different contexts: a purple
or green screen. The request to make a choice was placed at the bottom of the
screen.A grey plus sign (arm length: 8 cm), centred in the middle of a blank screen,
served as the outcome, whereas the absence of this plus sign, leaving the screen
blank, served as no outcome. The screen containing the (non) outcome
functioned at the same time as a feedback screen and further contained the words
Correct (written in green) or Incorrect (written in red), depending on the
correctness of the participants response. If the participant did not respond within
the time limit of 1500 ms, a screen with the remark Too slow; try to react faster
appeared and no feedback was provided.The feedback screen, or the screen telling
the participant to respond faster, was presented for 1000 ms. Experimental
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parameters were based on a pilot study that had the same basic structure as had the
present experiment (n = 15).The verbal reports of the pilot participants were used
to optimise experimental parameters such as the presentation times of the target
stimuli, feedback duration, time to respond, physical appearance of the target and
contextual stimuli, number of acquisition and retention trials, and the presentation
order of the same and different trials at the beginning of the retention phase.
Phase 1:Acquisition. Table 1 summarises the design of this experiment, and that
of the following experiment. Four trial types were presented during the acquisition
phase: X[A → +], X[B → -],Y[C → +], and Y[D → -]. Each of the characters A,
B, C, and D represents one of the four geometrical figures, X and Y refer to the two
different background colours, and + or - designate the occurrence of an outcome
or non-outcome, respectively. There were four versions. In two of these, A and C
consisted of the circle and triangle, respectively; in the other two, A and C were,
respectively the rectangle and the hexagon. Moreover, each geometrical figure was
presented against the purple background in two versions and against the green
background in the other two versions. Finally, each geometrical figure was followed
by the outcome in two conditions, and not followed by the outcome in the other
two. In short, counterbalancing was in effect with respect to designation of physical
stimuli to target and contextual stimuli, and with respect to outcome. Each trial
type was offered 10 times, resulting in a total of 40 trials.Trial types were pseudorandomly mixed, with the restriction that no more than two trials in succession
TABLE 1
Design summary Experiment 1 and 2

Acquisition

Retention test
Same

→ +]
X[B → −]
Y[C → +]
Y[D → −]

X[A

Different

X[A]

Y[A]

X[B]

Y[B]

Y[C]

X[C]

Y[D]

X[D]

Note: X and Y are visual (Experiment 1) or auditory (Experiment 2) context stimuli;A, B, C,
and D are geometrical figures; + followed by outcome, - followed by no outcome
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were of the same type. Note that the background colours in isolation were not
consistently related to the outcome or to its absence. Each background colour was
followed by the outcome on half of the trials containing that background (i.e. X[A]
and Y[C]), and no outcome followed on the other half of the trials (i.e. X[B] and
Y[D]).
Questionnaire. A questionnaire containing four open-ended questions was
offered after finishing the last trial of the acquisition phase. Participants were asked:
(1) whether or not they focused on something in particular to find the regularity
(e.g., colour of the background); (2) which strategies, if any, were used to find the
regularity (e.g., alternation); (3) whether or not they thought it took them a long
time before they detected a regularity; and (4) whether or not they had comments
on the task.This list was used to obtain general task information and also to prevent
task rehearsal. Presumably, the latter would make the task at retention somewhat
more difficult. Previous research suggests that this, in turn, might enhance the
likelihood of finding context dependencies (Anderson et al., 1998). In the
questionnaire no explicit references were made to the target or contextual stimuli.
In this way, we hoped that that participants who were not aware of the relationship
between the contextual and target stimuli did not come to relate these stimuli as a
result of answering the questionnaire. It took the participants approximately 5
minutes to complete the questionnaire.
Phase 2: Retention. After finishing the questionnaire, participants initiated the
retention phase by pressing the space bar. This phase started with the instruction
that the participants had to continue expressing the expected (non) outcome on
the basis of the previously learned relationships but that feedback would no longer
be given. Two types of trials were offered: same trials and switched trials. On
same trials, the same figure-background combinations were maintained as also
presented at acquisition (reinstatement), whereas new figure-background
combinations (Y[A],Y[B], X[C], or X[D]) were offered on switched trials.The first
four trials consisted of same trials because the pilot study showed that participants
on average needed more time to finish each of the first three trials of the retention
session than was typically the case for each trial at the end of the acquisition phase.
This enhanced response latency may be due to a warm-up decrement after filling
in the questionnaire and reading the instructions at the start of the retention phase.
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Additionally, reinstating the original context, by starting with four same trials,
might enhance the chance of detecting context dependency as Wright et al. (1996)
also showed in their experiments.The next eight trials were of the following type
(in order of presentation): switched, same, switched, same, switched, switched,
switched, and switched. The arrangement of the last eight trials was randomly
selected. No time limit was set during the retention phase and a blank screen rather
than feedback screen followed a response. The participants were not aware of the
fact that a time limit was no longer in effect.
Criteria. Only the data of participants fulfilling at least one of the following
criteria were used for data analysis. In the acquisition phase, the last five trials were
correct, there was no more than one incorrect response in the last eight trials, or
there were no more than two incorrect responses in the last ten trials (p < .05 for
achieving each of these criteria by chance).The purpose of using these criteria was
to ensure that participants had mastered the task prior to the retention phase.
Behavioural measures and data analysis. Both the time to press a choice key
(response latency, RL, in ms) and choice correctness (correct/incorrect) were
registered for each acquisition and test trial. A response after the time limit had
passed was registered as a missing value. Data from the acquisition phase were
divided in blocks of four trials and the missing values of late responses were
replaced by the mean of the accompanying trial block. RLs were analysed using
parametrical tests (analysis of variance [ANOVA] with repeated measures).
Nonparametric tests (Wilcoxon with correction for ties, Friedman, and Cochrans
Q test) were performed to analyse the correctness data.The rejection criterion was
set at p < .05 throughout.

Results
A total of 22 participants were excluded from the data analysis. All of these
participants did not meet any of the aforementioned criteria. The data of the
remaining 19 participants (5 males, 14 females, age ranging from 18 to 28 years)
were used for data analysis.
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Acquisition

Mean number of correct responses

The correctness data from the acquisition phase are presented in the top panel
of Figure 1 in blocks of four trials. As can be seen, there was a gradual increase in
the number of correct responses. This increase was significant, Friedman, χ2(9) =
74.0, indicating that the participants gradually mastered the task. This was no
surprise, as all of these participants at met at least one of the aforementioned
criteria.
RLs obtained in Phase 1 are shown in the lower panel of Figure 1 in four-trial
blocks. In the course of the acquisition phase, participants came to gradually
respond faster, F(9, 162) = 7.56. The decreasing RLs may reflect increasing task
familiarity, progressing task solving, or both.
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Figure 1. Mean number of correct responses + SEMs (top panel) and mean response latency
+ SEMs (bottom panel) in blocks of four trials during the acquisition phase of Experiment 1.
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Retention
The mean number of correct responses on same and switched trials (maximum
of 6.0 for each type) was 5.5 and 5.6, respectively. The difference was not
significant, Wilcoxon, z = 1.41. No differences were found comparing each
switched trial with the preceding same trial, Cochrans Q, Qs(1) ≤ 2.0.These results
indicate that switching the background colour did not result in an increase of
incorrect responses.
Response latencies are displayed in Figure 2. In accordance with the pilot study,
RLs declined over the first three trials, F(2, 36) = 3.88. No further decline in RLs
was found on trial 4 and succeeding same trials, F(2, 36) = .87. Likewise, the RLs
of the switched trials declined across retention trials, F(5, 90) = 3.07.As can be seen
in Figure 2, this latter decline was mainly caused by a difference between the first
two switched trials and the last four switched trials, as no significant decrease was
found on the last four trials, F(3, 54) = 2.01. Therefore, a repeated measures
ANOVA with trial and context as within-subject factors was conducted using the
data from trials 4-7. This revealed an effect for context, F(1, 18) = 7.37, with an
enhanced RL for the switched trials. The effect of trial and the context x trial
interaction were insignificant, Fs(1, 18) < .64.
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Figure 2. Mean response latency (+ SEM) during the retention test of Experiment 1.
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Evaluation of the questionnaire revealed that, although some of the participants
made mention of the incidental stimuli, none of them indicated the correct
relationship between incidental and intentional stimuli (e.g., that A was always
presented against X). Nineteen participants made comments on the time pressure
with eight participants complaining that the pressure was too high. All of these
eight participants did not meet any of the criteria within the 40 acquisition trials.
So the time pressure was probably one of the main causes of the large number of
discarded data.This was not expected as none of the participants in the pilot study
complained about the time pressure and all of these participants were able to master
the task within 40 trials.

Discussion
The present experiment shows that changing the background colour resulted in an
enhanced RL but not in an increase of incorrect responses. The participants were
still capable of correctly predicting the (non) occurrence of the outcome on the
basis of a target stimulus, irrespective of whether the accompanying context
stimulus was the same as, or different from, that used at acquisition. However,
responding on the first two switched trials was retarded relative to responding on
the immediately preceding same trials.This latter finding suggests that background
colours were processed at acquisition and affected speed of responding at test.This
responding was relatively fast or slow, depending on whether the tested figurebackground combination was old or new. Thus, as in Wright and Shea (1991,
Experiments 2 & 3) and Shea and Wright (1995), the effect of the context
manipulation was expressed in an increased response latency.
Importantly, this effect was found even though the context cues in the present
experiment were not informative with respect to target outcome. The answers to
the questionnaire confirmed the true incidental nature of the background colours.
Further discussion of the mechanism(s) that possibly underlie the present
context effect will be deferred until after examining the results of Experiment 2,
in which we used auditory context stimuli.
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EXPERIMENT 2
Experiment 1 showed that switching the background colour at test resulted in an
enhanced RL. This slower responding on switched trials at test might reflect
context-dependent effects. However, another interpretation is that the participants
did not perceive the background colour and geometrical figure as two separate
stimuli. Instead, they might have treated the contextual and target stimuli as an
entity, a phenomenon known as stimulus configuration.The possibility of stimulus
configuration allows for the theoretically less interesting possibility that slower
responding on switched trials was merely due to not completely recognising a
target stimulus presented against a changed background as being the same target
stimulus as presented at acquisition (generalization decrement).
The aim of Experiment 2 was to prevent configural learning by using different
input modalities of the contextual and target stimuli. Different modalities should
discourage perceiving each target/context combination as one unique or
configural stimulus (e.g., Pearce, 1994). Several experiments have demonstrated that
different input modalities of contextual and target stimuli do not hinder the
occurrence of contextual dependency (e.g., Armstrong & McKelvie, 1996; Balch,
Bowman, & Mohler, 1992; Geiselman & Bjork, 1980; Herz, 1997; Rubin, Fagen, &
Carroll, 1998; Schab, 1990). Therefore, auditory instead of visual contextual cues
were used in Experiment 2.The use of auditory contextual cues should not hinder
the occurrence of contextual dependency, while at the same time the possibility of
configural learning is reduced.

Method
The participants were 33 students (24 females, 9 males), ages ranging from 18 to 29
years. The apparatus and procedure were identical to those of Experiment 1 with
the exception of the background stimuli, time limits, and one additional question
that was asked after finishing the test phase.
Two different tones, X and Y, functioned as background stimuli. Tone
frequencies were 1000 and 500 Hz, presented at a volume of 65 dB, and presented
at the same moment as the target stimuli. As several participants in Experiment 1
complained that the time pressure was too high, time limits were adjusted. For the
first 15 trials the time limit was set at 2000 ms, for the next 15 trials the time limit
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was reduced to 1500 ms, and for the last 10 trials the time limit was 1000 ms. In
the additional question it was asked whether or not the participant had noticed
something in particular with regard to the tones and the two phases.This question
intended to check for awareness of the change in tones on switched test trials.

Results
A total of 11 participants were excluded from the data analysis. All of these
participants did not meet any of the criteria described in Experiment 1. The data
of the remaining 22 participants (5 males, 17 females, age ranging from 19 to 29
years) were used for data analysis.
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Figure 3. Mean number of correct responses + SEMs (top panel) and mean response latency
+ SEMs (bottom panel) in blocks of four trials during the acquisition phase of Experiment 2.
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Acquisition
The correctness data from the acquisition phase from Experiment 2 are
presented in the top panel of Figure 3 in blocks of four trials.There was a significant
increase in the number of correct responses, Friedman, χ2(9) = 87.6, indicating that
the participants, as expected when applying the criteria, mastered the task.
RLs obtained in Phase 1 are shown in the lower panel of Figure 3 in four-trial
blocks. In the course of the acquisition phase, participants came to gradually
respond faster, F(9, 189) = 29.0, reflecting an increase in task familiarity, progressing
task solving, or both.
Retention
The mean number of correct responses was 5.9 and 6.0 for same and switched
trials, respectively. The difference was not significant, Wilcoxon, z = .43. No
significant differences were found between each switched trial and preceding same
trial, Cochrans Q, Qs(1) ≤ 1.0. These results indicate that switching the
background tone did not result in an increase of incorrect responses.
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Figure 4. Mean response latency (+ SEM) during the retention test of Experiment 2.
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Response latencies are displayed in Figure 4. In accordance with the pilot study
and Experiment 1, RLs declined over the first three trials, F(2, 42) = 19.6. No
further decline in response latencies was found on trial 4 and the succeeding same
trials, F(2, 42) = 1.14. Likewise, RLs of the switched trials declined over the
retention phase, F(5, 105) = 3.36, but a decline in the last four switched trials could
not be detected, F(3, 63) = 1.34.As in Experiment 1, a repeated measures ANOVA
was used with trial and context as within-subject factors on the data from trials 47.This analysis revealed significantly slower responding to the switched trials than
to the same trials, F(1, 21) = 17.23. Furthermore, a significant trial effect was found,
F(1, 21) = 5.35, reflecting an increase in response latency over trials for both the
same and different trials. At present the reason for this increase in response latency
across trials is unclear. No significant interaction between the context and trial was
found, F(1, 21) = 1.6.
Finally, the questionnaire revealed that only one of the participants made
mention of the switch in background tone for the switched trials during retention;
none of the other participants did so. Only two participants complained that the
time pressure was too high, both participants did not reach one of the
aforementioned criteria. None of the other participants made a comment on the
time pressure.

