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Abstract

Although encountering novel words in one’s own laage in adulthood is
not an uncommon event, the relevant cognitive @meee have become the target of
systematic investigation only in recent years. Thesis addressed three main
guestions regarding word learning. The first wasceoned with the role of meaning:
to what degree is meaning necessary in integragvgrepresentations in the
lexicon? Experiments 1-3 suggested that meaningleed important. In the absence
of trained meaning novel words may “inherit” theanig of neighbouring familiar
words, possibly explaining some seemingly inconipp@atieports in the literature
(Experiment 1). Experiment 3 showed that such itdemeaning is sufficient to
allow integration of novel words in the lexicon.\lteg established the importance
of meaning in lexical integration, the thesis mot@the second question: does
knowledge of novel word meanings benefit from aflimemory consolidation?
Experiments 4-7 suggested that this is the caggertrent 4 showed that
consolidated novel words elicited faster semargiisions than words learned just
before testing, while Experiment 5 showed that aeedll of word forms is also
enhanced over time. Experiments 6-7 refined theselasions by using semantic
priming paradigms, showing that novel word primeslitate processing of
semantically associated familiar words after aquedf offline consolidation has
been allowed to operate over an extended peritichefinvolving several days
and/or nights. The third question focused on the ebsleep in the consolidation of
novel words: which aspects of sleep architectueeagasociated with lexical
integration? Experiment 8 looked at sleep durirggrtight after word learning and
sought to clarify the roles sleep spindles ancedéiit sleep stages play in word
learning. Spindle activity was associated witheéh@grgence of lexical competition
effects, suggesting that sleep has an active mohord learning, and that spindles in
particular are associated with lexical integratidbhese effects were interpreted in

light of complementary learning systems theories.
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Chapter 1

Chapter 1: From nonwords to novel words

1.1 Introduction

Learning new words is a skill most often associatét children. This is
not surprising, considering the remarkable ratgtach children seem to acquire
new words. During a period starting at about 18 t®often referred to as the
vocabulary spurt, children add up to nine wordswata their spoken vocabulary
(Nazzi & Bertoncini, 2003, see also McMurray, 20fd#,a recent view into the
issue). While there is a vast literature concerirggcognitive foundations on which
child word learning is based, less is known aboartddearning in adults. Adult
word learning research has very much focused conselenguage learning (L2
learning). The subjective experience of L2 learnsgften claimed to be slow and
labour-intensive. This may tempt one to concludg #udults are not good word
learners, at least not as good as children. Whi¢erhay be the case to some extent,
new L2 research suggests that novel words in ansdamguage are learned very
quickly. McLaughlin, Osterhout, and Kim (2004) tkad the neural correlates of
word learning in L2 learners using event-relatetkptials (ERPs). They showed that
only after about 14 hours of instruction in a fgrelanguage, the N400, an ERP
component thought to index semantic analysis, kdscated between nonwords
(fictional made up words) and real words in the lL2ppears then that adults show
more efficient learning of L2 words than subjectesperience might suggest, at
least when probed with a non-behavioural measure.

Much less is known about native language word iegrthough, yet word
learning is a common event in adulthood. New wermrtter the language at a regular
pace (often in connection with new technology,,d@lgpg), and rare words
occasionally return to common use at least temppi@:g.,redactin the summer of
2009). Similarly, new terminology needs to be |learas we acquire new knowledge
(e.g.,hippocampuss likely to be a new word for a psychology undadyate).
However, there is now an emerging literature omowaraspects of adult word
learning, and a theoretical framework is beginrimgmerge. In the following
sections | will review the literature on adult wdegdrning and highlight the various

factors influencing the process.
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Chapter 1

1.2 Learning the form and meaning of novel words

What does adding a new entry to one’s lexicon &hiia get a better idea
of the process, it is useful to think about itétation to existing models of word
recognition (the work reported in this thesis dedts recognition rather than word
production). Most current models of spoken wordggttion (similar models exist
in the written domain), such as TRACE (McClelland&nan, 1986) and Shortlist
(Norris, 1994), assume a pre-lexical level, conmggsbf phonemes and/or lower level
items such as phonetic features. This level mesliagébveen the heard raw signal
and the lexical level, a collection of represewntasi corresponding to words. In
addition to a pre-lexical and lexical level thesealso a semantic level associated
with the meanings of the words. When a known werldaard, the signal will map
onto the representations at the pre-lexical lead, activation will spread to the
lexical level, resulting in the activation of a leal representation and its semantics,
terminating with word recognition. When an unknowayel word is heard,
activation of the pre-lexical level will take plaae usual, but now there is nothing at
the lexical level that corresponds to the signanée for word learning to take place,
at a minimum a new lexical representation will hawvee established. In the next
section | will discuss studies that can be takeevédence for the creation of a new

lexical representation.

1.2.1 Emergence of a new lexical representation

One of the early theoretical accounts of this pseagas introduced by
Salasoo, Shiffrin, and Feustel (1985). These aatlisicussed codification, defined
as “the development of a memory trace that respasdssingle unit to a set of
features and serves to label, code, name, or fgehtise features” (Salasoo et al,
1985, p. 51). As such, codification is simply amstterm for the creation of a new
lexical representation. Using two threshold idecsifion tasks, Salasoo et al. tracked
the codification of visually presented novel woesdsa function of presentation
duration, number of presentations, and time. Timeusit consisted of real words and
meaningless novel words presented for short dursibm the screen preceded (and
followed in one variant of the task) by a mask afiable duration. The task was

12



Chapter 1

simply to report the target word. While identificat accuracy increased with the
number of repetitions and increasing presentatioag, there was initially a strong
advantage for known words. This word advantageislly explained by there
being a lexical representation for known words,levhib representation exists for
nonwords. Interestingly, identification successrfovel words converged with that
of real words after only five repetitions. Thisrsiges that codification has taken
place, that is, a lexical representation had bstabéshed for the novel words. The
strength of the newly created representation wakiated by testing the same
participants one year later. Real words and nowetle/were still identified equally
accurately, despite an overall drop in performaAceexplicit recognition task was
also included where participants were asked toguegether an item was included
in the set presented a year earlier or not. Bathwerds and novel words were
recognised above chance, with significantly beieognition performance with
novel words than real words. These early data siglgat newly learned words
develop a code (or a lexical representation) vergldy, and that this code is as
strong and durable as that of real words.

A similar conclusion was reached by Monsell (198%) visual repetition
priming experiment participants carried out lexigatision to real words and
nonwords which were repeated three times overdbese of the experiment, with
the repetitions occurring with variable lags (itee number of trials between two
occurrences of a stimulus). The intertrial interff@l) was also manipulated,
measured as the time between a response and #teobasnew trial and could be
500 ms or 1000 ms long. Repetition priming was tbtor real words across all
ITls, but with nonwords the effect was found onlghathe long ITI. The discovery
of a repetition priming effect with nonwords wagrsficant in its own right, but the
effect of ITI was interpreted by Monsell as a paty important variable in word
learning. He argued that the nonword priming eftextld be explained with the
emergence of a new, possibly fragile, lexical uritrtthermore, a new unit could
only be established if enough time was alloweddarning to take place after the
presentation of a stimulus. His data suggested®@ims was not enough for
learning to take place, but the still remarkablgrsl1000 ms apparently was.

Forster (1985) examined the emergence of new lesepaesentations using
masked visual repetition priming. A trial consistéddhree visual stimuli: a visual
mask, a brief prime (60 ms), and a target (e.gt,#bck — LOCK). The typical

13



Chapter 1

finding in this paradigm is that when the prime &adet are the same word,
processing of the target is faster than when tloeasg different words. Due to the
very short duration of the prime, it is argued thiatning effects reflect the repeated
access to the target word representation, rataerttie facilitation afforded by an
episodic memory trace for example. In fact, pgrtaaits tend to have no conscious
awareness of the identity of the prime. This lelxicgerpretation is supported by the
lack of priming in nonwords, which do not have &lirepresentations. This
paradigm was seen by Forster as an ideal way di&uag the emergence of new
lexical representations, and an improvement owetdbk used by Salasoo et al.
(1985) where the advantage of real and novel wovds nonwords could have been
the result of permanent episodic representatianepposed to true lexical
representations.

Participants were taught unfamiliar rare words.(@igery) and their
meanings. While these words showed no repetitionipg effects in a lexical
decision task before training, they did resultiimng after training. No effect was
found for word-like nonwords (defined here as nordgovhich suggest a meaning,
such asellowbag, and a small priming effect was found surprisynfgi nonwords
(conventional nonwords, such tawit) also. In another experiment participants
studied meaningless novel words. The task wasnaatd recognition task where
stimuli were classified as old (seen in traininghew (not seen in training). A
priming effect in this task was found for the tedntems. Does this suggest that
providing the novel words with meaning offers no@aatage in word learning?
Forster argued that this is not the case, as togmtion task does not require
lexical access. Together these experiments do hevegain suggest rapid
emergence of new lexical representations.

Rajaram and Neely (1992) extended Forster’s reshlisasked repetition
priming paradigm was again used with both lexieadision and an explicit
recognition tasks. When participants were instaittetry to learn the words in the
study list, masked priming effects were found fiidged nonwords but not for
unstudied nonwords. In line with earlier researsti®ajaram and Neely concluded
from this that a temporary lexical entry had beesated for the studied nonwords.
They further postulated that this may have beercéise because participants were
explicitly asked to learn the nonwords. In theic@w®d experiment participants were

not told to learn the nonwords, instead they wsked to read the study list and
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decide whether an item’s pronunciation soundedspleiaor not. Masked repetition
priming was again found for the nonwords that omliin the study list, but not for
nonwords encountered for the first time. The prognéffect in this experiment was
smaller though than in the first one (althoughstatistically significantly smaller).
Rajaram and Neely proposed that the nonwords resdext temporary lexical entries
and that the strength of the entries dependedem#ftructions given to participants
in the study phase, with intentional learning legdio stronger entries.

Johnston, McKague, and Pratt (2004) used the sameég paradigm to see
whether a novel phonological lexical representasilso gives rise to an
orthographic representation. Unfamiliar rare waadd their meanings were trained
in the auditory modality only. This was followed ayepetition priming task in the
visual modality. If new lexical representations egeel as a consequence of the
phonological training, and if a parallel orthograptepresentation also emerged,
repetition priming effects should be detectablasas indeed the case although it
appeared that the orthographic representations weterspecified to some degree.
Prime novel words that differed from the targetwy letters also showed priming.
This happened only with novel words, not with neakds. There was no evidence of
improvement of orthographic specificity with furtitbree exposures to the
orthography.

Ellis, Ferreira, Cathles-Hagan, Holt, Jarvis, arda (2009) identified two
further phenomena that may be used as markergioaleepresentation. Firstly,
longer nonwords are read slower than shorter noasvdrhis length effect is
reduced for familiar words, suggesting that accegailexical representation allows
for parallel processing (as opposed to serialridtyeletter reading) of written words.
Secondly, the length effect in real words is patdy reduced when words are
presented in the right visual field, presumablysaese anything perceived in the
right visual field has direct access to the langudgminant left cerebral hemisphere
due to the anatomy of the visual neural pathwayanl experiment involving
orthographic and semantic word training tasks owerdays, Ellis et al. (2009)
showed that novel words which prior to trainingsied the typical length effect in
both visual fields became more word-like afterrtinag in that the length effect
became attenuated in the right visual field comgpamethe left, coupled with a
reduction in overall reading times and error ralds authors argued that this

signalled a change from serial to parallel procegpiarticularly in the left mid-
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fusiform gyrus, an area thought to be responsibieisual word recognition,
indicating the generation of a new lexical représton.

Fast and efficient learning was observed in anatstrof word form
knowledge that was employed by Leach and Samu8l7{20hese authors used a
threshold discrimination task where novel spokendsavere presented in varying
levels of white noise, and the participant’s taslswo report the heard word. Novel
words were trained in various tasks across fiveegrgents (these will be discussed
in more detail later), but performance in the na&sk tended to be good in all
experiments. Accuracy ranged from about 70% to 8@%he first day of training,
and increased to about 90% correct by the fifthafayaining. Also, the level of
noise at which recognition could take place inceeasver the five days.

Unlike the priming studies discussed above, theathreshold task is a
measure of explicit (or declarative) knowledge afrevforms. The distinction
between declarative and nondeclarative forms of angms often highlighted in
studies with amnesic patients. These patientstteebé impaired on declarative
memory (e.g., recall and recognition performanadijle relatively unimpaired with
nondeclarative tasks. Musen and Squire (1991) drthat nondeclarative memory
can be used in amnesic patients to support thasatiga of novel lexical
information. Amnesic patients and normal controé&sevasked to read a list of real
words and nonwords with some of the words and nodsvoccurring only once in
the list, and some repeated several times. Botaratand controls showed faster
reading times to repeated nonwords as the numhepefitions increased. The
authors did not compare statistically the readimg$ to words and nonwords, but
judging by their figures it appears that by the ehthe list repeated nonwords were
read as quickly as repeated real words. This sggikigood performance was
contrasted in a simple recognition test, whereptiteents performed significantly
worse than controls. It appears then that eveminesic patients in a nondeclarative
measure performance with words and nonwords corseaag exposure to the
nonwords increases, reminiscent of the Salasob @%85) data. It is possible to
speculate that new lexical representations fontmevords emerged in this study
both for amnesics and controls, but that thesenmegwesentations were detectable
only through a nondeclarative task in the amnesiom

Interestingly, Duff, Hengst, Tranel, and Cohen @0@ave shown that

amnesic patients can under certain circumstanees labels for novel objects even
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when measured through explicit means. In this enpat patients derived self-
generated labels for visual shapes in a collabara#isk with a partner. Although
these patients were highly impaired in learninggetermined labels for similar
shapes in a control condition, they learned thiegaslerated labels nearly equally
well as normal control participants, and still dé 80% of the labels six months
later (compared to 83% in the control group). Th#hars argued that amnesic
patients are poor at learning arbitrary relatioesveen labels and objects, but when
the labels are self-generated they have a meaniregftion to the shapes, with the
latter perhaps being a case of hippocampus-indepethearning.

The studies discussed so far have shown emergétedaal representations
under fairly simple circumstances, where the pigdiat’'s task has been merely to
learn individually presented words. An example afi@gre demanding paradigm, and
perhaps a more realistic learning situation, cofras the work on word
segmentation. Saffran, Newport, and Aslin (199¢)a=ed adult participants to an
artificial language in the spoken modality, conaggiof six meaningless words (e.qg.,
babupy. Participants were exposed to the words in aicoatis stream of syllables
where the only cue to the beginnings and endingleofvords was provided by the
probability with which the syllables occurred tdgat (any acoustic cues were
absent since the stimuli were presented by a spgatthesizer). Syllables within
words occurred together frequently, while the fisidlable of one word and the first
syllable of another word occurred together onlglarlf participants were able to
segment the stream into word units using theseitranal probabilities, they should
be able to discriminate the novel words in thefiaral language from nonwords
randomly generated from the same syllables. Thsindeed the case, participants
performed above chance in a 2-alternative forceiceh(2AFC) task. They
performed above chance also in a more difficultardrof the task, where the
nonwords differed from the novel words by only @yable. Other experiments by
the same research group have shown that childrgowegy as 8 months are able to
segment the stream and learn the novel words éaffslin, & Newport, 1996).

Dahan and Brent (1999) introduced another mechattismgh which novel
words can be segmented from continuous speech. dikeyssed the INCDROP
(incremental distributional regularity optimizatjomodel, which suggests that novel
words are segmented from the speech stream bymisaog familiar units (i.e.,

known words), extracting these from the stream,tegating any stimuli left over as
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novel words. In a number of experiments Dahan aethiBexposed participants to
spoken meaningless novel words in isolation (elgoy and embedded in longer
utterances (e.gdobunerip9. If the novel word was learned, the participdmidd

be able to segment that new word out from the ani, and treat the remaining
portion of the utterance as another novel word (eegipo extracted from
dobuneripg. Lexical decision and recognition tasks showed farticipants were
able to segment the utterances successfully. Timesustated that this behaviour
does not necessarily mean that a new lexical reptagon has been created for any
of the novel words segmented from the utterancdsléiit is possible that a form-
based lexical representation could cause thesetgffe familiarity effect associated
with an episodic memory trace is equally likelythims study, as in the Saffran et al.
studies. A related criticism concerns the expheiture of the tasks used in many of
the segmentation studies, such as lexical decigibith requires a metalinguistic
judgement.

One way to avoid asking participants to make exglicgements is to
monitor brain activity as novel stimuli are listein®. Sanders, Newport, and Neville
(2002) measured ERPs to continuous novel wordragdsth before training on the
words and after training. They were interestecerirgg if training induces the
emergence of the N100 component in response td mmrd onsets. The N100 is
known to occur at word onsets with real words, simould thus be an indicator of
the novel words having generated lexical representa The N100 amplitude to
novel word onsets did indeed increase after trgirft only in a group of
participants who also showed successful word legrim a behavioural recognition
test. An increased N400 to the novel words was @lbserved post-training in all
participants. The authors suggested that the NddéXied fast, online segmentation,
while the N400 indexed lexical search strategi@scesthese data were obtained
using a paradigm that did not require an expli@tatinguistic judgement, and the
effects included ERP components known to be relatéeiical processing, it seems

that the involvement of new lexical representativas likely.

1.2.2 Linking a new lexical representation with meaing

Many of the studies | have described so far useadigms where

participants’ knowledge of the novel word forms wested rather than their
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knowledge of the word meanings. It seems that utiese conditions a novel
lexical representation can be created remarkahbbktyu However, many studies
have paired novel words with a meaning, for exarmaplesually presented object,
thus requiring learning of the word and its refeér@md tested for recall of both word
forms and the meanings. The advantage of thesestistthat they are more
realistic in emulating the word learning takinggqaanaturally, and also give some
idea of whether learning the meaning of a noveldasras quick and efficient as
learning the form.

Gupta (2003) reported data from two word learnixgegiments where the
main focus of interest was in uncovering a correteabetween word learning,
nonword repetition, and immediate serial recalluAgarticipants were asked to
learn the names of imaginary animals (Experimenadd cartoon aliens
(Experiment 2). Learning was measured by askintjggaeints to name the pictures.
Overall, participants learned the names succegsfuith 78% of naming trials
correct in Experiment 1, and 46% correct in Expentr2. Gupta did not comment
on the drop in performance in Experiment 2, butaly be due to the smaller number
of training trials or the nature of the picturegy(ethe aliens may have been less
distinctive from each other). Nonetheless, paréinis were able to reliably learn
most of the novel words and their referents. Initeaid a correlation was found
between word learning and nonword repetition, a$ageword learning and
immediate serial recall (similar correlations hémeen reported with children too).
Gupta argued that accurate nonword repetition leadsore accurate word learning,
hence the correlation. The correlation betweemlagrand serial recall was
explained by a correlation between serial recall monword repetition. Serial recall
plays an important role in nonword repetition bessafor accurate repetition to take
place, the sublexical units of a nonword must Ipeaéed in the correct serial order.

