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Figure 2. Means for Experiment 1, with variability for one- and
two-semitone-different conditions. Indices next to data points in-
dicate difference from chance level. *p<<.05. fp<.1.

was precisely predictable from the first two tones or not,
since the tone could either rise or fall in pitch, so Experi-
ment 1 tested the combined effects of increasing similarity
and variability. Experiment 2 tested whether this effect of
variability was critical for the results by repeating the study
with the one- and two-different conditions always produc-
ing a rise in the third tone, instead of the tone either rising
or falling.

EXPERIMENT 2
Learning From Graded Repetitions
Without Variability

Method

Participants. Ten male and 20 female students from the Univer-
sity of York participated for course credit or a sum of £2. None had
participated in Experiment 1.

Materials. The materials were identical to those of Experiment 1,
except that the third tone in the one-different condition always rose
by one semitone over the first tone for ABA sequences or over the
second tone for ABB sequences. The two-different condition always
rose by two semitones over the first tone for ABA sequences or over
the second tone for ABB sequences.

Procedure. The procedure was identical to that of Experiment 1.

Results and Discussion

As in Experiment 1, we blocked the trials into groups
of 20. Time, condition, and sequence type were entered as
factors in an ANOVA, with accuracy as a dependent vari-
able. The main effects were qualitatively similar to those for
Experiment 1 for time [F(7,189) = 2.90,p < .01, B = .10]
and condition [F(2,27) = 12.57,p <.001, i = .48]. Identi-
cal repetition resulted in significantly higher accuracy than
was the case in the other conditions (both ps < .001), but
the one- and two-different conditions did not differ (p =
.99). As in Experiment 1, the identical repetition condition

was qualitatively distinct from the one- and two-different
conditions, which resulted in a similar level of learning.
Distinct from Experiment 1, however, was a significant
main effect of sequence type [F(1,27) = 11.69, p < .005,
# = .30] and a significant interaction between condition
and sequence type [F(2,27) = 4.56, p < .05, B = 25].
This was due to no significant difference between ABA
and ABB sequences for the identical repetition and two-
different conditions (both ps > .2) but a significant advan-
tage for ABB over ABA sequences for the one-different
condition (mean correct = .63 and .73, respectively) (p <
.05); see Figure 3. Predictable differences in pitch between
very similar but not identical tones resulted in a slightly
different strategy for learning the sequences, where per-
haps the final bigram of each tone triple determined per-
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Figure 3. Effect of condition on ABA and ABB sequences in
Experiment 2.
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Figure 4. Means for Experiment 2, with no variability for one-
and two-semitone-different conditions. “p<<.05. p<.l.



Accuracy
~N
1

Identity One-Different Two-Different

Condition

REPETITION AND SEQUENCE LEARNING 1513
B
1
| m
8
o
©
5 7 T |
< ! I
6
5
.4 T T

Identity One-Different Two-Different

Condition

Figure 5. Summary of results from (A) Experiment 1 and (B) Experiment 2, showing means and standard errors of the means across

the three conditions.

formance: Participants listened for whether the final two
tones rose by a single semitone, or whether they described
a larger interval. The other interactions were not signifi-
cant (all Fs = 1.09). Comparisons to chance level for each
time block are shown in Figure 4. Over all blocks, all three
conditions were significantly better than chance (all ps <
.01), indicating that predictability resulted in less variable
responses in the one- and two-different conditions than
were obtained in Experiment 1. Figure 5B shows a sum-
mary of the main effect of condition.

GENERAL DISCUSSION

The results of the two experiments met the first aim of
the study, confirming that repetition has a special status
in sequence learning. When tones were identical between
first and third or second and third positions, learning was
significantly better than when the relationship between
first and third or second and third tones differed by one
or two semitones. The second aim of the study was to de-
termine whether precise repetition figured along a contin-
uum of similarity, or whether it was qualitatively distinct
from one- or two-semitone-different sequences. We found
that deviating from identical repetition by either a semi-
tone or a tone had an equal and catastrophic impact on
learning, indicating that, at least for tone sequences, there
was a step change in learning from repeated rather than
unrepeated but similar sequences. This close experimental
comparison between conditions of repetition and noniden-
tical similarity goes beyond previous demonstrations of
the importance of similarity for scaffolding learning of
word or grammatical structure (Bonatti et al., 2005; New-
port & Aslin, 2004; Onnis et al., 2005; Pothos & Bailey,
2000), in that we have shown that precise repetitions pro-
vide the strongest constraints on sequence learning.

