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The capacity to remember the order of events continues 
to be a key topic of study within experimental psychol-
ogy, given that the processing of serial order is thought to 
underpin a wide range of cognitive functions and behav-
iors (e.g., Lashley, 1951). In the last 40 years or so, serial 
recall has been used extensively to investigate memory for 
order over the short term; however, the study of long-term 
learning of order information has received less attention. 
In a seminal study by Donald O. Hebb (1961), participants 
performed an auditory-verbal serial recall task in which 
one particular series of digits was repeated every third 
trial. Recall performance increased dramatically for the 
repeated sequence, in comparison with the nonrepeated 
sequences, although many of the participants were un-
aware of the repetition. This phenomenon is referred to as 
the Hebb repetition effect and has been classed as a form 
of implicit long-term learning (see, e.g., Seger, 1994).

There has been a reemergence of interest in the Hebb 
repetition effect with recent studies in which the mecha-
nisms by which temporarily retained order information 
is translated into a more stable representation have been 
examined (see, e.g., Cumming, Page, & Norris, 2003). 
The Hebb repetition effect has been tested primarily with 
verbal information, such as digits or letters in both audi-
tory (e.g., Hebb, 1961) and visual (e.g., Hitch, Fastame, & 
Flude, 2005) modalities. It has been suggested that long-

 term verbal sequence learning (including the Hebb effect) 
is driven by the action of the phonological loop (see, e.g., 
Baddeley, Gathercole, & Papagno, 1998; Burgess & Hitch, 
1999; Cumming et al., 2003). Our purpose is to examine 
the Hebb repetition effect when the critical to-be-learned 
information consists of a sequence of visuospatial items 
and to establish whether verbal and spatial sequence learn-
ing share the same characteristics.

The characteristics of short-term serial recall are well 
established, and evidence of similarities between verbal 
and spatial information is accumulating (e.g., Jones, Far-
rand, Stuart, & Morris, 1995; Ward, Avons, & Melling, 
2005). For example, serial position curves for serial spa-
tial memory are strikingly similar to those obtained for se-
rial verbal memory, exhibiting both marked primacy and 
recency effects (e.g., Avons, 1998; Farrand & Jones, 1996; 
Nairne & Dutta, 1992). Similarities are also observed in 
the pattern of errors found with verbal and spatial serial 
memory: An item is most often recalled near to its correct 
serial position (see Smyth & Scholey, 1996). Other effects 
that have traditionally been associated with verbal short-
term memory (STM) occur in the spatial domain. First, the 
increase in the length of the to-be-remembered (TBR) list 
is associated with a decrease in performance (see Jones 
et al., 1995). Second, the mere presence of a to-be-ignored 
item at the end of the TBR list reduces recency for verbal, 
as well as spatial, information (Parmentier, Tremblay, & 
Jones, 2004; see also Tremblay, Nicholls, Parmentier, & 
Jones, 2005). Finally, it seems that both verbal and spatial 
recall performance benefit in similar ways from temporal 
grouping (Maybery, Parmentier, & Jones, 2002). These 
examples suggest that processing serial order for spatial 
and verbal information is, at least in some key respects, 
functionally equivalent and that a Hebb repetition effect, 
similar to that traditionally obtained with verbal sequences, 
should also be observed in the visuospatial domain.

This work was supported in the form of a project grant to S.T. from the 
Natural Sciences and Engineering Research Council (NSERC) of Can-
ada (CG073877). M.C. also receives support from NSERC. Part of this 
research was reported at the 44th Annual Meeting of the Psychonomic 
Society, November 2003, in Vancouver, Canada. We thank Dylan Jones, 
Robert Hughes, and François Vachon for critical readings of an earlier 
draft. Correspondence concerning this article should be addressed to 
S. Tremblay, École de Psychologie, Université Laval, Québec, PQ, G1K 
7P4 Canada (e-mail: sebastien.tremblay@psy.ulaval.ca).

Exploring the characteristics of the visuospatial 
Hebb repetition effect

MATHIEU COUTURE and SÉBASTIEN TREMBLAY
Université Laval, Québec, Québec, Canada

Using the dot task (see Jones, Farrand, Stuart, & Morris, 1995)—regarded as a good visuospatial 
analogue of the verbal serial recall task—we examined whether the Hebb repetition effect and its 
characteristics can be extended to visuospatial material. Classically, the Hebb effect has been associ-
ated with serial verbal memory: Repetition of a to-be-remembered sequence of verbal items every third 
trial markedly improves serial recall of that sequence. In the present study, Hebb effects were observed 
with visuospatial information, and a direct comparison between verbal and spatial sequence learning 
revealed that the Hebb repetition effect for visuospatial information shares similar characteristics with 
its verbal analogue. Our results cast some doubt regarding the parsimony of the view that the classi-
cal verbal Hebb effect is driven by a store specialized for phonological information and impose some 
further constraints on modeling serial memory and implicit sequence learning.