Discussion
Experiment 2 replicated the main results obtained in the first experiment.
Participants were capable of correctly predicting the (non) occurrence of the
outcome on the basis of the target stimuli but were initially retarded in responding
on switched trials. Importantly, the latter effect was obtained under conditions that
decrease the likelihood of stimulus configuration. Instead of the contextual and
target stimuli being of the same (visual) modality, as in Experiment 1, in the present
experiment, the contextual and target stimuli were auditory and visual stimuli,
respectively. These results are in line with other research manipulating contextual
cues and using different input modalities (e.g.,Armstrong & McKelvie, 1996; Balch
et al., 1992; Geiselman & Bjork, 1980; Herz, 1997; Rubin et al., 1998; Schab, 1990).
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GENERAL DISCUSSION
Previous studies using animal and human subjects have clearly demonstrated
impaired performance during retention if contextual cues present during
acquisition are altered at test. In human studies, this effect has most often been
obtained using verbal tasks (see S.M. Smith, 1988, for review), but there are also
examples of studies adopting principally non-verbal tasks, such as a perceptualmotor response task. As demonstrated by Wright and Shea (1991) and Shea and
Wright (1995), effects of manipulations of contextual cues can be observed in both
complex and more simple motor-response tasks. In more simple motor tasks,
context effects are reflected in slower response latencies but not in incorrect
responding. The present two experiments extend these findings on contextual
effects to a one-key predictive learning task: Switching the incidental contextual
cues led to an increase in response latency but not to an increase in number of
response errors.
Decreasing the likelihood of stimulus configuration by replacing the visual
incidental background cue used in Experiment 1 by an auditory cue in
Experiment 2 did not hinder the detection of a context effect.As was also the case
with the visual background cues used in Experiment 1, switching the auditory
background cues in Experiment 2 led to an increase in response latency.Apparently,
context-dependent effects are not restricted to the use of contextual stimuli of a
specific modality and/or the use of contextual stimuli that might encourage
stimulus configuration.
An important feature of the present task was the use of non-informative
contextual cues, which may be contrasted with the tasks used by Wright and
associates. In the latter tasks, contextual cues held a predictive relationship with the
target response. Participants in our experiments were not able to predict the (non)
occurrence of the outcome on the basis of the contextual stimuli alone and no
direct association between context and response could have been established.
Nevertheless, context-dependent effects in the form of enhanced RLs were
observed. Collectively, the results suggest that context-dependent effects can be
obtained in non-verbal tasks regardless of the predictive value of the manipulated
contextual stimuli.
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A final issue deserving attention is the question regarding the mechanism(s)
underlying the present effects. A widely accepted interpretation of context effects
in general is that they reflect a retrieval function of contextual cues.That is, at least
under specific circumstances, target information is stored along with contextual
stimuli present during acquisition. Restoring the contextual cues at test will aid
retrieval of target information and absence of these cues will impair that retrieval.
The idea of a contextual retrieval function is also contained in the notion of
occasion setting, a term frequently adopted in recent literature on Pavlovian
learning in animals. Occasion setting refers to the ability of a stimulus, mostly (but
not necessarily) a contextual stimulus, to signal, or help to retrieve, a specific
relationship between two target events (typically a conditioned stimulus and an
unconditioned stimulus in the case of Pavlovian or classical conditioning).
Do the present context effects reflect a contextual retrieval, or contextual
occasion-setting, function? Several authors note that there is little evidence for
contextual occasion setting in paradigms that do not somehow imply stimulus
ambiguity (e.g., Bouton, 1993). That is, in most experiments with animals
demonstrating a contextual retrieval-cue function, stimuli carry more than one
meaning. For instance, in these experiments, on some trials a stimulus is followed
by an outcome, whereas on others it is not. This circumstance seems to be
conducive to the establishment of contextual control of responding to the stimulus.
The stimulus will only elicit responding if it is presented together with contextual
cues normally present on stimulus-outcome trials. No responding will occur after
presentation of the stimulus in the context normally present during stimulus-nooutcome trials. In this light, it must be noted that the target stimuli used in the
present experiments were not ambiguous with respect to their relationship with
the outcome. Each stimulus was consistently associated with the outcome or with
its absence.Therefore, an occasion-setting explanation might seem inappropriate.
However, it is important to note that there are also examples of animal learning
experiments showing context-specificity or context dependency of responding
(based on occasion setting) that do not imply stimulus ambiguity. Some researchers
found that, after consistent conditioning of a target stimulus, testing that stimulus
in an environmental context different from that used during conditioning resulted
in a conditioned response that was weaker than that observed when testing
occurred in the conditioning context (e.g., Bonardi, Honey, & Hall, 1990; Hall &
Honey, 1989, 1990; Honey et al., 1990). The design adopted in the present
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experiments was modelled directly on that used by Hall and Honey (1989) and
Honey et al. (1990). Therefore, the present experiments make direct contact with
the animal literature on occasion setting, and the present context effects might
indeed reflect contextual occasion setting. The participants in the present task
might have needed the appropriate context cue for optimal retrieval of the targetoutcome relationship.
An entirely different account of the present results is in terms of changes in
attention paid to the context cues.This account is as follows. At the initial trials of
the acquisition phase, participants were actively attending the context cues,
evaluating their relevance for solving the predictive learning task. This attention
waned as training progressed and the target stimuli proved to be the only
informative stimuli. However, this habituation of attention to context cues was
dependent on the presence of the target cues with which the context cues had
been combined during training.That is, habituation to context X was only in effect
in the presence of A or B, whereas habituation to context Y was restricted to the
presence of C or D. One might say that habituation to X and Y was contextspecific, with the targets functioning as context. On switched test trials, X and
Y were no longer presented along with the original targets, which resulted in
dishabituation, or restored attention to X and Y. This, in turn, resulted in an
elevated response latency.The fact that this elevation was restricted to the first two
switched test trials might then reflect restored habituation to the contextual cues.
Of course, it is entirely possible that contextual dependencies in different paradigms
(e.g., tasks in which context cues in isolation are informative with respect to target
information and tasks in which they are not) are based on different processes
(occasion setting vs. habituation).
Whatever the merits of these different theoretical approaches, the present
experiments do show that context effects are also found in (principally) non-verbal
tasks manipulating true incidental, completely non-informative, context cues.
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ABSTRACT
Two experiments assessed contextual dependencies in a stimulus
equivalence paradigm. Participants learned to form two sets of stimuli in a
matching-to-sample training procedure. Each set was presented against one
of two different background colours, the contextual cues. At test, the
influence of a context change that is, presenting each set against the other
context was measured on baseline, symmetry, and equivalence trials.These
three trial types reflect a difference in task complexity. It was predicted that
the magnitude of context-dependent effects would be a positive function
of task complexity. In Experiment 1, the context change was realised by
switching the stimulus set at test while keeping the background colour
constant. In Experiment 2, the stimulus set remained constant and the
background colour was switched. In both experiments, a change in context
only resulted in an increase in response latency on equivalence trials; no
effect was seen on symmetry and baseline trials. Results were discussed in
the framework of switch costs, habituation to contextual stimuli, and a
model based on Shea and Wright (1995) that explains the differential
influence of a context switch on easy versus difficult tasks.
Keywords: Context dependency; Matching-to-sample; Response latency;
Stimulus equivalence;Task difficulty.
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INTRODUCTION
Context-dependent memory implies that contextual information is stored along
with events in memory and can thereby cue memories for those events (S.M.
Smith, 1994). Context dependency is behaviourally expressed in better
performance when testing is conducted in the same context as that present during
training than when it is conducted in another context: The training context can
cue retrieval of the stored memories and enhance performance. Context
dependency has been investigated in a variety of tasks: word list tasks (e.g., Herz,
1997; Schab, 1990; D.G. Smith, Standing, & de Man, 1992; S.M. Smith, 1979),
associative-word tasks (Ackerman, 1987; Hanley & Morris, 1987; McEvoy, Nelson,
Holley, & Stelnicki, 1992), recall of sentences (Masson, 1979), a recognition task
with non-words and words (Russo,Ward, Geurts, & Scheres, 1999, Experiments 2
& 3), perceptual-motor tasks (Anderson,Wright, & Immink, 1998; Shea & Wright,
1995;Wright & Shea, 1991;Wright, Shea, Li, & Whitacre, 1996), and a predictivelearning task (Dibbets, Maes, Boermans, & Vossen, 2001). In all these verbal tasks,
context dependency was reflected in an increased level or proportion of recalled or
recognised material. Experiments using the last two types of task (motor skill
acquisition and predictive learning) show that context dependency can also be
expressed solely in terms of response latency. In the motor skill tasks, switching the
contextual cues at test only led to an increase in response error if the task was more
complex. Context dependency was expressed as an increase in response latency in
a relatively easy task.The advantage of using a complex rather than an easy task is
that a more complex task enhances the likelihood of finding context-dependent
effects (e.g., Anderson et al., 1998;Wright & Shea, 1991).
To our knowledge, context dependency has never been investigated in a
stimulus equivalence paradigm. In this paradigm, participants learn a minimal
number of relations between individual stimuli in a set. After learning these
relations, the stimuli of the set become interrelated, and each stimulus can substitute
for another stimulus in the set. Most of the experiments examining stimulus
equivalence have focused on the relationship between stimulus equivalence and
verbal functions or verbal behaviour (e.g., Sidman, 1971; Sidman & Tailby, 1982;
Wulfert, Dougher, & Greenway, 1991; Wulfert, Greenway, & Dougher, 1994). The
purpose of the present experiments was to integrate research on context
dependency and stimulus equivalence.
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Stimulus equivalence can be demonstrated using a matching-to-sample task. In
this task, a sample is presented and followed by two or more comparison stimuli.
Responding to one of the comparisons in the presence of a particular sample is
reinforced, whereas responding to the other(s) is not. For example, choosing
Comparison B1 in the presence of Sample A1 is reinforced, whereas responding to
B2 is not. If Sample A2 is present, B2 is reinforced and Comparison B1 is not.
Repeating this particular reinforcement schedule results in a conditional
discrimination namely, if A1 then choose B1, and, if A2 then choose B2. In a second
task, participants can be explicitly taught to respond to C1 in the presence of B1
and to C2 when B2 is the sample stimulus. These two tasks result in four
conditional relations, A1B1, A2B2, B1C1, and B2C2. After learning these
conditional discriminations, additional relations often emerge without further
training. If the stimuli are fully exchangeable within one stimulus set (i.e.,A1B1C1
and A2B2C2), the relations between the members within a set are said to be
equivalent. Sidman and Tailby (1982) proposed that stimuli in a set are equivalent
if they pass the tests for reflexivity, symmetry, and transitivity.A conditional relation
is reflexive if each stimulus in the set is conditionally related to itself (e.g., A1A1).
Reflexivity can therefore be expressed into generalized identity matching.
Symmetry is demonstrated by a functional reversibility of the sample and
comparison stimuli (e.g., B1A1). Finally, transitivity is demonstrated if a participant
matches the sample of one learned relation to a comparison of another relation
(i.e., A1C1). A more global test for equivalence, omitting the two separate tests for
symmetry and transitivity, can be performed by testing the relation between C
(sample) and A (comparison). We will term these combined symmetry and
transitivity trials as equivalence trials hereafter. When the conditional
discriminations possess all three properties, the relations between the stimuli within
one class are said to be equivalent (Sidman, 1986).
The several trial types of the equivalence test (trained relations, symmetry, and
equivalence trials) reflect different levels of task difficulty. Task difficulty can be
operationalized by the term associative distance described by Fields and Verhave
(1987). These authors refer to associative distance as the number of intervening
nodes that separate two stimuli within one stimulus class. A node is a stimulus that
is directly associated by training to at least two other stimuli in the same class. In
the former example, Stimulus B1 is a node because it is associated to both A1 and
C1.The associative distance between Stimulus A1 and Stimulus C1 is therefore one.
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Several authors have demonstrated that the response accuracy decreases as a
function of associative or nodal distance (e.g., Bentall, Dickins, & Fox, 1993;
Bentall, Jones, & Dickins, 1998; Fields,Adams,Verhave, & Newman, 1990; Kennedy,
1991; Spencer & Chase, 1996) and that response latencies increase with nodal
distance (e.g., Bentall et al., 1993; Bentall et al., 1998; Holth & Arntzen, 2000;
Meehan, 1995; Spencer & Chase, 1996; Wulfert & Hayes, 1988). Generally,
participants are more accurate and respond faster on the zero node relations, such
as the trained baseline trials and symmetry trials, than on the non-zero node trials,
such as the transitive or equivalence trials. However, some authors also report faster
responding on baseline than on symmetry trials (Holth & Arntzen, 2000; Spencer
& Chase 1996).
The stimulus equivalence paradigm and the accompanying tests are particularly
useful for examining context dependency.As increasing the task difficulty enhances
the likelihood of finding context-dependent effects, we expect that participants are
more sensitive to a change in context on trials with a higher nodal distance. A
change in context should lead to a higher number of errors and/or to an increase
in response latencies on the equivalence trials (nodal distance of one), but it should
have little or no effect on the baseline and symmetry trials (nodal distance of zero).
As well as nodal distance, task difficulty was also varied by restricting the time to
respond. Holth and Arntzen (2000, Experiment 3) showed that a reaction time
deadline of 2 seconds strongly influenced the emergence of stimulus equivalence.
With this time constraint, none of their participants was able to respond in
accordance with equivalence.A mild rather than a strong time pressure was used to
prevent a complete elimination of stimulus class formation.This pressure might be
an additional factor affecting the size of context effects.

EXPERIMENT 1
In Experiment 1, we used a matching-to-sample task to encourage the formation
of stimulus equivalence classes. Instead of the traditional linear A-B and B-C
training, a different training schedule was used: a one-to-many schedule. In this
schedule, Sample A functions as a node. That is, A-B training is followed by A-C
training. The advantage of a one-to-many design over a linear design is that the
former more often produces stimulus equivalence than the latter (Arntzen &
Holth, 1997, 2000).
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Two separate sets of stimuli functioned as samples and comparisons (see Figure
1). Each set was trained against one particular background colour (colour of the
computer screen).This background colour served as an incidental contextual cue;
participants could make the correct response only by paying attention to the
samples and comparisons. After training, emergent relations were tested in blocks
of trials.The background colour remained the same within each trial block.To test
the influence of the background colour on the retrieval of information, a switch
between the two stimulus sets was made. On these switched trials, the sample and
comparisons were presented against the background colour of the other stimulus
set.As this colour was incongruent with the colour present at training, it should be
more difficult to retrieve the correct information from memory, especially on the
more difficult equivalence trials. Behaviourally, this impaired retrieval on
switched trials was expected to produce an increase in the number of errors
and/or an increase in response latency.

Method
Participants and apparatus
A total of 48 participants (12 males and 36 females, age 19-32 years)
participated in this experiment and received course credit for participation.
Participants were randomly assigned to one of two experimental groups with the
restriction that, at the end of the experiment, each group had the same distribution
of males and females. For the participants in Group 1, no time limit was set to make
a response; the participants in Group 2 had to respond within 3000 ms. The
experiment was run individually for each participant, using a Pentium II computer
with a colour monitor. Experiments were conducted on weekdays between 9:00
and 17:00 h.
Stimuli
Stimulus presentations and data collection were computer controlled. The
stimuli for the conditional discriminations consisted of two separate of six 6 stimuli
(see Figure 1). Set 1 consisted of geometrical figures; Set 2 were letter-like symbols.
All stimuli were approximately 5 cm in diameter and were black. Three other
stimuli were used for practice trials (see later). Each stimulus set was presented
against one of two background colours: soft blue or soft red.
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Stimulus set 2
Colour 2

Stimulus set 1
Colour 1

A1

A2

X1

X2

B1

B2

Y1

Y2

C1

C2

Z1

Z2

Figure 1. Sample (A1-A2 and X1-X2) and commparison stimuli (B1-B2, C1-C2,Y1-Y2, and Z1Z2) used in Experiments 1 and 2.

Procedure
On entering the room, the participant was seated in front of the computer.
Responses were given by pressing one of the arrow keys of the keyboard. The
experiment was run in one session and consisted of training and test phases.
A trial started with a sample stimulus (e.g., A1 or A2) centred at the top of the
computer screen. After an interval of 250 ms, the comparison stimuli were added
simultaneously at the bottom of the computer screen (e.g., B1 and B2, or C1 and
C2). Sample and comparison stimuli remained visible until the participant pressed
one of the two arrow keys in Group 1 or, in the case of Group 2, until 3000 ms
had elapsed.The participants could select the right or left comparison stimulus by
pressing either the right or left arrow key, respectively. Written feedback was
presented on the screen after a response. If the choice had been correct the word
correct was shown; otherwise the word incorrect was displayed. If the
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participants in Group 2 did not respond within the time limit of 3000 ms, the
words too slow were shown.The feedback screen remained visible for 1 second
and was followed by an intertrial interval of another second. No feedback was
displayed when a test stimulus was presented (see later).The experiment lasted until
the participant had completed all trials, a time limit of 1 hour had passed, or the
number of trials during training exceeded 200.
The experimenter started the program and the following instructions appeared
on the screen (translated from Dutch):
You are going to play a game with a number of figures. When the experiment
begins, this screen will first show you one figure at the top of the screen, followed
by two figures at the bottom. It is your task to choose the correct figure at the
bottom of the screen by pressing one of the arrow keys. If you want to choose
the left figure press the left arrow key (←), if you want to choose the right figure
press the right arrow key (→). After you have made your choice, the computer
will tell you whether your choice was correct or incorrect. Later in the game, you
will no longer be told whether your choice was correct or incorrect.You can still
make the correct choices by paying attention right from the start and by applying
what you have already learned.Try to give as many correct responses as possible.