Another paradigm using pairings of novel words pratlures was introduced
by Breitenstein and Knecht (2002). Participantseaggrown line drawings of
common objects together with a spoken novel wolhe: thsk was to indicate as
quickly as possible whether the pair was “correct”incorrect”. The “correctness”
of the pairings was determined by their statistecabccurrence. Each novel word
occurred with a specific drawing with high frequgnand with other drawings with
low frequency. The challenge was to see if pardiotp picked up on these statistical

properties of the stimuli, and learned to assodtaenovel words with the drawings
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they were most often associated with. Trainingrandtimuli took place during five
sessions across five days. Performance accuramased from initial chance level

to about 60% correct by the end of the first sessand further increased up to about
90% by the end of the fifth session. Two furthesssens were added, one took place
a week later, and another one month later. Perfoceneemained at about 90% in
these sessions, showing long-term learning of teammgs.

Nelson, Balass, and Perfetti (2005) used a wormthileg paradigm where rare
real words, such agowder, are used instead of artificially created novetdgo One
advantage of this method is that the novel wordsaore likely to conform to the
phonological properties of the language than iy thee artificially created. In a later
section | will describe studies showing why thisusimportant consideration.
Participants were trained on 35 novel words byegmasg them together with a
definition. Training continued until all of the wbmeanings had been learned (or
until 2.5 hours of training had been completedthtesting phase the trained
words were presented with similar foils and papaeits’ task was to decide whether
the word was presented in the training phase (aldiywor not (new word). The main
question Nelson et al. were interested in was wdrdthining modality affected
learning, hence some of the novel words were ptedensually in the training
phase and others auditorily. Modality was also malaited in the recognition task,
to see if there is a recognition advantage for stevhich are presented in the same
modality in both training and testing. The authdinot report whether any
participants failed to reach the criterion in tharting, so it seems reasonable to
assume that all participants learned the 35 nowetlvineanings within the allowed
time. Visually presented novel words required fewaining trials than auditorily
presented words, and participants were more aecuraecognising the trained
items when they were presented in the same modialigst as in training.

The three studies reviewed above suggest that ledwiters are quickly and
reliably able to pair a new word with its meanikripwever, this merely tells us that
people are able to memorise the pairings. It wbeldnore interesting to see whether
newly learned meaningful words give rise to impleffects outside of the
participant’s conscious control, in the same wafaasliar words do. For these
kinds of effects we can look to neuroimaging stadigerfetti, Wlotko, and Hart
(2005) looked at word learning and ERPs. Partidgparere trained on rare words

and their definitions, and asked to learn as maodgvas they could in a set time.

20



Chapter 1

Learning was measured in a semantic decision tagkenthe novel words (and
fillers) were presented paired with a familiar realrd that could be semantically
related or unrelated to the novel one. The tasktwaecide whether the pair was
related or not. High success rate in this taskceteid good learning of the novel
word meanings. A mean success rate of 82% was\ehigith the novel words,
which was comparable to the rate achieved with lfamivords of medium
frequency (87%). ERPs were recorded during the sk showed a higher N40O0 in
the unrelated condition, for both real words andehavords, but not for untrained
novel words. The behavioural data together withNBH80 finding suggest that
people learned the words to a degree where theinimgs were processed neurally
in a similar way to familiar words.

Another ERP study trained participants on noveldsdrom the artificial
“Keki” language (McCandliss, Posner, & Givon, 199Fhe training took place over
50 hours, where the Keki words and their meaningeweught using interactive
computer tutorials. Testing, while ERPs were reedrdook the form of passive
viewing, semantic judgement, and feature seardist&RP analysis was carried out
on an early N100 window and a later P200 windowe W00 window was found to
be sensitive to orthographic effects: consonamggrelicited a higher negativity
than familiar English words. Trained and untraiteski words elicited an
intermediate negativity. This was unsurprisingthessKeki language orthography is
similar but not identical to English orthography.the P200 window results varied
as a function of task and training. In the sematais&, while the mean amplitude for
the trained Keki words reduced over the trainirggsms, both consonant strings and
untrained Keki words remained fairly static, witgrsficantly lower amplitudes to
trained than untrained Keki words after 20 hourgahing. There was no such
difference in the passive viewing task and in #egtire search task. These data

again indicate that participants learned the mepoirthe novel words.

1.3 Novel words’ impact in the mental lexicon

The studies discussed in the previous section ¢gevan a conclusion:
people are good at learning the form and meanimgeady presented words, both in
tasks measuring explicit and implicit knowledgelaSao et al. (1985) showed that
novel words can acquire a lexical representatidicdde” in their terminology) even
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under very impoverished training conditions thabisust over time, detectable even
a year after its assumed creation. Perfetti é2B0D5) showed that people can learn
the meanings of a fairly large number of novel veondthin a short time, and
Breitenstein and Knecht (2002) showed that the hetween a word form and its
referent can be established by their statisticadamrrence alone and is not
weakened during several months of inactivity betwieaining and re-test.

The evidence reviewed so far seems to suggesa thav lexical
representation is set up quickly (perhaps eveniwitB00 ms as suggested by
Monsell). Lexical representations however have ndiffgrent properties and
display many unigue behaviours. Many of these pimama have to do with the way
lexical representations interact with each other\aith other levels in the lexicon.
Studies | have discussed so far do not tap inteeth@ore dynamic behaviours. The
distinction between knowing the form or meaningaford, and the word engaging
with other words or linguistic representationstia texicon is explicitly defined by
Leach and Samuel (2007). They discuss “lexicaligondtion” and “lexical
engagement”. Lexical configuration refers to knayge of the factual information
about a word, such as its spelling or phonology, the meaning of the word, and it
is this type of knowledge that | have discussethsd_exical engagement on the
other hand refers to the dynamic behaviour of thheehwords with respect to other
lexical or sublexical units. As pointed out by Leamd Samuel, semantic priming
would be one example of lexical engagement, whepesure to one word (the
prime, e.g.docton influences the processing of another word (thgeta e.g.,
nurse, in this case by speeding up the processingeofatget. In order to conclude
that novel words have been entered in the mentalde, one would like to see data
related not only to lexical configuration, but alsadence of lexical engagement, as
this would show that a new lexical representatias lbeen integrated into the
lexicon, and has formed links with other lexicahits and/or sublexical levels.

Another reason why finding evidence of lexical eggaent is important
has to do with the argument for episodic memorgesalt is difficult to reject this
argument based on word form learning alone, as ledye of novel word forms

could conceivably be stored in episodic memoryaathan in the lexicdn Showing

! Although note that some theorists have proposetiiie lexicon is episodic in nature (e.g.,
Goldinger, 1996).
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that novel words engage in behaviours unique ticd¢xepresentations would be
useful in evaluating the lexical status of noveldg Relevant evidence is now
available in the domains of lexical competitiontgeptual learning, and semantic
priming. These will be discussed next.

1.3.1 Lexical competition

Spoken word recognition is a competitive processth® spoken signal
gradually unfolds, listeners entertain several hiypses about the identity of the
word (Marslen-Wilson, 1987). Hearing the first feaunds of a word will activate a
cohort of word candidates matching the incoming&igAs the ensuing lexical
competition continues and as more of the signakeed, the number of matching
candidates is reduced until only one remains. Tdiet @t which only one word
matches the signal is known as the uniqueness (i)t Many short words do not
become unique until the end of the word, but masg lwords have a UP before the
offset.

The UP of a word will affect the word’s recognitiome. Words with early
UP are recognised faster than words with a latelvRite-UP words several
candidates will compete for recognition for long&an in early-UP words where
competition is resolved early due to the quick egidn of non-matching candidates.
The effect of UP on word recognition times is noelvdocumented in a range of
response time experiments (see McQueen, 2007 Hoefareview) and experiments
monitoring the evaluation of word candidates usgg-tracking (e.g., Allopenna,
Magnuson, & Tanenhaus, 1998). Lexical competitgoa good example of lexical
engagement, an instance of clear interaction betwesgcal representations, and
hence a potentially reliable test of “lexical intagon” of novel words. In this thesis
I will use the term lexical integration to referttee process of a novel word
integrating in the mental lexicon and interactingwamiliar words and other levels

of the lexical system, such as phonemic or seméatads.

1.3.1.1 Novel words engage in lexical competitiaih wach other
One can ask three questions about lexical competnd novel words: do
novel words compete with each other, do novel veoripete with existing words,

and do existing words compete with novel words? iisgn, Tanenhaus, Aslin, and
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Dahan (2003) addressed the first question. Paatitsowere trained on bisyllabic
novel words (e.gpibo), manipulating both the frequency of the novel dgtby
varying the number of times they were presentddaining) and the frequency of
their onset competitors (e.@ipu) and rhyme competitors (e.gipo). Each novel
word was associated with a visual shape, and testinsisted of trials where the
participant was asked to click on a specific shi@pg.,“click on the pibo”). Eye-
tracking was used to evaluate the activation otainget and competitors as a
function of time. The artificial vocabulary made ofsthe newly learned words
showed many of the same behaviours as real vogadsitio. High-frequency targets
were fixated more than low-frequency targets, dmedsame applied to high- and
low-frequency competitors. The critical finding s¥ing lexical competition effects
was that targets presented with low-frequency caigps were fixated more than
targets presented with high-frequency competit®osh onset and rhyme
competitors received more fixations than phonolaigyaunrelated competitors,
although with training onset competitors showe@dwvantage over rhyme
competitors, a pattern observed also with real w@Adlopenna et al., 1998).
Having shown lexical competition effects within tiificial vocabulary,
Magnuson et al. (2003) wished to see if existingdsaffect the processing of the
vocabulary. To do this, they designed novel wohds would fall into dense or
sparse real-word phonological neighbourhoods. Reatt neighbourhood effects
would indicate that existing words affect the pssieg of the novel vocabulary,
whereas the absence of such effects would sudgasthie novel vocabulary is
isolated from the existing vocabulary. No reliabledence of real-word intrusions
was found, although there was a trend of neighlmdleffects with low-frequency
novel words. These data then indicate that novetlsvdo show word-like properties
in terms in lexical engagement, but only as fathay engage with each other. This
is encouraging but does not provide evidence femtbvel word representations
having formed links with existing items in the lean. A stronger test of lexical
integration would be to show that novel words cotapéth existing words.

Evidence of this is what | will discuss next.

1.3.1.2 Novel words engage in lexical competitiaih wxisting words
Gaskell and Dumay (2003) exposed participantsghaneme monitoring

task to meaningless spoken novel words, and sdagitamine whether these novel
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words engage in lexical competition with existingrds. To this end, the novel
words were derived from existing base words withtreely early uniqueness points
(e.g.,cathedrukelerived fromcathedra). Lexical competition effects were tested by
measuring lexical decision times to the base warts.authors found that being
exposed taathedrukeslowed down lexical decision timesdathedra) not
immediately after exposure, but after three daytsamfhing. To avoid an explanation
based on a response bias to the base words, tlgersauaits were shown in a pause
detection task, where a short silent pause is eddzkoh a word. The participant is
asked to decide whether a pause was present anmbthe time to make this
decision is taken to be an indication of the lefdexical activity at the time (Mattys
& Clark, 2002). Explicit form knowledge was testaca 2AFC task requiring
discrimination between trained novel words and lsinsounding untrained foils.
Highly accurate performance was found immediatéilsrdraining, with only slight
improvement with time.

The lexical decision and pause detection data stidlaa newly acquired
words engage in lexical competition with existingrds, and the 2AFC data showed
that the form of the novel words had been acquivemlhigh degree. Together these
data suggest that the novel words have been inéebirmthe mental lexicon.
Furthermore, the dissociation between immediate fiearning and delayed lexical
integration is striking.

The time course of lexical integration was furtharrowed down by
Dumay, Gaskell, and Feng (2004) who showed thatdéxompetition effects can
be observed, with pause detection, as soon aswt4 hfier exposure. Again, the
2AFC task was almost at ceiling immediately aftgpasure. They also failed to
detect any improved learning in a semantic trainasd over a purely phonological
training task, suggesting that meaning is not @lbigy for lexical integration.
Tamminen and Gaskell (2008) extended the re-tdsixafal competition effects
showing that the effect, measured with lexical siedi, is observable even 8 months
after initial exposure. This was interpreted aslence against an argument that the
lexical representations created in these expersmaight be situational or episodic
in nature.

While the delay in lexical integration is now fgiwell established, it
remains unclear why the delay is necessary. Onglplity is that it takes time for

the new phonological detail to refine to a deghee allows lexical competition to
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take place (Gaskell & Dumay, 2003). Another potniason is that the delay
reflects the operation of different memory systeimsome computational
complementary learning systems (CLS) accounts néwmation is initially stored
separately from existing information (presumeddo@spond at the neural level to
hippocampal structures), and interleaved and iategrover a longer time course
with existing memories in neocortical areas whafermation is represented in a
distributed fashion (e.g., McClelland, McNaught&Q’'Reilly, 1995). According to
some researchers this interleaving takes placaglsteep (e.g., Wilson &
McNaughton, 1994). Hence it may not be simply tassage of time between
exposure and test that is critical in lexical im&gn, but sleep. Dumay and Gaskell
(2007) tested this account by exposing participtmteovel words in the morning or
in the evening, and testing for lexical competitedfects immediately, 12 hours, and
24 hours later. Thus the evening group had hadla’sisleep between exposure and
the second test, while the morning group had natidal competition effects,
measured with pause detection, were absent imneddeiter exposure in both
groups, and found only in the evening training gratter 12 hours. The third test,
24 hours after exposure, when both groups had, slbptved lexical competition
effects in both groups.

Dumay and Gaskell (2007) discussed three potemtiglanations for these
data. First, it may be that lexical integratiorssociated with a certain circadian
state, in which case sleep is irrelevant. Secdmctitical factor may not be sleep,
but an absence of potentially interfering stimwaatiThird, sleep may provide an
optimal brain state for the new lexical knowledgdé consolidated in long-term
memory, as mentioned above with respect to CLS mobwill return to this
question in Chapter 6, where | will present datavant to the latter explanation. For
now it suffices to state that it is clear that tatiintegration, when measured by
lexical competition, does not take place immediasdier training, but only after
some form of offline consolidation has taken plddete that the term offline is used
here, as it is typically used in this literatur@highlight the fact that consolidation
occurs in the absence of further exposure to thenmaés to be consolidated.

One possible problem with the Dumay and GaskelD72Bleep data is that
the test of lexical competition was repeated adhpoints in time. This leaves open
the possibility that what was consolidated was @doical knowledge of the testing

task, rather than novel lexical representationsovi@rcome this limitation Davis, Di
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Betta, Macdonald, and Gaskell (2009) modified trecpdure so that only one
testing session was required. Participants leaonedset of novel words on day 1,
and another set on the following day. Testing tplakce immediately after the
second training session on day 2. Hence one seival words had been learned on
the previous day, and had had a chance to be ¢dateal prior to testing. As
expected, the consolidated set showed lexical cotigoeeffects (measured with
lexical decision to base words), while the uncoidséd set did not. A 2AFC task
was also included, where highly accurate perforraam&s observed for both sets,
although the consolidated set had higher accurames. A speeded vocal repetition
test (shadowing) showed faster repetition timestwsolidated novel words
compared to untrained novel words, but this wagm®tase for unconsolidated
items. Finally, participants were asked to ratertbeel words for meaningfulness on
a 7-point scale. Consolidated words were rateddnighan unconsolidated words,
although since no meaning was provided in trainiing, hard to say on what basis
the ratings were provided.

Davis et al. (2009) used the same training regmanifMRI experiment.
Here the primary measure of lexical integration teesneural response to
consolidated novel words, unconsolidated novel woudtrained novel words, and
real words. An elevated response to unconsolidatelduntrained novel words
compared with real words was found in a bilateegion of the superior temporal
gyrus, and also in bilateral motor cortex, suppletagy motor area, and cerebellum.
Interestingly, this contrast was not found with tdoesolidated novel words. Further
analyses revealed that the elevated response & wowds was reduced for
consolidated novel words in bilateral motor and atwsensory areas, left premotor
cortex, supplementary motor area, and the rigtghmdium. Hence there was an
interesting convergence of the behavioural andalelata: words that had had a
chance to consolidate resulted in reduced shadoatagcies and reduced neural
activation in regions associated with phonologpralcessing. This was not found
with words learned a few hours before testing, mgapporting a CLS account.

Lexical competition is a process not limited to lsgroword recognition.
Many models of written word recognition postulatgrailar mechanism where
orthographic neighbours, suchl@mnishandvanish inhibit each other’s activation.
Hence orthographic neighbourhood size and the &egyiof the neighbours should

affect a written word'’s recognition time. Bowersa\s, and Hanley (2005) showed
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this to be the case by teaching participants naeetls which, if lexically integrated,
should become competitors with existing “hermit’rds, that is, words with no
prior neighbours (e.dananaand the novel worblanarg. Novel words showed
weak inhibitory effects immediately after trainiagd strong effects one day later.
This finding extends the data from spoken word gedmn, and shows a similar
time course, with weak immediate effects and streffgcts one day later, with no
exposure in between.

Following up the Bowers et al. (2005) study, Qigorster, and Witzel
(2009) used masked form priming as an alternatiag to assess a novel word’s
influence on a familiar word. This experiment rdl@n the finding that priming
between two similar (not identical as in repetitmiming discussed earlier) written
word forms depends on the lexicality of the prinveéh nonword primes resulting in
facilitation (faster RTs to targets preceded byaword prime, e.g., contrapt —
CONTRACT) and word primes resulting in no primiregd., contrast —
CONTRACT). Thus, if a newly learned word has be#rgrated in the mental
lexicon, it should not result in facilitation. Qiab al. (2009) tested this hypothesis
using the same materials and training regime aseBoet al. (2005), and found
facilitation on both testing days. This led thehaus to argue that the newly learned
words were stored in episodic memory and had nen Iigegrated in the lexicon,
thus being unable to compete with familiar wordse.episodic memory trace might
have been able to result in inhibition in the Bosvetudy if seeing the base word
bananaactivated the episodic tracelmnara initiating a postlexical orthographic
check of higher intensity than before training.