Memory & Cognition
2006, 34 (8), 1720-1729



HEBB EFFECT AND VISUOSPATIAL INFORMATION    1721

There are some data from clinical and neuropsycholog-
ical studies suggesting that the Hebb repetition effect can 
take place in the visuospatial domain. In what is probably 
the first demonstration of Hebb sequence learning with 
visuospatial sequences, Milner (1971), using a memory 
span procedure with the well-known Corsi block-tapping 
task to study hemispheric differences, observed a small 
but reliable effect of repetition (see also Corsi, 1972). 
With a similar procedure but a different objective—that 
of examining the impact of aging on learning for verbal 
and spatial sequences—Turcotte, Gagnon, and Poirier 
(2005) also found a Hebb repetition effect in the spatial 
domain. Although aging seemed to selectively diminish 
spatial learning, young adults showed learning of similar 
magnitude for both verbal and spatial sequences. How-
ever, in those studies, learning was inferred from the com-
parison between recall performance for random and re-
peated sequences averaged over trials (e.g., Milner, 1971) 
or divided into two blocks of trials (Turcotte et al., 2005), 
which restricts the analysis of the impact of repetitions 
(see Gagnon, Foster, Turcotte, & Jongenelis, 2004, for a 
discussion).

One common criticism of the Corsi block task is that 
strategies based on verbal recoding (see Jones et al., 
1995) or path configuration (see Berch, Krikorian, & 
Huha, 1998) are likely to arise because the TBR objects 
are in a small matrix, there are often very few objects, 
their location is fixed, and all the objects remain visible 
throughout the presentation. Under such parameters, path 
 configuration—organizing the TBR objects as geometric 
forms—is very likely (see Parmentier, Elford, & May-
bery, 2005, for a discussion). Although the Corsi block 
task has been widely used for clinical purposes over the 
last 30 years, the mechanisms underlying performance on 
this task are not yet well understood (Berch et al., 1998; 
see also Vandierendonck, Kemps, Fastame, & Szmalec, 
2004). It is unclear whether participants process the spa-
tially distributed items in a serial fashion, as is the case 
with typical serial recall, and if so, whether participants 
associate each object with a digit label. Before concluding 
that the repetition of a sequence of visuospatial items pre-
sented for immediate serial recall leads to the long-term 
learning of that sequence, one has to rule out the possibil-
ity that the effect is mediated by verbal recoding or by path 
configuration strategies.

In order to test whether the Hebb repetition effect is 
obtained with visuospatial information and, hence, to ex-
plore further possible similarities between verbal and spa-
tial memory/learning, a Hebb repetition manipulation was 
introduced into a visuospatial version of the immediate 
serial recall task, as previously used by Jones et al. (1995; 
see also Tremblay, Macken, & Jones, 2001). In this task, a 
sequence of seven dots is presented on a computer moni-
tor for immediate serial recall. A reconstruction method 
of recall is used in which, following presentation of the 
last dot, all seven dots are simultaneously re-presented 
in their original spatial locations and participants have to 
reproduce the order of presentation. The key manipula-
tion introduced here, then, is that one series of dots was 

repeated every fourth trial. It is important to note that dots 
were presented one at a time—700 msec on and 300 msec 
off—in order to reduce the possibility of the learning of 
path configurations.

In the present series of experiments, we wished to es-
tablish whether the Hebb repetition effect obtained with 
sequences of visuospatial items is functionally equivalent 
to that traditionally observed in the verbal domain (Hebb, 
1961). That a Hebb repetition effect would be found in the 
visuospatial domain was a reasonable expectation for three 
reasons. First, a spatial Hebb repetition effect has been ob-
served with the Corsi block task (e.g., Gagnon et al., 2004; 
Milner, 1971). Second, as was discussed, there are several 
similarities between the verbal and the spatial when se-
rial order processing is required. Third, many studies have 
shown implicit sequence learning in the spatial domain 
where the task does not involve speech-based material. For 
example, in a serial reaction time (SRT) task, participants 
have to detect the onset of a target (e.g., an asterisk) pre-
sented in different locations on a monitor by pressing the 
key corresponding to a particular location (e.g., Nissen & 
Bullemer, 1987; Remillard, 2003). When that stimulus fol-
lows some fixed repeated pattern, reaction time decreases 
significantly, in comparison with when the stimulus ap-
pears randomly (see Seger, 1994, for a review). In addition 
to replicating a Hebb effect in the spatial domain, we wish 
to examine whether some of the key characteristics of the 
verbal Hebb effect, such as the rate of learning over repeti-
tions and the role of awareness, affect visuospatial material 
in a similar fashion. We also propose a simple method for 
measuring awareness and a novel approach with which to 
validate that measure.