Additional information was provided for the participants in the time limit
condition (Group 2).They were urged to respond as quickly as possible; responses
that were too slow would be considered as incorrect. Subsequently, three practice
trials without time limits were presented to familiarise the participants with the
general procedure of the task. On these trials, a bow tie functioned as sample, and
a flower and clover functioned as comparisons. The stimuli were black and
presented against a soft-grey screen. Choosing the flower was reinforced by
displaying the word correct on the computer screen. If the participants chose the
clover, the word incorrect appeared on the screen.The left and right position of
the comparisons was varied over the practice trials. In this way, participants learned
to pay attention to the appearance of the comparisons and not to the position of
the comparisons. The participants were allowed to ask questions after the practice
trials.The experimenter made sure the participants understood the instructions and
again urged the participants to make as many correct responses as possible. The
participants were then left alone.
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The experiment was conducted in three phases. In the first two phases,
participants were trained to criterion and subsequently tested for emergent
relations.The last phase, Phase 3, consisted of a mixture of Phase 1 and Phase 2 trials
with an additional equivalence test, the Final Test. Counterbalancing of the sample
stimuli and background colours led to four different versions of the task. The
criteria used for accurate test performance, and the ratios at which the various trial
types were offered, were adopted from Wulfert and colleagues (Wulfert et al., 1994).
Other parameters and criteria were based on the results of a pilot study (n = 8).
Phase 1: Baseline training. Participants were taught four conditional relations:
A1-B1, A2-B2, A1-C1, and A2-C2. Training started with the A-B conditional
discrimination (A-B training). The characters A before the dash represent one of
the samples and the second characters represent one of the comparisons. Both
samples and comparisons were geometrical figures displayed against a coloured
background. All comparison stimuli could occupy one of two positions, left and
right, on the computer screen. Every sample/comparison combination was offered
four times, yielding blocks of 16 trials. Trial types were pseudo-randomly mixed
within these blocks with the restriction that no more than two trials in succession
contained the same sample and comparisons. Furthermore, no more than three
correct responses in succession were the same (e.g., pressing the left arrow key).
Training continued until participants responded correctly on 28 trials out of a
moving window of 30 trials.The next stage A-C training, started immediately after
reaching this criterion.The experiment was discontinued if the participant did not
reach this criterion within 200 trials.A final stage,A-B/C training, was offered after
A-C training.Trials of both the A-B and the A-C training were mixed in blocks of
16 trials during this training, and the same criteria and restrictions were used as
mentioned before.
Phase 1: Stimulus Equivalence Test. The Stimulus Equivalence Test started with
the instruction that feedback would no longer be provided on each trial. The test
started with a repetition of the A-B/C training from the previous phase, followed
by symmetry and equivalence tests. No time limit was set during the tests, and the
interval between a response and onset of the next trial was 1 second. The
participants in Group 2 were not told that the time limit was no longer in effect.
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The Symmetry Test consisted of baseline trials interspersed with symmetry trials
(B-A and C-A trials) at a ratio of 1 : 2.The test criterion required correct responses
on 28 out of a moving window of 30 symmetry trials while maintaining at least
90% accuracy on the baseline trials. The minimum number of trials to reach this
criterion was 41 trials (i.e., 13 baseline trials and 28 symmetry trials). Trials were
presented in blocks of 24 trials with a maximum of three blocks. Participants
returned to the beginning of the Stimulus Equivalence Test, repetition of the AB/C training, if they did not reach the test criterion within these three trial blocks.
If the participants met the test criterion, the last part of the Stimulus Equivalence
Test was offered: the Equivalence Test. In this part of the test, baseline, symmetry,
and equivalence (combined symmetry and transitivity: B-C and C-B trials) trials
were offered at a ratio of 1 : 1 : 4.Trials were presented in blocks of 48 trials with
a maximum of three blocks.The test criterion was to respond correctly on 48 out
of a moving window of 50 equivalence trials while maintaining at least 90%
accuracy on the sum of baseline and symmetry trials. The minimum number of
trials for passing this criterion was 73 (i.e., 12 baseline, 13 symmetry, and 48
equivalence trials). Reaching this criterion within three trial blocks was taken as
evidence that the participants had formed two stimulus classes (A1-B1-C1 and A2B2-C2) and a break was offered. Participants could continue the experiment by
pressing the space bar. If the participants did not reach the criterion within three
blocks, they were returned to the A-B/C training of the Stimulus Equivalence Test.
The computer screen was either soft red or soft blue during the entire Phase 1.
Phase 2: Baseline training. A different set of stimuli was used in this phase.The
geometrical figures were replaced with letter-like symbols. The colour of the
computer screen was switched to the alternative colour. Participants learned four
conditional relations in the X-Y and X-Z training: X1-Y1, X2-Y2, and X1-Z1,
X2-Z2, respectively. The characters X represent one of the samples and the
characters Y and Z signify the comparisons. After finishing the X-Z training, a
mixture of the learned relations was offered in the X-Y/Z training. The criteria
and restrictions were the same as those mentioned in Phase 1.
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Phase 2: Stimulus Equivalence Test. The test instructions were offered once
more. The test started with a rehearsal of the X-Y/Z training of the baseline
training to ensure continuity. Subsequently, symmetry and equivalence tests were
offered as in Phase 1. Reaching the criterion of 48 correct equivalence trials out of
50 was again taken as evidence that the participants had formed two stimulus classes
(X1-Y1-Z1 and X2-Y2-Z2), and a break was offered. Pressing the space bar
automatically led to Phase 3.
In both Phase 1 and Phase 2, the background colour was consistently related
to one of the two stimulus sets.That is, Stimulus Set 1 was always presented against
background colour 1, and Stimulus Set 2 always against Colour 2. Note that the
background colour was a perfect predictor for stimulus set, but did not provide any
information about the correct response. Participants could only solve the task by
attending to the samples and comparisons.
Phase 3: Baseline training. During the baseline training of Phase 3, baseline trials
of both Phase 1 (A-B and A-C trials) and Phase 2 (X-Y and X-Z trials) were
offered in blocks of eight trials. This mixture of blocks was offered to prevent a
recency effect of stimulus set and to ensure that the participants had mastered both
tasks to the same extent. Participants had to respond correctly on 28 trials out of a
moving window of 30 trials. The final test started immediately after reaching this
criterion.
Phase 3: Final test. After the test instruction, the final test started with a
rehearsal of the mixed baseline trials of Phase 3 baseline training. Subsequently,
baseline, symmetry, and equivalence trials were offered at a ratio of 1 : 1 : 4. A total
of 32 baseline, 32 symmetry, and 128 equivalence trials were presented. This ratio
was identical to that used in the previous equivalence tests of Phase 1 and Phase 2.
The trials were offered in blocks of 24 trials for a total of eight blocks. Colours
were alternated after each trial block but remained the same within a trial block.
The final test included three different test trial types: same trials, switched
trials, and set shift trials. The same trials were identical to the trials on the
equivalence tests of Phase 1 or Phase 2 (baseline, symmetry, and equivalence trials).
The background colour, on which the stimuli had previously been trained and
tested, remained the same (congruent background colour). On the switched trials,
the stimuli were presented against the background colour of the other stimulus set
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(i.e., the incongruent background colour). For example, a trial containing stimuli
from Set 2 was interspersed in a block of Set 1 stimuli. Because the background
colour within a trial block did not change, the stimuli of Set 2 were presented
against the background colour of Set 1. Finally, a set shift trial was the first same
trial after a switched trial. On these set shift trials, participants had to make a mental
shift from one stimulus set, the switched set, to the other stimulus set, the same set.
In the aforementioned example, a switched trial from Set 2 was offered in a trial
block containing Set 1 trials. A return to a Set 1 trial, after the switched Set 2 trial,
is labelled as a set shift trial. Here, participants were required to make a mental shift
from Set 2 back to Set 1.These set shift trials were included because several authors
have demonstrated that a switch between two tasks results in a slower responding
on the first trial of the second task (Kray & Lindenberger, 2000; Los, 1999; Mayr,
2001; Mayr & Kliegl, 2000; Rogers & Monsell, 1995).
Several comparisons can be made. The switched and set shift trials can be
compared to examine the influence of an incongruent background colour. On the
switched trials, participants make a mental shift from the same set to the switched
set; the reverse is true for the set shift trials. Both test trial types require a mental
shift from one stimulus set to the other, but only on the switched trials is the
background colour incongruent.The effect of a mental shift from one stimulus set
to the other can be measured by comparing the same and set shift trials. On both
test trial types the background colour is congruent, but only the set shift trials
require a mental shift from one stimulus set to the other. The different test trial
types were presented pseudo-randomly.
The first 4 trials of a trial block (24 trials) always consisted of same trials, as a
pilot study showed that participants on average needed more time to finish the first
trials of a block.Within each subsequent block, one switched baseline, one switched
symmetry trial, and two switched equivalence trials were offered. No more than
two switched trials followed each other. Only 16.7% of the trials consisted of
switched trials. This percentage allows the participant to pick up their regular
response rhythm after switched trials.
No criteria were set, and the experiment ended after finishing the last trial of
the final test (i.e., Trial 192). Testing continued until 16 participants in each
experimental group finished the complete testing programme. The transitions
between the phases and trial blocks were not marked for the students in any way
except where explicitly indicated.
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Questionnaire. After finishing the experiment, participants were asked to fill in
a questionnaire containing 10 multiple-choice questions. This list was offered to
obtain general information about the experiment, to find out which strategies were
used to solve the task, and to assess awareness of the switch in background colours.
Beside this questionnaire, the participants were also asked to group pictures of the
stimuli used. In this way, participants could show whether they had formed four
equivalence classes (A1-B1-C1; A2-B2-C2; X1-Y1-Z1; X2-Y2-Z2).
Behavioural measures and data analysis. The time to press a choice key (response
latency, in ms), the choice itself (correct/incorrect), and which key was pressed
were registered on each trial. Response latencies and mean percentage of errors
were analysed using parametrical tests (ANOVA). Bonferroni tests were used to
adjust the observed significance level when pairwise comparisons were made.The
dichotomous choice data (correct/incorrect) of single trials were analysed
nonparametrically (Cochrans Q Test; Pearson Chi-square test, exact).
Task difficulty was assessed using the data from the equivalence tests of Phases
1 and 2. For each participant, the data from the successful equivalence tests of
Phases 1 and 2 were combined and averaged.The reason for using these two phases,
as opposed to later tests, is that repeated testing can increase the accuracy, (e.g.,
Bentall et al., 1998, Experiment 2; Fields et al., 1990; Spencer & Chase, 1996) and
decrease response latencies (e.g., Bentall et al., 1993, 1998), over test trials. Such an
effect would decrease the likelihood of obtaining differences in performance
reflecting differences in task difficulty.The first 4 trials of the final test (1 baseline,
1 symmetry, and 2 equivalence trials) were discarded, leaving 188 trials for data
analyses.This was done to exclude enhanced response latencies or errors due to the
transition from the last mixed training to the final test phase. Of the remaining 188
trials, 31 trials were baseline trials, 31 were symmetry trials, and 126 trials were
equivalence trials (ratio approximately 1 : 1 : 4). The rejection criterion was set at
p < .05 throughout.
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Results and discussion
Only the 32 participants who finished Phase 3 were used for statistical analysis (26
females, 6 males, age ranging from 19 to 31 years). The data of the other 16
participants were excluded from statistical analysis because we were especially
interested in the results of the final test.
The left side of Table 1 summarises the number of participants passing the
different phases in Experiment 1.As can be seen in this table, time pressure was not
the main cause for having to discard data. Seven participants responding under time
pressure failed to reach the end of the experiment. This was true for an equal
number of participants in the other group.
Mean number of training and test trials
Table 2 summarises the mean number of trials and matching standard errors of
the mean that the participants needed to pass the different phases in Experiments
1 and 2. The data from Experiment 1 are displayed on the left side of Table 2. In
the group without time pressure, four participants failed to pass the symmetry test
of Phase 1. One of these four participants needed to be retrained four times before
continuing with the equivalence test. The other three participants passed the
symmetry test after one additional retraining phase. All participants passed the
equivalence test of Phase 1 in one go. In Phase 2, one participant failed the
equivalence test and needed to be retrained twice before passing the test.
In the time pressure condition, five participants failed the symmetry test of
Phase 1 the first time, but all succeeded the second time. Equally, five participants
failed the first equivalence test but passed after additional mixed training. In Phase
2, only one participant failed the equivalence test and needed to be retrained once
more. In interpreting the data in this table, it is important to keep in mind that in
each group the minimum number of trials in the symmetry test plus the
equivalence test is 114 (i.e., 41 symmetry test plus 73 equivalence test trials).
A one-way ANOVA, with the number of training and test trials as dependent
variables and time pressure as a between-subjects factor revealed no significant
differences between the two experimental conditions, Fs(1, 30) < 1.92.This result
indicates that time pressure did not make the task more difficult.
The remainder of the results section focuses on the data obtained in the two
equivalence tests of Phases 1 and 2 and the data obtained in the final test (Phase 3).
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TABLE 1
Performance of all participants in Experiment 1 and 2
Experiment 1
Phase

