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Chapter 1

I ntroduction

People often make intentional efforts to acquiiédss&r knowledge and are
generally aware of what they learn from these gitsnHowever, one can also
become sensitive to a structure in the environrhgrdimply dealing with instances of
the pattern. This implicit way of learning is udyalescribed as a process that occurs
unintentionally and results in knowledge of whigteas not fully aware (see reviews
by Reber, 1989 and Seger, 1994). It has been staggmst implicit learning is
involved in the acquisition of complex patterns;isas motor skills (Seger, 1994),
social rules (Reber & Allen, 2000; Seger, 1994) tredgrammars of natural
languages (Ellis, 2005; Reber & Allen, 2000; Penric& Pacton, 2006; Saffran,
Newport, Aslin, Tunick & Barrueco, 1997).

Many studies have been concerned with establigthiagacteristics that
distinguish implicit learning from explicit hypotbis testing. It is generally agreed
that implicit learning can be defined as unintemaicknowledge acquisition (Frensch,
1998). Further proposals to distinguish betweenigi@nd explicit learning,
however, have raised three major controversiesarield. Firstly, there is an
ongoing dispute on whether implicit learning letm&nowledge of which one is not
aware. Secondly, the type of knowledge acquirathplicit learning is under debate.
Thirdly, there are different views on how the prsxéself should be characterized.
After a brief description of two paradigms usedtiady implicit learning, these issues
will be discussed. The present thesis is mainlyceamed with characterizing the
implicit learning process.

Research paradigms

At present, implicit learning is mainly investigdtasing two experimental paradigms:
Artificial Grammar Learning (AGL; Reber, 1967) atik Serial Reaction Time

(SRT) task (Nissen & Bullemer, 1987). In the indoctphase of an AGL-experiment,
participants are typically instructed to memorizeamingless strings of letters (e.g.
ZTPRJ). At the beginning of the test phase, theyir@fiormed that the letter strings
had been generated by an artificial grammar (sgar€&il on page 2 for an example of

an artificial grammar). Participants are instrudie¢udge whether or not new



exemplars have been generated by the same grararttee previous exemplars.
Knowledge of the grammar is indicated by above chatiscrimination between
grammatical (e.g. ZTPQN) and ungrammatical exersgleug. ZTQPN).

Participants in an SRT-task have to respond toraukis appearing in one of
several locations on a computer screen by presisengey corresponding to that
location. Unknown to the participants, the stimuhltows a regular sequence of
locations on most trials. Implicit learning is egited by participants’ reaction times,
which decrease for stimuli that obey the sequendecations as compared to stimuli

that violate it.
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Figure 1. An example of an artificial grammar. Exéans are generated by following the
arrows from the initial state (left 0) to the ertdts (right 0), while adding the letter associated

with each arrow to the string.

Implicit versus explicit knowledge

The first studies on implicit learning asked papi@mnts to report verbally what
they had learned. As these verbal reports werdfiosunt to explain performance, it
was concluded that the acquired knowledge wasamptetely accessible to
consciousness (Reber, 1989). Shanks and St. J88dA)(thowever, argued that verbal
reports are insensitive; they may not have eliciiedf the participants’ knowledge.

In addition, the questions participants had to amsway have been designed to



measure one kind of knowledge, expected by therawpater, while participants
acquired another type of knowledge.

Shanks and St. John (1994) proposed that knowlealyde called implicit if
it is demonstrated on a performance test, but n@troequally sensitive test that
directly probes the same information. For examéeticipants in an AGL-task would
have implicit knowledge if they scored above chameea grammaticality judgment
test, but not on a recognition test for (fragmejsexemplars from the induction
phase. Similarly, participants in an SRT-task wdwlge implicit knowledge if they
responded increasingly faster to stimuli occuran¢pcations specified by the
sequence, but were unable to indicate where thestiexulus would appear on a
prediction test. Many AGL and SRT-studies have ptagethis suggestion and
incorporated recognition and prediction tests. f@seilts generally indicated that the
acquired knowledge was explicit (see reviews bynB#& Berry, 1997 and Shanks &
St. John, 1994).