Finally, the contrast between participants’ explkriowledge of the newly
learned word forms on the one hand and lexicagnat&gon on the other was
examined in a recent study by Fernandes, Kolinakg, Ventura (2009). This study
elegantly bridged the gap between the word segmentstudies described earlier
and lexical competition as a measure of lexicagration. Recall that several
authors have now demonstrated that adults andrehilakre able to segment a spoken
string of syllables into words based on the siatispattern of co-occurrence
between the syllables. This suggests that novellsvbave been extracted from the
signal, and that at least rudimentary lexical repn¢ations have been set up for these
words. This alone however does not allow us to katgcthat the new words have

been integrated in the mental lexicon. Fernandas €2009) showed that this can
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happen at least when there is more than one segtitentue present, and when the
cues do not contradict each other. When particgppaete exposed to an artificial
language where the segmentation cues includedticarad probabilities and word-
like phonological structure, they later correctigaiminated novel words from part-
words formed by incorrectly combining syllablesnfrohe artificial language. In
addition, there was evidence of the novel wordsagimg in lexical competition, as
manifested by slow responses in a lexical decitsh to familiar base words that
overlapped with the novel words. In another expenhwhere the two segmentation
cues contradicted each other, participants appearsegment the language based on
the phonological word-likeness, but no lexical ceuitpon effect was found either
immediately or one week later. Apparently only pblogical segments extracted
based on more than one consistent type of cuestablished strongly enough to
allow lexical integration to take place. Furtheresan contrast to the work of
Gaskell and colleagues, in the cases where thedlecompetition effect was found,
it was seen immediately after training as well as week later, although the effect
was significantly stronger in the delayed test. thmediate emergence of the
lexical competition effect may have been due tottaming task, which here took
the form of a speech segmentation task. The segm@mtrequirement may have
highlighted the overlap between the novel wordsthed base words, hence
enabling faster linking between the two. It is gidausible that the segmentation
task allows more incremental learning than preagrdil novel words in isolation in
one task, provided that the novel words were setgddnom the speech stream in a
gradual manner. This may have resulted in a degrdistributed learning as
opposed to purely massed learning. Distributechlegrhas been shown to result in
more robust memory traces than massed learning (g&man & Davachi, 2008),
and this advantage may have at least partially emsgted for the lack of offline
consolidation in the immediate test session.

There is now a healthy number of studies showiagnbvel words can
engage in lexical competition both with each otlned with existing words in the
lexicon. It seems that novel words can become ifutkgrated members of the
lexicon and behave very much like real words, astievhen the training is consistent
to allow for well defined lexical representationseimerge. However, unlike the
initial creation of the new lexical representatitre process of lexical integration

typically requires a period of consolidation, dgriwhich sleep seems to play a
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significant role. This fits in well with the notiasf complementary learning systems.
Having established that novel words interact whig éxisting lexicon, 1 now turn to

evidence showing novel words interacting with sxiai@ units.

1.3.2 Perceptual learning

It is important for listeners of speech to haveuaate knowledge of the
phoneme categories used in their language. Tlsi@al for efficient word
recognition, especially in discriminating betweemimal word pairs, that is, words
that differ only in one phoneme (e.gap — gap. However, some degree of
flexibility must also be retained in order to coph the variability in the signal. For
example, the realisation of a phoneme will varyetejing on factors such as the
immediate phonological environment within the wadgd speaker properties, such
as accent. Norris, McQueen, and Cutler (2003) dsed the example of the word
total. In British dialect both instances of /t/total are roughly identical, whereas in
the American dialect the second /t/ is realised #iap. Presumably a British listener
will have to conclude that the flap produced byAamerican speaker is an instance
of /t/, and adjust his or her phoneme categorytfdo accommodate the new variant.

Norris et al. (2003) discussed the adjustment ohpime categories in
response to phonemic ambiguity, an event they téqmeeceptual learning.
Participants heard words and nonwords where otleegbhonemes was replaced
with an ambiguous phoneme. For example, the tiiénDutch wordwitlof (chicory)
was replaced with the ambiguous phoneme /?fs/ waalfbetween /f/ and /s/. After
exposure to this and other similar words participaarried out a phoneme
categorisation task where they categorised unambigand ambiguous phonemes
from an /f/ - /s/ continuum. Participants were nowre likely to categorise the
ambiguous region as /f/, compared with a controugrwho had heard the same
ambiguous phoneme (/?fs/) in lexical contexts supmpan /s/ interpretation. It
appears that upon hearingtlo[?fs] the participants used lexical information to
interpret the ambiguous phoneme as an /f/, andstatjuheir /f/ phoneme category
to accommodate the ambiguous sound. When stimasiisted of nonwords
perceptual learning did not take place, confirntimg necessity of lexical
information in perceptual learning. These findihgse been replicated and extended

in a number of recent studies (see Samuel & Krdjd©9, for a review), showing

30



Chapter 1

that the learning effect is immediate and not ddpahon sleep (Eisner & McQueen,
2006), that it is long-lasting (up to 25 min: Kralg Samuel, 2005; up to 12 h:
Eisner & McQueen, 2006), that it is speaker-speeitnen using phonemes that
carry information about speaker identity and naader specific when using
phonemes that do not carry speaker informationljiKi@ Samuel, 2007; Eisner &
McQueen, 2005), that the effect generalises to svaad heard in training
(McQueen, Cutler, & Norris, 2006), that the effenty takes place if the listener has
no reason to think the ambiguity is caused by teanyoidiosyncrasies of the
speaker or stimulus (Kraljic, Samuel, & Brennam)&)0) and that perceptual learning
on one phoneme category can generalise to anategary provided that the

phoneme pairs share the same primary contrastjig<€aSamuel, 2006).

1.3.2.1 Novel words can adjust phoneme categories

The key finding for the purposes of novel word feag in the perceptual
learning literature is that nonwords cannot adpineme categories. Lexical
feedback is needed for this to take place. Thusaaneof testing whether a novel
word is capable of lexical engagement is to tesstddn engage with the phoneme
category level as real words do by adjusting phanboundaries.

Leach and Samuel (2007) did just that. They trapeaticipants on novel
words which all included either an /s/ sound (eggtersy or a /sh/ sound (e.g.,
wikoshal). This was followed by an exposure phase wherecgaants heard the
novel words with the /s/ or /sh/ replaced with arb&yuous phoneme half way
between /s/ and /sh/. A testing phase consistirggpsfoneme monitoring task was
included to establish the emergence of perceptaahing effects. All phases were
carried out over five consecutive days. Across éixperiments the authors varied
the training task. Successful and immediate pevedfpearning was observed in
experiments where the training attached meanitiggmovel words: word-picture
association and reading short passages using tte words in context.
Experiments where phoneme monitoring was usedeagaming task did not show
reliable perceptual learning effects. Also, experits where the training included
repetition aloud failed to show the effect, irrestpee of semantics. A test of explicit
word form knowledge was also included in the forina task requiring word
identification in noise, as discussed earlier, Wwishowed good form knowledge in

all experiments, independent of the training method
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Compared with the lexical competition paradigms theries of experiments
included some surprising findings. Firstly, percgptiearning effects were observed
only in experiments where the novel words were @ased with a meaning. Recall
that Dumay et al. (2004) showed no advantage feelngords trained with a
semantic referent. This might be due to some ofrtapr differences between the
work of Gaskell and colleagues and the Leach amtuShstudy. Leach and Samuel
used richer semantic context, required participmtearn fewer words, and gave
more training sessions. The second interestingrignaias the fast emergence of the
effect: the characteristic delay seen in lexicahpetition studies was absent here.
The different time course of these effects anddglayed lexical competition effects
was recently addressed by Davis and Gaskell (2888)argued that such a
difference is predicted by the CLS framework (saggx45 for a more detailed
description of this account). According to thiswithe fast learning hippocampal
system has a direct link to lexical phonology, ekphg why novel words are able to
re-tune phonemic boundaries even if they have eenlexically integrated and
undergone a transfer from the hippocampal to n¢icebsystem.

Converging evidence for this view was reported hge3en, Gaskell, and
Di Betta (2009) who demonstrated compensation frgpassimilation with newly
learned spoken words. Place assimilation refetisedinding that in continuous
speech certain word final consonants change acuptdithe properties of the first
consonant of the following word (e.g., the /nlean bacons often assimilated with
the following /b/, resulting ileam bacoh Listeners however perceive the
assimilated phoneme as an instance of the candoital(i.e., inleam bacon
listeners report hearirigan bacop, in other words they compensate for
assimilation. This compensation is typically natrfid in assimilated nonwords,
suggesting that the effect is lexically drivenSinoeren et al. (2009) participants
learned novel words ending in /t/ or /n/ (edg¢ibo), and were later exposed to a
test phase where the assimilated form of the waete presented in a spoken
sentence (e.g., trecibo[p] behaved bad)yIn a phonetic categorisation task
participants were asked to judge whether the neeedl in the sentence contained a
target phoneme consistent with the canonical farthe@word (i.e. /t/ in the current
example). When the sentence provided a viable gbfdeassimilation, participants
did indeed report hearing phonemes consistenttiwéltanonical form more often

than in unviable sentence context, showing comgiemsd his was not the case
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when tested with untrained nonwords, suggestingthiese is significant top-down
lexical involvement in perception of assimilati@amd that only trained novel words
had acquired enough of a lexical status to allancémmpensation for assimilation to
operate. Importantly, this was the case for woedtetd immediately after training
and one day after training (although responsesatiwgere faster for the words
learned the day before). The lack of a consolidagitbect here agrees with the
perceptual learning findings, and presumably caexpéained by the same

mechanism in the CLS theory.

1.3.3 Semantic priming

Earlier | discussed evidence showing novel wordggimg in lexical
competition with each other and existing words.itakcompetition is not the only
way words interact with each other, this can hapighe semantic level too. In
semantic priming the presentation of a word, theer(e.g. hurse, facilitates the
recognition of the target (e.gloctor), a semantically related word, presumably as a
result of activation spreading from the prime wordaning to the related target
meaning (see Neely, 1991, for a review). Semamimipg then is a good candidate
for a third measure of lexical integration, provddeat the novel words have been

trained with a meaning.

1.3.3.1 Novel words can prime semantically relatsl words

As discussed in an earlier section, Perfetti ef28l05) taught participants
the meanings of previously unknown rare words, tasted word learning in a
semantic decision experiment, where trials congistevord pairs (prime — target),
the first of which could be a novel word or a faariword. Accuracy in this task
was very good, showing that participants had goguii@t knowledge of the
meaning of the novel words. The word pairs couldgdm@antically related or
unrelated, allowing measurement of semantic pringiifgcts. Responses were faster
to the target when it was preceded by a semanticelhited prime, both when the
prime was a familiar word and when it was a newbrhed rare word. Furthermore,
when a target followed an unrelated familiar orélovord, a higher amplitude N400
was detected than in the related condition. This mat the case with untrained

novel words. This is important because the N4Qfasight to be sensitive to the
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integration of semantic information of a word watpreceding context (Kutas &
Hillyard, 1980). The novel words appear to prouide required semantic context to
elicit an N400 to the target. However, semantidsien is an unusual measure of
semantic priming, as it requires an explicit dessio be made about the relatedness
of the stimulus pair. Whether this finding wouldoipto more traditional measures
of semantic priming will be discussed in Chapteend 5.

Breitenstein et al. (2007) showed cross-modal semprniming effects
with newly learned words. Here novel words weregzhwith a picture over the
course of five days of training in the same tragnraradigm as used by Breitenstein
and Knecht (2002). Priming was evaluated beforeadisat training in a primed
semantic decision (living vs. nonliving) to theger pictures, with trained and
untrained spoken novel words acting as primes. @ommg pre-training performance
with post-training performance, responses to tmath a semantically related trained
novel word prime speeded up, while no change wasdan untrained novel word
trials, suggesting that the trained novel words daglired meaning. Dobel et al. (in
press) replicated this finding in an experimenhgsnagnetoencephalography
(MEG) focusing on the N400m, the MEG equivalenthaf N400 ERP component.
Before training presenting a novel word prime wighpaired picture evoked a large
N400m. However, after training the N40Om was presety if the prime was an
untrained novel word, the N40OOm was attenuatedréomed novel words paired with
the related picture, reflecting reduced effort iegpiin semantic processing.

Mestres-Misse, Rodriguez-Fornells, and Munte (20@X)e also reported
semantic priming effects with novel words in an E&dperiment similar in some
respects to that of Perfetti et al. (2005). In setcalecision target words elicited a
high N400 in the unrelated condition, both withlneard and novel word primes.
The behavioural data showed slower RTs to theagledbndition in both novel and
real words conditions, a rather surprising findggghaps explained by the word
training method. During training the novel wordsrevpresented only three times
each, in a sentence context that became semayticaik constrained at each
presentation. This may have led to weaker extioiiwledge of the word meanings
(supported by fairly low accuracy scores in thenimg test) than in the Perfetti et al.
study. This explanation is supported by an eaplisning study using newly learned
words. Dagenbach, Carr, and Barnhardt (1990) tauaticipants previously

unknown rare words and their meanings. These newals were then used as
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primes in a semantic priming test using lexicalisiea to target words. The data
showed both semantic facilitation and inhibitioapdnding on how well the new
word meanings had been learned. Novel words whete wnecognised as familiar
items but whose meaning was not recalled produesthstic inhibition, while novel
words whose meaning was recalled produced senfantiitation (although the
latter effect was consistently observed only whestructions encouraged
participants to use the prime as a predictor @feiridentity). The authors suggested
that novel words whose meaning was poorly learneié\associated with weak
semantic activation, which was in danger of beibgoorred by activation of
competing related semantic concepts. This resuitethibition of the competing
concepts, allowing correct semantic retrieval t@tplace. Novel words whose
meaning was well learned did not require this iittub of competitors, allowing
facilitation to take place. These data are consistéth the behavioural data of
Mestres-Misse et al. (2007), where it is highlelikthat novel word meanings were

weakly represented due to limited training.

1.3.3.2 Novel words can inhibit semantically rethteal words

As just discussed, the presence of a word doealwalys facilitate the
processing of a semantically related word. Anoth@mple of this is experiments
where printed words can slow naming times of seivalhy related pictures when
the two are presented simultaneously or with a gbort stimulus onset asynchrony
(SOA). One such picture-word interference (PWIgdgtused novel words and
sought to establish whether novel words, when éhinith meaning, are able to
elicit PWI (Clay, Bowers, Davis, & Hanley, 2007)eBenting a novel word
simultaneously with a picture slowed picture namtinges relative to presenting an
untrained nonword, and this effect was observedadiately after training. This
general PWI effect however does not imply thatrtteaning of the novel word has
been learned, as the same effect is observed wiyanad is presented with a
picture, regardless of the semantic relationshipvéen the items. Crucially, the
authors also showed that presenting a novel wondls&neously with a semantically
related picture slowed naming times relative taspréing an unrelated novel word.
This specific form of PWI can only occur if the mézg of the novel word has been
learned. Interestingly, this effect was not obsénvemediately after training, but

only in a delayed test session which took placeakwater. These data confirm that
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a lexical representation can be created very quitkke source of general PWI).
However, in this experiment there was no eviderideasning the meaning of the
novel words until a week after training, seeminglguiring some form of
consolidation. This is surprising compared to tfPEStudies where there was at
least some neural evidence of immediate semaratiniteg. Clearly the time course
of semantic learning needs more research, andssus is one that will be studied in
Chapters 4 and 5.

1.4 Factors affecting novel word learning

| have now covered a wealth of research addressenggsue of adult word
learning. People seem to be able to learn the &mmdhmeaning of novel words
quickly and retain this information for a long tinteemonstrating the establishing of
a new lexical representation. Novel words also skeidence of lexical integration:
they participate in lexical competition, they cateract with a sublexical level by re-
tuning phoneme categories, and the semantic aictivat a novel word can spread
to related meanings, as shown by priming effedte ffext question | will discuss is
whether some novel words are easier to learn ttf@r For example, some
researchers have sought to establish that riclhearstc information facilitates
learning. Certainly the Leach and Samuel (2008ifigs of only meaningful novel
words enabling perceptual learning suggest measingt a trivial issue. There is
also an interesting debate on whether phonologeghbourhood size helps or

hinders the learning of new words.

1.4.1 Semantic factors

One of the earliest studies looking into the rdleneaning in novel word
acquisition was carried out by Whittlesea and Cefit(2987). In their first
experiment participants learned the meanings ofdV2| words. After training, the
novel words were briefly presented on screen (20and the task was to report the
identity of a target letter in the word. This iaitexperiment showed equally accurate
performance with real words and the trained nowalds, and significantly worse
performance with untrained nonwords, suggestingethergence of a novel lexical

representation. In their second experiment Whatesnd Cantwell compared
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semantic and non-semantic training. Now equal perdoce was found for real
words and semantically trained novel words, andigantly worse for non-
semantically trained novel words (a third experitmeplicated this pattern 24 hours
after training, indicating persistence of facilite). Interestingly, there was no
correlation between letter-detection performanakexplicit recall of the novel

word meanings, again hinting at the relevancedf@nction between explicit and
implicit memory traces. Balota, Ferraro, and Conii®91) used these data (and
those of Forster, 1985) to argue that meaning @ayistegral part in word
recognition and that an account of word learninthaut taking meaning into
consideration is not adequate to explain the data.

Rueckl and Olds (1993) examined the effect of maam learning novel
words using identity priming. They taught participgnovel words either without
meaning or with meaning. In the priming task pgsaats saw the words briefly on
screen (34 ms) and were asked to report the wardeStems were presented once
during the experiment and others three times, utideassumption that repeated
presentations should prime recognition. The dataveld no priming effect for novel
words with no meaning, and a reliable priming dffec novel words with meaning.
Two following experiments manipulated meaning cstesicy such that either one or
three different meanings were assigned to one neord. This manipulation had no
effect. Rueckl and Olds concluded that an associdtetween a novel word and its
meaning is helpful in visual word recognition, putelly due to orthographic-
semantic associations, as predicted by connectiaot®unts that postulate
interactive connections between these levels.

Rueckl and Dror (1994) manipulated orthographicaain systematicity
in novel words. Participants learned either adisgimilar novel words with
meanings from one semantic category (elgrch hurch andkurch paired with dog,
cat, and bear) or a list of similar novel wordshaiteanings from different
categories (e.gdurch, hurch andkurchpaired with dog, shirt, and table). Training
took place in five sessions over five weeks, witthmory tasks and identification
tasks carried out in each session. Cued recadl sbsiwed faster learning for
systematic novel words, although by the end ofettgeriment performance in both
conditions was equal (and at ceiling). The idecsitiion task required participants to
identify briefly presented words on screen. Furtinane, half of the novel words in

the identification task had been seen just betoeddsk in a cued recall task. Hence
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half of the novel words had been primed. Overaifgrmance was better for
systematic than non-systematic novel words. Lookinipe priming conditions, the
primed novel words showed no effect of semantibamtaphic systematicity, while
the unprimed stimuli did. Also, only the non-sys#im novel words showed
priming effects. Setting the priming manipulaticsice, both measures of novel
word learning indicate superior performance on haxgds with systematic
orthographic-semantic mappings. This seems to aymjgest that semantics is an
important variable in word learning.

