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In a recent article, Maes et al. (2016) report the results from fifteen experiments in the blocking
e↵ect, all of which failed to replicate the basic phenomenon. While Maes et al. did not dispute
the reality of the blocking e↵ect, they concluded that the e↵ect is more di�cult to obtain than
what could be assumed from the literature and that we lack insight into its boundary conditions.
This conclusion is incorrect, as contemporary associative learning theory both agrees with the
authors’ conclusion that blocking is parameter-dependent, and it makes specific predictions
about the experimental parameters likely to produce a small or no blocking e↵ect. Ten out of
the fifteen experiments presented by Maes et al. use exactly those parameters (same-modality
stimuli for the compound AX), making their results completely unsurprising in the light of con-
temporary associative learning theory. The results from three other experiments are di�cult to
interpret due to a floor e↵ect. A failure to replicate blocking in only two experiments is unsur-
prising and can be explained as the result of statistical variability or changes in experimental
procedure.
Keywords: blocking, associative learning theory, replicability, configural and elemental pro-
cessing

The discovery of stimulus competition e↵ects in Pavlo-
vian conditioning, back in the 1960s, completely
changed our view of associative learning. A series of
experiments involving the presentation of multiple con-
ditioned stimuli (CSs) in a compound, followed by an
unconditioned stimulus (US), revealed that CSs in the
compound that are better predictors of the US acquire a
stronger association with it (e.g., Kamin, 1969; Rescorla,
1968; Wagner et al., 1968). The best-known stimulus
competition e↵ect is Kamin’s blocking e↵ect (Kamin,
1969), in which pairings of a compound AX with a US
result in low conditioning to X when A has already been
paired with the US. The usual interpretation is that be-
cause A is a good predictor of the US, new learning about
the uninformative stimulus X is unnecessary. This line of
research culminated with the proposal of the Rescorla-
Wagner model (Rescorla & Wagner, 1972) and similar
models (e.g., Mackintosh, 1975; Pearce & Hall, 1980),
which assume that learning about one cue is influenced
by other cues concurrently presented during condition-
ing. These models are still hugely influential today.

Maes et al. (2016) have reported the results from
fifteen experiments in the blocking e↵ect, all of which
failed to replicate the basic phenomenon. Maes et
al. conclude that their results “raise doubts regarding
the canonical nature of the blocking e↵ect” and sug-
gest that “blocking is a highly parameter-dependent phe-
nomenon” (p. e58). While the authors “do not want
to dispute that the blocking e↵ect exists”, they conclude
that “a true blocking e↵ect is more di�cult to obtain than
one might assume from the literature and that we lack in-
sight into its boundary conditions” (p. e60). Due to the
importance of the blocking e↵ect for the development of

error-driven associative learning models, these conclu-
sions could be read as suggesting that such models are
of questionable value, as they seem unable to explain un-
der what conditions blocking is indeed observed. In this
commentary, I will argue that contemporary associative
learning theory does not really give blocking a “canon-
ical” status. Rather, it agrees with the authors’ conclu-
sion that blocking is parameter-dependent, and it makes
very specific predictions about the experimental parame-
ters likely to produce a small or no blocking e↵ect. As it
turns out, most of the experiments presented by Maes et
al. use exactly those parameters. Overall, the results de-
scribed by Maes et al. are rather unsurprising, and for the
most part can be explained in the light of contemporary
associative learning theory.

Maes et al. recognize that models of associative learn-
ing propose very specific boundary conditions for the ob-
servation of a blocking e↵ect. Although they seem to
agree with the importance of checking that such bound-
ary conditions have been met in their experiments, and
they discuss some boundary conditions in their paper,
their discussion is limited to models that are more than
30 years old: the models of Rescorla and Wagner (1972),
Mackintosh (1975), and Pearce and Hall (1980). Such
models were designed to explain the blocking e↵ect
and other stimulus competition phenomena, rather than
to explain the specific circumstances in which blocking
should and should not occur. Unsurprisingly, the models
cannot explain the failures to obtain blocking reported by
Maes et al.

However, we have learned much more about associa-
tive learning since 1980, and that knowledge has been
incorporated into new models. Contemporary learning
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theory has been expanded beyond the Rescorla-Wagner
and similar models, and it is important to understand how
some of the results obtained by Maes et al. (2016) can be
interpreted in the light of such work.