A key issue related to the Hebb repetition effect in the 
context of implicit learning is whether participants are 
aware of the repetitions and whether that awareness has 
any consequence for the degree of learning. McKelvie 
(1987) reported that the awareness of the repeated series 
in the verbal domain had no impact on performance, since 
participants classified as aware and unaware exhibited 
similar learning curves (see also Stadler, 1993). A critical 
concern here is the ability of the measure of awareness to 
correctly classify participants. In Experiments 1 and 2, we 
opted to probe awareness by asking a simple question to 
the participants: “Did you notice anything particular about 
the procedure?” (taken from McKelvie’s, 1987, question-
naire). Given the ambiguity of the latter question, it is un-
likely to induce a false and retrospective impression of 
having been aware of the repetition during the experiment 
(see Sechler & Watkins, 1991, for a discussion). The pos-
sibility that participants “become aware” when prompted 
about the repetition procedure is not always controlled 
for. In McKelvie’s questionnaire, one example of a po-
tentially biasing question when awareness is probed is, 
“Would you say that any set of digits was repeated dur-
ing the experiment?” In order to validate our measure of 
awareness, we adopted the criteria of information and of 
sensitivity proposed by Shanks and St. John (1994). The 
criterion of information stipulates that in testing aware-
ness, one must target the information that is responsible 
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for the improved memory performance (i.e., in the present 
case, the repeated series), whereas the criterion of sensi-
tivity refers to the probability that participants classified 
as aware explicitly retrieved that information. In order to 
meet these two criteria, we combined our simple probing 
question (used to classify participants as aware or unaware 
of the repetition) with a postexperimental recognition test 
for the repeated sequence (used to test explicit memory 
of the target information; see Eimer, Goschke, Schlag-
hecken, & Stürmer, 1996, for a similar method employed 
in the context of SRT studies). It is expected that aware, 
rather than unaware, participants are likely to explicitly 
recognize the repeated sequence. This novel approach pro-
vides a validation of our measure of awareness: whether a 
simple ambiguous question is sensitive enough to detect 
participants aware of the repetition during the course of 
the experiment.

EXPERIMENT 1

The main objective of Experiment 1 was to reproduce 
the Hebb repetition effect in the visuospatial domain by 
using a variant of the Corsi block task developed by Jones 
et al. (1995). In this experiment, great care was taken to 
minimize the likelihood that the participants would ver-
bally recode the TBR information phonologically, since 
the dots were in a different location every trial and guide-
lines such as grids were excluded. Also, as was mentioned 
above, the likelihood that a strategy based on path con-
figuration will be used is reduced by employing a sequen-
tial presentation in which each dot appears and disappears 
before the next dot of the series.

Method
Participants. Forty students from Université Laval volunteered 

to take part in the experiment in exchange for a small honorarium. 
All reported normal or corrected-to-normal vision.

Materials. A sequence of seven black dots 1 cm in diameter was 
presented upon a white background on a PC computer screen, one 
dot at a time in a different location, within a 17  17 cm frame. The 
coordinates for the dots’ centers were randomly generated, with the 
constraint that the centers of all the dots, taken pairwise, should be 
separated by at least 3 cm and, at most, 10.5 cm. On each trial, a 
sequence of seven dots was displayed at a rate of one dot every 1 sec 
(700 msec on, 300 msec off). Of the 50 sequences presented dur-
ing the experimental session, 38 contained different arrangements 
of locations, and the other 12 sequences consisted of the repetition 
of the same arrangement in the same order. This repeated sequence 
varied across participants. Repetitions occurred at every fourth trial, 
with the first occurrence of the to-be-repeated sequence on Trial 
4. The nonrepeated sequences were generated randomly, with the 
exception that no sequence could contain more than two dots that 
shared location and order with previous sequences.1 There were 
three nonrepeated (or random) trials before every repeated trial, and 
two nonrepeated trials followed the last repetition in order to avoid 
terminating the memory task with the repeated sequence.

Procedure. The participants were seated approximately 50 cm 
from the computer screen. The participants were told to remember 
all the items in the same order as that in which they appeared. Written 
instructions encouraged them to respond as quickly and accurately 
as possible and informed them that once an item had been selected, it 
would not be possible to alter it. The participants were informed that 

the purpose of the experiment was to evaluate visuospatial STM. 
Two practice trials were presented before the test proper began. The 
presentation of trials was self-paced; the participants mouse-clicked 
on a button on the screen to initiate a trial. Immediately follow-
ing the presentation of the series, the seven dots were re-presented 
simultaneously in the same spatial locations as those in which they 
had originally been presented, which prompted the participants to 
start recalling them in order. The participants responded by using the 
mouse to locate and click on the dots in their original presentation 
order. To indicate that a response had been recorded, the color of a 
selected dot changed from black to green and remained that way 
until the end of the trial.