1

2

3

Total pass

Total fail

A-B training
A-C training
A-B/C training
Phase 1 test
Symmetry
Equivalence

46
45
44

2
1
1

40
36

4
4

X-Y training
X-Z training
X-Y/Z training
Phase 2 test
Symmetry
Equivalence

36
35
34

0
1
1

34
32

0
2

Mixed training
Phase 3 final test

32
32

0
0

Experiment 2
Fail time
pressure

Total pass

4
2

1

Total fail

Fail time
pressure

39
39
39

1
0
0

1

36
34

3
2

3
2

34
34
34

0
0
0

34
32

0
2

32
32

0
0

1

TABLE 2
Mean number of trials to criterion
Experiment 1
No time pressure
Phase

M

Experiment 2

time pressure

No time pressure

SEM

M

SEM

M

SEM

time pressure
M

SEM

1

A-B training
A-C training
A-B/C
Phase 1 symmetry +
equivalence test

37.56
34.31
34.63
162.50

2.03
1.83
2.92
21.88

39.81
33.81
37.75
212.38

3.55
1.38
3.84
28.65

37.56
35.63
52.44
152.31

2.56
4.65
10.81
25.36

38.81
35.88
41.06
150.00

3.05
3.67
7.35
13.19

2

X-Y training
X-Z training
X-Y/Z
Phase 2 symmetry +
equivalence test

33.25
30.13
31.94
144.13

1.60
0.46
2.87
24.28

33.00
30.25
30.13
142.31

1.05
0.56
1.67
12.99

33.63
32.69
29.69
146.38

2.13
2.24
1.29
13.45

40.00
32.56
29.69
132.63

3.06
1.97
0.98
12.03

3

Mix Phases 1 and 2

29.06

0.57

30.69

1.56

30.63

1.66

28.81

0.33
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Equivalence test Phases 1 and 2
The percentage of errors and response latencies of the equivalence test were
analysed with two separate, repeated measures ANOVAs. The trial types of the
equivalence test (baseline, symmetry, and equivalence) served as within-subjects
factors, and experimental condition (with or without time pressure) served as a
between-subjects factor. Analysis of the choice data revealed a main effect for trial
type, F(2, 60) = 6.80, p < .005. Pairwise comparisons showed that participants made
more errors on the symmetry (mean: 4.1%) and equivalence trials (mean: 3.9%)
than on the trained baseline trials (mean: 1.9%), ps < .05. No differences were
found between the symmetry and equivalence trials, p = 1.00. No effect of
experimental condition or interaction between experimental condition and trial
type was found, Fs < 0.75.
Analysis of the response latencies revealed a main effect for trial type, F(2, 60)
= 6.25, p < .005. Pairwise comparisons reveal that participants responded slower
on the equivalence trials (mean: 1485 ms) than on the baseline trials (mean: 1276
ms), p < .01.The symmetry trials (mean: 1430 ms) did not differ from the baseline
or equivalence trials, ps > .15.The participants under time pressure responded faster
than participants without this pressure, F(1, 30) = 11.31, p < .005. No significant
Trial Type x Experimental Condition interaction was found, F(2, 60) = 0.67.
These analyses confirm that the equivalence trials were more difficult than the
trained baseline trials. However, participants also made more errors on the
symmetry than on the baseline trials.This was not expected as both relations have
a nodal distance of zero. However, these data are not totally in conflict with the
outcome of previous research because other authors also found differential
responding on baseline versus symmetry trials (e.g., Holth & Arntzen, 2000;
Spencer & Chase, 1996).
Final test
Choice data. A Cochrans Q test was performed on the 32 switched trials.This
analysis showed that repeated exposure to a switch in context did not change the
number of incorrect responses across trials, Q = 17.22, p > .97.
Two repeated measures ANOVAs were run on the mean percentage of
incorrect responses on the three Stimulus Equivalence Test types (baseline; 2.6%
symmetry; 3.9%, and equivalence, 3.5%), and the three test trial types (same, 3.4%;
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switched, 3.9%; and set shift, 3.1%).All trials in the final test, except for the first four
trials, were used for these analyses. In each of these two analyses, time pressure
functioned as the between-subjects factor. None of the analyses revealed an effect
of the within-subjects factor, Fs(2, 60) < 1.72, or of experimental condition, Fs(1,
30) < 2.76, or a significant interaction, Fs(2, 60) < 1.44.These null results probably
reflect a floor effect:The percentage of errors was less than 6% for both groups on
each of the Stimulus Equivalence Test types and the test trial types.
Response latencies. Figure 2 shows the data from all switched trials in blocks of
four trials. A repeated measures ANOVA with trial (1 to 32) as the within-subjects
factor and experimental condition as the between-subjects factor revealed a
significant decrease in response latencies across test trials, F(31, 930) = 9.16, p <
.001. As expected, the group under time pressure responded faster on the switched
trials than did the group without such pressure, F(1, 30) = 7.39, p < .05. A
significant Experimental Condition x Trial interaction was also found, F(31, 930) =
3.02, p < .001.This interaction was caused by a sharp decrease in response latencies
after the second trial block in the group without time pressure. Separate analysis of
the two experimental conditions showed that, in each group, the response latencies
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Figure 2.

Mean response latency on the switched trials for the two experimental conditions.
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on the switched trials decreased over the final test phase, Fs(31, 465) > 2.94, ps <
.001. This decrease in response latencies indicates that the influence of a context
switch is most pronounced at the beginning of the test phase. For this reason, an
analysis was performed on the very first trial of each of the three test trial types
(same, switched, and set shift) for each of the baseline, symmetry, and equivalence
trials. For the same trials of each test type, the same trial preceding the switched
trial of an identical Stimulus Equivalence Test type was used for data analyses. For
example, if the switched trial was a baseline trial, the preceding same baseline trial
was used for data analyses.
Stimulus Equivalence Test. The response latencies of the first trial of each of the
three Stimulus Equivalence Test types (baseline, symmetry, and equivalence) are
displayed in Figure 3. The choice data and response latencies of each Stimulus
Equivalence Test type were analysed separately.
Baseline trials: Response latency. The mean response latencies on the several
baseline trial types are displayed in the top panel of Figure 3. A repeated measures
ANOVA using these data, with test trial type (same, switched, and set shift) as the
within-subjects factor and time pressure as the between-subjects factor revealed no
effect for test trial type, experimental condition, or Test Trial Type x Experimental
Condition interaction, Fs < 1.75. In neither group did the switch in background
colour result in enhanced response latencies.
Baseline trials: Choice data. No errors were made on the same and set shift
baseline trials. Only one participant in the no time pressure group made an
incorrect response on the switched baseline trial. No differences between the three
test trial types were found, Cochrans Q = 2.00. The Pearson chi-square tests
showed no differences between the two experimental conditions on any of the test
trial types, χ2 < 1.04.
Symmetry trials: Response latency. The mean response latencies on the several
symmetry trial types are displayed in the middle panel of Figure 3. A repeated
measures ANOVA on these data, with test trial type as within-subjects factor and
experimental condition as between-subjects factor, data revealed no effect for test
trial type, experimental condition, or interaction, Fs < 3.29.
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Figure 3. Mean response latency (+SEM) on the baseline (top panel), symmetry (middle panel),
and equivalence test trials (bottom panel).
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Symmetry trials: Choice data. No errors were made on the set shift symmetry
trials. Three participants under time pressure made an incorrect response on the
same symmetry trial. One participant without time pressure made an error on the
switched symmetry trial. No differences between the three test trial types were
found, Cochrans Q = 3.50. The Pearson chi-square tests showed no differences
between the two experimental conditions on any of the test trial types, χ2 < 3.31.
Equivalence trials: Response latency. The mean response latencies on the several
equivalence trials are displayed at the bottom of Figure 3. The repeated measures
ANOVA revealed a main effect for test trial type, F(2, 60) = 20.80, p < .001, and
for experimental condition, F(1, 30) = 17.61, p < .01, and an interaction between
experimental condition and test trial type, F(2, 60) = 3.48, p < .05. Separate
repeated measures ANOVAs, with test trial type as within-subjects factor,
performed on the data from each of the experimental conditions, revealed a main
effect for test trial type in each group, Fs(1, 30) > 11.99, ps < .001. Pairwise
comparisons revealed the same pattern for both groups: Participants responded
faster on the same trial than on the switched and set shift trials, ps < .01. No
differences between switched and set shift trials were found, ps > .64.
Equivalence trials: Choice data. No errors were made on the same equivalence
trials. Two participants made an error on the switched trial; four participants gave
an incorrect response on the set shift trial.All errors were made by participants from
the group under time pressure. No differences between the three test trial types
were detected, Cochrans Q = 4.00, and no effect of experimental condition was
found, Pearson chi-square tests, χ2 < 4.58.
Questionnaire
All participants who passed the last test phase grouped the stimuli into the
correct equivalence classes.A total of 19 participants noticed the switch in stimulus
set at test, 9 participants made comments on the colours (e.g.,two tasks each with
its own colour), and 4 participants did not notice anything in particular about the
colours. From the remaining 16 participants, who did not reach the end of Phase
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3, 2 participants made two correct stimulus classes and 4 participants formed all
classes.There was no difference in the strategies used between participants who did
or did not pass the entire experiment (e.g., memorising the correct answers,
combining the figures, visualising etc.).
The results of the equivalence trials indicate that switching the stimulus set
within a trial block, in such a way that the background colour was incongruent
with the colour on which the set was learned, resulted in an increase in response
latency. However, the trial following this switch, the set shift trial, showed the same
increase in response latency. Therefore, it is not clear whether the enhanced
response latencies on the switched trials are caused by the incongruency of
background colour or by the mental shift from one stimulus set to the other
stimulus set. Nevertheless, as can be seen at the bottom of Figure 3, there was a
tendency of slower responding on the switched trial than on the set shift trial,
especially in the no time pressure condition.This tendency might reflect a context
effect on top of a set shift effect. Experiment 2 was carried out to further examine
the influence of the background colour on the retrieval of learned relations.

EXPERIMENT 2
Experiment 1 showed that switching the background colour at test resulted in an
enhanced response latency for the equivalence trials.This slower responding might
reflect context-dependent effects. However, another interpretation is that the
increased response latency was caused by the fact that the participants had to make
a mental set shift from one stimulus set to the other set (Kray & Lindenberger,
2000; Los, 1999; Mayr, 2001; Mayr & Kliegl, 2000; Rogers & Monsell, 1995).This
interpretation is supported by the enhanced response latency on the set shift trials.
The aim of Experiment 2 was to prevent this mental set shift.This was achieved
by using only one stimulus set in a block of trials at the final test. Instead of using
one colour and a switch between the two stimulus sets, each block of trials at the
final test contained only one stimulus set with a switch in background colour on
switched trials.
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Method
The participants were 40 students (35 females, 5 males, ages ranging from 17 to 40
years).The apparatus and procedure were identical to those of Experiment 1 with
the exception of the switch in background colours during the final test.At test, the
same stimulus set was used within a block of 24 trials. The switched trials were
characterised by a switch in background colour.The switched trials started with the
presentation of the incongruent colour. One second thereafter the sample stimulus
was placed at the top of the screen, and 250 ms later the two comparison stimuli
were added at the bottom of the screen. No mental set shift had to be made on
these trials. For example, a trial consisting of stimuli of Set 1 was offered against the
background colour of Set 2 (Colour 2). The trials following these switched trials,
formerly labelled as set shift trials, were now labelled colour shift trials. Instead of
switching from one stimulus set to the other set, participants had to shift from the
incongruent background colour (Colour 2) back to the original, congruent,
background colour (Colour 1).The stimulus set on these trials remained identical,
in this example Stimulus Set 1.The same trials were identical to those described in
Experiment 1.

Results and discussion
A total of 8 participants were excluded from the data analysis. None of these
participants completed Phase 3 of the experiment. The data of the remaining 32
participants (29 females, 3 males, age ranging from 17 to 40 years) were used for
data analysis. The data summarising the number of participants in the different
phases are shown on the right side of Table 1. Seven participants under time
pressure failed to complete the entire experiment; only one participant failed in the
group without time pressure.
Mean number of training and test trials
The right portion of Table 2 summarises the mean number of trials and
matching standard errors of the mean of the several phases for the groups in
Experiment 2. One participant from the group without time pressure failed to pass
the symmetry test of Phase 1 and needed to be retrained twice.Another participant
failed to pass the equivalence test of Phase 1 and needed to be retrained twice
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before passing to the next phase. In Phase 2, two participants did not pass the
symmetry test and one participant failed the equivalence test. All three participants
passed the tests after an additional mixed training.
Of the group under time pressure, in Phase1 one participant failed the
symmetry test and another participant the equivalence test. Both participants passed
the tests after an additional training. All participants passed the symmetry test of
Phase 2. One participant needed additional mixed training before passing the
equivalence test.
A one-way ANOVA with the mean number of training and test trials as
dependent variables and time pressure as the between-subjects factor revealed that
the two experimental conditions did not differ in the mean number of trials
needed to complete the training and tests, Fs(1, 30) < 2.93. These results indicate
that time pressure did not complicate the task.
The remainder of the results section focuses on the data obtained in the two
equivalence tests of Phases 1 and 2 and the data obtained in the final test (Phase 3).
Equivalence Test Phases 1 and 2
Both the choice data and response latencies of the equivalence test were
analysed using repeated measures ANOVAs.The trial types of the equivalence test
(baseline, symmetry, and equivalence) were within-subjects factors, and
experimental condition was a between-subjects factor. Analysis of the choice data
showed a main effect for trial type, F(2, 60) = 3.92, p < .05. No effect of
experimental condition or interaction was found, Fs < 2.58. Pairwise comparisons
showed that participants made more errors on the equivalence trials (mean: 3.5%)
than on the trained baseline trials (mean: 1.7%), p < .05. No differences were found
between the symmetry trials (mean: 2.7%) and each of the baseline and equivalence
trials, ps > .42.
The analysis of response latencies revealed a main effect for trial type, F(2, 60)
= 37.45, p < .001. No effect of experimental condition or interaction was found,
Fs < 2.56. Pairwise comparisons revealed that participants responded more slowly
on symmetry (mean: 1449 ms) and equivalence (mean: 1487 ms) trials than on
baseline trials (mean: 1265 ms), ps < .001. No difference was found between
symmetry and equivalence trials, p = .35.
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As in Experiment 1, both the choice data and the response latencies suggest
that the equivalence trials were more difficult than the trained baseline trials.
However, in Experiment 2, participants did not make more errors on the symmetry
than on the baseline trials but responded more slowly on the symmetry trials.The
reason for the difference between the two experiments on symmetry trials is not
clear. However, these data suggest that the symmetry and equivalence trials are
more difficult than the trained baseline trials.
Final Test
Choice data. A Cochrans Q test was carried out to analyse the choice data of
the 32 switched trials. This analysis revealed no significant effect of the repeated
exposures on the mean number of errors, Q = 40.63.
Two repeated measures ANOVAs were carried out on the mean percentage
errors on the three Stimulus Equivalence Test types (baseline, 2.5%; symmetry,
2.4%; equivalence, 2.4%), and the three test trial types (same, 2.3%; switched, 2.9%;
colour shift, 2.3%). As in Experiment 1, all trials in the final test, except the first 4
trials (i.e., 188 trials), were used for these analyses.Time pressure functioned as the
between-subjects factor and trial type as the within-subjects factor. No effect of
equivalence test trials was found on the percentage of incorrect responses, F(2, 60)
= 0.05. Likewise, no differences between the three test trial types was detected, F(2,
60) = 0.51. Neither of these analyses revealed a difference between the two
experimental conditions or an interaction between trial type and experimental
condition (Fs < 1.80). As in Experiment 1, the lack of a difference between the
several equivalence test trials and test types reflects the good performance of the
participants. For each group, the percentage of errors was less than 4% on each of
the several Stimulus Equivalence Tests and test trial types.
Response latencies. Figure 4 displays the mean response latencies of all switched
trials in blocks of four trials. A repeated measures ANOVA with the 32 switched
trials as the within-subjects factor and experimental condition as the betweensubjects factor revealed, as in Experiment 1, a significant decrease in response
latencies across trials, F(31, 930) = 13.32, p < .001.The analysis found a significant
Trial x Experimental Condition interaction, F(31, 930) = 1.61, p < .05, but no
significant effect of experimental condition, F(1, 30) = 2.97. Separate analysis of the
two experimental groups showed that, in each group, the response latency on the
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switched trials declined, Fs(31, 465) > 7.12, ps < .001. As in Experiment 1, only
the first trial of each of the three test trial types (same, switched, and colour shift)
was used for data analysis. The test trials were selected as described in the first
experiment.
Stimulus Equivalence Test. The response latencies of the first trial of each of the
three Stimulus Equivalence Test types (baseline, symmetry, and equivalence) are
displayed in Figure 5. The choice data and response latencies of the baseline,
symmetry, and equivalence trials were analysed separately.
Baseline trials: Response latency. The mean response latencies of the several
baseline trial types are displayed in the top panel of Figure 5. A repeated measures
ANOVA with test trial type (same, switched, and colour shift) as the withinsubjects factor and time pressure as the between-subjects factor using these data
revealed no effect for test trial type or interaction between test trial type and
experimental condition, Fs(2, 60) < 2.09.The group under time pressure responded
faster than the group without this pressure, F(1, 30) = 4.21, p < .05.
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Figure 4.

