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Using immediate memory span
to measure implicit learning
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To avoid some conceptual and methodological pitfalls found in traditional artificial grammar learn-
ing tasks, we developed a new method of measuring implicit learning using immediate memory span.
Subjects were presented with sequences generated by an artificial grammar and were asked to repro-
duce the patterns by pressing buttons on a response box. After exposure to these sequences, subjects
showed selective improvement in immediate memory span for novel sequences governed by the same
grammar. Individual differences in implicit learning covaried with measures of auditory digit span. Sub-
jects with greater immediate memory processing capacity were better able to learn and subsequently
exploit the information available in grammatical sequences. Our results are consistent with a detailed
episodic coding framework in which implicit learning occurs as an incidental by-product of explicit
task performance. Although subjects encode highly detailed information about specific instances, they
use different aspects of this information to accomplish different task-specific demands.

While a considerable amount of attention in the im-
plicit learning literature has been devoted to a variety of
issues (Stadler & Frensch, 1998), very little research has
explored the nature of individual differences in implicit
learning. Reber’s (1993) influential theory of implicit
learning argued that implicit cognitive processes are evo-
lutionarily older than explicit processes and, therefore,
implicit learning should show no individual differences
and should display little agreement with measures of in-
telligence. Only a few studies have specifically investi-
gated individual differences in implicit learning, and the
findings from these studies support the proposal that im-
plicit cognitive processes are less susceptible to individual
differences than explicit cognitive processes. However,
failures to find systematic variations in performance
among individuals in implicit learning tasks can be at-
tributed to conceptual and methodological problems.
Specifically, measures of classification performance in
artificial grammar learning tasks may not be very sensitive
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to individual differences. In addition, with the exception
of some recent studies (e.g., Destrebecqz & Cleeremans,
2001), most research on implicit learning has assumed
that behavioral tasks are “process-pure”—that a given task
exclusively involves either implicit or explicit knowledge.
In this article, we describe a new method for separating
implicit and explicit learning processes, largely on the
basis of process dissociation logic (Jacoby, 1991), by mea-
suring implicit learning effects in an immediate memory
span task.

In the traditional artificial grammar learning task, sub-
jects are asked to memorize letter strings generated by
an artificial grammar. After this learning phase, subjects
are informed that the letter strings they have just learned
were generated according to a complex system of gram-
matical rules, although no information is given about the
nature of the rules. Subjects are then presented with novel
letter strings and required to decide whether or not each
string follows the grammatical rules, without receiving
any feedback about their decisions. Half of the letter
strings are new grammatical strings that were not presented
during the learning phase, and half are randomly gener-
ated nongrammatical strings. The main finding, repli-
cated several times in the literature (Reber, 1993), is that
subjects can classify novel letter strings as grammatical
or nongrammatical well above chance without display-
ing conscious verbalizable knowledge about the rules of
the grammar when questioned following the experiment.

Very few studies have investigated individual differ-
ences and variability in implicit learning using the artificial
grammar learning task. Reber, Walkenfeld, and Hernstadt
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(1991) compared performance on the traditional artificial
grammar learning task with performance on an explicit
problem-solving task and also with subtests from the
Wechsler Adult Intelligence Scale—Revised (WAIS—R).
They found a significant positive correlation between
performance on the explicit problem-solving task and
IQ, but no significant correlation between the artificial
grammar learning task and IQ or between the implicit
and explicit tasks.

Mayberry, Taylor, and O’Brien-Malone (1995) also
found that performance among school-age children on
an implicit learning task was not related to 1Q, but that
performance on an explicit task was. McGeorge, Craw-
ford, and Kelly (1997) tested subjects from age 18 to 77
and found, once again, that performance on the implicit
learning task did not correlate with 1Q, while perfor-
mance on an explicit test did. McGeorge et al. also found
that while there were no differences in performance on
the implicit test with increasing age, performance on the
explicit test decreased with age. All of these findings
provide support for the argument that implicit learning
does not covary with either explicit learning or tradi-
tional psychometric measures of intelligence.

Nearly all of the discussions concerning individual
differences in implicit learning conclude that they do not
exist. This follows from the theoretical arguments pro-
posed by Reber (1993, 1997). However, the empirical stud-
ies described above have demonstrated only that implicit
measures of learning do not covary with explicit measures
of learning, which is not evidence for the nonexistence
of individual differences in implicit learning processes.
Furthermore, a relationship between explicit tests and
1Q, and none between implicit tests and 1Q), is a foregone
conclusion, since intelligence tests are specifically de-
signed to measure the same construct thought to underlie
explicit tests but not to measure implicit cognitive pro-
cesses. None of the studies by Reber et al. (1991), May-
berry et al. (1995), or McGeorge et al. (1997) was de-
signed to reveal or explain variability in implicit learning
processes. Measures of grammaticality judgments in ar-
tificial grammar learning may simply be insensitive to
variability among individuals.