Following recall of the last sequence of dots, the participants were 
asked: “Did you notice anything particular about the procedure?” 
In order to be classified as aware, the participants had to meet a 
single criterion: They had to report anything that made reference to 
the fact that repetition had occurred during the experiment. After 
they had answered the latter question, the participants took part in 
a postexperimental recognition test. They were informed of the rep-
etition procedure, but no information about the repeated sequence 
was given to them. For the recognition test, four dot sequences were 
presented, each within a frame, and were displayed in a 2  2 ma-
trix on the computer screen. For each sequence, the seven dots were 
re-presented simultaneously. One of the four displays corresponded 
to the repeated sequence, and the other three were constructed 
randomly. The participants had to indicate which one of the four 
representations corresponded to the repeated sequence. No order 
information was provided on this task. The participants were tested 
individually, and the whole experimental session took 30 min.

Results
For all of the experiments in this article, the partici-

pants’ responses were scored according to the strict serial 
recall criterion: For the response to be scored correct, it 
had to correspond to the item’s original serial position.

Gradients of improvement. The data for mean cor-
rect recall over repetitions (repeated sequence) and trials 
that preceded a repetition (nonrepeated sequences) are de-
picted in Figure 1A. It was important to make sure that the 
improvement in performance for the repeated sequence 
was greater than the one observed with the nonrepeated 
sequences, which would be associated with a general prac-
tice effect. In order to do so, gradients of improvement in 
number of correct responses, collapsed across serial posi-
tions, were calculated for each participant across the 12 
repetitions and separately across the 12 groups of three 
matching nonrepeated trials. Using such a calculation 
provided us with individual slopes that reflected improve-
ment over repetitions—that is, a fine-grained measure of 
the rate of learning (see, e.g., Cumming et al., 2003, and 
Hitch et al., 2005, for recent reports of gradients of im-
provement in the context of the Hebb effect for verbal ma-
terials). The mean improvement for the repeated sequence 
was .14 correct responses per repetition, as compared with 
.03 per presentation for the nonrepeated sequences. A t test 
performed on these data showed the difference between 
repeated and nonrepeated to be significant [t(39)  3.90, 
p  .005]. One could argue that the improvement advan-
tage for the repeated series was the result of the unusually 
low performance at its first occurrence (see Figure 1A). 
However, a t test excluding the first presentation for both 
the repeated and the nonrepeated series showed that the 
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improvement for the repeated series remains significantly 
greater [t(39)  3.21, p  .005].

Serial position curves. Typical curves with primacy 
and recency were observed for both the repeated and 
the nonrepeated sequences (see Figure 2A). The data 
were also divided into blocks of trials (three blocks of 
4 repeated trials and 12 matching nonrepeated trials) in 
order to provide an additional measure of the impact of 
repetitions on performance. A 3 (blocks)  2 (repetition: 
repeated or nonrepeated)  7 (serial position) ANOVA 
was performed on the proportion of correct serial recall. 
The main effects of serial position [F(6,234)  55.27, 
p  .001] and of block [F(2,78)  20.61, p  .001] were 
significant, whereas the main effect of repetition did not 
reach significance [F(1,39)  2.43, p  .13]. Most im-
portant, the interaction between block and repetition was 
significant [F(2,78)  5.68, p .01], which suggests that 
the difference between the repeated and the nonrepeated 
series varied over blocks of trials. The decomposition of 
the latter interaction showed that the difference between 
the repeated and the nonrepeated sequences reached sig-
nificance only at Block 3 [t(39)  2.38, p  .05]. The 
difference between repeated and nonrepeated was not 
significant at Block 1 [t(39)  0.44, p  .664] or at 
Block 2 [t(39)  1.73, p  .091]. No other interactions 
were significant (all Fs  1).

Degree of awareness. On the basis of the question the 
participants were asked, 19 of the 40 participants were 
classified as aware of repetition. The participants in the 
aware group performed better for the repeated sequence 
[t(22)  5.56, p  .01], as well as for the nonrepeated 

sequences [t(22)  6.12, p  .01]. Their performance 
was greater than that of the unaware group from the very 
first occurrence of the to-be-repeated sequence onward 
(see Figure 3A). However, the observed learning curves 
were almost identical whether the participants were aware 
(mean improvement of .14 correct responses per repeti-
tion) or unaware (mean improvement of .15) of the repeti-
tion. A t test performed on the gradients of improvement 
as a function of awareness revealed no difference between 
the aware and the unaware participants [t(38)  0.17, 
p  .866].