Studies looking at reading accuracy and speed havalways been
successful in finding a semantics advantage. Nafiogell, and Castles (2007) had
8- and 9-year-old children read novel words, anerlgested their familiarity with
the novel words in a visual 4AFC task where thésfaere orthographically and
phonologically similar words to the novel one. Nuanbf exposures in training was
varied (1, 2, or 4 exposures), as was semantiegbrfome words were presented in
the context of a story, and other in isolation.|@med across all conditions,
performance was good in the recognition test, 488tect one day after training,
and 40% 7 days after training (chance level was)2&¥eater number of exposures
at test was associated with better performances @dm be taken as another
demonstration of quick learning of word form, ttiree in young children learning
to read. The semantic manipulation however shoveestatistically reliable effect,
words learned in semantic context resulted in dgg@lod performance as words
learned in isolation.

A similar study by McKague, Pratt, and JohnstorO@Gxamined
children’s (6-7 year old) novel word learning imaming task. Children were taught
a number of novel words orally, either in a sentaotindition (as part of an
illustrated story) or in a non-semantic conditibsténing to and repeating novel
words). After two training session over two days|/dren’s reading times of the
novel words were measured. A free recall test wsxsiacluded. All novel words
were read faster than control nonwords, with theasgic manipulation having no
effect. In the free recall task however semantydaliined novel words were recalled
more reliably than non-semantically trained itefiise experiment was repeated, this
time only in the non-semantic condition, with omeup of children repeating the
novel words aloud during training and another gri@apning only by listening.

Again trained novel words were read more quicklgt ancurately than untrained
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nonwords. The articulation manipulation had noafféhe authors concluded that
some form of orthographic representation is forrkedg with a phonological
representation, and that semantic or articulatoppert is not necessary for this to
happen.

The failure of these two studies to find an effgfcsemantics on reading
may be due to the types of words they used. Sonteisof reading predict that
semantics is most important when reading inconsisterds. This prediction is
most strongly made by the parallel distributed nhdB8®P) of reading (e.g., Harm &
Seidenberg, 2004). McKay, Davis, Savage, and Ga&[&08) tested this prediction
in a series of experiments where adult participlegsned meaningful and
meaningless novel words where the pronunciationester consistent or
inconsistent with real words with the same orthpgrabody. For example, the
vowel in the novel wordreanwould be pronounced as /i/ in the consistent dardi
(to rhyme withbean), and as /e/, to rhyme wittead in the inconsistent condition.
Reading times and accuracies in the inconsistarditon did in fact benefit from
meaning, but only when participants learned themmeg of the spoken forms of the
words before being introduced to the written foflthe authors argue that this was
because learning the link between semantics andgbbgy first makes the semantic
pathway the more viable option (in contrast toghthway that bypasses semantics,
linking orthography directly with phonology). No ar@ng effect was found in the
consistent condition.

Two other findings from the McKay et al. study desemention. Reading
times and accuracies were also measured to nonwataere orthographic
neighbours to the trained novel words. Compareairion-neighbour baseline,
learningtren in the consistent condition facilitated readinghohword neighbours
with the sameeanbody. In contrast, learnirigen in the inconsistent condition
slowed the reading of nonword neighbours, presuynadatause there was now a
competing pronunciation available for ttemanbody. These findings are reminiscent
of the lexical competition work of Gaskell and ealues, and suggest that the novel
words had been lexically integrated. Interestingligen the same participants were
tested again 6-12 months later, some of thesetsffezre still observable. Notably,
the consistent novel words were still being readefiathan inconsistent novel words,
and the impact on neighbours was still seen. Tteetedf meaning on reading time

and accuracy had disappeared, although those iistemswords whose meaning
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was still explicitly recalled were also read mocewately than words whose
meaning had been forgotten. Together these datgestthat in adults meaning
facilitates reading, but only when looking at insmtent novel words and when the
training introduces orthography after semantics.

Another line of research relevant to the questioouarole of semantics
comes from object recognition studies, some of tvkéach participants novel words
as labels for novel objects. James and Gauthi@4(20ained participants to name a
set of novel objects which could be attached eivigr a name and three semantic
properties, or a name only. The names were allggropames (e.gJohn), which
means that this study is not entirely comparabté wovel word learning studies,
but does address the usefulness of semanticsrmriganew word-object pairings.
The recognition accuracy data showed no differémtereen the condition where
semantic features were assigned to each objedhanmbndition where only a name
was learned. The authors reported fMRI data whakever did show a difference
between the conditions: the semantic conditionltedun more activation of the left
inferior frontal cortex than either the non-sematndition or an untrained
condition. This is interesting because this aresagraviously been linked with
semantic processing, suggesting that additionahe@minformation was learned. In
terms of behaviour on the other hand it did nowjat® an advantage.

Similar data were reported in an MEG study by Clsaen, Laine,

Renvall, Saarinen, Martin, and Salmelin (2004).@etearned names for unfamiliar
objects (ancient agricultural tools), one set ideltiname only, a second set included
name and description of the tool’s function, artied set included the functional
description only. Participants were trained uttéyt reached a criterion of 98%
correct. In terms of learning there was no effédemantics, the object names with
rich semantic information (about the function af thol) were learned equally fast

as names where no additional information was pexitUnlike James and Gauthier
(2004), Cornelissen et al. (2004) found no cortitiierences between the
conditions.

Gronholm, Rinne, Vorobyev, and Laine (2005), ughmgsame stimuli as
Cornelissen et al. (2004), also failed to find duaaatage for object names which had
been trained with rich semantic information. Intfakese authors found a small
learning advantage for the name-only conditionn#als but non-significant

semantic advantage was found for patients with colghitive impairment (MCI)
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though (Gronholm, Rinne, Vorobyev, & Laine, 200X) the neural level, measured
with positron emission tomography (PET), no differes were found in neural
activation between the semantic conditions in hggharticipants (Gronholm et al.,
2005). The MCI patient group showed higher levedatfvation of a visual
processing area (BA 18) with the semantically dohdition, suggesting that these
patients may have created more vivid visual assoomwith the help of the
additional semantic information (Gronholm et a002).

In sum, the evidence for the role of semanticsowehword learning is
mixed. Whittlesea and Cantwell (1987) as well as¢Ruand Olds (1993) provided
evidence for the importance of meaning. Nation.€2807) and McKague et al.
(2001) on the other hand showed that children legrto read novel words learned
them equally well whether they knew their meaningat, although word
consistency and structure of the training regimg meed to be considered (McKay
et al., 2008). The object naming studies showetattiaching rich semantic
information to the novel objects and their namebrdit tend to improve learning. In
addition, Dumay et al. (2004) showed novel wordgagng in lexical competition
irrespective of whether participants knew what thrant or not.

Some authors have expressed surprise at the apfsrienf semantic
effects (e.g., Gronholm et al., 2005). It is welbkvn that in many memory tasks,
semantic processing, or “deep” encoding, resultseiter memory performance. In
their seminal paper Craik and Tulving (1975) asadicipants to carry out tasks on
real words that differed in the level of processmegded, from a shallow task
(decide whether a word is printed in capital letter not) to a task requiring deep
semantic analysis (decide whether a word fitsseratence). They found that deep
learning resulted in more accurate responseseaaa@gnition task, and also took
more time to carry out than shallow learning. Téiter was the case also in the
object naming studies, and suggests that cogridae of the semantic learning
condition is higher than non-semantic conditiorteptially causing participants to
dedicate fewer resources for name learning. A ddfgrent but equally plausible
account would argue that since participants knawttihe semantic information was
redundant for many of the tasks, they may not lpgréormed to the best of their
abilities in learning the meanings. Finally, Grolthet al. (2005) pointed out that

many participants in the non-semantic conditiop®red self-generated semantic
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associations in all conditions. Such associatioag mask any benefit semantics
might selectively offer to the conditions where d®are assigned a meaning.

One of the reviewed studies suggesting that sensaisthelpful (or indeed
necessary) for word learning is the Leach and S&(R087) series of experiments
discussed earlier. In this study successful lexidagration was only observed with
novel words that had either been associated willctare or given a meaning
through a story context. It is not clear why tlaswhether it is due to the properties
of the stimuli or the measure of lexical integrat{perceptual learning) will be
further investigated in the next chapter. It is tharoting though that semantics did
not affect the degree of word form learning evethimLeach and Samuel study.
Finally, one may want to exercise caution in inteting the object naming studies in
relation to the novel word learning studies. Evethie conditions where the novel
object does not have a functional descriptionjrinege of the object itself provides
a semantic referent for the name. Hence the nomusorcondition is not
comparable to the non-semantic conditions of thedi@arning studies where
nothing apart from the word form was availablehte learner. It is possible that in
the type of learning studies discussed here anpsterinformation over and above
a simple picture is redundant, and the degreecbhgss of the information is

irrelevant.

1.4.2 Phonological factors

Storkel, Armbruster, and Hogan (2006) have arghadged on child word
learning data, that there are two phonological erogs that may play a role in novel
word learning in adults: phonotactic probabilitydgrhonological neighbourhood
density. Phonotactic probability refers to the frenacy with which a given sound
occurs at a given position in a word (i.e., posiilbsegment frequency), and also to
the frequency with which two sounds occur together, biphone frequency).
Neighbourhood density refers to the number of wdinds differ from the target
word by one phoneme. Both of these variables haee ound to affect word
learning in children: there is an advantage fordsowith high phonotactic
probability and words with high neighbourhood dgnégstorkel, 2001, 2004).
However, Storkel et al. (2006) found a differenttgian in adult word learning. In a

paradigm where novel words were trained embeddadsiory context and
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associated with a picture, adult learners produerk accurate naming responses to
novel words with low phonotactic probability, anidthneighbourhood density.

By analysing partially correct and completely cotn@sponses separately,
Storkel et al. were able to evaluate the influesfcéhe two variables both at an early
stage of learning (where partially complete respsngere made) and at a late stage
of learning (where completely correct responseeweade). Only phonotactic
probability affected partially correct responses] anly neighbourhood density
affected completely correct responses. The advarftagphonotactically rare novel
words was explained by fast triggering of word heag. High-probability novel
words may be deceptively similar to existing wortttsis slowing the initiation of
learning. This would also explain why this variabféects only the early learning
stage. Storkel et al. proposed that neighbourheodity is a critical factor in the
process of integrating novel word representatiartbe lexicon in later stages of
word learning. Hearing a high-density novel wordl @aliso activate a large number
of neighbours, whose activation in turn will feegth to the phonological level. The
activation at the phonological level will spreactk#o the appropriate lexical
representations. This cycle of activation will @sger for high-density novel
words than low-density novel words, and will hedpstrengthen the connections of
the novel words with other lexical representatiand phonological representations,
and in this way stabilise the new entry faster.

Jarrold and Thorn (2007) carried out another expent where phonotactic
probability and neighbourhood density were orthadigrvaried. Their participants
were 5-, 7-, and 9-year-old children, whose task tedearn a set of novel words,
representing names of monsters seen on screenof@hba probability (defined as
biphone frequency only) affected learning in ak @goups: words with high
probability were recalled more accurately. Neighthood size effects on the other
hand were present only in the two youngest growpsyre large density had a
learning advantage. The 9-year-olds showed notaffeabis condition. This was
interpreted as a developmental shift from a lexdsalociation approach to word
learning to a more abstractionist approach.

The discrepancy between the adult and child daddfisult to explain. In
terms of phonotactic probability, children showighhfrequency advantage, and
adults showed a disadvantage (in early learning)oRbr adults a low-probability

word is a reliable indication of the word beingavel one. For children however,
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many words are likely to be novel, and hence phawimt probability is a less useful
cue, potentially explaining some of the discrepafi¢ye disappearance of
neighbourhood effects in 9-year-olds is more puzglconsidering that adults show
the effect. This suggests that there may be songetbihdamentally different about
child and adult learning, but this issue requireEimmore research.

Effects of phonological properties are reportedard learning studies, as
discussed above, as well as studies looking at amhvecall (e.g., Roodenrys &
Hinton, 2002; Thorn & Frankish, 2005). The typi@ialling is an advantage for
nonwords with high phonotactic probability, andhmgeighbourhood density,
although as shown by Storkel et al. (2006) thect$fean also go in the opposite
direction depending on the task. What is clear hawes that phonological
properties of the novel words matter: Storkel'sling of a neighbourhood density
benefit suggests that adult learners are abled@cvation in existing lexical
representations to help them learn novel words.nxe chapter will develop these

ideas further.

1.5 Conclusions and thesis outline

Adult native language word learning is a fairly pguield of research, but
the review of relevant studies presented here shioatsthere are preliminary data
throwing light on this issue at many levels of msging. We have seen that lexical
representations seem to be established very quidkén a novel word is
encountered repeatedly, and these new represergatie durable over long time
periods and without intervening exposure (e.g.aS8a et al., 1985). People seem to
acquire detailed explicit and implicit knowledgeoabthe form and meaning of the
novel words, and this knowledge is available fa& asd can be detected both at
behavioural and neural level almost immediately.

Lexical integration however takes place with difiertime lags, depending
on how integration is measured. Novel lexical reprgations seem to engage with a
sublexical phonemic level immediately after tramitheach & Samuel, 2007).
Integrating the novel representation with otherdakentries on the other hand
requires a period of offline consolidation (posgislleep-dependent) to occur (e.qg.,
Dumay & Gaskell, 2007). Role of consolidation widgard to semantic

representations is less clear, but there is alpibgsit is required at this level too
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(Clay et al., 2007), in spite of ERP evidence smgwimmediate semantic priming
effects (e.g., Mestres-Misse et al., 2007). Whyhnlgxical engagement at some
levels take place sooner than other levels? The &8, when applied to word
learning (see Davis & Gaskell, 2009), suggestsréfatesentations of newly learned
words are initially stored in the fast learninggmgampal system. Importantly,
information at this level is stored in sparse, weeflapping representations, in order
to avoid new information from interfering with etireg information, or two pieces of
new information interfering with each other. Theture of the representations
explains why lexical competition is not seen as #nrly stage, as new lexical
representations are yet to be integrated in thedex As a result of a process of
offline consolidation, the new lexical represertas are integrated in the existing
lexicon at the neocortical level where represeomatiare stored in an overlapping
manner, allowing lexical competition to emerge.sltwnsolidation process, at least
as far as it involves meaningless form-based reptatons, appears to be benefit
from sleep. In this framework then any lexical @es that relies on the interaction
of one lexical representation with another will beinfrom consolidation.
Importantly though any process which does not regihie new representation to
have been integrated in the lexicon should be ebbéx immediately after training
Many further questions remain unanswered. For el@mhat role does
semantic information play in the learning procdsseaning necessary or useful in
lexical integration? | reviewed data based on mgtimes and accuracy in adults
and children which turn out to be inconclusive, ardm to depend on training
variables and orthographic consistency. A simitatadiction was seen between
the Leach and Samuel (2007) data and the lexicapettion data. It may be
possible to reconcile these data by consideringhimaological and/or semantic
properties of the novel words themselves, whicly plaimportant role in word
learning. This argument is explored further in tiext chapter. The roles of sleep
and offline memory consolidation are critical iss@as well, and looking at the
neural correlates of these processes may help staddrhow these factors operate.
While neuroimaging data are starting to emerge shgpwhat changes in the brain
during novel word consolidation (e.g., Davis et 2009; Breitenstein et al., 2005),
we have no data on the neural events during skedate driving these effects. This
question will be addressed in Chapter 6. Finallyethier semantic knowledge of the

novel words benefits from offline consolidationtire same was as lexical
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integration of word forms seems to do, is a questineed of clarification. Chapters

4 and 5 will attempt to throw some light on thisus.
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Chapter 2: Meaning in word learning

2.1 Introduction

As discussed in Chapter 1, the role of meaningwehword learning is
unclear. The existing evidence is mixed: some sttlave found better learning
when the novel words are meaningful (e.g., Whigide& Cantwell, 1987), while
others have found no effect (e.g., Dumay et aD420In the following three
experiments | will focus on the effect of semanticgvord learning and lexical
integration.

Recall that Leach and Samuel (2007) showed iniassef experiments that
novel spoken words engage with a phoneme levelibttig novel words are
meaningful. This was found both in experiments whbee meaning was provided by
pictures of unfamiliar objects (in a word-picturatching task during training) and
in experiments where the novel words were embeduskort spoken passages,
followed by questions about the meaning. Experis&tere training provided no
meaning (phoneme monitoring) showed no reliabldeswte for lexical integration.

Such findings were in stark contrast with studasking at lexical
competition. Gaskell and colleagues have in sewaériments showed novel
words taking part in lexical competition, as a amqeence of training that did not
involve meaning (phoneme monitoring in most cadésithermore, in an
experiment which did provide meaning for the wafidamay et al., 2004), no
difference in terms of lexical integration was fduretween the meaningful training
and purely phonological training.

Leach and Samuel (2007) provided some speculateasion why the data
appear to be inconsistent. They pointed out treDihmay et al. (2004) study
required participants to learn a fairly large detn@vel words (24, as opposed to 6 or
12 in Leach and Samuel), that there were fewemitrgisessions (2, as opposed to 5
in Leach and Samuel), and that the meanings aialiel words had been apparently
learned quite poorly by the participants in Dumagle(30-44% success in free
recall). Furthermore, Leach and Samuel used seotaatning that provided more
finely defined content (a picture or a detailedgtthan Dumay et al. who presented
novel words in just two different sentences (€¢cathedruke is a type of vegetable”
and“the cook served the boiled cathedruke with steadk baked potatoe3”

a7



Chapter 2

Another potential explanation offered by Leach &adnuel was that lexical
competition might not require as strong lexicaégration as perceptual learning
does. Lexical competition requires interaction lestw representations, while
perceptual learning requires re-tuning of phonamcesentations. It may be that
meaning is required for this stronger form of imtdpn to take place. Finally, one
major difference between the studies was the tyséirauli used. Novel words used
in the lexical competition experiments need to apgewith existing words, such as
cathedrukederived fromcathedral In the perceptual learning experiments on the
other hand, no such requirement exists, and héwcstimuli used by Leach and
Samuel, such asickoshahdid not resemble existing words. Leach and Samuel
argued that it may be easier to set up a new lesepaesentation for the overlapping
variants, than to build a new one from scratch.