Recently, Reber and Allen (2000) suggested that, “If we
are to come to some conclusions about interindividual
differences in implicit learning, we need to examine in-
dividual performances on implicit and explicit tasks
which use a common metric” (p. 241). Their argument is
for a task dissociation: A common metric is needed so
that a direct comparison can be made between implicit
and explicit tasks. However, this is the same strategy
used by Reber et al. (1991), Mayberry et al. (1995), and
McGeorge et al. (1997), and there is no reason to believe
that yet another comparison between implicit and ex-
plicit tasks will provide any further insights into the na-
ture of individual differences in implicit learning. An al-
ternative approach to measuring individual differences
in implicit learning would be first to assume that both
implicit and explicit learning processes can function in
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a given task, then to attempt to separate the relative con-
tributions of implicit and explicit processes in perfor-
mance, and finally to account for variability in implicit
learning with other measures. On the basis of this rea-
soning, we developed a new method to measure individ-
ual differences in implicit learning.

The task we used was inspired by an early study by
Miller (1958), who had subjects learn lists of letter strings
in a multitrial free recall experiment. One list contained
randomly generated strings, and another list contained
strings formed by an artificial grammar. Miller found
that subjects could learn the list of grammatical strings
considerably faster than the list of random strings: After
10 trials, subjects were able to recall almost nine gram-
matical letter strings but only three random strings. Miller
concluded that grammatical letter strings were easier to
learn because they were more redundant and carried less
information than random strings. Unfortunately, this is
as far as Miller took his artificial grammar learning re-
search program (for a review, see Miller, 1967).

Miller’s (1958) paper is often cited, but his procedure
is seldom, if ever, used (but see Redington & Chater,
2002). His original experiment demonstrated nicely that
subjects were better at learning and remembering gram-
matical letter strings than random ones. However, one
question that was not addressed in his initial study, and
that has that not been explored since that time, is whether
an individual who has learned an artificial grammar will
improve later memory for new strings generated by that
same grammar. Simply put: Can implicit knowledge
about an artificial grammar improve immediate memory
span for novel sequences generated by that grammar?

The task used in the present experiment was relatively
simple and straightforward. Subjects were presented
with a sequence of colors and were asked to immediately
reproduce the sequence, using a custom-designed re-
sponse box. Subjects performed the same sequence re-
production task during an “acquisition phase” and a “test
phase.” The sequences presented to subjects during the
acquisition phase were generated by one of two artificial
grammars used in this study (Grammars A and B; see
Figure 1), and by reproducing these sequences, subjects
were exposed to one of the two grammars. During the
test phase, half of the sequences presented were new se-
quences that came from the same grammar on which the
subject had been trained; the other half of the sequences
presented during the test phase were new sequences gen-
erated by the other grammar that the subject had not been
exposed to earlier. The ability to reproduce sequences
that came from the trained grammar should be facilitated
by implicit learning. In contrast, performance on the not-
trained sequences should not be facilitated by any previ-
ous implicit learning, and partialing the not-trained span
score from the trained span score should provide a mea-
sure of the degree to which implicit learning facilitated
immediate memory span performance for each subject.

After completing the acquisition and test phases, sub-
jects were also given a recognition memory test that con-
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Figure 1. The two artificial grammars used to generate se-
quences in this experiment, adapted from Brooks and Vokey
(1991). The colors “red,” “yellow,” “green,” and “blue,” are rep-
resented as R, Y, G, and B in the diagram. The grammars share
the same syntax and vocabulary, but differ in their syntax—
vocabulary arrangements.

sisted of several types of sequences. Old sequences, se-
lected from the first part of the experiment, came from
either the trained grammar or the not-trained grammar.
Three types of new sequences were also used: sequences
that came from the trained grammar, sequences that came
from the not-trained grammar, and sequences that were
randomly generated and did not conform to the rules of
either grammar. At the time of the recognition test, the
subject’s ability to recollect old sequences should be
quite poor, and they should rely on the familiarity of a
given sequence when making their recognition judg-
ments. Sequences that seem more familiar and have in-
creased processing fluency should be judged old more
frequently. As a consequence of this “accessibility bias,”
which may reflect a form of implicit learning (Jacoby,
Debner, & Hay, 2001; Kelley & Jacoby, 2000), subjects
should be more likely to call trained sequences old and,

more specifically, to falsely recognize new sequences
from the trained grammar than new sequences from the
not-trained grammar.