One area of considerable work is related to the rep-
resentation of stimuli in compounds. The original
Rescorla-Wagner model assumed that stimuli presented
in a compound (e.g., light and tone) are independently
represented and associated with the US. This assumption
has come to be known as “elemental” stimulus process-
ing. On the basis of several experimental phenomena that
could not be explained by traditional elemental models,
Pearce (1987; 1994; 2002) proposed a model in which
stimuli in compounds are represented as whole configu-
rations, and it is this configural representation that gets
associated with the unconditioned stimulus. The impor-
tant di↵erence between elemental and configural mod-
els is not really the kind of representation proposed (see
Ghirlanda, 2015), but how much generalization they as-
sume exists between di↵erent compound stimuli. For
example, the Rescorla-Wagner model assumes that the
associative strength acquired by A is fully transferred to
the compound AX in a blocking experiment. For this
reason, the US is perfectly predicted during the second
phase of blocking and there is no new learning. On the
other hand, Pearce’s model assumes that the associative
strength acquired by A is only partially transferred to the
compound AX in a blocking experiment. In this case, the
US is only imperfectly predicted and AX acquires some
associative strength, which is then partially generalized
back to the stimulus X. While the model predicts a block-
ing e↵ect, the size of this blocking e↵ect is smaller than
in the case of the Rescorla-Wagner model. Furthermore,
nothing prevents us from assuming even less generaliza-
tion from A to AX in the blocking design, leading to a
smaller blocking e↵ect. In the extreme of full configural
processing, learning about A does not transfer at all to the
compound AX, and learning about AX does not trans-
fer to X. With such low levels of compound generaliza-
tion, no stimulus competition e↵ects are observed. The
take-home message is the following: more “elemental”
stimulus processing produces a stronger blocking e↵ect,
while more “configural” stimulus processing produces a
weaker blocking e↵ect.

Neither traditional elemental models nor traditional
configural models can explain the full range of experi-
mental data (for reviews, see Melchers et al., 2008; Wag-
ner, 2007). For this reason, a number of new models
were proposed in the past fifteen years that allow for
some level of flexibility in stimulus processing (Harris,
2006; Harris & Livesey, 2010; Kinder & Lachnit, 2003;
McLaren & Mackintosh, 2002; Soto et al., 2014, 2015;
Thorwart et al., 2012; Wagner, 2003, 2007). In addition,
it has become clearer what experimental factors might
produce more elemental processing and what factors pro-
duce more configural processing (see Melchers et al.,
2008). For example, Kehoe et al. (1994) showed that the
summation e↵ect, which is indicative of elemental pro-

cessing, is observed with stimuli from di↵erent modali-
ties, but not with stimuli from the same modality. Many
models (Harris, 2006; Harris & Livesey, 2010; McLaren
& Mackintosh, 2002; Soto et al., 2014, 2015; Thorwart
et al., 2012; Wagner, 2003, 2007) have explained this re-
sult by assuming that more similar stimuli, such as those
coming from the same modality, produce more config-
ural processing1. The logical consequence for block-
ing experiments is the following: contemporary associa-
tive learning theory predicts that more similar stimuli,
and particularly those coming from the same modality,
should produce a weaker blocking e↵ect.

Figure 1 shows the predictions of Wagner’s (2003;
2007) replaced elements model, a flexible version of
Pearce’s model proposed by Kinder and Lachnit (2003),
and the latent causes model of Soto et al. (2014; 2015),
for blocking experiments involving stimuli with di↵erent
levels of similarity. These simulations have been adapted
from Soto et al. (2014), so the interested reader can go
to that original paper for a more detailed description of
the models, the chosen parameter values and the simu-
lation procedures. As it can be seen from the figure,
all three models predict a stronger blocking e↵ect with
more dissimilar CSs, such as those coming from di↵er-
ent modalities, and a weaker blocking e↵ect with more
similar CSs, such as those coming from the same modal-
ity. A point that is important to note is the following:
the simulations shown in Figure 1 have been published
in the literature (they are adapted from Figures 11 and
12 in Soto et al., 2014), and two of these models were
proposed more than 10 years ago. This is not post-hoc
storytelling. Also, both Wagner (2003) and Soto et al.
(2014) explicitly associated “high similarity” leading to
configural processing with stimuli from the same modal-
ity, and “low similarity” leading to elemental processing
with stimuli from di↵erent modalities.