Mean response latency on the switched trials for the two experimental conditions.
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Baseline trials: Choice data. One participant without time pressure made an
error on the same baseline trial. On the switched baseline trial two participants, one
from each experimental condition, gave an incorrect response. No errors were
made on the colour shift trial. There were no significant differences between the
test trial types, Cochrans Q = 2.00, or between the two groups, Pearson chi-square
tests, χ2 < 1.04.
Symmetry trials: Response latency. The mean response latencies on the several
symmetry trial types are displayed in the middle panel of Figure 5. A repeated
measures ANOVA with trial type as the within-subjects factor and experimental
condition as the between-subjects factor on these data revealed no significant effect
for experimental condition or test trial type, or a Test Trial Type x Experimental
Condition interaction, Fs < 2.24.
Symmetry trials: Choice data. One participant under time pressure made an error
on the same symmetry trial.Three participants in the time pressure condition gave
an incorrect response on the switched symmetry trial. No errors were made on the
colour shift trial. No differences were found between the three test trial types,
Cochrans Q = 4.67, or between the experimental conditions, Pearson chi-square
tests, χ2 < 3.32.
Equivalence trials: Response latency. The mean response latencies on the several
equivalence trials are displayed at the bottom of Figure 5. A repeated measures
ANOVA revealed a significant main effect for test trial type, F(2, 60) = 29.31, p <
.001, and a marginally significant Test Trial Type x Experimental Condition
interaction was found, F(2, 60) = 2.93, p = .06. No difference was found between
the two experimental groups, F(1, 30) = 3.01. Separate repeated measures ANOVAs
were run for each of the experimental conditions. In each group, a main effect for
test trial type was found, Fs(2, 30) > 13.79, ps < .001. Pairwise comparisons
revealed that, in each group, participants responded slower on the switched trials
than on the same and colour shift trials, ps < .01. There were no significant
differences between the same and colour shift trials, ps >.25.
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Figure 5. Mean response latency (+SEM) on the baseline (top panel), symmetry (middle panel),
and equivalence test trials (bottom panel).
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Equivalence trials: Choice data. No errors were made on the same equivalence
trial. Three participants (two without time pressure, one with time pressure) gave
an incorrect response on the switched equivalence trial. One participant without
time pressure made an error on the colour shift trial. There were no significant
differences between test trial type, Cochrans Q = 4.67, or experimental condition,
Pearson chi-square tests, χ2 < 1.04.
Questionnaire
All participants who passed the last test phase grouped the stimuli into the
correct equivalence classes. Twenty participants noticed the switch in background
colour at test, eight participants noticed that there were two separate colours for
each of the stimulus sets, and four participants did not notice anything in particular
about the colours. From the nine participants who did not reach the end of Phase
3, one participant formed all classes, and one participant made two correct stimulus
classes.There was no difference in the strategies used between participants who did
or did not pass the entire experiment.
The results obtained from the equivalence trials of Experiment 2 indicate that
switching the background colour within a stimulus set, in such a way that the
background colour is no longer congruent with the colour on which the set was,
resulted in an increase in response latencies. Most importantly, the trial following
this switch, the colour shift trial, does not show an increase in response latencies
(from same to colour shift trials).Therefore, the enhanced response latency on the
switched trials in Experiment 2 cannot be ascribed to a simple change of context,
but seems to reflect a context-dependent effect.This effect only occurs on the trial
with a nodal distance of one, the equivalence trial. No enhanced response latencies
were observed on the trials with a nodal distance of zero, the baseline and
symmetry trials. Altogether, the results of Experiment 2 confirm our hypothesis
that context-dependent effects are found on the most difficult test trials, namely,
the equivalence trials.
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GENERAL DISCUSSION
The present two experiments extend previous findings on context dependency to
a stimulus equivalence paradigm. The results of Experiment 1 and 2 confirm our
hypothesis that the effect of switching the background colour at test has a more
pronounced effect the more difficult the task. A context switch only resulted in an
increase in response latency on the equivalence trials; no effect was seen on the
symmetry and baseline trials.That the context-dependent effects were expressed as
an increase in response latency, but not as an increase of the number of errors,
indicates that the task was not very complex.
Unexpectedly, increasing the task difficulty by using time constraints on
responding did not lead to a different pattern of response latencies or errors. In
both experiments, the overall response latencies were suppressed under time
pressure but no additional context-dependent effect was found. It seems likely that
a time limit of 3 seconds was not sufficient to significantly increase task difficulty.
The results of Experiment 1 suggest that the increase in response latencies on
switched trials is caused in part by a mental shift from one task set to the other set.
At the equivalence trials, both the switched and the set shift trials led to enhanced
response latencies.There was no significant difference between these two test trial
types.The problem with these data is that a context-dependent effect, if any, cannot
be separated from a mental shift effect. In Experiment 2, switching the background
colour at test instead of switching the stimulus set prevented this mix of mental shift
and context-dependent effects on the switched trials.The results of this experiment
clearly demonstrate that the participants responded more slowly on the switched
equivalence trials than on each of the other test trial types.This increase can only
reflect context dependency, as a mental shift was not required.
A question that remains to be addressed concerns the mechanism(s) underlying
the present context-dependent effects. As mentioned in the Introduction, one of
the possible explanations is that contextual cues can serve as retrieval cues. At
learning, the target information is stored along with contextual cues, and restoring
these cues at test can help retrieval of the stored information. A change or absence
of the contextual cues at test will impair retrieval. In both Experiment 1 and 2, a
change in context only resulted in enhanced response latencies on the most
difficult test trials, the equivalence trials. These data suggest that task difficulty
influences the formation of associations between the task, stimuli, and context.
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Figure 6. Model after Shea and Wright (1995).The associations acquired by training are
represented by
;
refers to associations acquired by repeated testing. See text
(General Discussion) for further explanation.

An adjusted model after Shea and Wright (1995) can explain these results.The
solid circles and lines in Figure 6 display putative memory network representations
after training. In this network, both the background colour and the stimuli can
activate the accompanying task set. Activation of one task set inhibits the net
activation state of the other set. If the net activation state of the target set is large
enough, a response is selected and performed. Based on this memory network, a
fast response is expected when both the background colour and stimuli activate the
same task set.Therefore, same trials at test should lead to fast responding. However,
switching the background colour at test activates the alternative task set. This
activation in turn inhibits the net activation state of the first target set.The result is
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slower responding on the switched trials.The difference between the easy and more
complex trials can be explained by the magnitude of associative strength between
the stimuli and the task set. In an easy task, a strong association can be presumed to
be formed between the stimuli and the task set. It may be assumed that this
association is largely responsible for activation of the target task set and the
contribution of the colour-set association to activation of that set is negligible.
Accordingly, stimuli alone are sufficient to activate the target set for response
selection. Moreover, a switch to the colour of the other, non-target set will only
weakly activate the alternative set, and the inhibitory effect of this activation on net
activation state of the target set will be small. However, this situation might differ
in case of more difficult trials. On more difficult trials, the background and stimuli
might contribute to activation of the target set to the same extent. A switch in
background colour will have two effects that each contribute to a significant
reduction in activation of the target set. First, the switch reduces the activating
contribution of the colour associated with the target set. Second, the alternative
colour will activate the non-target set, which in turn inhibits activation of the
target set. The net reduction in activation of the target set is expressed in
significantly slower responding on switched trials.
A different account of the present results may be developed in terms of
habituation.Accordingly, at the start of the experiments, participants actively attend
the coloured backgrounds. The participants come to notice that the coloured
backgrounds do not provide any information about the correct choice as the
experiment progresses. Therefore, attention to the colours wanes as training
continues and the background colour habituates with respect to one particular
stimulus set. One might say that the habituation to the background colours is
context specific, with the stimulus sets (i.e., A-B-C and X-Y-Z) functioning as
context. If, at test, the combination background colour-stimulus set is altered,
attention to colour is restored. This dishabituation manifests as an increase in
response latency. Perhaps this is the most likely explanation, in view of a separate
analysis of all the switched equivalence trials. This analysis revealed a significant
decrease in response latencies over the switched test trials in both Experiments 1
and 2, Fs(15, 450) > 12.27, ps < .001. This decrease in response latencies might
reflect restored habituation to the new background-stimulus set configuration.
However, the decrease in response latency and context effect across test trials might
also be incorporated into the proposed model in Figure 6. As the test progresses,
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participants may come to learn that both colours can predict the occurrence of a
stimulus set (see the dashed circles and arrows). Therefore, additional associations
are formed between the alternative colour and the stimulus set. These additional
associations are represented in the model as the connections between the dashed
circles and the net activation state. Accordingly, a switch in background colour
activates both stimulus sets, thereby neutralising the inhibitory effect that was partly
responsible for the slow responding on the first switched equivalence trials.
One last issue deserving attention is the integration of stimulus equivalence and
context dependency. The influence of contextual cues in a stimulus equivalence
paradigm has been studied before, although in an entirely different manner. Several
authors have brought conditional discriminations under contextual control (e.g.,
Lynch & Green, 1991; Meehan 1995; Wulfert, Greenway, & Dougher, 1994). In
their experiments, the context functioned as an explicit signal for a specific relation
between the samples and comparisons.The contextual cues were informative with
respect to the grouping of the stimuli. In the present two experiments, the
contextual cues did not signal a relation between stimuli, but were incidental and
stored along with a specific stimulus set in memory. Therefore, the present
experiments not only contribute to the integration of literature on context
dependency and stimulus equivalence, but also extend these findings to noninformative, incidental contexts.
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General Discussion

Chapter 7

The main aim of this thesis was to study human learning behaviour and to compare
the results with those obtained in animal learning paradigms. Three topics of
current interest were examined: cue competition, occasion setting, and context
dependency. In this section, I will discuss the results on each of these three topics
and focus on three main questions that emerged from the research conducted for
this thesis:
1. Are the results acquired in our experiments in line with other, similar,
human experiments?
2. Are the results comparable to results obtained in animal research?
3. Can the results be explained in terms of animal learning theories?

CUE INTERACTION
Cue-interaction effects in humans
The first line of research examined cue-interaction effects (Chapter 2). In
Experiments 1 and 2, we replicated the basic finding of previous, similar
experiment (Williams, Sagness, & McPhee, 1994, Experiment 1). Participants gave
lower ratings to a neutral cue that was compounded with a predictor than to a
neutral cue that was compounded with a non-predictor. However, cue-interaction
effects were only obtained under the condition that the cues were presented in a
fixed spatial position (Experiments 1 & 2). No evidence for cue interaction was
found when cue position varied over trials (Experiments 3 & 4), suggesting that
randomising the position of the cues hindered the occurrence of cue interaction.
Besides replicating previous findings, the results of our experiments help to clarify
the conditions that promote cue interaction in human predictive learning.

Cue-competition effects in animals
The results obtained in our first two experiments (fixed-cue position) are in
accordance with those from previous animal experiments. That is, prior
conditioning of one element of the compound hinders the acquisition/expression
of associative strength by a second element of the compound stimulus.
150

General Discussion

Although cue interaction is a well-established phenomenon in the animal
literature, only a few studies have randomised the spatial position of the stimuli used
(e.g., Diez-Chamizo, Sterio, & Mackintosh, 1985; Redhead, Roberts, Good, &
Pearce, 1997, Experiment 3; Robert & Pearce, 1999, Experiments 3 & 4). In
contrast to the results of our cue-interaction experiments, these studies do provide
evidence for cue competition using randomised spatial cues. For example, rats
pretrained in a Morris water maze (Redhead et al., 1997, Experiment 3; Robert &
Pearce, 1999, Experiments 3 & 4) or an elevated maze (Diez-Chamizo et al., 1985)
with intra-maze cues relevant for solving the task, learned less about extra-maze
cues during compound training than non-pretrained control rats. However, the
procedure used in these studies deviates from the one used for this thesis. In our
experiments, the position of the stimuli varied in both phases of the cue
competition task. Both the position of the first to-be conditioned stimulus (phase
1), and the elements of the compound stimulus (phase 2) were randomised across
trials. In the animal studies mentioned above, the position of the first stimulus was
variable, whereas the position of the elements of the compound stimulus was fixed.
A second important difference between our study and the animal studies is the
role of the spatial position of the stimuli. In our study, the position of the stimulus
was uninformative regarding the task. Successful performance was based on the
identity of the stimulus rather than its position. In the animal studies, the position
of the stimulus was relevant for correct performance. For example, the position of
the stimulus indicated the location of a hidden platform in a Morris water maze
(Redhead et al., 1997; Robert & Pearce, 1999).To my knowledge, no animal cueinteraction studies with randomised cues have been carried out in which stimulus
position was irrelevant for correct performance.

Animal models and cue interaction
None of the theories discussed in the Introduction explicitly addresses the notion
of a difference in cue-competition effects between fixed or randomly placed
stimuli. However, both the Rescorla-Wagner model and the comparator hypothesis
do predict attenuated competition between elements of a compound stimulus
when learning is not near asymptote. According to the Rescorla-Wagner model
(1972), a stimulus can gain associative strength as long as there is a discrepancy
between the sum of associative strength acquired by all stimuli present,VTOT, and
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the asymptote λ. Similarly, the comparator hypothesis poses that a stimulus can
come to control behaviour at least to some extent when its comparator stimulus
has not gained all predictive value for the (non) occurrence of the US. A limited
number of training trials can prevent learning to asymptote.Accordingly, the added
element of the compound stimulus can still acquire predictive value, hindering the
occurrence of complete cue competition. This idea is supported by a study of
Robert and Pearce (1999, Experiment 1) in which evidence for cue competition
in rats was only obtained after extended but not after restricted training.
The absence of cue competition using a random stimulus position can also be
explained in terms of non-asymptotic learning. As we mention on page 48 of
Chapter 2, participants in the experiments using a random position of the cues (no
cue interaction), made more errors than did the participants with fixed cues (cue
interaction). Since the participants in both conditions received an equal number of
training trials, one could argue that the participants in the easier, fixed-cue
condition were better trained at the onset of the compound conditioning than
were the participants in the random-cue condition. Therefore, the added stimulus
of the compound in the random condition could still acquire predictive value,
hindering the occurrence of strong cue competition.
The same line of reasoning can be used to explain the partial rather than
complete blocking obtained in our, as well as in other human cue-interaction
experiments (Arcediano et al., 1997; Chapman, 1991; Chapman & Robbins, 1990;
Dickinson, Shanks, & Evenden, 1984, Shanks, 1985;Waldmann & Holyoak, 1992).
In all these experiments, participants received a fixed number of trials.Although we
only used participants that solved the first phase of the blocking problem, this does
not necessary imply that they were trained to asymptote.This leaves the possibility
for the to-be blocked stimulus to acquire some predictive value during compound
training (Experiment 2). However, according to the Rescorla-Wagner model the
predictive value of both elements of the compound stimulus should increase during
compound training. Furthermore, under the assumption that both compound
elements are equally salient, the difference between these predictive values should
remain equal. The comparator hypothesis also predicts an increase in predictive
value of both elements during compound training. However, the comparator
hypothesis does not explicate how this increase in predictive value relates to
response selection at test. The results of Experiment 2 are not in line with the
notion that both elements should gain predictive value during compound training.
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The predictive value of the to-be blocked stimulus increased throughout
compound training, whereas the value of the established predictor remained
equally high. Even more important, at the end of compound training, no significant
difference was detected between the two elements of the compound stimulus.
Although one can argue that the value of the US was not fixed in Experiment 2
(i.e., a change in the value of the stock market), the results of Experiment 4, with
a fixed value of the US, show a similar pattern. The value of the established
predictor remained equally high, whereas the value of the to-be blocked stimulus
increased.