This last proposal seems highly plausible, bothterreasons stated by
Leach and Samuel, but also when considering tleeafobemantics in learning. It is
likely that hearingcathedrukeactivates the meaning of the similar-sounding real
word cathedral Some support for this idea comes from the datthemeaningful
novel words reported by Dumay et al. (2004), whanfbthat in a free association
task a large proportion of responses to the nowetlgvconsisted of the actual base
words (38-47%). It seems that if a participant exgyees uncertainty about the
meaning of a novel word, they choose to defaulhéobase word meaning
(proportion of responses other than the base vitsrdyeaning, or the assigned novel
meaning was 11-24%). In light of these findingsnéy be the case that this type of
novel word is not meaningless, even if no meaniag provided in training.

If novel words that overlap with existing wordsHerit” the meaning of their
familiar neighbour, we should see word-like effeaso in nonwords that have been
derived from existing words. A small number of saschave attempted to see if
word-like nonwords in fact do activate the mearohthe real words from which
they are derived. Bourassa and Besner (1998) shthaedonwords which were
derived from real words by changing one letter.(elegderived fromdog) could
prime lexical decision to semantically related mgatds in a visual semantic priming
experiment, at least when the prime nonwords wersgnted only briefly (40 ms).
However, the priming effect was small (less thamrK) and statistically significant
only in a one-tailed analysis. Deacon, Dynowsk#eRiand Grose-Fifer (2004) also

used derived nonwords in a priming experiment,caigih here the focus of interest
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was on the N400 ERP component. Nonwords were dkfroen real words by
changing one or two letters (e.gontlederived fromcandlg, and together with real
words were used both in prime and target positidnsattenuated N400, indicating
semantic priming, was found in the condition wheerived nonword was
preceded by a semantically related derived non@&l,plynt — tle@, compared
with an unprimed condition where a derived nonwees preceded by an unrelated
real word (e.g.stairs — putteffly.

In the auditory domain Connine, Blasko and Titobh@93) showed that
spoken derived nonwords could prime semanticalbted written real words,
although they found a priming effect only when tlteewords were created by
changing one phoneme by less than two phonetiarkesitin a second study
Connine, Titone, Deelman, and Blasko (1997) shotvatia more significant
deviation (more than 5 features) could also reaukxical activation, when
measured by phoneme monitoring latency.

The above observations support the hypothesisnbiat-like novel words
may activate the meaning of the real words theylapewvith. This is particularly the
case with the spoken novel words used by Gaskéltalieagues, such as
cathedrukewhich overlap with only a small number of real drA small cohort of
highly overlapping neighbours increases the liladith of these real word
competitors becoming highly activated upon the gméstion of the novel word.
Furthermore, the novel word deviates from the waald competitors at a late point,
extending the time during which the competitorsatvated.

The question of whether this has tangible consexpgem adult word
learning remains to be answered. To my knowledgly, ane word learning study so
far has manipulated the degree to which the ndireu$ overlap with existing
words. Swingley and Aslin (2007) taught 1.5-yeat-children novel words that
could be phonological neighbours of existing wqelg.,tog, neighbour oflog) or
non-neighbours (e.gneh. Knowledge of the novel words was tested by nowimg
the children’s eye movements in response to vigtedentations of known and
unknown objects, some of which had been assocvatbdhe novel words in
training. When the children had to discriminatenssn two novel objects, one of
which was named, they looked more at the namedbljeen tested with non-
neighbours, suggesting that they had learned tind feom. However, when tested
with neighbours, they failed to identify the nanwdgect. Another interesting finding
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came from displays which included a novel objed ariamiliar object. If the novel
object referred to a neighbour novel word, andféimeiliar object was the word from
which the novel word was derived, children were amgd on identifying the
familiar word. It seems that the novel neighbourdwompeted with the familiar
word in these displays, a finding reminiscent @& #dult lexical competition studies.
The different outcomes using the different typesmfel words suggest that young
children at least are sensitive to the overlap betwthe novel word and its
neighbours, and that this affects the ease witlthvtiie meanings of the novel
words are acquired.

Whether these stimulus characteristics are impbmaadult word learning,
and whether they can explain the discrepancy betweeperceptual learning and
lexical competition studies was examined in théesasf experiments reported in
this chapter. The overall hypothesis is as folloivsovel words such asathedruke
in the absence of trained meaning activate thdiegisneaning of the base word
from which they are derived, then lexical integratshould be observed for these
words even when no meaning is trained. This shoatde the case for novel words
that do not overlap with existing words. Experimgrsiought to establish the effect
of orthographic overlap between novel words antlweads in the degree of explicit
learning of novel word forms and their meaningspé&iments 2 and 3 tested the
relevance of this factor in an auditory percepteatning experiment modelled after
the experiments of Leach and Samuel (2007), buhgddmanipulation of novel

word type in terms of overlap with existing words.

2.2 Experiment 1

The aim of Experiment 1 was to see if the propsiethe novel word form
in relation to existing words have an effect onméag. Participants were taught
written neighbour novel words (novel words whicledap highly with a familiar
base word, such adcohin) and non-neighbour novel words (variants of the
neighbours manipulated to overlap to a smallerekewrith the familiar base word,

such asmcohin). > A meaning was also provided for each word in trajn

2 This experiment was carried out in the visual nfiadéo allow comparison with other visual
experiments presented later in this thesis, lookingpnsolidation effects in recall of word formmsda
meanings.
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Neighbours were divided into two meaning conditiareghbours with consistent
meanings were items where the given meaning waelgloelated to the meaning of
the base word (e.galcohin — drinR. Neighbours with inconsistent meanings were
items where the given meaning was unrelated tbalse word meaning (e.g.,
alcohin — flutg. Non-neighbours naturally fell in the inconsidteandition, since
these novel words were designed not to evoke ttaime provided by the base
word. Knowledge of the novel word forms was test#idr and during training by
cued recall, and knowledge of meaning by a meargogll task. The tests were
administered immediately after training in halftbé participants, and the other half
were tested one day later. This manipulation welsided to evaluate potential
consolidation effects (c.f. Dumay and Gaskell'sqZPdemonstration of improving
recall of word forms overnight). If the manipulatiof form overlap is relevant in
word learning, a difference in learning outcomewti@merge between the
neighbours and non-neighbours, with better redalleighbour forms and meanings.
If learners are able to access the meaning oféighbours’ base words, they should
find it easier to learn the novel word meanings mvtiee meaning is consistent rather

than inconsistent with the base word meanings.

2.2.1 Method

Materials

A set of 36 novel words was selected from the dtisiset used by
Tamminen & Gaskell (2008). These were all noveldgarhich have been derived
from bisyllabic and trisyllabic real base wordswén early uniqueness point (e.g.
cathedrukederived fromcathedra). The stimulus selection for the purposes of this
experiment was done largely based on the semamjiepies of the base words with
the aim of choosing only base words that referotaceete nouns. After a satisfactory
set had been selected, a meaning was formulateghébr novel word. The meaning
was selected so that it was related to the meafitige base word from which the
novel word was derived. The meaning always corssist@n object and two features
of the object that made it unique, for examplehim tase ofathedrukgcathedral)
the meaning waa type of church with metal benches and no winddWsenever
possible, the object of the novel word meaning avasperordinate of the base word

meaning. This was not always possible if the supanate had been already used for
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a different word. In these cases a closely relatgect was chosen as the novel
meaning (e.gglarinern[clarinet]is a type of flute that is made of plastic and is
shrill). The two features of the objects were selectaddke it unique from any
commonly encountered object of the given type. Aggendix 1 for a list of all
novel words and their meanings.

The novel words used by Tamminen and Gaskell (2@@8¢ used in the
neighbour condition, as these words overlap largatly their base words both
orthographically and phonologically. On averageliase words were 7.4 letters
long, with the neighbour novel words sharing onrage the first 5 letters with the
base word. Stimuli for the non-neighbour conditieere generated by changing one,
two, or three of the first letters of the neighhaesulting in a pronounceable novel
word which had little resemblance with the basedr@ppendix 1). Hence the
neighbour list and the non-neighbour list were thetkin length and syllabic
structure. They were also matched in summed bigraguency to ensure that both
were equally difficult to learn based on orthogriagdroperties alone. Bigram
frequency values were derived from the WordGenlxdeta (Duyck, Desmet,
Verbeke, & Brysbaert, 2004).

For the purposes of the cued recall task, eachl mowe& stimulus was
associated with three cues. In two cues one letisrremoved from the novel word
(e.g.,cathedr_keandc_thedrukg The position of the missing letter was varied
across all positions so that participants wouldrattequally to all parts of the novel
words. These two easy cues were used during tgpomity. The third cue was used
in testing and was made more challenging by rentpgirery other letter (e.g.,
_a_h_d_u_p The missing letters started from the first letiethe word in half of

the stimuli.

Design

The set of 36 neighbour/non-neighbour novel wordspaas
pseudorandomly divided into three lists, matchelémyth in letters and summed
bigram frequency, to be used in the three expeiiaheonditions: neighbour —
consistent meaning, neighbour — inconsistent mgaaimd non-neighbour. The
conditions were rotated across the three lists sumtheach list was used in each
condition an equal number of times across partitgal he inconsistent meanings

condition was created by pseudorandomly shufflirgrheanings across the
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neighbour — inconsistent meaning and non-neighbstgy making sure that the
assigned meaning was completely unrelated to #idese word.

In order to examine possible effects of offline solrdation, half of the
participants were pseudorandomly allocated to Siedeimmediately after training,
and the other half to be tested on the following. dRarticipants were informed of

the allocation upon arriving in the laboratory.

Procedure

Participants arrived in the laboratory on day 1 stadted with a training
session. Training consisted of two tasks: word-rmeamatching, and cued recall. In
the word-meaning matching task a trial began witloel word presented on the
computer screen, paired with a potential meanihg. fask was to say whether the
word-meaning pair was correct or incorrect by presa key on the keyboard. After
a response was made, accuracy feedback was gidghenoorrect meaning was
displayed on screen. In total there were threekislo¢ word-meaning matching,
each with two presentations of each novel wordegraired with the correct
meaning and once with an incorrect meaning. On geaxdhrect trial a wrong
meaning was randomly selected from the full lisin&fanings. The order of trials
within blocks was randomised by the presentatidtwswme. In total then each novel
word appeared six times in this task.

The three blocks of word-meaning matching wererieéeed with two
blocks of cued recall. In these trials one of thsyecues (e.gc_thedrukgwas
presented on screen, and the task was to type icotinplete novel word. After the
response was completed, the correct word was gisglan the screen. Each novel
word appeared once in each block, resulting irtal td two exposures per word in
this task. Hence across both training tasks eachlmeord was seen eight times.
This level of exposure was chosen based on pstinggin order to reach a level of
performance in cued recall and recall of meanihgswas above chance but not at
ceiling. This was important to make sure differenaeross the conditions were not
obscured by floor or ceiling effects.

The test session included cued recall followed legmnmng recall. The cued
recall trials were identical to the training phaseept that no feedback was given
and the cues provided fewer letters (e.g.,h_d_u_} making the task more

challenging. Cues were presented in random ordégr e response was
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completed, participants were asked to rate thecdltfy of recalling that particular
word on a scale from 1 to 7, with 1 being very easg 7 being very difficult. The
response was made by typing the number using tizoked.

In the meaning recall task a complete novel word pr@&sented on screen,
and participants were asked to type in the full mragof the word. Again, once the
response was completed, a rating was made regatdirgjfficulty of recalling the
meaning. There was no time pressure in eitherr#ueing or test tasks. All stimuli
were presented using E-prime 1.2, which also c@tethe responses, running on a
Windows XP PC.

Participants

30 students and staff from the University of Yogtipated in the
experiment (8 males, 5 left-handed), with a meana@0.0 (range = 18-31). All
participants were native English speakers, reparteldnguage-related disorders,

and received course credit or cash payment.

2.2.2 Results

Data analysis

Most tasks in this experiment produced accuracg,dhat is, participants
made a response that was either correct or indoAkésuch data in this experiment
and all following experiments in this thesis wenalgsed using logistic regression,
which has been argued to be more appropriate asdikely to result in type | or
type 1l errors than applying analysis of variand®&QVA) on proportional data,
even if the proportional data are arcsine corre¢ladger, 2008). Furthermore, |
used mixed-effects models in order to simultangoas$ess by-items and by-
subjects effects (Baayen, Davidson, & Bates, 28@&yen, 2008). These analyses
were carried out in R version 2.5.1 (R Developn@nte Team, 2007) using the
Imedpackage (Bates, 2005). Whenever appropriate)udied subjects and items as
random effects. Whether random slopes for the fedéects by subjects and/or items
were useful was determined for each model indiMigily carrying out log-
likelihood ratio (LLR) tests to find the randomtfs structure that significantly
increased the goodness of fit of the model oveodehwith no or fewer random

slopes, within the limits of each data set (versnptex random structures require
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larger data sets than used in this thesis). Thetexaicture used in each case is
reported in the text.

In building the fixed factors structure, a stratégged on model
simplification was followed. A full model with thiexed factors of interest and all
interactions was considered first. Interactionsohncluded significant (p < .05)
contrasts were kept in the model, otherwise thengwleopped. Elimination of non-
significant interactions started with highest oroieeractions. Marginally significant
(p < .06) effects were kept in the model if they wérearetically motivated. Also,
when a variable’s inclusion in the random effeaicure significantly increased the
fit of the model, that variable was retained asxed factor as well, regardless of
whether it was significant (Baayen, 2008).

For each fixed effect | report the estimated caoedfit (b), the t- or z-statistic
associated with the coefficient, and the p-valugedaon the t- or z-statistic. While p-
values are automatically provided by thee4package for the mixed-effects version
of logistic regression, this is not the case inlihear models which are used in later
experiments to analyse reaction time data. In thetances Markov Chain Monte
Carlo (MCMC) simulations were used to estimate jp@s, using theval s. f nc
function provided in théanguageRpackage (see Baayen, Davidson, & Bates, 2008).
In this thesis | will generally not report the c@énts and their statistics for non-
significant results (where p > .05), except if #iee is marginally significant (g
.06). Instead | shall simply state that the effecjuestion was non-significant.
Weaker effects than that will be described in detaly if they are motivated by
experimental predictions. The p-values reportethéntext are uncorrected for
multiple comparisons. However, Bonferroni correcafzha levels were also
calculated based on the number of contrasts exanmneach model. In the text each
uncorrected p-value that does not reach signifiedrased on the corrected alpha
level is marked with the symbbl This strategy gives the reader accurate
information about the significance levels whilecadgving information about the

robustness of each contrast in the face of multphaparisons.

% An alternative strategy would be to evaluate fgaiicance of a simple effect or an interactioreas
whole through model comparison using LLR tests. elosv, LLR tests for fixed factors have been
argued to be unreliable (e.g., Bolker et al., 2008g strategy used in this thesis follows that of
Baayen (2008).
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Chapter 2

All reaction time analyses were carried out ontltagsformed data, in order
to satisfy the assumption of normality, and to kedthe effect of outliers (Baayen,
2008). Data in figures has been re-transformeddiitate interpretation. In all
figures in this thesis error bars represent stahdaor (uncorrected for within-

participants contrasts).

Training data

Accuracy in the word-meaning training task was gsed to see if the items
in the different word conditions (Figure 1, leftned) were learned equally well
during training. A mixed-effects logistic regregsimodel with subjects and items as
random factors, and word type (neighbour-consisteighbour-inconsistent, non-
neighbour) and training trial (six word-meanin@ls) as fixed factors was fitted. No
interaction between word type and trial was fourahce it was dropped from the
model. Contrasts focusing on the main effect ofditgpe showed significantly
more accurate performance to neighbour-consisterdsithan either neighbour-
inconsistent (b =-0.740, z = -7.05, p < .001)pon-neighbours (b = -0.617,
z =-5.48, p <.001). No significant difference Wasnd between neighbour-

inconsistent and non-neighbour conditions.

WORD-MEANING MATCHING CUED RECALL

g 0.7+
S 0.6
505
S 0.4 A
&
. . g 037
—— Neighbour-Consistent 02 1 —e— Neighbour-Consistent
o= Neighbour-Inconsistent ' --<0-- Neighbour-Inconsistent
—=— Non-neighbour 0.1 —&— Non-neighbour
0
1 2 3 4 5 6 Block 1 Block 2
Trial Block

Figure 1. Accuracy rates in training tasks. Error bars represent standard error of the means.

Effect of trial was evaluated next. Accuracy impgd\significantly from
trial 1 to trial 2 (b = 1.253, z = 11.33, p < .00ftdm trial 2 to trial 3 (b = 0.350,
z=263,p= .OOB, from trial 3 to trial 4 (b = 0.556, z = 3.51<p001), from trial 4
to trial 5 (b = 0.648, z = 3.17, p = .002), but huother from trial 5 to trial 6.
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Although the interaction between word type and feded to reach
significance, visual inspection of Figure 1 suggelkat performance on the three
word types may have converged at trial 6. This stagported by calculating word
type contrasts at each trial individually. At tr@lthe difference between neighbour-
consistent and non-neighbours was not signifidart (.212, z = 0.48, p = .63),
although the difference between neighbour-condisted neighbour-inconsistent
approached significance (b = 0.750, z = 1.88, &Y.. There was no difference
between neighbour-inconsistent and non-neighbawmaking at the remaining five
trials, the difference between consistent and iasd@nt neighbours was significant
at all trials (trial 1: b = 0.562, z = 3.43, p ©10 trial 2: b = 0.600, z = 2.70,

p = .007, trial 3: b = 0.887, z = 3.31, p = .001, trialb4= 1.156, z = 3.19, p = .001,
trial 5: b = 1.628, z = 2.90, p = .004Similarly, the difference between consistent
neighbours and non-neighbours was significantlatials (trial 1: b = 0.523,
z=13.09, p=.002, trial 2: b = 0.433, z = 1.8% [©6, trial 3: b = 0.783, z = 2.86,
p = .004, trial 4: b = 1.080, z = 2.94, p = .003, trialb= 1.505, z = 2.66, p = .008
The difference between non-neighbours and incargisteighbours was non-
significant in these trials.

Data from the two cued recall training blocks de® @resented in Figure 1
(right panel). Block (block 1 and block 2) and wayge (neighbour-consistent,
neighbour-inconsistent, non-neighbour) were entaeefixed factors, and subjects
and items as random factors. There was no signifioéeraction between the two
fixed factors, so the interaction was dropped. Recauracy for non-neighbours
was significantly worse than either for consistegighbours (b = 0.871, z = 3.47,
p <.001), or for inconsistent neighbours (b = @,81= 3.26, p < .001). There was
no significant difference between the two neighbmunditions. Performance overall
improved significantly from block 1 to block 2 (b1=030, z = 9.48, p < .001).