The exact mechanisms by which these models predict
a smaller blocking e↵ect with more similar stimuli dif-
fer across models. Wagner’s replaced elements model

1 Here it is important not to confuse compound similarity,

which is similarity between compound stimuli as a function of
their shared components (e.g., similarity between A and AX,
AX and AY, AX and ABX, and so on), and component sim-

ilarity, which is the similarity between the discrete stimulus
components (e.g., the similarity between A and X). Di↵erent
models of associative learning assume di↵erent levels of gener-
alization as a function of compound similarity, with traditional
configural models (e.g., Pearce’s) assuming less generalization
than traditional elemental models (e.g., Rescorla-Wagner). In
addition, more recent models also assume that these gener-
alization rules change as a function of component similarity,
with lower levels of generalization when components are more
similar. The specific mechanisms by which these models im-
plement this hypothesis cannot be covered here, due to space
limitations. For more details, interested readers should go to
the papers by Wagner (2003; 2007), McLaren and Mackintosh
(2002), Harris and colleagues (Harris & Livesey, 2010; Thor-
wart et al., 2012), and Soto and colleagues (Soto et al., 2014,
2015).
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Figure 1. Predictions of conditioned responding to X in a blocking experiment from three models of associative learning. A larger
di↵erence between the black and white columns represents a stronger blocking e↵ect. All three models predict that more similar
stimuli, such as those coming from the same modality, should produce a weaker or no blocking e↵ect than dissimilar stimuli, such
as those coming from di↵erent modalities.

and the extended configural model propose that, with
similar stimuli that foster configural processing, there
is less generalization from A to the compound AX, and
from AX to the test stimulus X. As indicated earlier, this
should produce a smaller di↵erence in responding to X
between the blocked and control conditions. On the other
hand, the latent causes model proposes that, with sim-
ilar stimuli that foster configural processing, the same
“configural” representation (a latent cause) is activated
by A, X or AX. This configural representation is asso-
ciated with the US during A+ and AX+ trials, and its
associative strength is fully generalized to trials in which
X is presented alone. Because A, X and AX share the
exact same representation, both conditions of a blocking
design (blocked and control) can be thought of as associ-
ating a single configural cue with the US and then testing
its conditioned response. As seen in Figure 1, this leads
to a prediction of high responding in both conditions.

Only extreme configural processing would lead to the
complete absence of a blocking e↵ect in the simulations
presented in Figure 1. One might argue that such ex-
treme configural processing is unlikely with any stimuli.
Still, a reduction in the size of the blocking e↵ect due
to configural stimulus processing will necessarily reduce
our ability to detect the e↵ect in noisy data. With very
similar stimuli, the e↵ect might be too small to detect
with the relatively small sample sizes used by Maes et
al. (2016). In line with this idea, the results from sev-
eral experiments (5, 7, 8, 11, 12 and 13) were (using
the authors’ words) numerically in line with the block-
ing e↵ect, but without reaching statistical significance,
and previous studies using stimuli similar to those used
by Maes et al. (see original article for a discussion and
references) and other same-modality stimuli (e.g., Dwyer
et al., 2011; Jones & Haselgrove, 2013) did find evidence
of a blocking e↵ect. Thus, it is likely that the blocking

e↵ect is reduced rather than completely eliminated by us-
ing stimuli from the same modality, but the prediction
from the literature is clear: such stimuli foster configural
processing and reduce the likelihood of observing block-
ing.

Several other models in the literature are likely to
make the same prediction as those shown in Figure 1:
Harris (2006), Harris & Livesey (2010), and McLaren
& Mackintosh (2002). To the best of my knowledge,
specific predictions about the e↵ect of stimulus similar-
ity on the blocking e↵ect have not been published for
those models, but all of them propose less generaliza-
tion from X to AX and from AX to A, and therefore a
smaller blocking e↵ect, when the two stimuli are similar
(i.e., from the same modality, rather than from di↵erent
modalities).

