
Many psychologists have been intrigued by the notion 
of an implicit-learning system in humans that is sensi-
tive to complex environmental contingencies and that 
operates largely independently of awareness and control 
(e.g., Jiménez, 2003; Reber, 1993). The idea is attractive, 
partly, because such a system would allow for the effort-
less acquisition of powerful cognitive abilities, such as 
language, without needing to call on conscious strategies 
or processes. In the laboratory, a quintessential demon-
stration of the automatic nature of implicit learning is the 
parallel learning of both a primary and a secondary set 
of contingencies, where the secondary set is acquired as 
an incidental side effect of attaining a goal (i.e., perform-
ing the experimental task). Crucially, the strongest claim 
of this sort has stressed that this learning places minimal 
demands on attention (e.g., Jiménez & Méndez, 1999) and 
has been addressed by asking whether two sequences can 
be learned as easily as one sequence in the context of the 
serial reaction time (SRT) task. In this task, participants 
simply respond to the location of a target stimulus that ap-
pears at one of several locations on a screen (usually, 3–6), 
and because of a repeating sequence of, say, locations, RTs 
to the targets decrease, relative to random control trials.

Multiple Sequence Learning
An early study of this nature by Mayr (1996) showed 

that both a sequence of object identities (the primary se-
quence) and a sequence of locations could be learned si-
multaneously and without cost, in comparison with learn-
ing either of them alone. Mayr found that participants 
were faster to respond to an object when both its identity 

and the location at which it appeared were predictable, in 
comparison with only one dimension being predictable. 
More recently, Jiménez and Méndez (1999) demonstrated 
that learning a sequence of locations is not impaired by si-
multaneously learning a relationship between shapes and 
locations. In addition, Cock, Berry, and Buchner (2002) 
obtained evidence that two sequences of locations can be 
learned in parallel in a situation in which one sequence is 
attended and the other ignored. Collectively, these studies 
appear to corroborate the conception of implicit learning 
presented above by demonstrating, first, that a powerful 
mechanism underlies implicit learning that has the capa-
bility to learn multiple contingencies simultaneously and, 
second, that for such learning, full attention may not be 
necessary. 

However, there are reasons to be cautious about these 
conclusions. First, there are strong arguments against the 
attentional independence claim of implicit sequence learn-
ing (Shanks, 2003; Shanks, Rowland, & Ranger, 2005), 
and second, the studies above do not fully address the role 
of attention in the learning of multiple sequences. For in-
stance, in the Jiménez and Méndez (1999) and the Cock 
et al. (2002) studies, the primary and secondary sequences 
were correlated, so that some trials were (repeatedly) pre-
dicted by a compound of elements. Thus, it is possible that 
the participants, instead, learned an integrated sequence 
consisting of the interacting contingency sets (Schmidtke 
& Heuer, 1997). Furthermore, Mayr’s (1996) experiments 
did not include a single sequence control group: instead, 
the control group saw a primary sequence and a random 
secondary sequence, which the participants may have at-
tempted to learn. Shanks et al. provided a detailed dis-
cussion of these issues, but in short, conclusions about 
the role of attention in multiple sequence learning can be 
drawn only provisionally from these studies.

In light of these criticisms, we argue that the notion 
of an attentionally independent implicit-learning system 
capable of learning multiple contingencies has not been 
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demonstrated beyond doubt. What needs to be known is 
whether it is possible to learn about multiple independent 
contingencies and to what extent this depends on atten-
tion. This is the purpose of the present article.

Although we refer to implicit learning, we view this not 
as traditionally conceived—that is, unconscious learn-
ing—but as unintentional learning that occurs as a by-
product of some other, ongoing processing (see Rowland 
& Shanks, 2006; Shanks et al., 2005). Similarly, other 
studies in which multiple sequence learning has been ex-
amined (e.g., Cock et al., 2001; Jiménez & Méndez, 1999) 
also have not provided details of whether learning was 
unconscious or not; hence, it is useful to keep in mind that 
the present concern is about whether a type of learning 
exists that occurs independently of attention.