OCCASION SETTING
Occasion-setting effects in humans
In the second line of research, the associative properties of a feature (F) in a featurepositive (FP) discrimination were studied. In Chapter 3, we replicated two basic
findings of previous experiments that provide evidence for occasion setting in
humans (Baeyens et al., 2001; Young et al., 2000). First, a feature trained in a
simultaneous FP discrimination affected responding to a transfer target more than
did a feature trained in a serial FP discrimination. Second, a change in the
associative value of F did not affect the original FP discrimination in either
condition.
The experiment in Chapter 4 was carried out to examine whether children
and students differ in cognitive strategy used to solve a serial FP discrimination. In
the children, F strongly affected responding to a transfer target, and a change in
value of F altered the response pattern on the original FP discrimination.
Unexpectedly, the results of the adults resembled those of the simultaneous
condition mentioned in Chapter 3. F affected responding to the transfer target
stimulus, but a counterconditioning manipulation on F did not affect the response
pattern on the original FP discrimination. These results indicate that the children
used an associational strategy to solve the serial FP discrimination, whereas the
students used both an associational and occasion-setting strategy.
The fact that the response pattern of the students resembled that of the
simultaneous instead of the serial condition described in Chapter 3 is probably
caused by the short Feature-Target interval (FTI). The serial FP discrimination in
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Chapter 3 used a FTI of 1000 milliseconds, whereas this interval was only 100
milliseconds in the experiment described in Chapter 4. Results obtained in animal
experiments suggest that reducing the FTI results in a stronger role of the
associational mechanism at the expense of the occasion-setting potential of F in FP
discriminations (e.g., Holland 1986, 1992; Ross & Holland, 1981). Using a longer
FTI might have resulted in a replication of the results of the serial condition in
Chapter 3. Unfortunately, a pilot study revealed that children were not able to solve
a FP discrimination using longer FTIs.

Occasion-setting effects in animals
The results obtained on the transfer test described in Chapter 3 resemble those
described in the animal literature. A simultaneously trained feature transfers its
behavioural control readily to other target stimuli, whereas the transfer of a serially
trained feature is more specific (Holland, 1991). However, a counterconditioning
manipulation on F reduces responding to the original discrimination (retest) more
in the simultaneous than in the serial condition. In our experiment,
counterconditioning had no effect on performance in either condition.
Not all simultaneous FP discriminations are solved by a direct F-US
association. Holland (1989a) showed that rats trained with simultaneous
compounds sometimes respond in a way that is consistent with occasion setting.
Under the condition of a salient target stimulus, an extinction procedure on F did
not affect the response pattern of the original discrimination. Furthermore, the
acquisition of a serial FP discrimination was facilitated if the feature had previously
been trained with a salient target stimulus in a simultaneous FP discrimination, but
was retarded when prior training was conducted with a weak target stimulus
(Holland, 1989a, Experiment 3). Unfortunately, no transfer tests were conducted to
examine the features effects on other target stimuli.
In Chapter 4, we concluded that children solved the FP discrimination by
mainly using an associational strategy (F-US association), whereas students used
both an associative and an occasion-setting strategy. These results are in line with
previous animal experiments that indicate that occasion setting is more likely to
occur in adult than in young rats (e.g., Carew & Rudy, 1991).
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Animal models and occasion setting
Although the Rescorla-Wagner model and comparator hypothesis can explain
some of the results obtained in our experiments, a full account of occasion setting
falls outside the domain of both theories. Therefore, I will discuss our occasionsetting data in the framework of Pearces configural approach and the multiplememory system proposed by Holland.
According to Pearces configural approach (1987, 1994), compound stimuli, for
example a feature-target combination, are processed and represented in memory as
a configural unit.This implies that changing the compound stimulus will result in
a generalization decrement, visible as a reduction in (non) responding. This
approach can explain most of the data on the transfer tests in Chapter 3 and 4.
According to Pearce, a long FTI (serial condition, Chapter 3) will lead to a weaker
representation of the feature in LTM than does a short, or no, FTI (simultaneous
condition Chapter 3, Chapter 4). This weaker representation will therefore,
generalize less to the transfer target than the relatively strong representation present
after training with a short FTI, which corresponds to what we empirically observed
in our experiments.
Although a configural approach can account for the data of the transfer tests, it
cannot explain the results of the retests.According to Pearce, a counterconditioning
manipulation on F should at least partially generalize back to the original FP
discrimination. Especially, in case of a short FTI interval, implying a strong
representation of F in memory, some change in responding is expected. However,
in our experiments, the response pattern of students trained with a short, or no FTI
were not affected by the counterconditioning manipulation. A configural approach
cannot explain the discrepancy between F generalizing its excitatory power to a
transfer target, and not generalizing it back to the original FP discrimination
(simultaneous condition Chapter 3, students Chapter 4).
The multiple-memory, or occasion-setting, model of Holland (1992) provides
a better account of our data. In Hollands model, simple Pavlovian associations are
represented in a lower memory system. But under circumstances that generate
occasion setting, like serial FP discriminations, information about the stimuli is also
represented in a higher-order, conditional memory system, storing if-then
relations. In case of a serial FP discrimination, both the feature and the target-US
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association are stored in the conditional memory system as control elements (CEs),
with the feature CE exerting control over the target-US CE. According to this
model, transfer is more likely to occur within a system than between systems.
Pavlovian stimuli will transfer their excitatory or inhibitory power to other
Pavlovian stimuli that are represented in the same lower memory system, but not
to stimuli involved in occasion setting. Similarly, occasion setters will transfer their
modulatory power to stimuli that have been involved in occasion setting, because
these stimuli are represented as CE in the conditional memory system. No transfer
of modulatory power is expected to simple Pavlovian stimuli stored in the lower
memory system. Since a short FTI is more likely to induce a direct F-US
association than a long FTI (see Holland, 1986), more transfer to a Pavlovian CS is
expected in case of a short interval.This is exactly what we observed: participants
trained with a short, or no FTI showed more transfer to a separately trained CS
than did participants trained with a long interval.
The data obtained in the retests partially fit into the occasion-setting model of
Holland. Participants in the serial condition responded in accordance with an
occasion-setting account on both tests.That is, no complete transfer was observed
and counterconditioning of F did not affect the original discrimination. Likewise,
the children continued to respond in line with an associational strategy (lower
memory system). Namely, F transferred its excitatory power to another CS, and
counterconditioning of F did alter the response pattern. Problems arise when
applying the model to the data of the two remaining groups (simultaneous
condition and students trained with a short FTI). On the transfer tests, both groups
responded in line with a simple associational strategy, with F functioning as a simple
Pavlovian CS. However, in each group, counterconditioning of F had no effect on
the original discrimination, suggesting an occasion-setting strategy.
In Hollands model a stimulus can function both as a Pavlovian stimulus and as
an occasion setter. However, the model does not explicate which test situation will
explicitly appeal to the Pavlovian property of a stimulus, and which situation to the
occasion-setting property.
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CONTEXT DEPENDENCY
Context-dependent effects in humans
The last line of research assessed contextual dependencies in a predictive-learning
task. Clear contextual-dependent memory was established in the studies described
in Chapter 5. A switch in visual (Experiment 1) or auditory (Experiment 2)
context stimuli at test slowed down responding, but did not increase the number
of errors.These results are in line with previous findings on context dependency in
humans using similar tasks (Anderson, Wright & Immink, 1998; Shea & Wright,
1995;Wright & Shea, 1991;Wright, Shea, Li, & Whitacre, 1996). Importantly, in our
tasks the contextual cues were completely uninformative regarding the target
response, whereas in the tasks used by Wright and associates, contextual cues held
a predictive relationship with the target response.
The experiments in Chapter 6 were carried out to test the effect of task
difficulty on context dependency.Task difficulty was operationalized in these tasks
as the associative distance between two stimuli. In the easy tasks, a direct association
was formed between the two stimuli, signifying an associative distance of zero. No
direct association existed in the more difficult tasks. Instead, the stimuli were only
related to each other because both stimuli were associated to the same stimulus in
prior training, implying an associative distance of one. A switch in contextual cues
only increased response latencies in the more difficult tasks; no effect was seen on
the easy task types. Besides replicating and extending previous findings, our
experiments also contribute to the scarce literature on the relation between task
difficulty and context dependency.

Context-dependent effects in animals
The results obtained in Chapter 5 resemble those obtained in animal research. In
fact, the design of the experiments conducted in Chapter 5 was modelled directly
on that used in animal research by Hall and Honey (1989, Experiment 2 & 4), and
Honey, Willis, and Hall (1990). Although the stimuli used and measures of
performance differed between studies, a comparison between our data and those
obtained by Hall and associates indicates that the performance of rats (Hall &
Honey, 1989), pigeons (Honey et al., 1990), and humans can be affected by a switch
in context.
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In Chapter 6, we concluded that a switch in context resulted in slower
responding if the task was sufficiently difficult, but not when the task was relatively
easy. These results are in accordance with previous animal experiments in which
easy, or overtrained, responses generalize across changes in contexts, but responses
that are more difficult, or less well learned, do not (Bliss, 1973; Hall & Honey, 1990;
see also Overton, 1985).

Animal models and context dependency
Several models provide an explanation for context dependency. According to
Pearces (1987, 1994) configural approach, contextual information and target
stimuli are represented in memory as one configural unit. This implies that
switching the context at test can result in an incomplete recognition of the target
stimulus, which can then be expressed in slower responding. The effect of task
difficulty on context-dependent responding might be incorporated in this
approach by following Pearces line of reasoning to account for overshadowing.
One can suppose that a target stimulus trained in a difficult task activates its
corresponding input unit to a lesser extent than a target stimulus trained in an easy
task. If so, the target stimulus trained in a difficult task will lead to a weaker
excitation of the configural target-context unit than does the target stimulus
trained in an easy task. The relative contribution of the context to the configural
cue will therefore, be larger for the target stimulus trained in a difficult task, making
this stimulus more susceptible to a switch in context. Although this line of
reasoning seems plausible, problems arise when applying the model to the data of
the second experiment described in Chapter 5. In this experiment, we used
auditory contextual and visual target stimuli. According to a configural approach,
using different modalities should discourage perceiving the context-target
combination as one configural unit (Pearce, 1994). Furthermore, it seems unlikely
that the participants perception of the visual target stimuli would be affected by
the presence of different auditory contexts. Nevertheless, switching the auditory
contextual cues at test led to a similar increase in response latencies as obtained in
the experiments using visual context and target stimuli.
Another account for context-dependent effects is that they reflect a retrieval or
occasion-setting function. Both functions imply that contextual information,
independent of its modality, is stored along with target information and can thereby
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help retrieval of information about these stimuli. The probability of good test
performance is therefore, affected by whether or not the testing and training
contexts are similar. Task difficulty and context dependency can be incorporated
into these models by supposing that both target stimuli and contextual information
can help to retrieve the stored information. In case of an easy task, target stimuli
alone are sufficient to retrieve stored information, whereas in a more difficult task,
both context and target information are necessary for optimal retrieval. However,
both the retrieval and occasion-setting account cannot explain that the contextdependent effects in our experiments were restricted to the first couple of test
trials; no effects were detected after more extended testing (Chapter 5 & 6).
A different account of context dependency can be developed in terms of
habituation. Accordingly, during the initial training, participants actively attended
to the context in order to evaluate the relevance of this contextual information for
solving the task. Because the target stimuli proved to be the only informative
stimuli, attention to the contextual stimuli waned. However, this reduced attention,
or habituation, to contextual information was restricted to the stimuli that were
presented in this particular context. Presenting other stimuli in this context restored
attention, which in turn was visible as an increase in response latencies. The fact
that the increase in response latencies was restricted to the first couple of test trials
might then reflect a reduced attention to the new target-context combinations.
Although the attention account seems to be the most successful approach, it
cannot explain why context-dependent effects are restricted to tasks that are more
difficult. According to the attention account, participants habituate to specific
target-context combinations. Presenting new target-context combinations will
restore attention, independent of whether these combinations are presented in an
easy or more difficult task.

Suggestion for an alternative model
On page 146 in Chapter 6, we propose a memory network based on a model by
Shea and Wright (1995) in which we combine several of the approaches mentioned
before. In this network, both the target stimuli and contextual information can
contribute to the net activation state for selecting a response. If this net activation
state is large enough, a response is selected and carried out.Task complexity can be
incorporated in this model by varying the associative strength between the target
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stimuli and the net activation state. In an easy or overtrained task, the relative
contribution of target stimuli to the net activation state is very large. Changing the
context at test will not hinder task performance, because the activation by the
target stimuli alone is sufficient for response selection. In a more difficult or less
well-trained task, both the context and target stimuli equally contribute to the net
activation state. In this case, a change in context will considerably reduce the net
activation state, which is then visible as an increase in response latency.
The model can also explain the diminution of context effects in a difficult task
across test trials. As testing progresses, participants come to learn that the changed
context can also help to select a response. Therefore, an additional association is
formed between the changed context and the net activation state for a response.
Accordingly, presenting the target stimuli in the changed context will no longer
reduce the net activation state, and no context-dependent effects will be observed.
The model proposed can explain both the influence of task difficulty on context
dependency, and the restriction of context-dependent effects to initial test trials.

Which model is best?
In the present chapter, I have compared our results to other, similar experiments
using animal or human subjects. Furthermore, I have tried to explain the results on
each of the three research lines (cue interaction, occasion setting, and context
dependency) in the framework of animal learning theories. In this last part of the
General Discussion, I will try to give a more global view of our data and animal
models.
None of the animal models discussed can provide an explanation for all our
data.The Rescorla-Wagner model and comparator hypothesis can explain most of
our data on cue competition, but they cannot explain the results of the occasionsetting and context-dependent experiments. Pearces configural approach can partly
explain the data on the FP discrimination, but has problems with contextdependent effects using stimuli of different modalities.The occasion-setting model
of Holland can account for all experiments above, but cannot explain that contextdependent effects are restricted to the first couple of test trials. Finally, a habituation
approach cannot clarify the effect of task difficulty on context dependency.
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Combining the models
Since none of these theories incorporates all elements of our experiments, I have
tried to construct a new model based on a combination of the two most successful
models: the multiple-memory system of Holland (1992) and the adjusted model of
Shea and Wright (1995) presented in Chapter 6. Figure 1, displays a memory
network established as a result of training. Like in Hollands model, simple
conditioning and contextual control or occasion setting involve separate
mechanisms. In a simple conditioning procedure, a direct association (solid arrow)
is formed between the representations of the target stimuli, or CSs, and the element
that selects a response (response selector). Relations that are more complex are also
represented as control elements (CE) with indirect associations (long-dashed
arrow). For example, contextual cues, or features, that modulate the expression of