The third aim was to determine the relative effect of vari-
ability on learning sequences with different degrees of sim-
ilarity between tones. We found that variability did not have
a profound quantitative impact on learning over and above
the extent of similarity. For both Experiment 1 (with vari-
ability) and Experiment 2 (without) we found similar levels
of performance for the one- and two-semitone-different
conditions. An ANOVA with experiment, condition, time,
and sequence type revealed no significant main effect or
interactions of experiment (all Fs < 1). However, there was
indirect evidence that no variability resulted in better learn-
ing over time of the sequence structure—the significant
interaction between time and condition from Experiment 1
(where the identical repetition resulted in faster learning)
was not replicated in Experiment 2, because of some evi-
dence of learning in each of the conditions in this study
(compare Figures 2 and 4). Furthermore, the learning of
ABA and ABB sequences appeared to be slightly differ-
ent in the two experiments. In Experiment 1, there was no
advantage of one sequence type over the other, but in Ex-
periment 2, for the one-different condition, ABB sequences
were learned more easily than ABA sequences were. This
indicates that participants’ performance may be somewhat
strategic for these tasks; altering one characteristic of the
stimuli, from variable to nonvariable, resulted in differ-
ent response to the stimuli. The better learning of ABB
sequences, consistent with Endress et al.’s (2007) studies,
was only reliably found for the one-semitone-different con-
dition, perhaps indicating sensitivity to bigrams for this
contrast: Participants preferentially respond to a rise by one
semitone (in the ABB sequences), compared with a change
greater than two semitones (as in the ABA sequence). How-
ever, although participants may be learning from bigrams
in this condition, note that bigrams are an equally effective
strategy in all conditions in the experiments. Thus, the com-
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parison between zero-, one-, and two-semitone-different
sequences can still be made directly, even if it is unclear
whether participants are learning only from adjacent tones,
or across nonadjacencies as well.

Whatever the locus of the effect of repetition in the sta-
tistical structure of the sequences, our studies have con-
firmed that repetition can guide learning, and that it is a
special case as a constraint for detecting structures. Such
effects are consistent with the effects of repetition in per-
ceptual and memory tasks (e.g., Henson, 1998; Kanwisher,
1987); consequently, repetition in speech to children is
likely to have a profound effect in learning word boundar-
ies and grammatical structure (e.g., Onnis et al., 2005).
What sort of learning mechanism can account for these
effects? An adequate learning system must be able to ac-
count for (1) sensitivity to repetition that is discontinuous
with respect to similarity, and (2) learning of the structure
that is guided by repetition. The present data do not con-
strain the architecture of the cognitive system for the latter
point; repetition, once detected, may then pass onto either
an associative learning mechanism (Altmann, 2002) or a
symbolic processing system (Marcus et al., 1999).

So the point at issue is the implementation of repetition
sensitivity in the cognitive system. Endress et al. (2007)
claimed that the special status of repetition requires a
modular perceptual mechanism that detects identity in se-
quences. But is repetition sensitivity also compatible with
general-purpose learning mechanisms? The effects of simi-
larity in sequences are likely to be available to computa-
tional models that respond to the statistical structure of the
input. Indeed, detecting similarity (and representing such
similarity within the model) is a fundamental principle in
self-organizing neural network models of cognition (e.g.,
Hopfield, 1982; Kohonen, 1988); yet such models would
predict that repetition is on the same continuum as stimuli
that are not identical but are perceptually similar, which was
not the case in the present experiments. However, statisti-
cally based model learning sequences that contain repeti-
tions would be required to distinguish different occurrences
of the repeating stimuli at different points in the sequence;
such a mechanism could be generated without requiring a
perceptual mechanism. One possible modeling framework,
for instance, is the recurrent backpropagation model of
short-term memory by Botvinick and Plaut (2006), where
the representation of stimuli in the hidden units of the model
is a function of the stimulus identity and its sequence posi-
tion. Whether such a model would reflect the qualitative
distinction between identical repetition and similarity is an
open question, but the respecting of both featural and tem-
poral similarity in this model provides some promise for
simulations of the human data without requiring a specific
cognitive architecture for processing repetitions.
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