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Abstract

Implicit learning appears to be a fundamental and uh'iquitous process in c]oghmuor::
Although defining and operationalizing implicil learning remains a cent.r.a lt e:’)ref
ical challenge. scientists’ understanding of implicit lv-.nrn.mg has progressed ?I},l'll.l

cantly. Bevond establishing the existence of “learning wuhuul'u\vu.rc'ncss. «..urrm(l]
rusearch seeks to identify the cognitive processes that support implicit learning und
addresses the relationship between learning and awareness of what. was llei’xrm.s .
The emerging view of implicit learning emphasizes the role o'f associative e::lrnmg
mechanisms that exploit statistical dependencies in the environment in order to
generate highly specific knowledge representations.
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Have vou ever wondered why it is that you can speak your native language s(;
well without making any grammatical errors although you do not k.nn’w many o0

the grammatical rules yvou follow? Have you ever wondered h.m\' it is t.h‘a?l you
can walk properly although you cannot deseribe lh‘c rules ol. mcchumul.\ your
bodv must certainly follow? These two examples point to an mjportant ‘1"uman
pmberty. namely. the ability to adapt to environmental .conftrmnt's——tio lcar?—;
in the absence of any knowledge about how the adaptation is uclhlevec : Implici

loarning—laxly defined as learning without awareness—is seemingly ubiquitous
K e\;nnt(}jwlzz ;]zl:t:c\e. we v to pravide an overview of the difficulties rcscurc;;w,o'n
implicit learning has been facing and of the ud\".m.cv':s that hn\"c bccnhnm (. in
scientists understanding of the concept. More specifically, we d.lscuss three se};:—
arate issues. First. we address what is meant by implicit learning and hOV\{t e
concept has been empirically approached in the recent past. Second, t\e sum-
muarize what is currently known with some certainty about tl‘m cognitive
processes underlyving implicit learning and th‘c mental representations that a}re
acquired through it. Third. we discuss some ol (}u‘ most important current topics
of investigation.

DEFINITION AND OPERATIONALIZATION

The one basic theoretical issue that reigns supreme among (ha.' fli”ikl'll.llik‘.\' fuc'mg
researchers concerns the definition and opcrulionuli‘/.-.nim? of m?phcn lc:‘n.‘nmg.
Although it seems clear that implicit learning needs to be \1§\\'ed‘ in opposition t9
learning that is not implicit toften called explicit. I?)'P()lhL‘SIS-([II.'l\'-L‘.n lcn;:mng}. it
has so far proven extremely difficult to provide a satisfactory dehn.mon o "lr&p icit
learning. At least a dozen different definitions have been offered in the field.
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One important consequence of the heterogeneity of definitions is that dif-
ferent researchers have operationalized implicit learning in different wavs. For
example, Arthur Reber, whose early work in the 1960s rekindled interest in
implicit learning, has done most of his empirical work with artificial-grammar-
learning tasks. In these tasks, participants are asked to memorize o set of letter
strings, such as "XXRTRXV" and "QQWMWQP," that arc, unbcknownst to the
participants, generated by some rules. After the memorization phase. participants
are told that the strings they memorized followed certain rules, and are asked to
classify new strings as grammatical (i.e., following the rules) or not. Tvpically.
participants can perform this classification task with accuracy better thun would
be expected by chance, despite remaining unable to verbally describe the rules.

Thus, in a grammar-learning task, participants learn about permissible und
nonpermissible combinations of letters that are presented simultaneously. By
comparison, in another task often used to investigate implicit learning. the serial
reaction time task (SRTT), participants learn about permissible and nonpermis-
sible combinations of spatial locations that occur over time. In the SRTT. par-
ticipants are asked to select and depress a key that matches cach of the locations
at which a stimulus appears on a screen. The sequence of locations at which the
stimulus appears is fixed. In general, participants seem to be able to learn the
sequence of spatial locations even when they are not able to verbally describe it.

Divergent definitions of implicit learning entail divergent operationalizations
of the concept, but even researchers who agree in their definitions might use
experimental tasks that differ in what exactly participants might learn. There-
fore, it remains an open empirical issue to what extent results from a given task
that has been used to probe implicit learning can be generalized to other tasks.
This point leads to our first conclusion:

Conclusion 1. Implicit learning of Task A is not necessarily comparable to
implicit learning of Task B. Neither the properties of the learning mecha-
nisms involved nor the acquired mental representations need be the same
It is even conceivable that implicit learning of Task A might be possible. but
implicit learning of Task B might not.