Test data

Figure 2 shows the proportion of accurately redafievel word objects in
the different word conditions, for participants witid the immediate test, and for
participants who did the delayed test one day [@ry-axis). A mixed-effects
logistic regression model with word type (neighboansistent, neighbour-
inconsistent, non-neighbour) and time of testimgnfiediate vs. delayed) as fixed

factors and subjects and items as random facteesled an interaction between
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time of testing and word type. Hence the effeawofd type was first evaluated at
both test times individually. Recall rates werengfigantly higher for consistent
neighbours compared both to inconsistent neighbagshon-neighbours: this was
the case both in the immediate test (b = -0.666;226, p = .02 b = -0.919,
z=2.90, p < .0% and the delayed test (b = -1.012, z = -4.14,@04. b = -0.588,
z=1.97, p = .049. Looking at the contrast between inconsistengimedurs and
non-neighbours, no significant difference was founthe immediate test or the
delayed test. Looking next at the effect of timéesiting, equally good performance
was found at both test times in the consistenthieEigr and non-neighbour
conditions, but in the inconsistent neighbours d@iordthere was a significant
benefit for immediate testing (b = 1.163, z = 245, .01).

—— Immediate test
09 T+ —+ Delayed test
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._\
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Neighbour- Neighbour-  Non-neighbour Neighbour- Neighbour-  Non-neighbour
Consistent  Inconsistent Consistent  Inconsistent

Figure 2. Recall of novel word meanings at test. Eor bars represent standard error of the
means.

The right y-axis in Figure 2 shows the number atdees recalled in the
different types of novel words and at the differesst times. Logistic regression in
this case is inappropriate as there are threelgessitcomes: a participant can
recall 0, 1, or 2 features for each word. An ANO¥@uld be used but is unreliable
with count data. Hence ordinal logistic regressi@s used (Baayen, 2008; Hosmer
& Lemeshow, 2000). This allows for three levelsfare) of the dependent variable
and consideration of the ordinal relationship betmvthe variables. Note that at the

time of writing ordinal logistic regression is rentailable as a mixed model. The
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regression with word type (neighbour-consistenigmgour-inconsistent, non-
neighbour) and time of testing (immediate vs. dethyas fixed effects showed no
significant interaction contrasts, hence the inteoa was dropped. The simplified
model showed that more features were recalleddosistent neighbours than for
inconsistent neighbours (b =-0.598, z = -4.27,.034) or for non-neighbours (b =
-0.488, z = 3.48, p <.001). No significant diffiece was found between inconsistent
neighbours and non-neighbours. The contrast bettmetwo testing times was
significant (b =-0.928, z = -8.02, p < .001), doming that participants who were
immediately tested recalled more features thanqggaaints who were tested a day
after training.

Figure 3 shows the cued recall data at test. A dheféects logistic
regression with word type (neighbour-consistenigmgour-inconsistent, non-
neighbour) and time of testing (immediate vs. detyas fixed effects, and subjects
and items as random effects showed no significaatactions between the fixed
effects, hence the interaction was dropped. Mocerate responses were made to
consistent neighbours than to inconsistent neigtsb(u= -0.464, z = -2.53, p = .01)
or non-neighbours (b =-1.207, z = -3.40, p < .0@hy to inconsistent neighbours
compared to non-neighbours (b = -0.630, z = 2.08,@). The effect of time of

testing did not reach significance.

14 .
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Neighbour-Consistent Neighbour- Non-neighbour
Inconsistent

Figure 3. Accuracy of cued recall at test. Error bas represent standard error of the means.

The difficulty ratings were also analysed with oalilogistic regression,
with the rating (1-7) as the outcome variable, aodd type (neighbour-consistent,
neighbour-inconsistent, non-neighbour) and timeesfing (immediate vs. delayed)

as predictor variables. Table 1 shows the meangsfor both tasks at immediate
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and delayed test. In the meaning recall data tteedation between the predictors
was non-significant and hence was dropped. Paatitsprated the recall of meanings
significantly more difficult in the delayed testrmhition than in the immediate
condition (b = 0.471, z = 4.36, p < .001). Non-idaigurs and inconsistent
neighbours were rated equally difficult, but thesistent neighbours were rated
significantly easier to recall than inconsistenghbours (b = 0.674, z = 5.16,

p <.001) or non-neighbours (b = 0.735, z = 5.55,.901). In the cued recall data,
the interaction between the predictor variablesndidshow significant effects, and
was dropped. Time of testing had no significane@ffand non-neighbours and
inconsistent neighbours were found equally diffictihe consistent neighbours were
again rated significantly easier to recall tharomgistent neighbours (b = 0.265,

z =2.01, p = .09 or non-neighbours (b = 0.465, z = 3.55, p < .001)

Table 1. Mean difficulty ratings in meaning recalland cued recall.

Neighbour - Neighbour - Non-neighbour
Consistent Inconsistent
Meaning recall Immediate 3.14 (0.28) 3.93(0.38) 4.02 (0.34)
Delayed 3.68 (0.20) 4.39 (0.25) 4.43 (0.31)
Cued recall Immediate 3.83(0.28) 4.34 (0.27) 4.46 (0.25)
Delayed 4.12 (0.20) 4.25 (0.19) 4.65 (0.17)

Note: 1 = very easy, 7 = very difficult. Standamioe in parentheses.

2.2.3 Discussion

The main aim of Experiment 1 was to see if the vas@l meaning affects
learning of novel words. This would support the diyyesis that neighbour novel
words inherit the meaning of their base words. Data training and testing
supported this idea. In semantic training (word-nveg matching task), neighbours
whose meaning was consistent with the base woraimgavere learned faster and
to a higher accuracy. In fact, the advantage was gem the very beginning of
training, with the meaning of consistent neighbduemg recognised correctly 72%
of the time on the first exposure. This is in caastrto significantly lower accuracies
of 60% for inconsistent neighbours, and 61% for-nemghbours. This suggests that
participants very quickly noticed the relationshgtween novel and base word

meanings and were able to take advantage ofliteiitase of consistent neighbours.
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However, one might still wonder why the two othenditions were above chance
levels too. This is most parsimoniously explaingdHe fact that when a novel word
was presented with an incorrect meaning, that mgamnas randomly selected from
the pool of meanings participants were being tiiim. In other words, in some
trials participants were able to reject an incdrreeaning based on learning in a
previous trial that the same meaning was assignadiifferent word.

In the cued recall training task the semantic ciaacy factor had no
effect. Here a significant advantage was seendhtours over non-neighbours.
This is unsurprising since in the orthographic faimeighbours can be supported
by knowledge of the base word forms, and this thdkot require retrieval of the
word meaning.

A similar picture emerges from looking at the w@sta. In both recall of
novel word objects and features a clear advantageseen for consistent
neighbours. No difference was found between thedwvalitions where the
meaning-form mapping is inconsistent, and theseamaies were also reflected in
subjective difficulty ratings. The cued recall datamfirm the observation from
training that recall of neighbour forms is supetmrecall of non-neighbour forms.
Perhaps surprisingly an effect of semantic mantmnavas seen in this task too.
The forms of consistent neighbours were recallgétebthan inconsistent
neighbours. This was supported by participantstcije evaluation of recall
difficulty. The effect is interesting since cueda# does not explicitly require access
to word meaning.

There are a couple of possible mechanisms throumthvbetter form
learning would be obtained in one semantic conalitieer the other. For example,
the more difficult condition might be expected ¢ésult in more effort being
allocated during learning. This however would m#ieopposite prediction about
the outcome, with better performance in the incstesit meaning-form condition.
On a somewhat similar account, it could be thas#raantic relationship between
form and meaning drew participants’ attention ® fisrm during training more than
in the inconsistent case. In the consistent camditie word form is a useful cue to
meaning, whereas in the inconsistent conditios & hindrance as the form provides
an incorrect cue to meaning. This latter explamatn@akes the correct prediction

about test performance.
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Time of testing also had an effect in meaning te&nificantly more
features were recalled in the immediate test. Tleetewent in the same direction in
recall of objects, although failed to reach sigrafice. In the cued recall however
there was no evidence of time of testing makingfarence. The overall level of
performance was lower in cued recall than in meganécall, but not low enough to
justify worries about a floor effect masking aneetfof time. Thus it seems that
explicit recall of novel word meanings is pronddogetting over time, but explicit
recall of novel word forms is more resistant. linkeresting to contrast this latter
finding with the data from Dumay and Gaskell (20@/Hp in a free recall task of
novel meaningless words showed a performance inepnent over a night of sleep
which followed shortly after training, and a nogtsficant decrement over the
course of a day spent awake after training. Ther® mo evidence in the current
experiment of a performance enhancement over thisemf a 24 hour period which
presumably included sleep for all participants.sTiight indicate that the time
between learning and the onset of sleep may bertanoIn the current experiment
participants were trained during the day, and ribksly spent several hours awake
before going to sleep in the evening. This perivdke may have resulted in
memory decay as seen in Dumay and Gaskell (200meSuthors have suggested
that sleep may restore decay occurring during #ye(é.g., Fenn, Nusbaum, &
Margoliash, 2003). If this is accurate, then passible that participants in the
current experiment experienced a decay after trgjriollowed by a restoration of
the decayed memory trace during sleep, resultirgpparently unchanged
performance when tested one day after initial ingnThe participants who were
tested immediately after training on the other haad not experienced any decay
yet. A further implication of this account would theat explicit memory for word
meanings does not get restored overnight. The nedithis experiment does not
allow a critical evaluation of these hypotheses,tbe different effect of time on
semantic and form learning is interesting, and lalldiscussed in more detail in the
following chapters. It is also worth noting thagttircadian time of testing was not
controlled for in this or the other experimentsaed in this thesis. Young adults
are at their cognitive peak in the afternoon omawg (Hasher, Goldstein & May,
2005) hence time of testing may have affectedekalts. However, it is likely that
all circadian times (encompassing morning and aften) were represented and thus

the effects of circadian factors would have careckedut.
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Experiment 1 showed clearly that the distinctiotwsen neighbours and
non-neighbours has implications for explicit woedrdning, and thus is worth
examining in an experiment looking at lexical ineggn. The experiment also
presented evidence of participants being able tceraae of the base word meanings
in learning overlapping novel words. This lendgHer support to the hypothesis that
neighbour novel words evoke the meanings of the beasds from which they were
derived, and that this may explain why lexical gragion has been observed in
neighbours in the absence of given meaning. Thietesis will be put to a more
stringent test in the following experiments usimggeptual learning as a measure of
lexical integration. Experiment 3 was a replicatadrihe Leach and Samuel (2007)
non-semantic condition, teaching participants maighbours and non-neighbours,
and evaluating perceptual learning in both grogpagately. If the neighbours retain
enough semantic content from the base words, illdhme possible to see lexical
integration in these words but not in the non-nkeahs. However, before moving
on to that experiment, Experiment 2 was carried@generate and pre-test the

necessary materials for perceptual learning.

2.3 Experiment 2

The primary aim of Experiment 2 was to generatetasambiguous
phonemes and phoneme continua to be used in Exgrari®nand to make sure
perceptual learning could be observed using thederrals with real words. This
experiment afforded an opportunity to also lookirae course related issues in
perceptual learning. It is now well established tha shift in phoneme boundaries
caused by perceptual learning occurs immediatédy akposure to the ambiguous
phoneme in real word context. Furthermore, EisndrMcQueen (2006) showed
that the effect does not benefit from passagenwd tiluring 12 hours, even if that
time largely consists of sleep. In their experimeait of the participants were
exposed to the ambiguous phoneme in the evenigotier half in the morning.
Phoneme categorisation was tested immediately ef@ysure and 12 hours later.
Hence only the evening group got to sleep prighésecond test. Both groups
showed a categorisation shift immediately aftening and an equally strong effect
in the second test. While this shows that sleefheriirst night after exposure does
not significantly increase the effect, it does cmtpletely rule out a role for offline
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consolidation, which may operate over a longer tomerse. One purpose of
Experiment 2 was to extend these findings by evaigahe effect one day and one
week after initial exposure. If perceptual learnindy does not benefit from offline
consolidation, then the effect should not growrsger at this longer time course.
Alternatively, while the effect may remain stablgha 24 hours, it may disappear
in the longer term, as no more exposure to the gmabis phoneme is provided.

One consolidation-related aspect of perceptuahiegrwhich has not been
examined yet is the time course of generalisatioaljic and Samuel (2006)
reported an experiment where participants heardsvaith an ambiguous /?dt/
phoneme. As expected, participants who heard thegamus phoneme in a lexical
context biasing /t/ were in a following phonemeegatrisation task more likely to
categorise sounds on a /t/ - /d/ continuum a€rticially, when these participants
categorised a /p/ - /b/ continuum, they tendectgpond /p/. Kraljic and Samuel
argued that this is an instance of generalisatiohoth contrasts the voiceless
sounds (i.e., /t/ and /p/) have longer pre-relesdsace and longer aspiration than
their voiced counterparts. Hence it appears thdicgaants learned something not
only about the phonemes in particular to which tiveye exposed to, but rather
about the parameters of pre-release silence am@@sp used by the particular
speaker. The effect was seen immediately afteexpesure phase, but was not
tested again later. In the current experimentithe tourse of perceptual learning
caused by generalisation was tracked immediatéty akposure, the following day,
and one week later. If re-tuning as a result ofegalmsation is weaker than re-tuning
resulting from direct exposure to the relevant @mas, the generalised effect may
decay faster. Alternatively it may benefit from gage of time if the initial effect is
weak and can be consolidated. This latter viewpperted by Fenn et al. (2003)
who have argued that sleep-dependent consolidatiparticularly helpful in
generalising phonological learning to new lexiaahiexts (see Chapter 3 for a
detailed description of this study).

In the current experiment participants first congdiean exposure task where
they were exposed to real words ending in /t/ dhdahd where one of these critical
phonemes was replaced with the ambiguous sountl é2glawar[?dt]. The
exposure task used here was an old/new categondask, where participants were
instructed to memorise a study list of auditoritggented words, followed by a test

list which included the study words intermixed wiilfers. The task was to
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discriminate between the old and new items in déisélist. Participants were not told
about the phonemic ambiguity manipulation. The expe phase was followed by a
phoneme categorisation test on three continualdt/ /p/ - /b/, and /s/ - /fl.
Perceptual learning effects should be observeth@ritt - /d/ continuum. According
to Kraljic and Samuel (2006) generalisation shaltw take place, and an effect
should be found on the /p/ - /b/ continuum as wiéie /s/ - /f/ continuum was
included as a control that should show no effedt dses not share any phonetic
features with /t/ - /d/ that might give rise to gealisation.

2.3.1 Stimulus construction and pre-test

A pre-test was carried out to construct the phoneaméinua and to choose
the ambiguous phoneme to be used in this and tleeving experiment. For this
pre-test multiple tokens of the syllable8,//ed/, kp/, b/, kf/, and £s/ were
recorded by a native English speaker in a soundffrooth onto a CD, using a
Sennheiser ME40 microphone, and a Marantz CDR300ec@rder. The recordings
were then copied to a PC (mono, 44 kHz sample watk,16 bit resolution), and
edited using Adobe Audition 1.0. The /s/-/f/ contim was created by choosing a
good token ofdf/ and £s/, and excising the frication noise from the vqwelkting
from a zero-crossing at the onset of frication, ahd zero-crossing close to the end
of frication, so that both the /f/ and /s/ soundsev221 ms long. A 21-step
continuum was created by adding the amplitude8 ahd /s/ in different
proportions, starting from a clear /f/ (100% /@ @s/) to a clear /s/ (0% /f/, 100%
/sl) in increments of 5%. Because the /s/ sounddeasnant, the amplitude of the
original /s/ token was reduced by 5 dB before tlvang.

The /t/-/d/ continuum was created by selectingpme®entative token ofd/
and £t/, and the two tokens were aligned with regarth&r respective consonant
bursts. The /d/ was excised from the vowel at a-zevssing at the onset of
prevoicing. The /t/ was excised from the vowel abat in the pre-burst silence
such that the duration of pre-burst silence mat¢hatiduration of prevoicing in the
/d/-token, and that the two phoneme tokens wethefame duration (169 ms)
overall. A 21-step continuum was created in theesauas as above. The /t/ sound

was more dominating, so it was attenuated by 5efBrb mixing.
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The /p/-/b/ continuum was created in the same gaha /t/-/d/ one. Here
both tokens were trimmed to be 156 ms in duratmal, a 21-step continuum was
created. The /b/ sound was found to be more domg#tan /p/, hence the
amplitude of /p/ was increased by 5 dB before ngxin

After the consonant continua were created, eaghasteeach continuum was
spliced onto are/ context, where the vowel was taken from a recaydif £k/, to
minimise the biasing effect of coarticulatory cueshe vowel.

Eleven steps from each continuum were used inrigst. These ranged
from one clear end to the other, in 10% incremdfas.each of the three continua,
ten lists consisting of one token of each step wezated, and the order of items
within lists was randomised. These ten lists wergcatenated into one long
experimental list, resulting in ten repetitionseatch step on a continuum. This
process was carried out for each of the three woatiThe order of presentation of
the three continua within the pre-test sessionlvedanced so that each continuum
was presented first, second, and third an equabeuwf times, and that each
continuum was both preceded and followed by angratbntinuum an equal number
of times. Presentation of each continuum blocketiwith a practice block which
consisted of one presentation of each step ofdgh&rmium, in random order.

Twelve native English speakers (mean age = 194€ff-banded, 4 male)
completed the pre-test in exchange for course tcoediash. E-prime 1.1 running on
a Windows XP PC was used for stimulus delivery msghonse collection. A trial
started with the presentation of an auditory tofeeg., £s/), presented over
headphones (Beyerdynamic DT 770), and participaate told to identify the
consonant as quickly and as accurately as posgiliteal would last at most 2.6 s
from the onset of the sound, or be terminatedrasponse. The interstimulus
interval (IS1), i.e. time between a response argktbof a new sound, was 500 ms.
Responses were made on a standard computer keyldae six keys were
labelled as “T”, “D”, “S”, “F”, “P”, and “B”. For e@ch phoneme pair, one key would
be on the left side of the keyboard, and the atinethe right side. Participants were
asked to use their left hand to respond to theklsfs, and the right hand to respond
to the right keys. The allocation of response®tbadnd right sides was switched for
half of the participants. The overall duration loé¢ tsession was 15 minutes.