Sensitivity of our measure of awareness was calculated 
by dividing the number of aware participants—those who 
reported having noticed the repetition—who provided 
the correct response at the recognition test by the total 
number of aware participants. Eighteen of the 19 aware 
participants provided us with the correct answer at the 
recognition test. Taking into account performance at the 
recognition test, the sensitivity of the question employed 
to probe awareness—its ability to classify correctly aware 
participants as aware—was estimated at 94.74%.

Discussion
The pattern of results confirms that a Hebb repetition 

effect occurs with visuospatial sequences. Repetition of 
the same sequence of dots on every fourth trial led to a 
marked improvement in recall performance, in compari-
son with nonrepeated random sequences. As is the case in 
the verbal domain, this visuospatial Hebb repetition ef-
fect seems to be independent of awareness, since the par-
ticipants aware of the repetition showed no extra gain in 
performance over repetitions (see also McKelvie, 1987). 
Although the performance of the aware participants was 
better on every trial than that of the unaware participants, 
there was no difference between the aware and the un-
aware participants in terms of the improvement over rep-
etitions of the Hebb list. The latter finding rules out the 
possibility that learning was due merely to being aware of 
the repetition and, thus, was the result of explicit mecha-
nisms. Moreover, using a postexperimental recognition 
test combined with the measure of sensitivity provided 
us with an objective estimation of the extent to which the 
aware participants were correctly classified.

EXPERIMENT 2

In Experiment 1, we showed a marked effect of repeti-
tion, using the typical dot task in which verbal recoding 
is very unlikely. Indeed, for lists other than the repeating 
list, the locations of the dots were different for every trial, 
as was the order of presentation (see Jones et al., 1995, 
for a discussion). Thus, in Experiment 1, the repeated se-
quence differed from the nonrepeated series in terms of 
both item and order information (to minimize a possible 
verbal recoding). However, in the original procedure with 
verbal information, a fixed set of items was used. One 
could argue that the Hebb repetition effect found in Exper-
iment 1 was qualitatively different from the verbal variant, 
in that it may have been driven by the repetition of item 
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Figure 1. Mean correct recall for the Hebb repetitions and non-
repeated sequences (block of three trials) in (A) Experiment 1 
and (B) Experiment 2. Regression lines are added to the plot.
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information (dot locations), rather than by the particular 
order of dot locations. Also, it seems that the degree of 
similarity between repeated and nonrepeated sequences 
can influence the rate of learning. Indeed, in the verbal do-
main, Melton (1967) showed that when the repeated series 
differed from the nonrepeated ones in terms of both order 
and item information, the learning curve was significantly 
steeper than when the sequences differed only in terms of 
order information. Thus, in Experiment 2, the same fixed 
set of seven dots was used for each trial (but here, also, 
we employed a typical serial memory procedure with a 
sequential presentation of the dots—on and off—and no 
gridlines, in order to minimize the use of verbal recoding 
or path configuration strategies).

Method
Participants. Thirty students from Université Laval took part in 

Experiment 2 in exchange for a small fee. All reported normal or 
corrected-to-normal vision. None of the participants had taken part 
in Experiment 1.

Materials. The method in Experiment 2 was identical to that in 
Experiment 1, except that the same seven locations were used to 
display the dots; only the order in which the dots were presented 
varied across repeated and nonrepeated trials. However, it is impor-
tant to note that each participant was presented with a different set 
of dot locations.

The design and procedure were identical to those employed in 
Experiment 1. Because the item information was the same for each 
trial, the postexperimental recognition test required the participants 
to recognize the correct sequence in which the items of the repeated 
sequences had been presented. The participants were presented with 
four schematic representations of the dots, in which labels indicated 
their order of appearance in the sequence. They had to select the 
correct representation.

Results
Gradients of improvement. The mean improvement 

for the repeated sequence was .11 correct responses per 
repetition, as compared with .03 per presentation for the 
nonrepeated sequences (see Figure 1B). A t test performed 
on these data showed the difference between repeated and 

Figure 2. Proportion of correct serial recall as a function of serial position for re-
peated and nonrepeated sequences in (A) Experiment 1 and (B) Experiment 2 for 
Blocks 1 (upper panel), 2 (middle panel), and 3 (lower panel). Error bars represent 
standard errors.
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nonrepeated to be significant [t(29)  2.51, p  .05]. A 
t test carried out on the repeated sequence data for Ex-
periment 1 and Experiment 2 showed that the gradients 
of improvement were not significantly different [t(68)  
1.07, p  .29], although numerically, the mean gradient 
obtained in Experiment 1 was higher (.14).