THE KEY ISSUE

Regardless of how implicit learning is defined and operationalized, the key empir-
ical issue that research needs to address is whether or not learning that is
“implicit” is passible, and if it is, whether implicit learning is different from
learning that is "not implicit.” Many researchers have for practical reasons
adopted as their definition of implicit learning “the capacity to learn without
awareness of the products of learning.” Thus, learning is assumed to be “implicit”
when participants are unaware of what they learned. Alternatively, learning is
assumed not to be implicit when participants are aware of what they learned.
In other words, implicit learning is defined in terms of its product rather thun
the praperties of the learning process.

Various measures have been proposed to assess awareness of the products
of learning. The most notable measures are verbal reports and forced-choice
tests (such as recognition tests).



Party’  nts in implicit-learning experiments have consistently been shown
to be able . acquire knowledge that they cannot verbally describe. This appear§

to be true for a wide variety of tasks, including the grammar-learning and
sequence-learning tasks we described earlier. Thus, if verbal report is used to
assess awareness of acquired knowledge, many experimental findings appear to
support the conclusion that implicit learning is possible.

However, many authors have argued that verbal reports may have poor valid-
ity. First. it has been argued that the verbal-report data do not pass the infor-
mation criterion; that is, the information assessed by verbal recall tests is not
always the same information that has led to the demonstrated learning. Second,
verbal recall tests might not pass the sensitivity criterion; that is, they may not
provide a level of sensitivity that is comparable to that of tests demonstrating
learning in the first place. Many researchers have therefore suggested that
awareness should be assessed by forced-choice tests, such as recognition tests,
rather than verbal recall.

In the grammar-learning paradigm, participants are sometimes asked to com-
plete recognition tests after they have categorized letter strings as grammatical
or nongrammatical. For example, in some studies’participants were asked to
indicate for each letter string which particular letters they thought made the
string grammatical or not. It was found that participants’ markings correlated
with their classification performance, suggesting at least partial awareness of
the knowledge learned.

Similar findings have been obtained in studies that have used other implicit-
learning paradigms. For example, after participants had completed the SRTT,
they were presented sequence patterns of varying lengths in numerical form.
Each sequence (e.g., 123432) denoted a series of locations on the computer
screen. Participants were asked to mark patterns that they had encountered
during the experiment as true and patterns that they had not seen as false. It
was found that participants’ recognition scores correlated with their learning
scores for the SRTT. In general, many different studies using different experi-

mental paradigms have used forced-choice tests to assess awareness of the

acquired knowledge, and these studies appear not to support the existence of
implicit learning.

However. it has been argued that this particular interpretation rests on the
assumnption that the forced-choice tests are pure assessments of awareness (i.e.,
are process pure). This is almost certainly not the case. Indeed, participants might
choose a correct answer on a forced-choice test not because they are aware of the
fact that it is the correct answer but because they rely on some intuition that they
are not able to express. The growing understanding that tests are rarely process
pure has fostered the use of new methodologies that are not based on this assump-
tion. For example, Jacoby's process dissociation procedure offers a measure of
awareness that is derived from experimental conditions that are believed to trig-
ger both implicit and nonimplicit processes simultaneously. This consideration of
how awareness should be assessed leads to our second conclusion:
o Conclusion 2. Many researchers have tried to avoid the difficult issue of how

to define implicit learning and have, dften without stating so explicitly,
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adopted the stance that implicit learning is the capacity to learn \\( At
awareness of the products of learning. However. it has become clear that Fljc
amount of support for implicit learning varies considerably with lhe—:specmc
measure that is selected to assess awareness of what was learned. Thus. by
avoiding the issue of how to define implicit learning. researchers ha.\"e'ihtro-
duced the problem of how to define awareness. In the end. .the det‘mmondl
question has not been resolved, but has merely been transferred from one

concept to another.

MECHANISMS OF LEARNING AND AWARENESS

Even when implicit learning (in the sense of learning that vields knowledge the
learner is not aware of) is demonstrated conclusively. one learns little abO.L‘lt the
mechanisms underlyirig implicit learning. It is helpful‘to consider the\dittergm
ways in which, in principle, learning and awareness of thg product§ c.>t‘ lgarnmg
might be related. Figure 1 depicts five of the many distinct possibilities that
have been proposed. ~

First, it is, of course, conceivable that learning and awareness of what has
been learned are perfectly correlated. According to this proposall. implicit lgarn-
ing does not exist. As is shown in Figure la, learning might be u'chle\'ed bva smglg
mechanism that generates memory representations a learner is always aware of.

According to the four remaining possibilities, learning and awareness nlegd
not be—but might be—perfectly correlated. According to the second possibil-
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ity depicted in Figure b, a single learning mechanism is assumed to create
presentations that control behavior. Some of the learned memory rep-
resentations might be open to awareness: some might not be.