The responses made by participants within thetirregd limit were recorded,

and plotted as percentage of /b/-, /d/-, or /fpagsses, as a function of step on the
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continua. These data indicated that for the /ptdmtinuum the most ambiguous
step (categorised as /b/, /d/, or /f/ 50% of theedi was 45% /b/ mixed with 55% /p/,
for the /t/-/d/ continuum it was 40% /d/ mixed wBd% /t/, and for the /s/-/f/
continuum it was 65% /f/ mixed with 35% /s/. Figdrehows the categorisation data
for the three continua. The continuum point mank&ti a solid arrow was the one
used as the ambiguous phoneme in this and theerpgtiment. Following Eisner
and McQueen'’s (2006) method, four steps of interatecambiguity were also
selected, in which the phoneme was classified/agdit or /f/ for about 10%, 30%,
70% and 90% of the time. These points are mark#udashed lines in Figure 4. As
that figure shows, due to the properties of theedght continua it was impossible to
pick steps that perfectly matched the 10, 30, 8090 percent points, hence the step
coming closest to these points was always chodemfifiely dashed points were
added in the continua used in Experiment 3 to sacbanpletely unambiguous, clear

continuum end points.

100 Ipl - bl 100 - Isi - fil
90 - 90
80 - 80
70 4 70 4
60 - 60
50 - 50
40 - 40
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100 4 it/ - /df

l Most ambiguous step
| Intermediate ambiguity

Clear end of continuum

0 10 20 30 40 50 60 70 80 90 100
% of /d/

Figure 4. Categorisation functions for three contila in pre-test.
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2.3.2 Method

Materials

Nineteen words ending in a /d/ sound were chosen, ésvard). All words
included only this one occurrence of the targetngimee. The words were bi- or
trisyllabic (M = 2.1), with a mean number of phoresof 5.0 (range 4-7). The
frequencies of the words were fairly low, in ortiemake them better comparable to
the base words used in Experiment 3, with a medrEGHrequency (Baayen,
Piepenbrock, & van Rijn, 1995) of 9 occurrencesmiiion (range 2-30). None of
the words ended in a consonant cluster. This cbwae added to facilitate the
creation of ambiguous endings.

Nineteen words ending in a /t/ sound were also@h@s.gacutg. This was
again the only position where the target phonenuédooccur. The properties of
these words were matched with those of the /d/rendiords, in terms of frequency
(M = 8.9, range 2-28), number of phonemes (M = &afge 4-7), and number of
syllables (M = 2.2, range 2-3). Again, none of wards ended in a consonant
cluster. The two sets were also matched on stassrp, in both sets the stress fell
on the first syllable six out of nineteen times.Ndmf the experimental words
included the phonemes /b/, Ip/, Ifl, Isl, Ivl,dr Eee Appendix 2 for the word
stimuli.

Ambiguous versions of the critical stimuli were ated by replacing the final
phoneme of the words with an ambiguous phonem#)/7the ambiguous phoneme
was one which participants in the pre-test catsgdras /t/ about 50% of the time
and as /d/ in the remaining trials (see Figureofid aarrow).

Thirty-eight filler items were selected for the tdw categorisation task, to
act as the new items. These were matched to theriengntal words on frequency
(M = 8.8, range 2-25), number of phonemes (M = &afge 4-7), and number of
syllables (M = 2.3, range 2-3). None of the fillersluded the phonemes /t/, /d/, /p/,
Ibl, Iil, Isl, VI, or /zl.

Design

Participants were randomly allocated to two gro@se group was exposed
to the /d/-ending words in the ambiguous conditaorg to the /t/-ending
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unambiguous words. A second group was exposed bogaous /t/-ending words,
and unambiguous /d/-ending words.

On day 1, all participants carried out the old/reategorisation task, the
purpose of which was to expose participants tathbiguous phoneme.
Immediately after this task, they were tested @vth/d/ continuum, as well as a /p/-
/bl and /f/-/s/ continua. This phoneme categosatask was repeated on days 2 and
8.

Procedure

Old/new categorisatiorParticipants were presented with two lists of vgord
auditorily, list 1 included both the 19 /d/-endiagd the 19 /t/-ending words, one of
these word groups ended in an ambiguous soundciparits were asked to listen to
the words in this list carefully, in anticipatioharecognition task. List 1 (study list)
was followed by list 2 (test list), where the peigant was asked to decide for each
word whether it was an old item (a word heardsh1i) or a new item (a word not
heard in list 1). The test list included all wotd=ard in list 1, and 38 filler words.
The response was made by pressing a key on a kelybabelled OLD or NEW.
The stimuli were presented and responses colldsté&dprime 1.1 running on a
Windows XP PC. High-quality headphones were usieausiis delivery
(Beyerdynamic DT 770).

In list 1 the words were presented with a 2000 &isParticipants were not
required to make any overt responses to the worttsgs list. The order of items was
randomised for each participant by the softwardistr? a word was presented
followed by a screen asking a response to be ni@de ¢r New?”). Unlimited time
was given to make this response. The next wordpresented 1000 ms after a
response was made. The order of presentation veas ndomised for each
participant.

At the end of this task, each participant had hda@dmbiguous phoneme
carried in the biasing words 19 times in list 1 agdin 19 times in list 2, giving a
total of 38 exposures. This is close to the orighharris et al. (2003) study where
the number of exposures was 20.

Phoneme categorisatioRarticipants heard multiple tokens ad/and ét/ on
a /t/-/d/ continuum and were asked to classify éakbn as a /d/ or a /t/. They also

heard /p/-/b/ and /s/-/f/ continua. The /s/-/f/ toaum was always followed by the
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/p/-Ibl continuum, which was followed by the /t/-ntinuum. This order was
adopted to avoid carryover effects from categogi¢ifi/d/, as in Kraljic and Samuel
(2006).

All three continua consisted of five steps, rangnagn a phoneme which in
the pre-test was identified as /p/, /f/, or /t/ 96%4he time (step 1), to a phoneme
which was identified as /b/, /s/, or /d/ 90% of timee (step 5, see Figure 4). Step 3
was the most ambiguous phoneme, and steps 2 aerdedintermediate between the
most ambiguous and the extremes.

For each phoneme pair, ten lists of the five stepandom order were
concatenated into a final list of 50 trials. Hetloe phoneme categorisation phase of
the experiment consisted of 150 trials in totale Phhonemes were presented with an
ISI of 2000 ms. Participants were asked to categdhie phonemes by pressing a
key on the keyboard labelled as “P” or “B” in thpé-/b/ continuum, “F” or “S” in the
/sl-/fl continuum, and “T” or “D” in the /t/-/d/ aginuum. They were asked to
respond as quickly and as accurately as possibke/ff; /b/, and /d/ responses were
always made with the left hand, the opposite resg®mvith the right hand.

Participants

Forty-two native English speaking University of Xatudents participated
in the experiment. Out of these, five failed to gdete all sessions, and their data
were excluded. One further participant was excluserhuse they had failed to
respond to a large number of trials in the phoneategorisation task (34% in the
/sl-fl continuum). Hence the final number of papgants was 36 (5 male, 4 left-
handed, mean age = 19.5, range = 18-23). The ipanits were paid or received
course credit. Two participants’ data were remdvenh the /s/-/f/ continuum as
they failed to categorise these sounds (90% — 100%4 responses to all steps of

the continuum on one or more days).

2.3.3 Results

Figure 5 shows the categorisation functions for/the/d/ continuum as
percentage of /t/-responses. Participants who htardmbiguous phoneme in a /t/-
biasing context categorised phonemes in the ambggtegion (steps 2-4) more

often as /t/ than did the participants who had éh¢ae ambiguous phoneme in a /d/-
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biasing context. This seemed to be the case thralé sessions. A mixed-effects
logistic regression model including participantsaasndom effect, and bias (/t/-bias
vs. /d/-bias), step (three middle steps of theinanoim), and day of testing (days 1,
2, 8) as fixed effects was built. | focus on thebaguous range of the continuum as
there should not be an effect of bias at the emutpof the continuum (same

strategy was used by Leach and Samuel).
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Figure 5. Phoneme categorisation data from clear /do clear /t/. Error bars represent standard
error of the means.

In the following analyses /d/-, /b/-, and /f/-resges were coded as “success” and
Itl-, Ip/-, and /s/-responses as “failure” (thi®ormation is relevant only for the
purposes of interpreting the b-values, in otherdsdram measuring the likelihood
of observing a /d/-response, positive b-valuegotthn increase in this likelihood,
and negative values reflect a decrease in thisHibked). LLR tests indicated that
including subject-specific slopes for day and stepeased the fit of the model. The
full model with all main effects and interactiof®gved no significant interaction

contrasts, so these were dropped. The most integexfect in this analysis was that
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of bias, which showed that participants who haddhéze ambiguous sound in a /t/-

biasing context were significantly less likely tspond /d/ than participants exposed

% Ip/ responses

% Ip/ responses

to the same sound in a /d/-biasing context (b 218,z = -2.63, p = 008

Unsurprisingly, the effect of step showed thatipgrants were less likely to
respond /d/ as the continuum moved towards /t/dikends (step 2 vs. step 3:
b=-1.722,z=-16.30, p <.001, step 3 vs. stdp=4-1.533, z =-10.72, p < .001).
The effect of day suggested that people were nikeby Ito respond /d/ on day 3,
compared to the first day (b = 0.342, z = 2.02,.p45).

Although none of the interaction contrasts involylsias and day reached
significance, it was worth evaluating the effecbads on each day separately, to
make sure the effect remains robust over time.ifjfafecant interactions were
found between bias and step on any of the threg. ddne effect of bias was
significant on all three days (day 1: b = -0.996, 2.43, p = .02 day 2: -0.711,
z=-2.24,p=.03day8: b=-0.792, z=-2.70, p = .0p7
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Figure 6. Phoneme categorisation data from clear /lio clear /p/. Error bars represent standard
error of the means.
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In sum, this analysis showed that, as expectedeparal learning was found on all
three days, as indicated by the effect of biasherthree days.

Responses on the /p/ - /b/ continuum were analysgt(Figure 6). LLR
tests showed that subject-specific slopes for dengwvarranted. Here three-way
interaction contrasts showed that the change ecetff bias from step 2 to step 3
was significantly larger on day 2 than day 1 (b.585, z = 2.14, p = .0Bor day 3
(b =1.765, z = 2.35, p = .O2 reflecting the reduction in the effect of biassiep 3
on day 2. The same was true of step 4 (day 1 ys2dia = 2.179, z = 2.85, p = .004,
day 2 vs. day 3: b = 1.495, z = 1.90, p =pgeflecting an increase in the effect of
bias on day 2 at step 4, although in the unprediidbesction.

The three-way interactions showed that the patiedata changed across the
three days and steps, so each day was next algs@haeparately. On day 1 the
interaction between bias and step did not reactifgignce. The effect of bias
collapsed across steps failed to reach significamaewas also examined at each
step separately, and again did not reach signifiean any of the ambiguous steps.
Effects of step collapsed across the two bias graopfirmed that likelihood of
responding /p/ increased as the steps moved towbeais/p/ (step 2 vs. step 3:
b=-1.670,z=-6.91, p <.001, step 2 vs. stdp4:-4.071, z = -15.55, p < .001, step
3vs.step 4: b=-2.402, z=-12.01, p <.001)aksady hinted by the three-way
interaction contrasts, on day 2 bias entered intmi@raction with step, whereby the
effect of bias was significantly larger at stepoPnpared to step 3 (b = 1.913,
z=3.29,p=.001), and step 4 (b = 2.431, z 9,308< .001). The difference in bias
between step 3 and 4 however did not reach sigmifie. Looking next at the effect
of bias at each step separately, the effect reasigadicance at step 2 (b = -1.800,
z =-2.42, p = .09 but was non-significant on the other two stepsnt@sts showed
that /p/-responses collapsed across the two baaggragain increased from step 2 to
step 3 (b=-1.881,z=-7.21, p <.001) and stép4-4.378, z = -15.34, p <.001),
and from step 3 to step 4 (b =-2.500, z = -111996,.001). On day 3 interaction
contrasts between step and bias showed that b&spat was significantly different
from step 2 (b = 1.409, z = 2.43, p ="pand step 3 (b = 1.107, z = 2.54, p =01
The effect of bias when evaluated at each stepathafailed to reach significance.
Collapsed across the bias groups, the effect pfagain confirmed that participants

made more /p/-responses at the steps approacleiag/pl (step 2 vs. step 3:
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b=-1.766, z=-6.98, p <.001, step 2 vs. stdp4:-4.654, z =-16.53, p < .001, step
3 vs. step 4: b =-2.888, z = -13.64, p < .001)s Hmalysis then did not reveal

reliable evidence for perceptual learning, as thexeof bias only reached

significance on one step on day 2.
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Figure 7. Phoneme categorisation data from clear//fo clear /s/. Error bars represent standard

error of the means.

Analysis of the /s/ - /f/ continuum revealed ncettvway interactions (Figure

7), so it was dropped. Bias did not enter intorext@on with step, so this two-way

interaction was dropped also. Bias by day inteoactiontrasts showed that the effect
of bias increased from day 1 to day 2 (b = 0.7693z67, p < .001) and from day 1
today 8 (b =1.627, z = 7.57, p < .001) but nghdicantly from day 2 to day 8.

Step and day also interacted, showing that theriffce in proportion of /s/-

responses between step 2 and step 3 was smaliierydhthan it was on day 2

74



Chapter 2

(b =-0.678, z =-2.67, p = .03 and the same was true for the difference between
step 2 and step 4 (b =-1.137, z = -2.96, p = .0@8)further change in this regard
was seen from day 2 to day 8. Due to the effebiad interacting with day, each day
was further evaluated for individually. On day b,interaction was found between
bias and step, and the effect of bias collapseasasteps was non-significant, as it
was when examined at each step individually. Piiogoof /s/-responses did not
increase from step 2 to step 3, but did increasa Btep 2 to step 4 (b =-2.139,

z =-8.37, p <.001) and from step 3 to step 4 {h.891, z = -7.77, p < .001). No
interaction between bias and step was found orRdather, and here too the effect
of bias collapsed across steps was non-signifigant.12), as it was at each
individual step (this is somewhat surprising in ginesence of the day interaction,
however the crossover on step 4 from a /d/-biasidge to a disadvantage on day
2 increases the interaction but not the simplecefiébias. Also, the effect of bias
would be marginally significant in a one-tailed bs#s). Now /s/-responses
increased from step 2 to step 3 (b =-0.909, 283,49 < .001), from step 2 to step 4
(b =-3.471,z =-10.85, p <.001) and from ste¢p 8tep 4 (b =-2.567, z = -8.09,

p <.001). On day 8 no interactions were found,thateffect of bias collapsed
across the three steps now reached significanse {132, z = -2.50, p = .0 As
suggested by the lack of an interaction betwegnaste bias, the effect of bias was
significant at all ambiguous steps (step 2: b 968, z = -1.98, p = .048step 3:
b=-1.123,z=-2.26, p = .0tep 4: b =-1.915, z = -2.58, p = 'D1As on day 2,
/sl-responses again increased from step 2 to slep31.333, z = -7.27, p <.001),
from step 2 to step 4 (b =-3.695, z =-12.93,.p4), and from step 3 to step 4

(b =-2.349, z = -8.44, p < .001). To summarise,ahove analysis revealed an

unexpected perceptual learning effect on day 8.only

2.3.4 Discussion

The primary aim of Experiment 2 was to replicate lasic perceptual
learning effect with the ambiguous phonemes crefatethe current set of
experiments. This was achieved: people who in dpesure task heard /?dt/ in a
lexical context supporting a /d/ interpretatiorg(eaward) were more likely to

categorise ambiguous sounds on a /t/-/d/ continasird/ than people who heard the
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same /?dt/ in a context supporting /t/ (eagyte. The effect remained reliable one
day, and one week after the exposure task.

Kraljic and Samuel (2006) showed that a bias cceaieh /?dt/ extends to a
/p/-/bl continuum. People who were biased towardsére also biased towards
responding /p/ on a /p/-/b/ continuum. The datBxperiment 2 did not
unequivocally replicate this finding. A numericegnd for a bias in the /p/-/b/
continuum was observable on the first ambiguoys @&ep 2, see Figure 5), but it
reached statistical significance on day 2 only. Weeakness of this effect might be
explained by the choice of steps for this continudsiFigure 4 shows, the pre-test
data for this continuum were less clear than ferdther continua. The slope of the
categorisation function is shallower and shows tésscategorical shift. This may
reflect noise in the data and a lack of agreenretite point where participants
shifted from responding /p/ to /b/. Hence it isgibke that the sounds chosen to
make up the ambiguous region of the continuumemtiain experiment were not as
ambiguous as the same steps in the other containdeahis was why the trend was so
weak.

The emergence of a bias effect on day 8 in this/ftontinuum was
surprising. Here participants who heard the /?dit/tbiased condition categorised
the ambiguous /?fs/ as /s/ more often than thbid¥ed group. This continuum was
included as a control condition where no genertitisavas expected to occur, as /s/
and /f/ do not share the place or manner of adteut with /t/ and /d/, and both are
voiceless, so the voicing contrast should not engbheralisation either. One
possibility is that the ambiguous /?dt/ had sonogerties that made it resemble /s/
more than /f/. For example, the aspiration from/thes made unusually prominent
by the blending of the original /t/ and /d/ tokeasd this aspiration may resemble a
token of /s/. Repeated exposure to an /s/-like donay have resulted in increased
bias towards /s/. Figure 7 indicates that on dal} participants appeared to make
/s/-responses more than would be expected by cl{arteeen 60% and 70% at
steps 2 and 3). This bias seems to decrease follbwing days, but it is unclear
why it would decrease more for the /d/-biased pigdints. Possibly the repeated act
categorising the ambiguous /?dt/ as /d/ leads tbadeipants to ignore the
superfluous aspiration inherent in the ambiguousmdoThis issue would require

more experimental work with careful phonetic mafagion of the /?dt/ to be solved.
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In Experiment 2 the perceptual learning effect wlaserved immediately
after exposure, as was the case with the datategpby Eisner and McQueen
(2005). They also included a sleep manipulationrefto@e group of participants was
tested after sleep and another after the sameotimvakefulness. This manipulation
had no reliable effect, although perceptual leaymias numerically stronger in the
sleep group. In the current experiment a signifigeanceptual learning effect was
found immediately after exposure to the ambigudusui, and one day later. The
test was repeated one week after exposure, anditiadly observed perceptual
learning effect was still significant. There wasewidence of the effect either
increasing or decreasing over time. This suggéststhe effect is highly resistant to
decay. Eisner and McQueen argued that the fasiiag of phoneme
representations is an adaptation to the need tkiguadjust to new talker
idiosyncrasies and should be effortless also bectugsperceptual system is not
required to learn anything new, rather simply tjustthe processing of a certain
phoneme. This adjustment is optimal if it doesdegtend on consolidation and is
durable over long time periods. The current dataved it is indeed durable over
several days but there was no evidence of thetajfeaving stronger over a week,
further confirming that the perceptual learningeetfdoes not benefit from offline
consolidation in the short or the long term. It htie argued that since the only hint
of a generalised phoneme boundary shift on th&//p6ntinuum was only observed
on day 2 and disappeared by the last test sedsageneralised effect may in fact
benefit from consolidation initially but not remastatistically robust in the absence
of further exposure. This would suggest that thigairhippocampal memory of the
ambiguous phoneme is specific to the phoneme hedrdining, and can only be
generalised once a neocortical representationnsrgéed after consolidation.
However, the fact that the effect of bias was seamly one step of the continuum
on day 2 indicates that the effect may have beanaps. Future research should
shed more light on this issue.