The sequences of colors were presented to subjects
using the Simon memory game, a method of measuring
immediate memory span that has been developed in our
laboratory (Cleary, Pisoni, & Geers, 2001). In previous
research, we have used the memory game to measure im-
mediate memory span in deaf children with cochlear im-
plants, normal-hearing children, and normal-hearing
adults. The memory game procedure allows stimuli to be
presented to subjects with three different stimulus for-
mats. In the present study, one group of subjects was pre-
sented with visual sequences on the memory game (se-
quences of colored lights); a second group was presented
with auditory sequences (sequences of spoken color
names); and a third group was presented with multimodal
sequences (that is, simultaneous auditory-plus-visual
presentation; sequences of colored lights and spoken
color names were presented at the same time). After a
sequence was presented, subjects were required to re-
produce the pattern by pressing the colored response but-
tons on the memory game box.

We predicted that subjects would have higher imme-
diate memory spans for sequences that came from the
grammar they were trained on, compared with sequences
that came from the grammar on which they were not
trained. We also predicted that subjects would be more
likely to call trained sequences old and to falsely recog-
nize novel sequences from the trained grammar, com-
pared with sequences from the not-trained grammar or
randomly generated sequences. Such a finding would in-
dicate that subjects had acquired an accessibility bias
that interfered with the inability to correctly reject new
grammatical sequences. Because this methodology pro-
vides an estimate of immediate memory capacity, we
should be able to observe a wider range of individual dif-
ferences in performance than other traditional implicit
learning tasks.

METHOD

Subjects

One hundred twenty Indiana University undergraduate students,
ages 18 to 24, participated in partial fulfillment of course require-
ments for introductory psychology. All participants were native
speakers of English with no history of speech or hearing disorders
and had normal or corrected-to-normal vision at the time of testing.

Materials
Digit span. Tokens of the 10 spoken digits (“0” to “9”’) obtained
from the Texas Instruments 46-Word (T146) Speaker-Dependent
Isolated Word Corpus (Texas Instruments, 1991) were used for the
auditory digit span task. Auditory stimuli were presented over
Beyer DT100 headphones calibrated to 74 dB SPL. Subjects
recorded their responses by writing in prepared answer booklets at
the end of each trial. After making their responses, subjects initiated
the next trial by pressing the “enter” key on the computer keyboard.
Simon memory game. Auditory tokens of the four color words
“red,” “yellow,” “green,” and “blue”) were recorded by one male
speaker of American English. The memory game response box,
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modeled after the commercial product “Simon” manufactured by
Milton Bradley, consisted of four colored, backlit response buttons.
Subjects recorded their responses to auditory, visual, or auditory-
plus-visual stimuli by pressing the response buttons on the memory
game.

Two artificial grammars (grammars A and B) were used to gen-
erate the grammatical sequences used in the experiment. The gram-
mars were adapted from Brooks and Vokey (1991) and are shown
in Figure 1. This particular grammar was chosen because it could
generate a greater number of short grammatical sequences than
other frequently used grammars (see Reber, 1993). Because gram-
mars A and B share the same syntax and the same vocabulary, the
sequences they generate should be equally complex and equally dif-
ficult to learn and reproduce.

The grammatical sequences used in this experiment were se-
lected pseudorandomly from the set of all possible grammatical se-
quences, lengths 4 through 10. No sequence with more than three
consecutive repetitions of a given color was used, and sequences
were selected for use in the acquisition phases so that each branch
of the grammar would be represented equally often. No sequence
was presented in both the acquisition and test phases.

An additional set of nongrammatical sequences, lengths 5 through
7, was randomly generated for use in the recognition memory test.
All random sequences were checked by hand to ensure that they did
not conform to the rules of either grammar. These random se-
quences were allowed to begin with any of the four colors in the vo-
cabulary. However, random sequences beginning with each color
were used in equal numbers in the recognition memory test.

Procedure

The subjects were tested in groups of 3 or fewer in a sound-
attenuated testing room. All subjects first completed the digit span
task, followed by the acquisition phase, the test phase, and the final
recognition memory test using the Simon apparatus.