Serial position curves. Typical curves were observed 
for both the repeated and the nonrepeated sequences (see 
Figure 2B). As in Experiment 1, a 3  2  7 ANOVA 
was performed on the proportion of correct serial recall. 
The main effects of block [F(2,58)  5.43, p  .014], se-
rial position [F(6,174)  13.63, p  .001], and repetition 
[F(1,29)  9.18, p  .01] were significant and so was the 
interaction between block and repetition [F(2,58)  3.33, 
p  .05]. The decomposition of this interaction showed 
that learning, as in Experiment 1, took place in Block 3 
[t(29)  4.69, p  .01]. The difference between the re-
peated and the nonrepeated sequences was not significant 
at Block 1 [t(29)  1.02, p  .317] or Block 2 [t(29)  
1.96, p  .060].

Degree of awareness. Eighteen participants were clas-
sified as aware of repetition, and 12 as unaware. Again, 
the aware participants showed greater performance for the 
repeated sequence [t(28)  3.85, p  .01], as well as for 
the nonrepeated series [t(28)  1.93, p  .05]. However, 
as in Experiment 1, mean improvement gradients for the 
repeated series were similar for the aware (.12 correct re-
sponses per repetition) and the unaware (.09 correct re-
sponses per repetition) participants. A t test performed on 

these gradients revealed no difference between the aware 
and the unaware participants [t(28)  0.41, p  .68; see 
Figure 3B]. Since the same seven dots were presented on 
each trial, the recognition test relied on order information 
only. Out of 18 aware participants, 15 provided us with the 
correct recognition, which gives a sensitivity of 83.33%.

Discussion
A Hebb repetition effect was found in the second ex-

periment when the repeated sequence differed from the 
nonrepeated sequences only in terms of order informa-
tion. As was the case in Experiment 1, the unaware partici-
pants showed an improvement similar to that of the aware 
participants. Although there was a numerical trend for the 
dissimilar repeated and nonrepeated sequences (distinct 
on both order and item dimensions in Experiment 1) to 
produce a greater rate of learning than did the similar se-
quences (Experiment 2), the difference was not statisti-
cally significant. Statistically, this result does not replicate 
the one obtained by Melton (1967), who showed a greater 
learning rate for sequences that differed in terms of both 
order and item information with verbal material. However, 
one possible explanation for the small nonsignificant ef-
fect of similarity is concerned with the nature of the TBR 
stimuli. The characteristics on which repeated and non-
repeated series differed are difficult to equate between 
verbal and visuospatial sequences. Indeed, dissimilarity 
in the verbal domain was made up of nine consonants in 
a fixed order for the repeated sequence and nine conso-
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Figure 3. Mean correct recall for aware and unaware participants as a function of repeti-
tion (repeated series) or block of three trials (nonrepeated series) for (A) Experiment 1 and 
(B) Experiment 2. Regression lines are added to the plot.
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nants in random orders for the nonrepeated sequences. 
Manipulation of similarity in Experiment 2 relied on 
always presenting the same seven dot locations for the 
repeated sequence and all-different dot locations for the 
nonrepeated sequences. It is plausible that discrimination 
between repeated and nonrepeated sequences was more 
obvious in the verbal domain.

EXPERIMENT 3

Both Experiments 1 and 2 provided further evidence 
that the Hebb repetition effect can take place when the 
TBR information is visuospatial (see also Milner, 1971; 
Turcotte et al., 2005). However, a comparison of verbal 
and spatial Hebb effects across studies raises problems. It 
would be difficult to carry out a reliable meta-analysis to 
compare these effects because of the numerous method-
ological differences across studies. For example, in some 
studies, a memory set of nine digits has been used (e.g., 
Hebb, 1961; McKelvie, 1987), and in others, a set of eight 
letters (e.g., Cunningham, Healy, & Williams, 1984). 
There is apparently no study in which the magnitude of the 
Hebb repetition effect and its learning curves have been 
compared directly for verbal and visuospatial sequences. 
The purpose of the third experiment was to compare the 
Hebb repetition effects in verbal and visuospatial domains 
by using a within-subjects design and making sure that 
the verbal and the visuospatial tasks were as similar as 
possible.

Method
Participants. Twenty-four students from Université Laval volun-

teered to take part in the experiment in exchange for a small hono-
rarium. All reported normal or corrected-to-normal vision. None of 
the participants had taken part in Experiment 1 or 2.