Attention
Attention is a complex term that has at least two uses: 

resources and selection. In most of the studies on the role 
of attention in sequence learning, it has been asked to what 
extent it is effortful—that is, how reliant is learning on the 
availability of attentional resources? Fewer studies have 
been done to explore the role of orienting attention to the 
task elements necessary for learning—that is, selection. 
Unfortunately, these two notions of attention are often 
treated as independent, when in fact they are not. As Lavie 
(e.g., 2005) has shown, the act of selection is itself effort-
ful and becomes more focused when resources are scarce. 
Conversely, when current processing goals are undemand-
ing, excess resources are available for selecting (and thus, 
processing) task-irrelevant stimuli. We contend that learn-
ing of multiple independent contingencies in a sequence-
learning task will occur provided the primary task, as a 
consequence of being undemanding, allows spillover of 
attention to a secondary set of contingencies. However, we 
do not expect to find learning of a secondary sequence if 
the demands of responding to the primary sequence are so 
high as to preclude the spillover of attention. 

EXPERIMENT 1

This experiment was designed to determine whether 
participants are able to simultaneously learn two indepen-
dent probabilistic sequences, one that is the focus of the 
experimental task and another that is secondary. We used 
probabilistic sequences (i.e., noisy sequences where the 
probability of a sequence transition’s occurring was less 
than 1.0), instead of deterministic ones, because the for-
mer are generally regarded as more likely to be learned 
automatically (e.g., Jiménez, 2003). During the training 
stages, the participants responded to a primary sequence 
while ignoring a secondary sequence, and then, during the 
test stages, they responded to the primary, the secondary, 
and a new sequence. Our principal interest was whether 
the participants learned more about the secondary than 
about the new sequence.

Method
The display comprised eight stimulus locations, arranged in two 

rows of four boxes. The positions of the boxes will be referred to 
as Locations 1–4 from left to right, respectively. Figure 1A shows 
the display.

Twelve healthy volunteers were instructed to respond (by press-
ing one of four keys assigned to screen locations by a compatible 
mapping) as quickly and accurately as possible to a stimulus as part 
of an RT experiment. They performed 48 blocks of 100 trials each 
of an SRT task, which comprised 6 blocks of training followed by 6 
blocks of testing, repeated four times. Thus, there were a total of 24 
training blocks and 24 testing blocks.

During the training phases, the participants reacted to the loca-
tion of a red circle in the bottom row (the target stimulus) and were 
told to ignore the red circle in the top row. Both stimuli disappeared 
immediately upon responding and appeared at the next sequence 
location immediately. Their offsets and onsets were synchronized. 
For the first two blocks of the testing phases, the procedure was 
as above. During the remaining four blocks of the test phases, the 
participants were instructed to respond to the stimulus in the top row 
and to ignore the bottom row, where the primary sequence remained. 
For two successive blocks of responding to the target in the top row, 
the sequence was the secondary sequence (i.e., the ignored sequence 

Figure 1. The serial reaction time display had a bottom and a top row of stimulus locations. On the training 
blocks, the participants responded to the target (a red circle) on the bottom row and ignored the top row. On the 
test blocks, they responded to the red circle in the top row and ignored the bottom row. In Experiment 1 and for 
the low-load group in Experiment 2, the display was as shown in panel A, whereas for the high-load group in Ex-
periment 2, the display was as shown in panel B. The participants in the latter group responded to the red circle 
and ignored the distractors. During the test blocks, the distractors were removed.

A B
Red circle
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that had appeared in the top row during the training sessions) and, 
for the other two, was a new sequence. This new sequence was iden-
tical for all new testing blocks. The order of the testing blocks for 
secondary and new sequences was counterbalanced.

In short, we examined learning of a primary, a secondary, and a 
new sequence over a 48-block SRT session.