Digit span. The subjects were presented with a list of digits over
headphones. Once the entire list had been presented, the subjects
wrote down as many digits from the list as they could remember, in
the order in which they were originally presented. The lists of dig-
its began at length 4 and increased to length 10, with two lists pre-
sented at each length, for a total of 14 trials.

Acquisition phase. The subjects were presented with a sequence
of colors using the Simon memory game and were asked to repro-
duce the sequence by pressing the response buttons. Color se-
quences were presented either auditorily (a sequence of spoken
color names), visually (a visual-spatial sequence of colored lights),
or audiovisually (a visual—spatial sequence of colored lights and the
same sequence of spoken color names, presented simultaneously).
Stimulus presentation format was a between-subjects factor. The
subjects were only exposed to sequences that came from one gram-
mar (A or B), and the grammar used during acquisition was coun-
terbalanced across subjects. Sequences began at length 4 and in-
creased to length 10, with two sequences presented at each length,
for a total of 14 trials per run. Acquisition consisted of two runs, so
that the subjects reproduced a total of 28 different sequences gen-
erated by one of the two grammars.

Test phase. The subjects proceeded seamlessly from the acqui-
sition phase into the test phase, without being informed about the
existence of the rules that were used to create the sequences. The
task during testing was identical to that during acquisition: The sub-
jects reproduced test sequences by pressing the response buttons on
the Simon memory game. For each subject, the same stimulus pre-
sentation format was used in both acquisition and testing. Half of
the sequences used during testing were novel sequences that came
from the grammar on which the subject had been trained. The other
half of the sequences used in the test phase came from the grammar
on which the subject had not been trained. Trained and not-trained
sequences were randomly distributed throughout the test phase. Se-
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quences began at length 4 and increased to length 10, with two se-
quences presented at each length, for a total of 14 trials per run. The
test phase consisted of four runs, so that the subjects each repro-
duced a total of 28 different sequences from the trained grammar
and 28 different sequences from the not-trained grammar.

Recognition memory test. After completing the acquisition and
test phases, the subjects were told that they would be given addi-
tional sequences on the Simon apparatus, some of which they had
seen before during the first part of the experiment and some of
which were entirely new. If the sequence had been previously pre-
sented, the subjects were to indicate old by pressing the green but-
ton on the Simon apparatus. If the sequence had not been previously
presented, the subjects were to indicate new by pressing the red but-
ton on the Simon apparatus. To help the subjects remember which
button corresponded to which response, a small index card labeling
each button with the appropriate response was placed on the Simon
response box. Once again, the subjects were not informed about the
existence of the rules used to generate the sequences prior to the
recognition memory test.

The recognition memory test was composed of 50 sequences.
Ten old trained and 10 old not-trained sequences were selected from
sequences used during the test phase. Ten new trained and 10 new
not-trained sequences were generated from each grammar, respec-
tively, and presented as grammatical distractor items. In addition,
10 new random sequences that did not conform to the rules of ei-
ther grammar were used as distractors. The sequences used in the
recognition memory test were of lengths 5 through 7, so that recog-
nition performance would not be confounded by possible capacity
limitations in immediate memory span. Two sequences at length 5,
four sequences at length 6, and four sequences at length 7 were used
in each condition. The sequences in each condition were randomly
distributed throughout the recognition memory test.

After the recognition memory test was completed, the subjects
were given a postexperiment questionnaire. They were told that the
sequences of colors they had been exposed to during the sequence
reproduction task were created with a complex set of rules. Sub-
jects were then asked to rate how much they were aware of the rules
during the experiment, using a 5-point scale (1 = not awareto 5 =
completely aware), to list any rules or recurring themes that they
may have noticed during the sequence reproduction task, and fi-
nally to rate how confident they were that they knew the rules, using
a 5-point scale (1 = not very confident to 5 = completely confident).

RESULTS

Memory Span

All memory span scores were obtained by adding the
total number of items correctly reproduced on each per-
fectly recalled trial (an “absolute span score,” after La-
Pointe & Engle, 1990). This scoring method was chosen
because it provides a way of combining both list-based
and item-based performance into a single composite
score.

Table 1
Mean Memory Span Scores
Acquisition Test Phase

Presentation Pigit Span Phase Trained  Not Trained
Modality M SE M SE M SE M SE
AV 48.55 3.12 68.98 4.47 83.65 420 6345 3.33
AO 49.75 3.05 64.38 3.63 75.53 435 60.88 3.23
VO 48.35 3.07 63.40 4.07 70.90 4.47 60.65 4.27
Total 48.88 1.76 65.58 234 76.69 2.53 61.66 2.09

Note—AYV, auditory plus visual; AO, auditory only; VO, visual only.