Materials. For the visuospatial task, the method in Experiment 3 
was identical to that in Experiment 2, except that nine dots were dis-
played in each sequence, instead of seven. The same nine locations 
were used to display the dots; only the order in which the dots were 
presented varied across repeated and nonrepeated trials. Each par-
ticipant was presented with a different set of dot locations. For the 
auditory verbal task, nine letters (D–F–G–H–K–L–N–Q–R) were re-
corded in a female voice. Each sequence was played at a rate of one 
letter per second through headphones (700 msec on, 300 msec off) 
at approximately 65 db(A). After the presentation of each sequence, 
the nine letters were randomly presented on the computer screen in 
a horizontal fashion (at the center of a 17  17 cm frame).

Procedure. The procedure was similar to the one used in Experi-
ments 1 and 2. Each participant took part in both the auditory-verbal 
and the visuospatial tasks. Half of the participants began with the 
auditory-verbal task, and the other half, with the visuospatial task. 
There was no postexperimental session and no measure of aware-
ness, since it would have been difficult to ascribe awareness to either 
the auditory-verbal or the visuospatial task. The participants were 
tested individually, and the experiment took 60 min.

Results and Discussion
Gradients of improvement. The mean improvement 

for the repeated sequence was .15 correct responses per 
repetition in the verbal domain (.05 for the nonrepeated 
sequences), as compared with .17 correct responses per 
repetition with the visuospatial sequences ( .02 for the 

nonrepeated sequences; see Figure 4). A 2 (repetition: 
repeated or nonrepeated)  2 (type: verbal or spatial) 
ANOVA was performed on these data. The main effect of 
repetition was significant [F(1,22)  9.52, p  .01], but 
the difference between verbal and spatial was not signifi-
cant (F  1), nor was the interaction of type and repetition 
[F(1,22)  1.81, p  .192]. This pattern of results shows 
that the Hebb repetition effects found in the verbal and the 
spatial domains are functionally equivalent in relation to 
the rate of learning.

Serial position curves. Typical curves were observed 
for both the repeated and the nonrepeated sequences with 
auditory-verbal and visuospatial material (see Figure 5). 
A 2 (type)  2 (repetition)  3 (blocks)  7 (serial posi-
tion) ANOVA was performed on the proportion of correct 
serial recall. All the main effects [type, F(1,23)  10.55, 
p  .01; blocks, F(2,46)  16.62, p  .001; repetition, 
F(1,23)  10.04, p  .01; and serial position, F(8,184)  
39.30, p  .001] were significant. For the sake of brev-
ity, only the interactions most relevant to the issues at test 
will be reported here. Importantly, the interaction between 
type and repetition was not significant (F  1), whereas 
the interaction of block and repetition [F(2,46)  6.45, 
p  .01] was significant. The latter interaction did not 
vary as a function of type [F(2,46)  1.19, p  .31]. All 
other three-way interactions and the four-way interaction 
were not significant (all ps  .40). The present pattern of 
significance clearly indicates that sequence learning (as 
well as the serial position curves) is very similar whether 
the information is verbal or spatial.

GENERAL DISCUSSION

In Experiment 1, in which there was little possibility 
of verbal recoding, we found a Hebb repetition effect 
with spatial stimuli. This visuospatial Hebb effect was 
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Figure 4. Mean correct recall for verbal and spatial series as 
a function of repetition (repeated series) or block of three trials 
(nonrepeated series). Regression lines are added to the plot.
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also obtained when the repeated sequence differed only 
in terms of order information, as in the original procedure 
with verbal information. The comparison of the learning 
curve obtained in Experiment 1 with that observed in Ex-
periment 2 is inconclusive in showing that the degree of 
similarity between repeated and nonrepeated sequences 
can modulate the rate of learning in the spatial domain 
as in the verbal domain (see Melton, 1967). The results 
of Experiments 1 and 2 are consistent with McKelvie’s 
(1987) conclusion that the Hebb effect reflects a form of 
implicit learning: Even though the performance of the 
aware participants was higher than that of the unaware 
participants on each trial, both exhibited similar learning 
curves. In Experiment 3, a direct comparison, within a 
repeated measures design, between Hebb learning in the 
auditory-verbal and the visuospatial domains provides un-
equivocal evidence that the rate of learning due to Hebb 
repetitions is the same regardless of the nature of the 
stimuli. Thus, our results provide further evidence that the 
Hebb repetition effect extends to visuospatial informa-
tion and that its basic characteristics seem functionally 
similar to those found in the verbal literature (e.g., Hebb, 

1961; McKelvie, 1987; Melton, 1963; Sechler & Watkins, 
1991). It is important to mention that our results suggest 
that the measure of awareness can be very simple and yet 
meet all the criteria for a reliable test of such awareness 
(Shanks & St. John, 1994). Indeed, our method relies on 
a single question, and its combination with a recognition 
test has provided evidence that the measure is sensitive 
and discriminating.