Sequence generation. The order of stimulus locations followed 
12-item sequences, the structure of which was ABACDBCADCBD, 
where each letter represents one of the four screen locations. Six se-
quences arranged into three pairs were used: Pair 1 (212341324314 
and 414321342312), Pair 2 (313241234214 and 414231243213), 
and Pair 3 (121342314324 and 424312341321). One sequence of 
the pair generated the probable trials, and the other the improbable, 
or noisy, trials. The probability of a target location trial’s being con-
sistent with the primary sequence was .85, and the probability of 
a trial’s being noisy was .15. These will be termed probable and 
improbable trials, respectively. Typically, RTs to probable trials be-
come shorter with practice, relative to improbable trials, due to the 
priming effects that arise as a result of learning. This difference in 
RTs provides a reliable on-line measure of learning. Assignment of 
sequence pairs to conditions and the selection of the probable and 
noisy sequence within a pair were determined randomly. Unavoid-
ably, the sequences do share some transitions. For example, both 
Sequence 1 from Pair 1 and Sequence 1 from Pair 2 contained the 
transition 1–2–3. However, by randomly assigning the sequences to 
conditions and to probable and improbable trials, we avoided any 
imbalance or regularity of transition similarities between conditions, 
since any such effects should be canceled out. For a fuller explana-
tion of the properties and probabilistic structure of these sequences, 
see Schvaneveldt and Gomez (1998) and Shanks et al. (2005). This 
method of sequence generation ensured that the primary and the 
secondary sequences were statistically independent.1

Results and Discussion
Mean RTs were computed by averaging across all cor-

rect trials separately for probable and improbable targets.2 
This was done separately for each sequence type and for 
the training and test sessions. From Block 6 onward, 
RTs on improbable trials were consistently longer than 

those on probable trials for the primary and secondary 
sequences, but not for the new sequence. Figure 2 shows 
the mean learning scores (i.e., RTs for improbable trials 
minus RTs for probable trials) for the training and test 
sessions. All the training sessions have a learning score 
greater than zero, suggesting that the participants learned 
the primary sequence. An ANOVA with target probability 
and block as within-participants factors confirmed this 
by a main effect of target probability [F(1,11)  78.09, 
MSe  1, 377, p  .01]. Predictably, learning improved 
with practice, as shown by the block  probability inter-
action [F(31,341)  1.54, MSe  651, p  .05].

Figure 2 shows that learning scores for the primary 
sequence during the test blocks were higher than those 
for the secondary sequence and the new sequence; yet, 
as testing progressed, the learning scores for the second-
ary sequence were also considerably higher than those for 
the new sequence (which barely deviated from zero). A 
one-way ANOVA on the learning scores for each condi-
tion on the final test blocks revealed a main effect of se-
quence type [F(2,22)  15.10, MSe  326, p  .01]. The 
primary sequence had a learning score greater than that 
of the secondary sequence3 [t(11)  1.87, p  .045, one-
tailed], and in turn, the secondary sequence had a learning 
score greater than that of the new sequence [t(11)  3.79, 
p  .003, two-tailed]. Only the primary and secondary 
sequences had learning scores that were greater than zero 
[t(11)  6.97 and 7.92, respectively; ps  .01, two-tailed].

To take account of the differences in absolute RTs when 
switching between sequences ( 50 msec in all cases), we 
computed proportional measures [(improbable RT − prob-
able RT)/probable RT] for each condition on the final test 
blocks. The obtained values—.11, .06, and .02, (primary, 
secondary, and new, respectively)—mirrored the pattern 
found for the learning scores and differed statistically 

Figure 2. Mean learning scores (improbable RTs minus probable RTs) for the train-
ing sessions (TS) and the test sessions (T) of the serial reaction time (SRT) task in Ex-
periment 1. Each training session comprised six blocks and was performed exclusively 
on the primary sequence. Each test session comprised six blocks: two on the primary 
sequence, two on the secondary sequence, and two on the new sequence (the order of 
the secondary and new sequences was counterbalanced). Error bars depict standard 
errors of the means.
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[F(2,22)  16.67, MSe  0.002, p  .01]. Crucially, the 
secondary versus new difference was also significant 
[t(11)  3.99, p  .01, two-tailed]. It is unlikely, there-
fore, that a scaling effect was responsible for the differ-
ences in learning scores.