960 KARPICKE AND PISONI

The mean memory span scores for the digit span task,
the acquisition phase, and the test phase are shown in
Table 1, listed by presentation modality group (» = 40 in
each group). Two scores were obtained during the test
phase, one score for sequences from the trained gram-
mar, and one score for sequences from the not-trained
grammar. A one-way analysis of variance (ANOVA) per-
formed on the digit span scores revealed no differences
among the three presentation modality groups (F < 1).
The mean scores, ranging from 48.35 to 49.75, are con-
sistent with the findings from other studies carried out in
our laboratory using the same methods (Goh & Pisoni,
2003). An additional one-way ANOVA performed on the
acquisition phase scores revealed no differences among
the three presentation modality groups (F < 1), indicat-
ing that performance during the acquisition phase was
comparable in each presentation modality group.

Sequence type during training (trained or not trained),
presentation modality group (AV [auditory-plus-visual],
AO [auditory only], or VO [visual only]) and grammar
learned during training (A or B) were submitted to a re-
peated measures ANOVA with repeated measures on the
first factor. The analysis revealed a significant main ef-
fect of sequence type [F(1,114) = 73.00, p < .001]. Dur-
ing the test phase, immediate memory span for trained
sequences was significantly higher than memory span
for not-trained sequences. This “learning effect” is dis-
played in Figure 2, illustrating that performance on trained
sequences was better than performance on not-trained
sequences across almost all list lengths. The learning ef-
fect did not interact with the grammar (A or B) learned

during training [F(1,114) = 2.38, p > .10]. This finding
indicates that the learning effect was not simply a result
of sequences from one grammar being easier to learn and
remember than sequences from the other grammar. The
interaction between the learning effect and presentation
modality was marginal [F(2,114) = 2.68, p = .07].

The size of the learning effect (i.e., trained span score —
not-trained span score) for individual subjects is shown
in Figure 3. While most subjects showed a learning effect
(88 out 0of 120, 73%), some did not, and there was a wide
range of variability in the size of the learning effect
among the subjects across all three modality conditions
(ranging from —38 to +57). To investigate possible
sources of this variability, we calculated correlations of
the trained span score, partialing the not-trained span
score with digit span and with performance during the
acquisition phase. Positive correlations were observed be-
tween span scores during the acquisition phase and the
magnitude of the learning effect in the AV and AO con-
ditions (prs = +.63 and +.63, respectively; ps < .001).
In addition, auditory digit span scores correlated with
the learning effect in the AV and AO conditions (prs =
+.44 and +.47, respectively, ps < .01). However, in the
VO condition, while a positive correlation was found be-
tween performance during the acquisition phase and the
size of the learning effect (pr = +.45, p < .01), no cor-
relation was found between auditory digit span and the
size of the learning effect (pr = .01).

The finding that performance during the acquisition
phase correlated with the size of the learning effect was
not entirely surprising—it follows that individuals who
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Figure 2. Depiction of the learning effect (memory span for trained se-
quences is higher than memory span for not-trained sequences) for all
120 subjects, illustrating that performance on trained sequences is bet-
ter than performance on not-trained sequences across nearly all list
lengths (from list lengths S through 10).
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Figure 3. The size of the learning effect (trained — not trained) for individual subjects rank

ordered from smallest to largest effect.

performed better while acquiring the grammar would
subsequently show a larger learning effect. However, the
finding that an unrelated measure of immediate memory
span (auditory digit span) correlated with the learning
effects in the AV and AO conditions was more surprising.
This finding suggests that individuals who have greater
immediate memory processing capacity, as measured by
auditory digit span, also displayed larger learning effects
under the conditions of the Simon sequence reproduc-
tion task that also involved auditory presentation.

Recognition Memory

Table 2 shows the probability of calling sequences old
in the recognition memory test for trained, not-trained,
and random sequences. Examination of Table 2 reveals
a highly consistent pattern of results across all three pre-

Table 2
Probability of Calling Sequences “Old”
in the Recognition Memory Test

Presentation Modality and __Sequence Type
Sequence Conditions Old New
AV
Trained 66 53
Not trained .60 47
Random 25
AO
Trained 61 52
Not trained .55 42
Random 26
VO
Trained 62 55
Not trained .57 46
Random 27

Note—AYV, auditory plus visual; AO, auditory only; VO, visual only.

sentation modality conditions. Looking just at the prob-
ability of calling new sequences old, there were high
false alarm rates for both trained and not-trained se-
quences, while the subjects seemed to be able to cor-
rectly reject new random sequences with relative ease.