Context/
Feature CE
Target
stimuli

Context/
Feature

Switch
context

Net
activation
response
selector

Inhibition to other tasks
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Figure 1. Memory network established as a result of training and testing. Direct
associations acquired by training are represented by
;
refers to an
association acquired by repeated testing, and
refers to an indirect association.
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other associations can have both direct and indirect associations. In the model
presented in Figure 1, a direct association between the context and the response
selector is formed, whereas the context CE has also an indirect association that
modulates the target-response selector association. However, the model deviates
from Hollands model with respect to the modulated target stimulus. In Hollands
model, this target is represented as a control element in a higher-order memory
system, whereas in the model presented a direct association between the target and
response selector is formed.
The network also contains elements from the model proposed by Shea and
Wright. For example, both contextual stimuli and target information can facilitate
or attenuate the net activation state of the response selector. Activation of one
response selector will inhibit the activation of selectors involved in other tasks. If
the net activation exceeds a certain threshold level, a response will be selected and
carried out, with response latency being a function of net activation.Task difficulty
can be incorporated in this model by varying the associative strength between the
target information and response selector. Easy tasks, or extended training, will result
in a strong association between the target stimuli and response selector. In case of
difficult tasks, or restricted training, weak associations will be formed.
Cue-interaction effects can be explained by supposing that prior training with
one element of the compound stimulus, results in a strong association between this
element and the response selector. Because this element already activates the
response selector above the threshold level, only a weak association will be formed
between the second element of the compound and the response selector.
Presenting the second element alone will, therefore, not result in the same level of
responding. However, if training is not near asymptote, only a weak association will
be formed between the first element of the compound and response selector. In
that case, both elements can gain associative strength during compound training,
thereby preventing strong cue-competition effects.
In case of a FP discrimination, or context-dependent responding, the target
alone is not effective in triggering the response. Additional input from the feature
or context is necessary to raise the net activation state above threshold level. The
feature can increase the activation state by a direct excitatory association with the
response selector, indirectly via its CE that facilitates the target-response selector
association, or by parallel use of both pathways. Like in Hollands model, the
division in mechanisms can explain selective transfer and counterconditioning
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effects.Transfer is more likely to occur to target stimuli that have been modulated
by another CE, than to stimuli with no such conditioning history. Furthermore, a
change in the associative value of the feature will not necessarily affect the
modulatory power of the feature CE.
Finally, the restriction of context-dependent responding to the first couple of
switched test trials can be incorporated in this model in a similar way as described
in Chapter 6. That is, as testing continues, an additional association is formed
between the alternative context and the response selector. This additional
association is represented in Figure 1 as the dotted circle (switch context) and
arrow.
It would be interesting to further test this model. For example, one could test
the effect of varying the saliency of a feature (F) on solving a serial FP
discrimination. As mentioned above, two different types of associations can be
formed in such discrimination. First, a direct association can be formed between F
and the response selector (associational strategy). Second, an indirect association can
be formed in which the feature CE facilitates the target-response selector
association (occasion-setting strategy). In a standard serial FP discrimination, the
latter association is more likely to be formed because T has a closer temporal
relationship with the response than has F. However, this line of reasoning is only
valid in case F and T are, approximately, of the same saliency. If F is much more
salient than T, the model predicts a strong direct F-response selector association, and
an associational strategy will be used to solve the discrimination.Vice versa, if F is
less salient than T, a strong target-response selector association will be formed, and
the FP discrimination will be solved by adopting an occasion-setting strategy.The
strategy used under each saliency condition can be examined by explicitly
changing the associative value of F (e.g., counterconditioning or extinction
procedure). Only in case of an associational strategy, will the response pattern to the
initial FP discrimination be altered. No effect is expected when F operates as an
occasion setter.
Furthermore, it would be interesting to examine whether an additional context
association (i.e., switch context-response selector) has acquired the same properties
as the original training context. If so, a change from the switched context to
another, third, context should once more result in increased response latencies.
Future research is needed to test which model, if any, provides the best explanation
for human and animal learning behaviour.
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Since the beginning of the last century, two experimental procedures came to
dominate research on animal learning: Pavlovian and operant conditioning. In the
first procedure, a subject acquires an association between a conditioned stimulus
(CS) and a reinforcer or unconditioned stimulus (US). In an operant conditioning
procedure, an association, among other possible associations, is established between
the subjects behaviour and a reinforcer. Most studies on learning have been
conducted using animals.That animals instead of humans have been studied reflects
one of the basic assumptions of learning theories: all vertebrates descend from the
same ancestor and, therefore, the general principles underlying learning behaviour
are similar across species.
The amount of human learning research has steadily grown in the last couple
of decades. However, many topics are still uncovered and numerous problems and
questions arise when data obtained in human learning research are compared with
similar animal learning paradigms. In this thesis, we concentrated on three current
topics that originate from the animal learning psychology: cue competition,
occasion setting, and context dependency.
In Chapter 1, the literature on each of the three topics is reviewed.The first part
of this chapter concentrates on cue competition and discusses two animal models
that can explain cue-interaction effects: the Rescorla-Wagner model and the
comparator hypothesis. Results of previous research on human cue competition
have indicated that neither model can account for all cue-interaction results.
Furthermore, differences between procedures used in human cue-competition
experiments are discussed. It is concluded that more research is necessary to further
evaluate the conditions under which cue-interaction effects can be obtained in
humans, and to test whether the results of these experiments fit into the framework
of the Rescorla-Wagner model.
In the second part of Chapter 1, a short introduction on occasion setting is
given and two tests are described that can help distinguish occasion setters from
Pavlovian CSs. Results of experiments using these two types of tests are discussed
in the framework of Pearces configural learning approach and Hollands multiple
memory system. Furthermore, the importance of the temporal order between
stimuli in occasion setting is stressed and the scarce literature on human occasion
setting is discussed. In this literature, only two studies have reported findings that
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are indicative of occasion setting. It is therefore concluded that much more research
is needed to further explore the conditions under which occasion setting occurs in
humans, and which mechanisms underlie occasion setting.
The third part of Chapter 1 focuses on context dependency and discusses
context-dependent effects in the framework of occasion setting, configural
learning, and the outshining hypothesis. Differences between human and animal
experiments reporting context dependency are discussed, and the importance of
developing a non-verbal task with true contextual, task-unrelated, cues is stressed.
Furthermore, the effect of rate of learning on the magnitude of context
dependency is discussed and it is concluded that this topic has not yet been
addressed in humans.
Chapter 2 reports a series of experiments that was carried out to further specify
the conditions under which cue-interaction effects can be obtained in humans.
More specifically, four experiments examined the influence of spatial position on
cue-interaction effects in a predictive learning task. In these experiments,
participants learned that cue P was always followed by an outcome (P+), and that
cue N was never followed by the outcome (N-). Subsequently, participants received
a training in which two neutral cues, R and I, were compounded with P and N,
respectively. Each compound was consistently followed by the outcome (PR+ and
NI+). Participants had to rate the contingency between each cue and the outcome.
In Experiments 1 and 2, each cue was presented in a fixed spatial position, whereas
the position of the cues in Experiments 3 and 4 was randomised across trials.
Furthermore, verbal cues were used in Experiments 1-3, whereas the cues used in
Experiment 4 consisted of geometrical figures. Evidence for cue competition was
only obtained under the condition that the cues were presented in a fixed spatial
position (Experiments 1 & 2). That is, participants gave lower ratings to a neutral
cue (R) paired with an established predictor (P), than to a neutral cue (I) paired
with a non-predictor (N). No differential rating between R and I was observed
when the spatial position was randomised (Experiments 3 & 4). Further tests
indicated that participants in the first two experiments (fixed spatial position) used
the position rather than the identity of the cues to solve the task. Eliminating this
strategy by randomising the position of the cues resulted in using the identity of
the cues (Experiments 3 & 4).
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The Rescorla-Wagner model cannot provide a satisfactory explanation for the
results of all four experiments. In both experiments using a random spatial position,
the predictive value of R increased, whereas the value of P remained equally high.
Even more important, at the end of compound training, no difference was detected
between these two elements (Experiments 3 & 4).
Considering these results, it is concluded that (1) randomising the position of
the stimuli hinders the occurrence of cue competition, and (2) the RescorlaWagner model cannot account for all results obtained in our experiments.
In the experiments of Chapter 3, it was tested whether a feature trained in a serial
feature-positive (FP) discrimination is more likely to acquire occasion-setting
properties than does a feature (F) trained in a simultaneous FP discrimination. In
this task, participants learned to make a specific response (R1) when a target
stimulus (T1) was presented in combination with F, but to refrain from responding
when presented alone. Subsequently, participants were trained to make R2
responses on T2 trials. In the Transfer Test the influence of F on T2 responding was
tested. F affected responding to a transfer target less in the serial than in the
simultaneous condition, suggesting that the feature in the serial condition acquired
more occasion-setting power than was the case for the simultaneous feature. After
this test, F was explicitly associated with R2 (counterconditioning) and the original
discrimination was offered once more (Retest). Unexpectedly, neither in the serial
nor in the simultaneous condition did this manipulation affect the initial
discrimination.These results are in line with an occasion-setting function of F.
Neither Pearces configural theory, nor an occasion-setting or neural network
approach can account for the results of both the simultaneous and serial condition.
Pearces theory cannot explain that the difference between the two conditions
observed in the Transfer test, is not also apparent in the Retest. Both an occasionsetting approach and a neural network model can explain the results of the serial
condition, but both have problems with the asymmetric results of the simultaneous
condition. That is, the results of the Transfer Test are in line with the notion that
the simultaneous F functions as a conditioned stimulus, whereas the results of the
Retest support the idea that F functions as an occasion setter.
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In conclusion, (1) a serial presentation of F and T is more likely to induce
occasion setting than does a simultaneous presentation, and (2) neither a configural
approach, nor an occasion-setting or neural network model can account for all our
data.
The focus of interest in Chapter 4 was whether children and adults use a different
strategy to solve a serial FP discrimination. This discrimination was similar to the
one used in Chapter 3 and can be solved in two distinctively different ways. That
is, by forming a direct association between F and R1 (associational strategy), or by
F letting modulate the T1-R1 association (occasion-setting strategy). The strategy
used was examined by employing the same tests as used in the previous chapter:
the Transfer Test and Retest. The Transfer Test revealed that, in both age groups,
responding to T2 was strongly affected by F; indicating that responding was
controlled by an associational strategy. The data of the Retest showed that
counterconditioning of F had no effect on performance of the initial FP
discrimination in the adults, but led to a strong alteration in the response pattern
of the children.These results indicate that Retest responding was controlled more
by occasion setting in the adults than in the children.
It is concluded that adults use both an associational strategy and occasionsetting strategy to solve a serial FP discrimination, whereas children only use an
associational strategy.
In Chapter 5, two experiments assessed contextual dependencies in a predictivelearning task. In this task, participants learned to associate each of four geometrical
figures with the occurrence or non-occurrence of a specific outcome. Each of these
figures was presented against one of two different visual (Experiment 1) or auditory
(Experiment 2) contexts. In each context, one figure was consistently followed by
the outcome, whereas the other figure was never followed by the outcome. This
design ensured that only the geometrical figures were informative regarding the
outcome. At test, the figures were presented either with the same contextual
stimulus as present during training (same trials), or with the alternative contextual
stimulus (switched trials). In both experiments, participants responded slower on
the switched than on the same trials, indicating context dependency. Furthermore,
context-dependent effects were only observed in the first couple of test trials; no
effects were found after extended testing.
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Both an occasion-setting and habituation approach can explain the results
obtained in the two experiments.According to an occasion-setting approach slower
responding on the switched trials reflects a retrieval deficit. The habituation
approach ascribes the context-dependent effects to a restored attention to the new
stimulus-context combinations. However, only the habituation approach can
explain the temporary nature of context-dependent effects by assuming that
repeated testing will lead to habituation to the new stimulus-context combinations.
In conclusion, (1) context-dependent effects can be found in tasks
manipulating uninformative contextual stimuli, (2) these effects are independent of
the modality of the contextual stimuli, and (3) the habituation approach provides
the best explanation for our data.
In Chapter 6, two experiments assessed the influence of task difficulty on contextdependent responding. Participants learned to form two sets of stimuli in a
matching-to-sample training procedure. Each set of stimuli was presented against a
particular background colour. At test, the influence of a switch in background
colour on the following three different trial types was measured: baseline,
symmetry, and equivalence trials. These trial types reflect a difference in task
complexity, with the equivalence trials being the most difficult trial type and the
baseline trials the easiest type. The two experiments differed in how the context
change was realized at test. In Experiment 1, the background colour remained
constant, whereas the stimulus set was switched. The reverse was true in
Experiment 2: the stimulus set remained constant and the background colour was
switched. It was predicted that context-dependent responding would be a positive
function of task complexity. Both experiments confirmed this prediction.
Changing the context only resulted in an increase in response latency on the most
difficult trial type, the equivalence trials; no effect was seen on symmetry and
baseline trials. Like in the previous chapter, the context-dependent effects were
restricted to the first couple of (equivalence) test trials; no effects were found after
extended testing.
Neither an occasion-setting approach nor the aforementioned habituation
account can explain the difference in context-dependent responding on easy and
difficult trial types.Therefore, an alternative model, based on the memory network
of Shea and Wright (1995), is proposed in the general discussion of Chapter 6. In
this model, both the stimuli and context can help to select a response.Task difficulty
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is incorporated in this model by varying the associative strength between the
stimuli and response. In an easy task, a strong association is formed between the
stimuli and response, whereas a weak association will be formed in a more difficult
task. Only in case of the more difficult task is the additional input of the context
necessary for selecting a response; in the easy task presentation of the stimuli alone
is sufficient for correct performance.This model can also explain the diminution in
context effects across test trials by assuming that, as a result of extended testing, an
association is formed between the switched context and the response.
It is concluded that (1) a difficult rather than an easy task results in contextdependent responding, and (2) that the model proposed can relate task difficulty