Here I have focused on an explanation of the re-
sults reported by Maes et al. (2016) in terms of ele-
mental vs. configural stimulus processing, because in
this case quantitative models of associative learning of-
fer clear predictions (see Figure 1). Still, it should be
mentioned that other potential explanations for the fail-
ure to obtain blocking with stimuli from the same modal-
ity exist in the associative learning literature. In partic-
ular, stronger generalization between A and X should
produce a smaller blocking e↵ect, because the associa-
tive strength acquired by A is generalized to X. In ad-
dition, generalization from A to B in the control condi-
tion would make the detection of a blocking e↵ect even
harder. Such generalization is more likely with stimuli
from the same modality, which can be highly similar,
than with stimuli from di↵erent modalities, which are are
dissimilar (note that in Experiments 5-14 A, X and B are
all from the same modality). Furthermore, generalization
between A and X can be supported by within-compound
associations formed during AX+ training (Rescorla &
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Durlach, 1981), and such associations are thought to be
easier to develop between similar stimuli.

In sum, contemporary learning theories predict that
using stimuli from the same modality in the compound
AX reduces the likelihood of observing the blocking ef-
fect2. Ten out of the 15 experiments reported by Maes
et al. (2016) used stimuli from the same modality for
AX, known to foster configural processing of compounds
(Experiments 5 to 14; see Appendix F in original arti-
cle). That is, in the light of contemporary associative
learning theory, most of the failures to obtain blocking
obtained in this paper are unsurprising. Although the re-
sults from these experiments are compelling, they are not
beyond the scope of our current understanding of asso-
ciative learning.

What about the other 5 experiments?

Five of the experiments reported by Maes et al. (ex-
periments 1-4 and 15) used stimuli from di↵erent modal-
ities in the compound AX, which are thought to foster
elemental rather than configural processing. The models
discussed earlier would predict that a robust blocking ef-
fect should have been observed in all these experiments.
On the other hand, problems with some of these experi-
ments make their results extremely di�cult to interpret.

In particular, as the authors indicate in page e57: “One
might argue that the observation of blocking in Experi-
ments 2, 3 and 15 was hampered by a floor e↵ect–if the
control group is hardly responding to X, lower respond-
ing in the experimental group cannot be expected.” Thus,
three of the five experiments in which we might expect a
blocking e↵ect have results indicative of a floor e↵ect, a
point admitted by the authors in their paper. The authors
also perform a Bayesian meta-analysis of all other exper-
iments, and conclude that “when excluding the potential
influence of floor e↵ects, we find substantial evidence in
favor of the null hypothesis” (p. e57). This analysis and
conclusion are quite convincing but, as indicated by the
previous discussion, also completely expected by con-
temporary associative learning theory, which predicts a
small or no blocking e↵ect in 10 out of the 12 experi-
ments included in this meta-analysis.

In conclusion, only two experiments (performed in
mice) out of fifteen have results that might be considered
unexpected from the point of view of contemporary as-
sociative learning theory. The failure to obtain blocking
in two experiment is far less surprising than the failure
to obtain blocking in fifteen experiments, and by itself it
would be unlikely to generate the kind of attention that
this article has generated in the field. There are many
possible explanations for the results of these two exper-
iments, but I would like to highlight that their post-hoc
nature makes them di↵erent from the predictions from
associative learning theory discussed earlier.

The simplest explanation is that statistically we ex-
pect some proportion of well-conducted blocking exper-
iments to not produce a blocking e↵ect, as the sample
e↵ect size in blocking experiments is a random vari-

able. Given the large number of successful replications
of blocking in the literature (as reviewed by Maes et al,
2016), including successful demonstrations of the phe-
nomenon in mice (Bonardi et al., 2010; Sanderson et al.,
2016; Yamada, 2010), two failed replications are, again,
rather unsurprising. Still, the overall pattern of results
observed in the mice experiments reported by Maes et
al. (2016; Experiments 1-4), which can be observed in
Figure 2, suggests an even simpler explanation: tones
may have been much more salient events than lights for
the mice in these experiments. This hypothesis would
explain the floor e↵ect observed in Experiments 2 and
3, in which X was a light that acquired no conditioned
response even in the control condition, probably due to
strong overshadowing by the more salient tone. In Ex-
periments 1 and 4, this salient tone was the blocked stim-
ulus X, which may have captured attention during com-
pound trials, producing a strong external inhibition ef-
fect and thus a weakened generalization of the associa-
tive strength acquired by A to the compound AX. In line
with this hypothesis, Hall et al. (1977) found that block-
ing is reduced when X is a more salient stimulus than A,
and more specifically LoLordo et al. (1982) found that
tones are di�cult to block by lights in fear conditioning
(as in Experiments 1-4) and concluded that this was due
to the tones’ higher salience.