The recognition memory data were submitted to a 2
(trained vs. not trained) X 2 (old vs. new) X 3 (AV vs. AO
vs. VO) repeated measures ANOVA with repeated mea-
sures on the first and second factors. This analysis revealed
a main effect of trained versus not trained [F(1,117) =
26.22, p < .001] and a main effect of old versus new
[F(1,117) = 70.59, p < .001]. There was no significant
effect of presentation modality condition (/' < 1), and
none of the interactions reached significance (Fs < 1).
Overall, this pattern of results indicates that subjects in
all three modality groups were more likely to call trained
sequences old than not-trained sequences, regardless of
whether the trained sequences were actually old or new.
These findings indicate that increased fluency in pro-
cessing new trained sequences created an accessibility
bias toward calling trained sequences old.

Postexperiment Questionnaire

Immediately following the recognition memory test,
subjects completed a postexperiment questionnaire in
which they were asked to rate their awareness of the rules
during the experiment, list any rules they noticed, and fi-
nally rate their confidence that they knew the rules. The
mean awareness ratings were 1.63 (SEM = 0.12) in the
AV condition, 1.43 (SEM = 0.11) in the AO condition,
and 1.55 (SEM = 0.13) in the VO condition. A one-way
ANOVA showed no significant differences in awareness
ratings among the three groups (/' < 1). Collapsed across
modality conditions, 72 of the 120 subjects indicated
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that they were not aware of any rules (a rating of 1), 34
indicated slightly aware (a rating of 2), 13 indicated mod-
erately aware (a rating of 3), and 1 subject indicated
completely aware (a rating of 5).

None of the subjects were able to identify any rules in
the form of statements such as, “Green could follow
blue, but red could not follow blue.” Only 12 subjects in-
dicated that some colors occurred more frequently than
others (e.g., “yellow and red were repeated often”). The
majority of subjects who guessed about the rules were
not close at all. For example, the one “completely aware”
subject wrote, “For every session, you were given 2 or 3
rounds of a certain number of colors. They went in se-
quence from 4 to 10 or 11.” Fifteen subjects believed that
some sequences followed a spatial pattern (e.g., “the col-
ors went around in a circle”). In addition, 5 subjects re-
ported that the particular sequence presented to them on
a given trial was determined by their performance on the
previous trial (e.g., “The next round usually started with
the color I wasn’t sure of ).

The subjects’ confidence about their knowledge of the
rules was also very low. The mean confidence ratings
were 1.35 (SEM = 0.11) in the AV condition, 1.35 (SEM =
0.14) in the AO condition, and 1.23 (SEM = 0.08) in the
VO condition. A one-way ANOVA also showed no sig-
nificant differences in confidence ratings among the
three groups (F < 1). Collapsed across modality condi-
tions, 94 of the 120 subjects indicated that they were not
very confident that they knew the rules (a rating of 1), 19
indicated that they were slightly confident (a rating of 2),
6 indicated that they were moderately confident (a rating
of 3), and the same subject who earlier indicated com-
pletely aware also indicated completely confident (a rat-
ing of 5). Overall, the results of the postexperiment ques-
tionnaire demonstrate that even if some subjects claimed
to be somewhat aware of the rules, they were unable to
explicitly state anything that resembled a rule. Further-
more, even if some subjects attempted to guess about the
rules, their verbal explanations obtained after the exper-
iment were not sufficient to explain the robust learning
effects observed during the sequence reproduction task.

Multiple Regression Analyses

Our analysis up to this point has not addressed exactly
what the subjects learned or what information they used
as a basis for responding during the sequence reproduc-
tion task or the recognition memory test. Although it is
possible that the subjects were learning and using ab-
stract grammatical knowledge (i.e., rules), it is also pos-
sible that the subjects were learning and using specific
knowledge about exemplars or fragments of sequences
that they actually experienced during the acquisition phase
(for a review and further discussion, see Shanks, John-
stone, & Kinder, 2002).

To provide a more detailed analysis of the information
that the subjects used as a basis for responding in each task,
we calculated measures of “associative chunk strength” for
each sequence presented during the test phase and during

the recognition memory test. Each sequence presented dur-
ing the acquisition phase, the test phase, and the recogni-
tion memory test was partitioned into two- and three-item
chunks (bigrams and trigrams). The chunk strength of a
given sequence was the average frequency of each chunk
in the sequence (see Johnstone & Shanks, 1999; Knowlton
& Squire, 1996). The frequency with which each chunk oc-
curred during the acquisition phase was used to calculate
the chunk strengths of test phase sequences. The frequency
with which each chunk occurred during both the acquisi-
tion and test phases of the reproduction task was used to
calculate the chunk strengths of recognition sequences.