The results from this experiment are very clear: In tandem 
with learning about a primary sequence, the participants 
also learned about a concurrent secondary sequence. This 
demonstrates learning of multiple independent sequences.

EXPERIMENT 2

Experiment 1 suggests that learning about a secondary 
sequence can take place without attention. However, an 
alternative possibility is that during the training stages of 
the SRT task, particularly in the later stages, responding 
to the primary sequence did not fully engage attention, 
because the task had become easier to perform through 
practice. This allowed unused attentional resources to 
spill over to learning about the secondary sequence. To 
test this conjecture, the present experiment increased the 
perceptual load of the primary task by adding distractor 
items to the attended display locations. This should result 
in increased attention to the primary sequence and, hence, 
a reduction in the amount of attention available for learn-
ing about the secondary sequence. We hypothesized that 
this manipulation would reduce the amount of learning 
about the secondary sequence, but not that of the primary 
sequence (which still engaged full attention).

Method
A further 32 volunteers took part in this experiment. Half were 

assigned to a low-load group, and half to a high-load group. For the 
low-load group, the procedure was exactly the same as that in Ex-
periment 1. For the high-load group, the procedure was exactly the 
same as that in Experiment 1, but the bottom row of the SRT display 
contained two additional stimuli on each trial: a filled red square 
and a filled green circle. Note that each of these shared one fea-
ture with the target (a red circle). This ensured that the participants 
in the high-load group would have to pay more attention to select-
ing the target, due to competition from the distractors (Rowland & 
Shanks, 2006). The distractor stimuli appeared pseudorandomly: On 
any trial, they never shared a location with either each other or the 
target, and they never appeared at immediately successive locations. 
Figure 1B shows the display for the high-load group.

To ensure the maximal recruitment of attention to the primary 
sequence throughout training in the high-load group, the distractors 
were present on all the blocks of responding to the primary sequence, 
except for the last two (i.e., 43 and 44). Removing the distractors for 
these blocks allowed us to measure learning under low-load condi-
tions for the primary sequence. To ensure parity of conditions with 
the low-load group, all the blocks of responding to the secondary and 
new sequences in the upper row were performed without the pres-
ence of the distractors. Thus, only the final six blocks (two primary, 
two secondary, and two new) allowed a comparison with identical 
stimuli between the two groups for all three sequences.

Results and Discussion
With the exception of Blocks 43 and 44, RTs for the 

high-load group on the training blocks were between 100 
and 200 msec longer than those for the low-load group. 

When the distractors were removed for Blocks 43 and 
44, RTs were roughly equivalent to those of the low-load 
group. This shows that the distractors had a sustained per-
formance effect and, thus, continually forced the partici-
pants to attend to the target sequence.

The RT data for the training blocks of the primary se-
quence were entered into an ANOVA with target prob-
ability and block as within-participants factors and group 
as a between-participants factor. As was predicted, both 
groups learned the primary sequence, as is shown by a 
main effect of target probability [F(1,30)  47.75, MSe  
3,358, p  .01], although, with practice, this effect be-
came greater for the low-load group [F(29,870)  1.50, 
MSe  1,532, p  .05].

The crucial data were the groups’ learning scores for 
each of the sequences on the final blocks. They are shown 
in Figure 3. Clearly, learning scores for the secondary 
sequence were lower for the high-load than for the low-
load group, whereas this was not the case for the primary 
and the new sequences. Indeed, this was confirmed by 
a sequence  group interaction [F(2,60)  3.50, MSe  
611, p  .05] and by independent t tests, which showed 
that learning scores differed between the high and the low 
groups for the secondary sequence [t(30)  2.39, p  .05, 
two-tailed], but not for the other sequences (n.s.). For the 
primary sequence, both groups obtained learning scores 
greater than zero (ts  5.0, ps  .01), as did the low-load 
group for the secondary sequence [t(15)  4.88, p  .01]. 
No other learning scores differed from zero.

As in Experiment 1, proportional measures mirrored 
the pattern of the learning scores: .07, low/primary; .08, 
high/primary; .06, low/secondary; .01, high/secondary; 

.01, low/new; and .02, high/new. These measures dif-
fered statistically, as shown by a reliable sequence  
group interaction [F(2,60)  3.22, MSe  0.003, p  
.05], and the low and high groups had statistically dif-
ferent proportional measures for the secondary sequence 
[t(30)  2.54, p  .05]. 