However, it could be argued that tasks can seldemolnsidered pure
measures of single processes. Recognition andgpi@diests may be sensitive to
implicit as well as explicit knowledge, resultingan overestimation of participants’
awareness (Jacoby, 1991; Reber, Allen & Regan,,198&nks & St. John, 1994). To
circumvent the assumption of process purity, Ja¢@P91) developed a process
dissociation framework to estimate the relativetgbations of controlled and
automatic influences of memory to a task. In thésrfework, a condition in which
both controlled and automatic influences facilitaggformance is compared with a
condition in which controlled influences facilitateut automatic influences hamper
performance. Process dissociation procedures hea sed in a few implicit
learning studies. Some demonstrated that partitspaould control their implicitly
acquired knowledge (Dienes, Altmann, Kwan & God#95; Shanks, Rowland &
Ranger, 2005), while others also found some eviel@h@automatic knowledge
application (Destrebecgz & Cleeremans, 2001; Highdokey & Pritchard, 2000).

Another response to the finding that implicitly azed knowledge is
accessible to direct tests has been that this letgel may nevertheless be implicit in
the subjective sense that people are unaware eépsing it (Dienes & Berry, 1997).
Two criteria for the absence of meta-knowledge Haeen proposed. According to the
guessing criterion, people lack meta-knowledge wheg perform above chance

while they think they are guessing. According te #iero-correlation criterion, people



lack meta-knowledge if their confidence ratings @meorrelated with accuracy
(Dienes et al., 1995). The former may be the betiggrion. Knowledge classified as
explicit according to the guessing criterion waeeked by divided attention, whereas
knowledge classified as implicit was not. With #eFo-correlation criterion, this
dissociation was not obtained (Dienes et al., 19@53ddition, the sensitivity of the
zero-correlation criterion has been shown to dementhe type of confidence scale
used (Tunney & Shanks, 2003). Although more re$eancsubjective measures is
needed, Marescaux, lIzaute and Chambres (2002)uctettfrom their literature
review that implicit learning often leads to knodge that is not accompanied by
meta-knowledge.

In conclusion, although it is generally acknowledigfeat explicit knowledge
is @ common result of implicit learning (Cleerem@&ndimenez, 1998; Reber, 1989;
Seger, 1994), the process may, in addition, acguipéicit knowledge in the sense
that it is automatically applied or that it is macompanied by meta-knowledge.
What islearned in implicit learning?

The second major question in the field of impliedrning concerns the type
of information people acquire. Reber (1989) orifinproposed that implicit learning
automatically leads to an abstract mental reprasentof covariation patterns in the
environment. In AGL, participants have been showadquire abstract knowledge
about the grammar, like legal patterns of repetgtiwithin exemplars (Gomez,
Gerken & Schvaneveld, 2000; Tunney & Altmann, 20®igwever, participants have
also been shown to retain knowledge of the unigeeenglars they were presented
with. Their grammaticality judgments were not oaffected by an exemplar’s
grammaticality, but also by its similarity to indiwal exemplars shown in the
induction phase (Brooks & Vokey, 1991; Vokey & Bksp1992).

Furthermore, participants generally learn fragmehtsxemplars. In one
study, memorizing bigrams (two-letter-fragments) amemorizing whole exemplars
led to similar performance on a grammaticality jongant test (Perruchet & Pacteau,
1990). However, studies equating the familiaritypmframs and trigrams for
grammatical and ungrammatical exemplars have stzormesidual effect of
grammaticality on participants’ judgments. Thisigades that fragment knowledge,
like knowledge of abstract regularities and of vehexemplars, does not by itself
explain performance (Higham, 1997; Knowlton & Seuit996; Meulemans & Van
der Linden, 2003).



In SRT-tasks, participants generally seem to Itaer(conditional)
probabilities of the locations where the stimulppears (Cleeremans & Jimenez,
1998; Stadler, 1992). However, presentation witleterministic sequence may, in
addition, lead to knowledge of the exact sequengmuds of it (Cleeremans &
Jimenez, 1998). In short, results from both pamadiguggest that implicit learning
does not necessarily lead to one type of knowleBgedicipants may acquire abstract
regularities as well as (fragments) of exemplars.

Characteristics of theimplicit learning process

A third issue, central to the present thesis, is tiee process of implicit
learning can be characterized. Introduced as amaliive to explicit hypothesis
testing, implicit learning was represented as daraatic abstraction process that
occurs inevitably whenever people process strudtstienuli (Reber, 1989). Implicit
learning would be more robust with respect to discs than explicit learning and
invariant with age and 1Q (Reber, 1992). In additib was proposed to store the
frequency of co-occurrence of all events in theirmmment, whereas explicit learning
would involve active selection of a small amountalévant information (Hayes &
Broadbent, 1988). In accordance with this view, linifplearning was claimed to be
particularly suitable for complex structures (Reld&X76).