Sequence length, sequence type (trained or not trained),
and chunk strength were entered as predictors in a si-
multaneous multiple regression analysis using probabil-
ity of correctly reproducing sequences during the test
phase as the dependent variable. Among the three pre-
dictor variables, there was no correlation between se-
quence length and sequence type (» = .00), a very small
correlation between sequence length and chunk strength
(r = .07), and a moderately positive correlation between
sequence type and chunk strength (r = .45, p < .01).

The results of the regression analysis, shown in Table 3,
revealed a strong influence of sequence length on repro-
duction performance (f = —.94,sr = —.93,t = —27.98),
as depicted in Figure 2. More important, sequence type
accounted for a small but significant portion of the vari-
ance in reproduction performance (8 = .09, sr = .08, t =
2.32). However, chunk strength did not account for a sig-
nificant portion of the variance in reproduction perfor-
mance (§ = .03, sr = .03, ¢t = 0.88). In fact, the zero-order
correlation between chunk strength and probability of
correct reproduction was .00. These results suggest that
although the subjects did not use chunk strength as a
basis for responding in the sequence reproduction task,
to a certain extent they did rely on grammatical infor-
mation in the sequences.

To investigate what factors predicted performance in
the recognition memory test, an additional simultaneous
multiple regression analysis was performed using the
probability of calling a sequence old in the recognition
memory test as the dependent variable. Sequence length,
sequence type, and chunk strength were entered as pre-
dictors. Among the three predictor variables, there was a
small correlation between sequence length and sequence
type (r = .04), a small correlation between sequence
length and chunk strength (» = .07), and a small positive

Table 3
Simultaneous Multiple Regression Analysis on Probability of
Correct Reproduction With Sequence Length, Sequence Type,
and Chunk Strength as Predictors

Variable r B sr t Value
Sequence length —-.93 —.94 —-.93 —27.98%%*
Sequence type .10 .09 .08 2.32%
Chunk strength .00 .03 .03 0.88

Note—R? = .88, F(3,108) = 264.75, p < .001; ¢ statistic calculated
with df = 108. *p <.05. **p <.001.
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Table 4
Simultaneous Multiple Regression Analysis on Probability of
Calling a Sequence “Old” in Recognition With Sequence
Length, Sequence Type, and Chunk Strength as Predictors

Variable r B sr t Value
Sequence length —.08 -.13 —.13 —1.89%
Sequence type 53 44 43 6.09%**
Chunk strength .57 49 48 6.82%*
Note—R? = .53, F(3,96) = 35.42, p < .001; ¢ statistic calculated with
df=96. *p=.06. **p<.00l.

correlation between sequence type and chunk strength
(r = .21, p < .05). In the regression analysis, shown in
Table 4, the influence of sequence length was only mar-
ginal (f = —.13, sr = —.13, ¢t = —1.89). However, both
sequence type (8 = .44, sr = .43, t = 6.09) and chunk
strength (f = .49, sr = .48, t = 6.82) accounted for sig-
nificant portions of the variance in the recognition mem-
ory scores. These results suggest that the subjects used a
combination of both chunk strength and grammatical in-
formation as a basis for responding during the recogni-
tion memory test.

DISCUSSION

The primary findings from this study can be summa-
rized as follows. First, we found a robust implicit learn-
ing effect in the sequence reproduction task. Immediate
memory span for sequences generated by an artificial
grammar to which the subjects had been previously ex-
posed was significantly higher than memory span for se-
quences generated by a different grammar to which the
subjects had not been exposed during the acquisition
phase. Comparable learning effects were found across all
three presentation conditions: AV, AO, and VO.

Second, a wide range of variability in the size of the
learning effect was observed among individual subjects.
Most of them showed evidence of having benefited from
prior exposure to one of the artificial grammars, but a
few failed to show any benefit at all. Correlation analy-
ses revealed that the subjects who performed better dur-
ing the initial acquisition phase, in which they were ex-
posed to one of the artificial grammars, showed larger
learning effects during the test phase than did the sub-
jects who performed more poorly. Furthermore, in the
AV and AO conditions, significant correlations were
found between performance on the auditory digit span
task, an independent measure of immediate memory
span capacity, and the size of the learning effects ob-
served in the test phase. This finding suggests that indi-
viduals who have greater auditory immediate memory
spans are better able to acquire implicit knowledge about
an artificial grammar in an auditory sequence reproduc-
tion task and subsequently use their knowledge to im-
prove their memory span for new sequences that follow
the same set of grammatical constraints.