Results from previous blocking experiments in mice
also o↵er a possible explanation for the lack of blocking
observed in Experiments 1 and 4. Sanderson et al. (2016)
found that a visual cue could produce blocking of an au-
ditory cue only if the visual cue was over-trained dur-
ing the first phase of the experiment. Simply pairing the
visual cue with the unconditioned stimulus until asymp-
totic responding was observed was not enough to observe
a blocking e↵ect. That is, some boundary conditions for
blocking in mice have been empirically identified in the
literature, and Experiments 1 and 4 were not designed
to meet such boundary conditions (they were performed
before the Sanderson et al. paper was published).

2 To the best of my knowledge this prediction has not been
directly tested, although there is much evidence in line with the
assumption that stimuli from the same modality produce more
“configural” processing, while stimuli from di↵erent modali-
ties produce “elemental” processing (for reviews, see Melchers
et al., 2008; Wagner, 2003, 2007). Importantly, while Maes
et al. indicate that “theoretical accounts for blocking may of-
fer clues regarding potential boundary conditions” (p. e58),
their conclusion is not that the boundary conditions for block-
ing proposed by associative learning theory have not been di-
rectly tested. Instead, their conclusion is that “the blocking ef-
fect is indeed dependent on (a variety of) boundary conditions,
the exact nature of which is yet to be determined” (p. e59, em-
phasis added) and that “a true blocking e↵ect is more di�cult
to obtain than one might assume from the literature and that
we lack insight into its boundary conditions” (p. e60, emphasis
added).
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The bigger picture

In their final conclusion, Maes et al. say that “block-
ing, rather than being a touchstone for our theories of
elementary learning, should be the subject of further in-
vestigation” (p. e60). It seems important to clarify that,
regardless of what introductory textbooks might say, it
was not blocking alone that drove the development of the
Rescorla-Wagner model and similar theories, but stimu-
lus competition phenomena in general. This includes not
only blocking, but also unblocking (Kamin, 1969), the
relative validity e↵ect (Wagner et al., 1968), the contin-
gency e↵ect (Rescorla, 1968), overshadowing (Mackin-
tosh, 1976; Pavlov, 1927), procedures to produce condi-
tioned inhibition (Rescorla, 1969), and phenomena that
were first predicted by such models, such as overexpec-
tation (Rescorla, 1970) and superconditioning (Rescorla,
1971). It is the accumulation of evidence for stimulus
competition what is the touchstone for traditional theo-
ries of elementary learning, and not blocking alone.

Furthermore, the assumption that a global error sig-
nal drives learning has been kept by most contemporary
models, mostly because it has received support from a
variety of lines of research, including not only condi-
tioning research, but also the study of complex forms
of learning (for an early review, see Siegel & Allan,
1996) like category learning (Gluck & Bower, 1988;
Soto & Wasserman, 2010a,b), object recognition (Soto &
Wasserman, 2012; Soto et al., 2012) and causal and con-
tingency learning (e.g., Dickinson, 2001; Shanks, 1985),
and research on the neurobiological substrates of learn-
ing (e.g., Waelti et al., 2001; Kim et al., 1998; McNally et
al., 2011). Much of that research has involved variations
of the original blocking design.

Conclusion

In sum, the results from ten out of the fifteen exper-
iments described by Maes et al. are rather unsurprising
in the light of contemporary associative learning theory.
The conclusion that “a true blocking e↵ect is more di�-
cult to obtain than one might assume from the literature
and that we lack insight into its boundary conditions”
(p. e60) seems far-fetched. The results from three other
experiments are uninterpretable, due to an extremely low
level of conditioned responding to X in the control group,
pointing to a floor e↵ect. The results from the other two
experiments can be explained in a number of ways, and
a failure to replicate blocking in only two experiments
is unsurprising. I would recommend that we do not take
blocking out of the handbooks of psychology just yet, but
instead update those books to reflect our current under-
standing of associative learning processes.
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