These results replicate the secondary  new difference 
in Experiment 1 and confirm, first, the learning of multi-
ple independent sequences and, second, that this learning 
is attenuated by an increase in the perceptual load of the 
primary task. Although it is the secondary  new differ-
ence that is of principal interest, the primary  secondary 
difference is also worth comment. In contrast to Experi-
ment 1, the difference in learning scores between the pri-
mary and the secondary sequences for the low-load group 
was not statistically significant. But in both experiments, 
learning scores increased little over training after the first 
training session for the primary sequence, and from pre-
vious work with these sequences, we know that learning 
scores under single-task conditions peak at approximately 
40 msec (Shanks et al., 2005). It is thus likely that a ceil-
ing effect is responsible for the finding that learning for 
the primary sequence is no greater than that for the sec-
ondary sequence. Thus, it would be unwise to place undue 
weight on the rather small differences observed between 
the primary and the secondary sequences.
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GENERAL DISCUSSION

The effect on sequence learning of increased percep-
tual load is consistent with Lavie’s (e.g., 2005) theory 
of attention. In her experiments, the allocation of atten-
tion was highly dependent on the degree and type of load 
under which the participants performed. Under conditions 
of low perceptual load of the primary task, available re-
sources not consumed by the task (because selecting the 
targets was easy) allowed for the spillover of selective at-
tention to processing task-irrelevant items. However, if 
the perceptual load of the primary task was high, select-
ing the relevant target(s) was more difficult. Therefore, to 
ensure efficient processing, more resources were required 
to control the locus of selective attention, and thus, fewer 
resources remained for attention to spill over to irrelevant 
items. This accounts for the abolishment of secondary 
sequence learning under conditions of high perceptual 
load. 

Lavie’s (2005) theory distinguishes between different 
types of attentional load. In contrast to the effects of per-
ceptual load, high working memory (WM; or cognitive) 
load appears to increase interference from irrelevant dis-
tractors because WM load reduces the capacity of control 
functions. This explains why primary sequence learn-
ing in Experiment 2 in the present study was unaffected 
by an increase in perceptual load (see also Rowland & 
Shanks, 2006), whereas primary sequence learning in a 
different study was attenuated by an increase in WM load 
(Shanks et al., 2005). Under the former conditions, ad-
equate control ensured reduced interference from distrac-
tors, whereas under the latter conditions, a reduction in 
control allowed for greater distraction and, thus, reduced 
sequence learning. The finding that multiple sequences 
can be learned simultaneously and that primary sequence 

learning is unaffected by increased perceptual load sug-
gests that implicit learning, unlike explicit learning, is 
highly resistant to noise, or input complexity. Conversely, 
like explicit learning, reduced control due to WM load 
leads to a reduction in implicit learning. Perhaps implicit 
learning acts as a filter, extracting regularities from the 
environment and reducing interference from noise.

It may be argued that the inclusion of random distrac-
tor items in the SRT task makes the display noisier and, 
thus, participants find it more difficult to segregate the 
useful dimensions from the irrelevant ones.4 Perhaps this, 
instead of reduced attention, accounts for the decrease in 
learning about the secondary sequence. We think this un-
likely for several reasons. First, between Blocks 9 and 12, 
the participants responded to the secondary sequence, and 
thus it became clear early in the task which was the useful 
distractor dimension to which to attend. Second, because 
the primary distractors and the secondary sequence were 
in separate rows, it was clear that there was a distinction 
between them. We feel that it is improbable that the par-
ticipants would have attempted to aggregate information 
between rows, rather than within rows. And finally, fol-
lowing the preceding arguments, an increase in noise due 
to the inclusion of distractors would likely impair learning 
of the primary sequence either in tandem with or instead 
of the secondary sequence. There was no evidence of this 
here. We therefore favor an attentional explanation for the 
findings.