The last three possibilities (Figs. Lele) allow for truly implicit learning.
According to the third possibility, an implicit-learning mechanism might gener-
ations that control behavior. The perception of one's own
behavior. in turn, might lead to nonimplicit {i.c., hypothesis-testing) learning
that might generate awareness of what was learned (Fig. 1c). Under this view,
the effects of implicit learning are an important trigger for nonimplicit learning.
For example. 1 tennis player might pereeive an increased accuracy of her serve.
She might then conclude that the reason for this improvement is 10 be found
in a slightly higher toss of the ball.

The fourth possibility is that nonimplicit learning might lead to awareness
and might control behavior. The expression of behavior, in
r the operation of an implicit-learning mecha-
nnis players know that solid ground strokes
approaching ball instead of away lrom it.
forward movement may lead to Jearning
outside of conscious awareness.

me l]\(\n’ e
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IMPORTANT ADVANCES MADE
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ser( ns. Learning consists of a continuous, incremental change in the asso-
ciative pattern that is sensitive to the statistical features of the set of items or
events encountered. Thus, a representation of the implicit-learning situation that

is shaped by statistical constraints gradually evolves. Although the chagacteriza- -

tion of implicitly acyuired knowledge is still a matter of debate, the current trend
is to assume that abstract knowledge might not be implicitly generated.

Many recent studies have explored whether implicit learning, unlike non-
implicit learning (i.c.. explicit hypothesis testing), proceeds automatically, with-
out the use of attentional resources. By far. most of these studies have used the
SRTT. often manipulating the amount of attentional resources available to par-
ticipants by asking them to perform the SRTT either by itself or together with
a secondary task (typically a tone-counting task).

In general. it has been found that implicit learning takes place both in the
presence and in the absence of a secondary task. What remains unclear, at pres-
ent. is the extent to which implicit learning is affected by the attention manip-
ulation. Some rescurchers argue that the secondary task interferes with task
performance rather than with implicit learning proper (i.c., that the secondary

task impedes the expression of what has been learned). Under this view, implicit |

learning does not depend on the availability of attentional resources. Others
tahe the stance that the learing process itsell is adversely affected by the pres-
ence of a secondary task and thus requires attentional resources.

On the whole. the experiments that have been conducted all suffer from the
problem that attention itself is an ill-defined concept that might refer to both
mental capacity and selection. In the latter sense, “attention” points to the prob-
lem of allocating cognitive resources to a specific item or event. When “atten-
tion” is used synonymously with "mental capacity,” it instead refers to a limitation
of cognitive resources that becomes apparent when resources have to be shared
bv concurrent cognitive processes. When these two factors are separately and
experimentally manipulated. it appears that implicit learning occurs only when
stimuli are relevant to the task and are attended to, but that implicit learning
mayv require no or very little mental capacity.

Recent advances in reqearghers understanding of implicit learning lead to
our fourth conclusion:

e Couclusion 4. The early proposal of a smart unconscious capable of acquir-
ing abstract knowledge in an effortless, automatic manner has been replaced
recently by the assumption of one or more implicit learning mechanisms
that operate mostly associatively. These mechanisms pick up statistical
dependencies encountered in the environment and generate highly specific
knowledge representations. 1t is likely that the mechanisms operate only on
information that is attended to and that is relevant to the response to be
Iﬂlld(‘.

CONCLUSIONS

}
Researchers” understanding of impligit learning has come a long wav. Today.
many believe that implicit learning exists. «and furthermore that it is basgd. on
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relatively simple learning mechanisms. These mechanisms associate environ-
mental stimuli that are attended to and that are relevant for behavior. Despite
the recent advances, however, the field still suffers from a number of unresolved
empirical and theoretical issues. First, there exist conflicting results regarding
the role of attention in implicit learning. Second, the exact relation between
learning and awareness (see Fig. 1) is very much unknown. Third. the kev the-
oretical issue of how to define implicit learning has still not been resolved.

We strongly believe that progress on the former two (empirical) issues il
be made soon and will be based on improved methodology and the joint use of
computational modeling and functional brain-imaging techniques. Progress on
the key theoretical issue can come, however, only from theoretical advances in
understanding of the concepts of “consciousness,” “awareness.” and "intention.”
To achieve this progress might require the joint efforts of philosophers. neuro-
scientists, and cognitive psychologists.
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Critical Thinking Questions

1. Provide a simple definition of implicit learning that captures what researchers
have in mind.

2. What are some examples of skills that we have all learned to perform withous
knowing how we do it?

3. How do researchers determine if a subject’s learning is implicit as opposed
to explicit?