and habituation effects to context dependency.
The General Discussion in Chapter 7 focuses on three major questions. First, are
our results in line with other, similar human experiments? Second, are our results
comparable to previous findings in animal research? Finally, can the results be
explained in terms of animal learning theories? These questions were answered for
each of the three topics: cue interaction, occasion setting, and context dependency.
The first two questions were answered affirmatively.The results of the experiments
conducted for this thesis are in line with other human and animal experiments.The
conclusion regarding the last issue was that none of the animal models discussed
could account for all our data. A new model was constructed based on a
combination of the multiple-memory system of Holland and the model introduced
in Chapter 6. In this model, simple conditioning and contextual control or
occasion setting involve separate mechanisms. In a simple conditioning procedure,
a direct association is formed between the representation of a stimulus and an
element that selects a response (response selector). In a more complex task, the
stimulus can activate the response selector in two different ways: by a direct
stimulus-response selector association, or indirectly through a control element (CE)
that modulates other associations. This model can account for differences in task
complexity by varying the associative strength between a stimulus and the response
selector, and eliminate dishabituation effects by assuming that new associations
between the stimulus and response selector will be formed. Furthermore, the
division in mechanisms can explain selective transfer effects and intact performance
after a counterconditioning an extinction procedure. Finally, cue-interaction effects
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can be explained by assuming that the first-trained element of a compound will
already activate the response selector above threshold. Therefore, only a weak
association will be formed between the second element of the compound and the
response selector during compound training.
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Vanaf begin vorige eeuw gaan twee experimentele procedures leeronderzoek met
dieren overheersen: Pavloviaans en operant conditioneren. In Pavloviaans
conditioneren wordt er een associatie gevormd tussen de geconditioneerde
stimulus (CS) en een bekrachtiger of ongeconditioneerde stimulus (US). In operant
conditioneren wordt er, naast andere mogelijke associaties, een associatie gevormd
tussen het gedrag van een dier en een bekrachtiger. Het merendeel van het
leeronderzoek is uitgevoerd met dieren. Dat dieren in plaats van mensen zijn
gebruikt voor dit onderzoek, reflecteert een van de basis assumpties van traditionele
leertheorieën: alle gewervelde dieren stammen af van dezelfde voorouders en
daarom zijn de regels die ten grondslag liggen aan hun leergedrag gelijk.
De laatste tientallen jaren is de hoeveelheid leeronderzoek bij mensen gestaag
toegenomen. Toch zijn er nog talloze onderwerpen onbehandeld en levert een
rechtstreekse vergelijking van dierexperimenteel onderzoek met gelijksoortig
onderzoek bij mensen veel vragen en problemen op. In deze thesis hebben we ons
geconcentreerd op drie actuele onderwerpen afkomstig uit de animale
leerpsychologie: cue competitie, occasion setting en contextuele afhankelijkheid.
In Hoofdstuk 1 wordt een literatuuroverzicht gegeven van elk van de drie
onderwerpen. Het eerste gedeelte van dit hoofdstuk concentreert zich op cue
competitie en behandelt twee diermodellen die cue-competitie effecten kunnen
verklaren: het Rescorla-Wagner model en de comparator hypothese. Resultaten uit
eerder onderzoek naar cue-competitie effecten in mensen tonen aan dat geen van
beide modellen alle gevonden bevindingen kan verklaren. Verder worden in dit
hoofdstuk verschillen tussen de gebruikte procedures om cue-competitie in
mensen te onderzoeken behandeld. Er wordt geconcludeerd dat verder onderzoek
naar de condities waaronder cue-competitie in mensen plaatsvindt noodzakelijk is.
Daarnaast rijst de vraag of de resultaten van deze experimenten in het kader van
het Rescorla-Wagner model passen.
In het tweede gedeelte van Hoofdstuk 1 wordt een korte inleiding op
occasion setting gegeven en worden er twee testen beschreven die kunnen
helpen occasion setters van Pavloviaans CSs te onderscheiden.Vervolgens worden
resultaten verkregen uit deze twee testen besproken op basis van Pearces
configural theorie en het multiple memory systeem van Holland.Verder wordt
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het belang van de temporele relatie tussen de stimuli in een occasion-setting
paradigma benadrukt en wordt de schaarse literatuur over occasion setting in
mensen besproken. In deze literatuur zijn er slechts twee studies die positieve
bevindingen rapporteren over occasion setting. Daarom wordt er geconcludeerd
dat meer onderzoek nodig is om verder uit te zoeken onder welke condities
occasion setting in mensen voorkomt en welke mechanismen ten grondslag liggen
aan occasion setting.
Het derde gedeelte van Hoofdstuk 1 richt zich op contextuele afhankelijkheid
en bespreekt context effecten in het kader van occasion setting, configural leren en
de outshining hypothese. Verschillen tussen bevinding uit animaal en humaan
onderzoek worden besproken en het belang van de ontwikkeling van een nonverbale taak met niet informatieve contextuele stimuli wordt benadrukt. Tenslotte
wordt de invloed van leersnelheid op de grootte van context afhankelijk effecten
doorgenomen en wordt de conclusie getrokken dat dit onderwerp in mensen nog
niet aan de orde is gesteld.
Hoofdstuk 2 beschrijft een serie van experimenten die werd uitgevoerd om
verder uit te diepen welke condities bevorderlijk zijn voor het vinden van cueinteractie effecten in mensen. Meer specifiek, vier experimenten onderzochten de
invloed van de spatiële positie op cue-interactie effecten in een predictieve
leertaak. In deze experimenten leerden proefpersonen dat stimulus P altijd werd
gevolgd door een specifieke uitkomst (P+) en dat stimulus N nooit werd gevolgd
door deze uitkomst (N-).Vervolgens kregen de proefpersonen een training waarin
twee neutrale stimuli, R en I, werden samengesteld met respectievelijk P en N. Elk
van deze samengestelde stimuli werd gevolgd door de uitkomst (PR+ en NI+). De
proefpersonen werd gevraagd om de samenhang tussen elke stimulus en de
uitkomst met een cijfer te waarderen. In Experimenten 1 en 2 werden alle stimuli
op een vaste positie aangeboden, terwijl de positie van de stimuli in Experimenten
3, 4a en 4b per trial varieerde. Verder werden er verbale stimuli gebruikt in
experimenten 1-3, terwijl de stimuli in Experiment 4 bestonden uit geometrische
figuren. Bewijs voor cue competitie werd alleen gevonden wanneer de stimuli op
een vaste positie werden aangeboden (Experimenten 1 & 2). Dat wil zeggen,
proefpersonen kenden een lagere waarde toe een neutrale stimulus (R) die werd
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samengesteld met een predictieve stimulus (P), dan aan een neutrale stimulus (I) die
werd gecombineerd met een niet predictieve stimulus (N). Geen verschil in
waardering van de neutrale stimuli werd gevonden wanneer de positie varieerde
(Experimenten 3 & 4).Verdere testen gaven aan dat de proefpersonen in de eerste
twee experimenten (stimuli op een vaste positie) de positie in plaats van de
identiteit van de stimuli gebruikten om de taak op te lossen. Het uitschakelen van
deze strategie door de positie van de stimuli te variëren resulteerde in een strategie
waarbij gebruik werd gemaakt van de identiteit van de stimuli (Experimenten
3 & 4).
Het Rescorla-Wagner model kan geen verklaring geven voor de resultaten van
alle vier de experimenten. In beide experimenten waarbij de positie van de stimuli
varieert, neemt de waarde van R toe, terwijl de waarde van P gelijk blijft. Nog
problematischer voor dit model is dat na afloop van de samengestelde training er
geen verschil werd gevonden tussen de waarde van P en R (Experimenten 3 & 4).
Gezien deze resultaten wordt er geconcludeerd dat (1) het variëren van de
positie van de stimuli het optreden van cue-interactie effecten verhindert en (2) dat
het Rescorla-Wagner model niet alle resultaten uit ons onderzoek kan verklaren.
In Hoofdstuk 3 werd onderzocht of een feature getraind in een seriële featurepositive (FP) discriminatie eerder occasion-setting eigenschappen verwerft dan
een feature (F) getraind in een simultane FP discriminatie. In deze discriminatie
taak leerden proefpersonen een specifieke response te maken (R1) wanneer een
bepaalde target stimulus (T1) werd aangeboden in combinatie met F, maar niet te
reageren wanneer T1 alleen werd aangeboden.Vervolgens werden de proefpersonen
getraind om een andere respons, R2, te maken op T2 trials. In de Transfer Test werd
de invloed van F op T2-responderen getest. F beïnvloedde het responderen op de
transfer target minder in de seriële dan in de simultane conditie. Deze resultaten
geven aan dat de feature in de seriële conditie sterkere occasion-setting
eigenschappen heeft verworven dan de feature in de simultane conditie. Na deze
test werd F expliciet geassocieerd met R2 (counterconditionering) en werd de
oorspronkelijke discriminatie nogmaals aangeboden (Retest). Onverwachts, had
zowel in de seriële als simultane conditie de counterconditionering van F geen
effect op de oorspronkelijke FP discriminatie. Deze resultaten wijzen op een
occasion-setting functie van F in beide condities.
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Zowel Pearces configural theorie als een occasion-setting of neurale netwerk
benadering, hebben geen sluitende verklaring voor de resultaten van zowel de
serieel als de simultane conditie. Pearces theorie kan niet verklaren dat het
gevonden verschil tussen de twee condities op de Transfer Test niet aanwezig is
tijdens de Retest. Zowel een occasion-setting benadering als een neuraal netwerk
model kunnen de resultaten van de seriële conditie verklaren, maar hebben moeite
met de asymmetrische resultaten van de simultane conditie. Dat wil zeggen, de
resultaten op de Transfer Test komen overeen met het idee dat F fungeert als een
geconditioneerde stimulus, terwijl de resultaten op de Retest wijzen op een
occasion-setting functie van F.
Concluderend kan worden gezegd dat (1) een seriële presentatie van F en T
eerder aanleiding geeft tot occasion setting dan een simultane presentatie en (2) dat
zowel een configural benadering als een occasion-setting of neuraal netwerk model
geen verklaring hebben voor al onze data.
In Hoofdstuk 4 werd onderzocht of kinderen en volwassenen een verschillende
strategie gebruiken om een seriële FP discriminatie op te lossen. Dezelfde
discriminatie taak als in Hoofdstuk 3 werd gebruikt. Deze taak kan op twee
verschillende manieren worden opgelost. Ten eerste, door vorming van een
rechtstreekse associatie tussen F en R1 (associatie strategie) en ten tweede, doordat
F een modulerende werking uitoefent op de T1-R1 associatie (occasion-setting
strategie).Welke strategie was gebruikt werd onderzocht met behulp van dezelfde
testen als genoemd in het vorige hoofdstuk: de Transfer Test en de Retest. In beide
leeftijdsgroepen leidde presentatie van F op T2 trials tot een grote verandering in
het respons patroon, wat duidt op het gebruik van een associatie strategie. De data
van de Retest laten zien dat counterconditionering van F geen invloed had op de
uitvoering van de oorspronkelijke discriminatie taak in de volwassenen, maar het
respons patroon van de kinderen sterk beïnvloedde. Deze resultaten geven aan dat
het responderen van de volwassenen meer gecontroleerd wordt door occasion
setting dan het responderen van de kinderen.
Er wordt geconcludeerd dat volwassenen zowel een associatie als een occasionsetting strategie gebruiken om een seriële FP discriminatie op te lossen, terwijl
kinderen alleen een associatie strategie gebruiken.
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In Hoofdstuk 5 werden twee experimenten uitgevoerd om context
afhankelijkheid in een predictieve leertaak te onderzoeken. In deze taak werden
vier verschillende geometrische figuren gebruikt die elk werden geassocieerd met
het wel of niet optreden van een specifieke uitkomst. Elke figuur werd
gepresenteerd tegen één van twee verschillende visuele (Experiment 1), of
auditieve (Experiment 2) contexten. In elke context werd één figuur consistent
gevolgd door de uitkomst, terwijl de andere figuur nooit werd gevolgd door de
uitkomst. Dit design zorgde ervoor dat alleen de geometrische figuren informatie
verschaften over de uitkomst.Tijdens de test werden de figuren ofwel gepresenteerd
tegen dezelfde context aanwezig tijdens het leren (same trials), ofwel tegen de
alternatieve context (switched trials). In beide experimenten reageerden de
proefpersonen trager op de switched dan op de same trials, wat wijst op context
afhankelijkheid. Deze context effecten werden alleen gevonden tijdens de eerste
paar test trials. Het effect werd niet langer gevonden na herhaaldelijke aanbiedingen
van de alternatieve context.
Zowel occasion-setting als een habituatie benadering kunnen de verkregen
resultaten uit beide experimenten verklaren. Volgens een occasion-setting
benadering reflecteert de tragere reactie op de switched trials een manco in het
ophalen van de informatie uit het geheugen. De habituatie benadering schrijft
context afhankelijke effecten toe aan het feit dat nieuwe stimulus-context
combinaties aandacht van de proefpersonen trekken. Alleen de habituatie
benadering kan verklaren waarom de context effecten slechts van tijdelijke aard
zijn. Volgens deze benadering zullen herhaaldelijke test aanbiedingen leiden tot
habituatie van de nieuwe stimulus-context combinaties.
Er kan geconcludeerd worden dat (1) context afhankelijke effecten gevonden
kunnen worden in taken waarin de context geen informatie verschaft, (2) dat deze
effecten onafhankelijk zijn van de modaliteit van de contextuele stimuli en (3) dat
de habituatie benadering de beste verklaring geeft voor onze data.
In Hoofdstuk 6 werd met behulp van twee experimenten de invloed van
taakmoeilijkheid op context afhankelijk responderen onderzocht. Proefpersonen
leerden twee sets van stimuli te vormen via een matching-to-sample training.
Elke set van stimuli werd gepresenteerd tegen een specifieke achtergrondkleur.
Tijdens de test werd de invloed van een wisseling in achtergrondkleur op de
volgende drie trial types gemeten: baseline, symmetrie en equivalence trials. Deze
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drie types reflecteren een verschil in taak complexiteit, waarbij de equivalence trials
het moeilijkste zijn en de baseline trials het gemakkelijkste. De twee experimenten
verschilden in hoe de verandering in context tijdens de test werd gerealiseerd. In
Experiment 1 werd de achtergrondkleur constant gehouden en de verandering
gerealiseerd door de stimulus set te veranderen. Terwijl in Experiment 2 juist de
stimulus set constant werd gehouden en de achtergrondkleur veranderde. De
voorspelling was dat context afhankelijk responderen een positieve functie zou zijn
van taakmoeilijkheid. Beide experimenten bevestigden deze voorspelling. Een
verandering in context leidde alleen tot trager reageren in het meest moeilijke
taaktype, de equivalence trials. Geen effect werd gevonden op de makkelijkere
baseline en symmetrie trials. Net als in het vorige hoofdstuk bleven de context
effecten beperkt tot de eerste paar (equivalence) test aanbiedingen en verdween het
effect na herhaaldelijke aanbiedingen.
Zowel een occasion-setting en habituatie benadering kunnen het verschil in
context effecten op moeilijke en makkelijke taken niet verklaren. Daarom stellen
we in de algemene discussie van Hoofdstuk 6 een alternatief model voor dat
gebaseerd is op het geheugen netwerk van Shea en Wright (1995). In dit model
kunnen zowel de context als de stimuli meehelpen een respons te selecteren.
Taakmoeilijkheid kan in dit model worden geïncorporeerd door de
associatiesterkte tussen de stimuli en response te variëren. In een makkelijke taak
wordt er een sterke associatie gevormd tussen de stimuli en de response, terwijl er
een zwakke associatie wordt gevormd in een moeilijkere taak. Alleen tijdens de
moeilijkere taak is de additionele input van de context nodig voor de selectie van
een respons, in een makkelijke taak is de aanbieding van de stimuli alleen afdoende
voor de juiste uitvoering van de taak. Dit model kan ook verklaren waarom de
context afhankelijke effecten afnemen door te veronderstellen dat herhaalde test
aanbiedingen resulteren in een associatie tussen de alternatieve context en de
respons.
Er wordt geconcludeerd dat (1) een moeilijke taak eerder tot context
afhankelijke effecten leidt dan en makkelijkere taak en dat (2) het voorgestelde
model zowel de effecten van habituatie als van taakmoeilijkheid op context
afhankelijk responderen kan combineren.
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De Algemene Discussie in Hoofdstuk 7 richt zich op drie hoofdvragen. Ten
eerste, zijn onze resultaten in lijn met andere, soortgelijke, humane experimenten?
Ten tweede, zijn onze resultaten vergelijkbaar met dierexperimentele bevindingen?
Tenslotte, kunnen onze resultaten verklaard worden op basis van animale
leertheorieën? Deze vragen werden beantwoord voor elk van de volgende drie
onderwerpen: cue interactie, occasion setting en context afhankelijkheid. De eerste
twee vragen werden bevestigend beantwoord. De resultaten van de experimenten
uitgevoerd voor deze thesis komen overeen met andere animale en humane
experimenten.Ten aanzien van de laatste vraag kan worden geconcludeerd dat geen
van de behandelde diermodellen al onze resultaten kan van verklaren. Een nieuw
model werd geconstrueerd door het multiple memory systeem van Holland en het
model geïntroduceerd in Hoofdstuk 6 te combineren. Dit model bevat
verschillende mechanismen voor simpel conditioneren en voor contextuele
controle of occasion setting. Bij simpele conditionering wordt een directe associatie
gevormd tussen de representatie van de stimulus en een element dat een respons
selecteert (respons selector). In een meer complexe taak kan de stimulus de respons
selector op twee verschillende manieren activeren: door een directe stimulusrespons associatie, of indirect via een controle element (CE) dat andere associaties
moduleert. Het model kan verschillen in taakmoeilijkheid verklaren door de
associatie sterkte tussen een stimulus en de respons selector te variëren. Ook kan
het model de habituatie effecten uitleggen doordat nieuwe associaties worden
gevormd als gevolg van herhaalde test aanbiedingen.Verder kan de onderverdeling
in mechanismen verklaren dat er selectieve transfer plaatsvindt en dat een
counterconditionering of extinctie procedure geen invloed heeft op de
taakuitvoering. Tenslotte, geeft het model een verklaring voor cue-interactie
effecten door aan te nemen dat het eerst getrainde element de respons selector al
boven de drempelwaarde zal activeren. Daarom zal er slechts een zwakke associatie
ontstaan tussen het tweede element van de samengestelde stimulus en de respons
selector.
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Dexter: At last! My greatest work completed!
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