The unequivocal demonstration of similar Hebb rep-
etition learning for verbal and spatial sequences begs the 
question of what exactly is being learned over repetitions. 
Although it is clear that the learning substratum is not 
speech based, the nature of the abstract representation 
being formed over repetitions remains uncertain. In the 
present series of experiments, it is possible that what was 
learned was the motor response pattern associated with 
the repeated sequence. However, there is ample evidence 
that learning of repeated information does not require 
participants to reproduce the sequence over its repetitions 
(e.g., Cunningham et al., 1984; Remillard, 2003). One 
possibility is that relationships among items, rather than 
item information per se, are at the basis of what might 
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be learned. Indeed, given the serial nature of the memory 
task, it is unlikely that the product of learning takes the 
form of some item-based or configural representation.

A key theoretical question related to the latter issue is 
what drives the Hebb repetition effect. Some authors have 
suggested that the effect is the consequence of rehearsal 
processes (e.g., Cunningham et al., 1984; see also Bur-
gess & Hitch, 1999) or output processes (e.g., Cohen & 
Johansson, 1967). Other studies have proposed that learn-
ing of repeated information can take place at a percep-
tual stage—that is, even when rehearsal and responses are 
proscribed (e.g., Remillard, 2003). The visuospatial Hebb 
effect found in the present study casts further doubt on 
a phonological-loop-based account of verbal long-term 
sequence learning: The learning mechanism clearly tran-
scends the content of the to-be-learned material (see, e.g., 
Saffran, Johnson, Aslin, & Newport, 1999).

Some computational models of how serial order is stored 
in memory eschew the fractionation of STM processing 
into distinct modules, whereas others offer what seem to 
be amodal mechanisms of processing order but are un-
derpinned by the working memory modular architecture 
(e.g., Burgess & Hitch, 1999; Page & Norris, 1998). Most 
computational models suggest that order representation in 
memory is a result of context associations between items 
(chaining models; see, e.g., Lewandowski & Murdock, 
1989; Murdock, 1995) or between positions and items 
(positional models; see, e.g., Burgess & Hitch, 1999; Lee 
& Estes, 1981; see also Brown, Preece, & Hulme, 2000, 
for a time-based associative model). A prediction com-
mon to these models is that with the repetition of the se-
ries, such associations are reinforced and, thus, lead to the 
improvement of serial recall performance. However, there 
is some evidence that the strengthening of item position or 
time-based associations cannot account for the Hebb rep-
etition effect. For example, Cumming et al. (2003) showed 
that when the items of the repeated list were displaced in 
a final transfer list, there was no improvement either for 
the items that kept their serial position or for the items that 
changed their serial position, in comparison with control 
lists in which the whole sequence remained intact. Thus, 
it seems that interitem relationships play at least some role 
in the Hebb effect (see Hitch et al., 2005, for a discus-
sion; see also Schwartz & Bryden, 1971). Cumming et al. 
put forward the idea that as a sequence is repeated, some 
cumulative chunking process occurs, thereby making the 
repeated list easier to serially recall (see Page & Norris, 
1998). However, again, in the latter account of the Hebb 
effect, a predominant role is attributed to a phonological 
component, in that the action of the chunking mechanism 
is claimed to take place in a speech-based store.

There is substantial divergence among researchers in 
explaining how serial order is stored in memory and what 
factors underpin the Hebb repetition effect. One consid-
eration that stems from our results is that models must 
take into account that the Hebb effect is not restricted 
to speech-based material. That the repetition of a visuo-
spatial sequence in a serial recall paradigm produces the 

same long-term learning effect as the one that occurs for 
a repeating verbal sequence suggests that the learning 
mechanism is not uniquely verbal and transcends the con-
tent of what is to be learned. If the learning mechanism 
underpinning the Hebb effect is not a mechanism peculiar 
to verbal input, the notion that the verbal Hebb effect re-
flects the action of a dedicated verbal (or phonological) 
learning device begins to look unparsimonious. In con-
clusion, it can be argued that exploring the characteris-
tics of the Hebb repetition effect in the verbal and spatial 
domains may provide useful insights into modeling both 
explicit and implicit sequence learning and may inform 
the debate concerning the extent to which serial order for 
verbal and spatial information is processed in a function-
ally similar fashion.
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NOTE

1. Here and elsewhere in the series of experiments, the spatial charac-
teristics of the dot sequences, such as path length—the distance between 
two successive dots—and number of crossings in the path sequence, 
are not systematically equated for repeated and nonrepeated sequences. 
Although path length and number of crossings have been shown to affect 
serial memory performance (see Parmentier et al., 2005), the random 
generation of dot sequences across trials and participants reduces the 
risk of contamination.
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<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