Support for the automatic and unselective viewrgdlicit learning was
provided by studies demonstrating structure learimrthe absence of any obvious
reason to learn. For example, participants leathedvords of an artificial language
when they were presented as background soundsggdudnawing task (Saffran et al.,
1997). Similarly, the competitive chunking mode¢&n-Schreiber & Anderson,
1990) was able to simulate artificial grammar l@agras an automatic consequence
of reading. In addition, participants instructeddok for the rules of an artificial
grammar typically do not acquire more knowledgentparticipants who learn
implicitly (Reber, 1989).

In contrast, Whittlesea and colleagues have cheniaet! implicit learning as
selective and accidental rather than ineluctabiewarselective. They demonstrated
that the knowledge acquired in implicit learningpelments depends both on the task
participants perform (Whittlesea & Dorken, 1993)iam accidental characteristics of
the stimuli, such as familiarity, salience (Whié& & Wright, 1997) and spatial
organization (Wright & Whittlesea, 1998). Accorditggtheir episodic processing

account, sensitivity to a structure (at test) is tluoverlap in information processing



with earlier (learning) situations. In any situationany accidental characteristics may
guide attention and only attended information Wéllearned (Whittlesea & Wright,
1997; Wright & Whittlesea, 1998).

Thisthesis

The present thesis further investigated the is$wenether implicit learning is
unselective and ineluctable or selective and aotadieFirst, implicit learning was
shown to be hampered by increasing complexity efstiucture, which suggests that
the process does not unselectively and ineluctaltyract any structure in the
environment. Subsequently, the selectivity of iiplearning was examined by
exploring a suggestion that people selectively medhe aspect of a structure that is
most useful to their current task (Endo & Taked¥)4). Continuing this line of
reasoning, it was proposed that implicit learnimgeither ineluctable nor accidental,
but occurs whenever a structure is useful to onig'eent task.

Although the main aim of this thesis was to inigege the selectivity and
predictability of the implicit learning processettype of knowledge acquired in each
study and its implicit or explicit nature were ex@d as well. In addition, the role of
salience in implicit and explicit learning was dissed, as this turned out to be an
influential factor in some of the experiments.

Outline of the thesis

Apart from the present introduction and a concaigdihapter, this thesis
contains six chapters reporting empirical work. &xperiments were performed in
the AGL-paradigm, because this easily allows vayylre task in the induction phase.
The empirical chapters are based on manuscripthiéive been (or will be) submitted
to international psychological journals. Fenna Bekeis co-author to these
manuscripts.

Chapter 2 investigated the prediction that impksitopposed to explicit
learning is unaffected by increasing complexityhaf structure that has to be learned.
The results showed that, although implicit learnivags more successful than explicit
learning, it was negatively affected by increasingiplexity. The acquisition of
second-order dependencies was particularly hampé&hebe findings are in contrast
with the view that implicit learning is automatincaunselective.

Chapter 3 replicated a finding from the contextusding paradigm that
implicit learning involves selecting the aspecadtructure that is most useful to

one’s current task (Endo & Takeda, 2004). In Expent 1, participants implicitly



learned a highly useful feature, while they did acquire other aspects of the
grammar. Experiment 2 showed that, although sadierflected the participants’
awareness of the feature, selection for impli@tiéng was based on usefulness.

Chapter 4 showed that explicit learning could lmarsuccessful than implicit
learning when the typical instruction to look forspecified rules was replaced by an
instruction to find out which letters were allowtedfollow each other. For
participants who did not know what kind of struettio expect, explicit learning did
not differ from implicit learning and knowledge agsjtion was guided by salience.

Chapter 5 tested the hypothesis that implicitcstme learning reliably occurs
when the structure is useful to one’s current tasle results of Experiments 1 and 2
were in line with this hypothesis and in contraghwhe view that implicit learning
occurs automatically. Experiment 3 provided evideti@at implicit learning of useful
structures can produce implicit knowledge in thessethat its application is difficult
to control.

Chapter 6 generalized the finding that implicérl@ng occurs when the
structure is useful to one’s task in the inducfiwase, but not when it is useless from
adults to children. However, although they learareder the same conditions as
adults, 10 to 11-year-old children acquired lessMedge of the grammar,
particularly about second-order dependencies.

Chapter 7 replicated the negative effect of coxipteon implicit learning.
Performance was enhanced by adding a semantieneefield. However, the
reference field produced its effect by making letfeunks salient and caused learning
to be explicit. Moreover, explicit learning in tpeesence of a reference field was as

much affected by complexity as implicit learning.