A remarkable feature of the present study and the other 
studies upon which this article focuses is that complex 
information about the secondary sequence was gathered 
in a seemingly passive fashion, even though the secondary 
sequence was, on the surface, irrelevant to the primary 
task. These findings are a testament to the sophistication 
of the human learning system but should not be taken as 

Figure 3. Mean learning scores (improbable RTs minus probable RTs) for 
each sequence type on the final test blocks for the low-load and high-load 
groups in Experiment 2. Although learning scores for both groups are very 
similar for the primary sequence, the low-load group has a markedly higher 
learning score than does the high-load group for the secondary sequence. Error 
bars depict standard errors of the means.
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evidence for a mysterious mental faculty. Instead, this pas-
sive perceptual learning appears to be dependent on the 
attention-grabbing features of the secondary contingency 
set. In our experiments and those of Cock et al. (2002), the 
secondary sequence was borne by a visual stimulus sepa-
rate from that of the primary sequence. This either was at a 
unique set of locations (in the present experiments) or was 
a different color from the primary target (in Cock et al.’s 
experiments). In the Mayr (1996) and Jiménez and Mén-
dez (1999) studies, both dimensions were presented on the 
same visual target. However, Mayr ensured a large separa-
tion between locations for the secondary spatial sequence, 
and Jiménez and Méndez required that the targets for the 
secondary sequence be classified; importantly, secondary 
sequence learning disappeared when classification was 
unnecessary. In each of these cases, the secondary dimen-
sion vied for attention with the response dimension. In our 
view, multiple contingency learning is dependent on the 
availability of resources allowing selective visual atten-
tion to be shared among the attention-demanding tasks.

In summary, we have demonstrated a critical role for 
attention in learning multiple contingencies in a probabi-
listic sequence-learning task. Future work could help to 
determine (1) exactly what is learned about the second-
ary sequence and to what extent this is implicit or explicit, 
(2) whether learning of the secondary sequence occurs 
contemporaneously with learning about the primary se-
quence or develops only once the primary sequence has 
been automatized, and (3) perhaps by eye tracking, whether 
attention to the secondary sequence is covert or overt.
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NOTES

1. Consider the sequence pair Probable 1 (212341324314) and Im-
probable 1 (414321342312). If a sequence transition such as 2–1 (from 
Probable 1) occurs, the probability of the next location in the sequence’s 
being 2 is .85, and of being 3 (which is the location following 2–1 in 
Improbable 1) is .15. This method iterated on each trial, so that two typi-
cal location sequences might, therefore, be (1) 213243243123 and (2) 
212314213243, where the italicized symbols refer to improbable loca-
tions. Because the introduction of improbable trials is unpredictable for 
each sequence, our method of sequence generation ensured that there 
was no location correlation between sequences: For example, in (1), the 
first occurrence of the triplet 324 co-occurs with the triplet 231 in (2), 
whereas the second occurrence co-occurs with the triplet 421.

2. Errors were generally low ( 10% on average) in the experiments 
reported in this article. The error rates were typically greater for improb-
able trials than for probable ones, due to the anticipatory responses that 
accompany learning (Schvaneveldt & Gomez, 1998). Predictably, errors 
were higher overall for the high-load group in Experiment 2.

3. In general, test phase learning scores for the primary sequence were 
greater than those on the block immediately after the test blocks, by an 
average of 12 and 8 msec in Experiments 1 and 2, respectively. This sug-
gests that the primary sequence learning scores included in the analyses 
were slightly inflated, due to the fact that the primary sequence was 
always tested immediately after training blocks with the same sequence. 
However, separate ANOVAs for each experiment on these data, with 
preswitch/postswitch and training/test cycle as the factors (the design 
precluded this analysis at Test Phase 4), revealed no reliable effect of 
position (pre- vs. postswitch) and no interaction with cycle (all ps  
.05). Thus, despite a slight average reduction in the magnitude of learn-
ing scores when the primary sequence was returned to after switching, 
the effect was not significant.

4. We thank Luis Jiménez for this suggestion.

(Manuscript received July 22, 2005; 
revision accepted for publication December 28, 2005.)
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