Third, a final recognition memory test revealed that
subjects in all three presentation modality conditions
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were more likely to call trained sequences old than not-
trained sequences, regardless of whether the trained se-
quences were actually old or new. This pattern of results
suggests that increased fluency of processing the trained
sequences may have created a bias toward incorrectly
calling new trained sequences old. Taken together with
the results of the sequence reproduction task, the present
findings demonstrate a situation in which recall is better
than recognition (cf. Tulving & Thomson, 1973): Im-
plicit learning of an artificial grammar facilitated imme-
diate recall of trained sequences but interfered with recog-
nition of trained sequences.

Fourth, our analyses of the postexperiment question-
naire indicated that subjects were generally not aware of
the existence of any rules. Even if some subjects claimed
to be aware of the rules, they were unable to state any-
thing that resembled rules governing the sequences and
were not confident in their guesses. In general, the ver-
bal reports obtained after the experiment cannot account
for the robust learning effects we observed during the se-
quence reproduction task.

Finally, we performed post hoc multiple regression
analyses to investigate the sources of information that
subjects used as a basis for responding during the se-
quence reproduction task and the recognition memory
test. In the test phase of the reproduction task, sequence
type (trained or not trained) accounted for a unique por-
tion of the variance in reproduction performance. How-
ever, chunk strength did not. This finding suggests that
knowledge about frequently occurring bigrams and tri-
grams was not responsible for the observed improvement
in immediate memory span during the test phase. Instead,
grammatical knowledge functioned as the source of in-
formation used to produce the observed learning effect.
A different pattern of results was found in the recogni-
tion memory test: Both chunk strength and grammatical
knowledge accounted for significant unique portions of
the variance in recognition performance. Overall, these
findings suggest that subjects relied on different sources
of information in order to accomplish task-specific de-
mands. Grammatical information was used to produce
the implicit learning effects observed in the sequence re-
production task, while both chunk strength and gram-
matical information contributed to recognition memory
performance.

A purely abstractionist account of sequence learning
cannot explain these findings (e.g., Reber, 1993). If sub-
jects were only abstracting grammatical information
from the sequences they were exposed to during the re-
production task, chunk strength should not make any
contribution at all to recognition memory performance.
Instead, our findings are more consistent with a “detailed
episodic coding” framework, which was originally intro-
duced and developed to explain research on perceptual
learning of words and voices (Goldinger, 1998; Pisoni,
1997). The detailed episodic coding framework suggests
that listeners encode highly detailed information about
speech events and that variability in stimulus patterns
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provides an important additional source of information
for the perceptual process. This framework can also be
applied to implicit learning. Instead of abstracting out
structural regularities and discarding surface informa-
tion or, alternatively, preserving only surface features
and eliminating structural information, the present find-
ings suggest that subjects encoded highly detailed infor-
mation about specific instances encountered during the
sequence reproduction task. Both chunk strength and in-
formation about the grammatical structure distributed
across the entire set of coded instances was acquired,
preserved in memory, and accessed depending on the na-
ture of the task requirements. The conceptual framework
for understanding implicit learning in this task is also
consistent with the principles of encoding specificity
(Tulving & Thomson, 1973) and transfer-appropriate
processing (Kolers & Roediger, 1984; Morris, Bransford,
& Franks, 1977): Memory performance benefits to the ex-
tent that the type of processing operations engaged in dur-
ing initial encoding are reinstated at the time of retrieval.
The purpose of the present study was not to invent an-
other implicit learning task. In fact, the argument pre-
sented here is that there is no such thing as an implicit
learning task. Instead, we have explored one possible
method of measuring the implicit influences of past ex-
periences on a largely explicit task involving immediate
memory span. This novel method of measuring implicit
learning in terms of its effects on immediate memory
span has also provided new empirical evidence that im-
plicit learning can vary greatly among individuals. The
present findings challenge theories of human cognition
that do not account for individual differences in implicit
cognitive processes (e.g., Reber, 1993, 1997). When im-
plicit learning is measured not by performance on a given
task but, instead, as a process that makes some relative
contribution to task performance, the variability among
individuals in implicit learning processes emerges as a
natural consequence of the task-specific demands.
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