2.4 Experiment 3

As outlined earlier, Experiment 3 was designedvidueate lexical integration
in both neighbour novel words, and non-neighbowehwords by means of
perceptual learning. A non-semantic training tasls wsed (phoneme monitoring),
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and perceptual learning effects were tested imngliafter the first training
session, and again one day later after a secamnthggasession. The second training
and testing session was included as Leach and $arda&a suggested that the
effect does not always reach statistical signifoeaafter only one day of training.
The Leach and Samuel (2007) findings predict nogggual learning in this
experiment since no meaning was given during tnginHowever, if neighbour
novel words evoke the meaning of their overlapiage words, perceptual learning
may be observed for these novel words only.

2.4.1 Method

Materials

Twelve neighbour novel words were chosen from igteof items used by
Tamminen and Gaskell (2008). The 12 novel wordsevadirbi- or trisyllabic (M =
2.6), with a length of 6.3 phonemes on averagegé&na7), and base word mean
frequency of 3.8 per million (range 2-9). Two verss of each neighbour novel word
were created, ending in a /t/ or /d/ (evgethanat, methanaftom base word
methana).

Twelve non-neighbour novel words were created kanging the first three
phonemes of the neighbour novel words describedeaf®g.piranat derived from
methanat These were pronounceable words, but they del/faben real words at an
earlier point than the neighbour novel words. Tagnbours deviated from real
words (their respective base words) on averageedifth phoneme, whereas the
newly created novel words deviated at the thirdngmee, hence making them more
dissimilar to any real words. Again, two versioffishese novel words were created,
ending in /t/ or /d/, as above. These materialpeagsented in Appendix 3.

Real words ending in /t/ and /d/ were also chosenef each. These were
used as fillers in list 1 of the exposure task.seniler words were matched with the
novel words in terms of number of syllables (M 3 and 2.5 for /t/ and /d/
respectively) and phonemes (M = 6.5 and 6.5 fand /d/ respectively). They
included no instances of the critical phonemestdpan the final position.

Finally, 12 more filler words were chosen to beduselist 2 as distracters.
These were matched to the novel words in numbesyltbles (M = 2.8) and

phonemes (M = 6.3). The frequency of list 2 filkesrds was overall similar to list 1
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filler words (M = 4.7 for list 2, M = 21.7 for lisk, but this is inflated by one item, M
= 8.9 without it). Twelve nonwords were derivednrdi- and trisyllabic real words
to act as nonword fillers in list 2, so as not take the novel words stand out. These
too were matched in number of syllables (M = 2 phonemes (M = 6.3) to the
other materials. None of the list 2 filler matesiaicluded the critical phonemes.
The stimuli were recorded by the same speaker ukggame equipment as
in Experiment 2. An ambiguous version of each nevald was created by replacing
the final phoneme of the words with an ambiguousngime. Same token of /?dt/

used in Experiment 2 was also used here.

Design

Novel word type was manipulated between-participantth half of the
participants learning neighbours and the other mati-neighbours. Half of the
participants within word type condition were expbs$e the /d/-ending version of the
novel words, and the other half to the /t/-endiegsion. Participants were randomly
allocated into these groups.

In Experiment 2 the critical test of perceptualiéag was in comparing
participants who had been biased to respond Midgxposure task with another
group who were biased to respond /d/. While thtkésmost commonly used design
in the perceptual learning literature, it has tweaknesses. Firstly, it provides no
pre-exposure baseline measure, hence it is thealtgtpossible, although unlikely,
that the difference between participant groups acasdental. Secondly, a between-
participants manipulation is statistically less poful than a within-participants
manipulation where participant-specific variatisrbrought under control. With
these considerations in mind, Experiment 3 usees&yd which allowed a within-
participants comparison. All participants compledgobseline phoneme
categorisation test prior to novel word trainingl @xposure to the ambiguous
stimuli. The phoneme categorisation task was regeat the end of the exposure
phase. One possible concern here is that expastine tategorisation task might
bias participants’ perception of the ambiguous @mo@in a similar way as
hypothesised in connection with Experiment 2 (. However, since different
groups in the present experiment were lexicallgdtowards /t/ or /d/, this

potential confound can be excluded if an effedbiat is seen in both groups.
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The experiment was carried out over two consecutayes. On day 1,
participants completed the phoneme categorisatvet(baseline and first post-
learning test), and carried out the first traingggsion and the exposure task. They
also completed a cued recall task to evaluate @kfg@arning of the novel word
forms. The second day was identical except that oné phoneme categorisation

task was included.

Procedure

Phoneme categorisatioDay 1 started with a phoneme categorisation task,
which provided the baseline against which subseueniormance after novel word
training and exposure to the ambiguous phonemealdmitompared. This task was
identical to the same task in Experiment 2 aparhftwo modifications. Firstly,
participants were only tested on one continuumd/t/Secondly, two steps were
added to the continuum, they were clear tokene@phonemes added to the
continuum endpoints (the endpoints in Figure 4 Tdason why these clear tokens
were added was to make it easier to identify paeitts who were responding
abnormally. Unequivocal responses ought to be dégfdeat these endpoints. If a
participant deviates to a great degree from thszlx@e, then the decision to exclude
such a participant would be well found&dhe critical value chosen was 30%: if a
participant categorised one of the clear phonemasiiectly 30% or more of the
time, their data were excluded. In all other retp#te procedure was identical to
Experiment 2.

Novel word training Participants were familiarised with 12 novel wonis
phoneme monitoring task. On each trial, a capat#¢t indicating the target
phoneme appeared in the middle of the screen @0 bis, followed by auditory
presentation of the novel word. The letter remaimedhe screen until a response
was made. Participants were asked to indicate wehétle target was present in the
word by pressing one of two keys on the keyboatoelled YES or NO. Each novel
word was repeated 24 times. The target phonemaawas the final phoneme, and
consisted mostly of consonants. The possible tauiigeluded p, |, k, n, m, h, r, i, b,

th, g, a, 0, e. The target phoneme was absentnd@Qhe trials, and present in 50%.

4 A similar strategy was used by Leach and Samue(ASamuel, personal communication,
September 16, 2007).
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Each target phoneme occurred an equal number estimthe absent and present
conditions. The order of trials was randomisedeiach participant by the software.
This task took about 30 minutes to complete, amtigi@ants were given a break
half way through the trials.

Old/new categorisatiorlhis task was used to expose participants to the
ambiguous /?dt/ in the novel word context. As ipé&xment 2, participants again
heard two lists of words. List 1 included 12 nowelrds and 12 real words. The final
phoneme of each novel word was replaced by thegambs phoneme. If the
participant was exposed to the ambiguous phonerfté-lriased lexical context, the
filler real words consisted of 12 clear /t/-endimgrds. Those participants who were
being exposed to /t/-biased contexts heard /d/rgniilier words. The task was to
listen to the words carefully, and try to rememibem in the forthcoming
recognition task. List 2 then followed, and papamts were required to decide for
each item in this list whether it had been heaidstril or not. This list included all
items from list 1, and 24 fillers which had neveeh heard before (12 words, 12
nonwords). Responses were made by pressing a ke deyboard, labelled YES
or NO. The order of items in both lists was randsedifor each participant by the
software. By the end of the task, the participad heard the ambiguous phoneme
24 times: 12 times in list 1, and 12 times in #Ast

Cued recall.The day 1 session ended with a cued recall tagkid task a
cue was played through the headphones, and theipant was asked to recall the
novel word to which the cue referred, and to sawbrd aloud. The cue consisted
of the first two phonemes of a novel word, recortga female native English
speaker, naive to the experiment and to the completel words. One advantage of
using a new speaker for the cues was that it efitaththe chance of doing the task
by referring to episodic memory traces of the navetds spoken by the original
male speaker. Changing the speaker increasekétibddiod of abstract novel lexical
representations being probed. After the presematiahe cue, the participant had
the option of either listening to the cue againmasy times as he or she desired, or
making a response. Once a response was made padssyinitiated a new trial. The
cues were presented for recall in random orderaVi@sponses were directly
recorded onto a minidisc (Sony MZ-N710) throughieraphone built into the set of
headphones (Beyerdynamic DT 294). Apart from tiis,same hardware and

software were used for stimulus presentation aodrding as in Experiment 2.
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The participants were asked to return on the fahgvday, and carried out
the same tasks, in the same order, as on day dptixe the first phoneme

categorisation task (baseline) which was omittedayn?2.

Participants

Forty-four native English speaking University of rKstudents participated
in the experiment. Out of these, six failed toradtéhe second session, and their data
were excluded. Two further participants were exetljlbne because they
categorised a clear token on the phoneme continncomsistently, and the other
because they confused the keys in the phonemeocasi®igon task. The final number
of participants was 36 (9 male, 3 left-handed, magan= 20.0, range = 18-42). The
participants were paid or received course credit.

2.4.2 Results

2.4.2.1 Neighbour novel words

Figure 8 shows the phoneme categorisation functmm4/- and /d/-biased
participants who learned neighbour novel wordsidth cases there appears to be a
boundary shift in the direction predicted by nowelrd lexical bias, and this shift
seems to be present in the three middle steps wbia$titute the ambiguous region.
Logistic regression was used to analyse the datahlé purposes of the regression
all responses that were consistent with the lexizd were coded as “successes” (1)
and responses that were not consistent with treevikae coded as “failures” (0).

The main focus of the analysis was on effect oetohtesting. More bias-consistent

It/-bias /d/-bias
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---&-- Day 1 t/-bias ---&-- Day 1 /d/-bias
---¢--- Day 2 /ti-bias 10 1 ---0-- Day 2 /d/-bias
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1 2 3 4 5 6 7 1 2 3 4 5 6 7
Step Step
Figure 8. Phoneme categorisation data for participats who learned neighbour novel words.
Error bars represent standard error of the means.
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responses should be observed on day 1 and datsZtespared to the pre-exposure
baseline. As in Experiment 2, only the ambiguogsore (steps 3-5) was used in the
analysis.

A mixed-effects logistic regression model with sdbjas random factor and
testpoint (baseline, day 1 test, day 2 test), @&ps 3, 4, 5) and bias (/t/-bias and
/d/-bias) as fixed factors was fitted. Subject-sjeslopes for day and step
improved the fit of the model. No three-way intdiaes were found, hence they
were dropped. A model including two-way interaci@nowed that only the step by
bias interaction was significant, and was retainettie modelIn this simplified
model testpoint showed a significant effect: pgraats were more likely to make
bias-consistent responses in the day 1 test compateaseline (b = 0.684, z = 2.53,
p = .01). The effect in the day 2 test approached siggifie (b = 0.563, z = 1.79,

p = .07). The interaction between step and bias simplgctdd the fact that in the
/t/-biased group the likelihood of making bias-dstent responses (i.e., /t/-
responses) increased from step 3 to step 4 (bE81z4= 7.09, p < .001), from step 3
tostep 5 (b =2.801, z=11.94, p <.001), anchfsbep 4 to step 5 (b = 1.388,

Z =6.26, p <.001), while in the /d/-biased grolp likelihood of making a bias-
consistent response (i.e., /d/-response) decrdéasadstep 3 to step 4 (b =-2.212,
z=-8.44, p <.001), from step 3 to step 5 (b 368, z =-10.77, p < .001) and from
step 4to step 5 (b =-1.151, z = -4.04, p < .OBb}e that this change in the effect of
step is because the test continuum was the sanbetiobias groups, but whether a
response was bias-consistent or not depended mmeEs1t to bias group. So while
both groups made only a small percentage of /fleleses and consequently a large
percentage of /d/-responses at step 3 (Figurd&)t/tresponses were bias-
consistent only for the /t/-group. For the /d/-grauwas the /d/-responses which
were bias-consistent.

Although there was no significant interaction betwé¢he effect of testpoint
and bias group, data for both bias groups wereysedlseparately to see if the weak
day 2 effect is stronger in one bias group tharother. Visual inspection of Figure
8 suggests it is smaller in the /d/-bias group, stnahger in the /t/-bias group. For
the /t/-biased group, collapsed across the thegesssignificantly more bias
consistent responses were made at the day 1 telsgoonpared to baseline
(b =0.497, z=2.37, p = .02 and at the day 2 testpoint (b = 0.636, z = 3.02,
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p = .003) compared to baseline. In the /d/-biased groupifiigntly more bias-
consistent responses compared to baseline were onadiey 1 (b = 0.723, z = 2.86,
p = .004), but the effect was non-significant on day 2 (.355, z = 1.40, p = .16).
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Figure 9. Phoneme categorisation data for participats who learned non-neighbour novel
words. Error bars represent standard error of the neans.

2.4.2.2 Non-neighbour novel words

Data for participants who learned non-neighbouesdisplayed in Figure 9,
and were analysed in the same way. Again, subyests included in random
factors, and testpoint (baseline, day 1 test, dagf, step (steps 3, 4, 5) and bias
(/t/-bias and /d/-bias) as fixed factors. Subjguesfic slopes for testpoint improved
the fit of the model. No three-way interactions gsignificant. Of the two-way
interactions, contrasts involving a step by bideraction were again significant. As
before, this showed that in the /t/-biased gro@s{mionsistent /t/-responses increased
from step 3 to step 4 (b = 1.438, z = 6.29, p 4)0om step 3 to step 5 (b = 3.015,
z=11.82, p <.001) and from step 4 to step 5 (0581, z = 7.09, p <.001). In
contrast, in the /d/-biased group, bias-consigt¥atesponses decreased from step 3
to step 4 (b =-1.952, z = -8.94, p <.001), frdeps3 to step 5 (b = -3.290,

z =-12.60, p <.001), and from step 4 to step 5 {b.399, z = -5.59, p <.001).

Here also testpoint entered into an interactio wias, showing that /d/-
biased participants showed a larger shift from lnaséo day 2 test than /t/-biased
participants (b = 1.433, z = 4.50, p <.001). Thms contrast for day 1 approached
significance (b = 0.601, z = 1.93, p = .0OpANote however that the larger shift in /d/-
biased participants is not in the direction prestidby bias, and hence does not

demonstrate perceptual learning in this group.ieraction was found between day
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and step. Since testpoint interacted with bias grdus important to see if testpoint
reaches significance in either bias group sepaaallapsed across steps 3-5, in
the /t/-biased group there was no significant déffee between baseline and day 1
testpoints. However, at day 2 the effect reachguifstance (b = 0.446, z = 2.00,

p = .046). The /d/-biased group showed a significant déffere between baseline
and day 1 (b =-0.452, z = -2.06, p ="0dnd between baseline and day 2

(b =-0.988, z = -4.35, p <.001). However, asalsenoted, this shift represented an
increased likelihood of making a /t/-response, Whi@s not consistent with the
lexical bias.

Figure 10 summarises the difference in percepaahing between
neighbour and non-neighbour conditions. The propomf bias-consistent
responses was calculated for the baseline andvthpdst-exposure tests. The figure
shows the difference between baseline and tedegppseld across the three
ambiguous steps and across bias groups. It highltbe observation that hearing the
ambiguous phoneme in the neighbour novel wordmieg a shift in phoneme
categorisation boundaries (black bars), while Imggithe same ambiguous phoneme

in non-neighbours results in no significant shihite bars).

20 A .
B Neighbours

O Non-neighbours

15 ~

10 A

% change from baseline
(9]

-10 -
Day 1 Day 2

Figure 10. Categorisation change from baseline irhe ambiguous range on the two testing days.
Error bars represent standard error of the means.

2.4.2.3 Cued recall
Figure 11 shows the accuracy rates in cued rdRafiponses that deviated

from the novel word by one or more phonemes, atagdhilure to make a
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response, were scored as incorrect. One particspadata in the non-neighbour
condition were excluded as the participant misustded the task and produced no
data suitable for scoring. One further non-neighlpauticipant’s day 2 data were
lost due to equipment malfunction. A mixed-effdoigistic regression with subjects
and items as random effects, and testpoint (dagt] day 2 test) and word type
(neighbours and non-neighbours) as fixed factoosveld no interaction between the
two variables. The effect of testpoint was sigmifit reflecting increasing accuracy
onday 2 (b=1.788, z=9.43, p < .001) compaoedhty 1. No significant effect of
word type was found however, suggesting that baifdwypes were learned

explicitly equally well.

17 W Neighbours
O Non-neighbours
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Figure 11. Accuracy rates in the cued recall tesError bars represent standard error of the
means.

2.4.3 Discussion

Experiment 3 was consistent with the findings oddle and Samuel (2007),
in that no evidence was found of non-neighbour hexeds enabling re-tuning of
phoneme boundaries through perceptual learning wWieenovel words were trained
without meaning. Figure 9 shows that there was algghoneme boundary shift for
participants who learned /t/-ending novel wordsn@sanificant on day 1,
significant on day 2), and a somewhat larger aguifscant shift in participants who

learned /d/-ending words. However, this lattertshént in the wrong direction:
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these participants made more /t/-responses on dayg tlay 2 compared to baseline,
even though they were exposed to the ambiguouseph®im a novel lexical context
supporting a /d/-interpretation. This suggests thattendency to shift towards
responding /t/ in the non-neighbour group was isgee to the lexical manipulation
using novel words, and thus does not constitutdese that these novel words
show lexical integration. Figure 10 shows the ffifetot of the two bias groups: there
was a 3% change from baseline on day 1, and a 4%gehafter a further training
session on day 2, both in the wrong direction.

The situation was very different looking at neighboovel words. Figure 8
shows a shift in both continua going in the directpredicted by the lexical bias
afforded by the novel words. Figure 10 shows theas an 8% change from baseline
on day 1, and a 7% change on day 2. The changayh was statistically
significant, while the change on day 2 approachguifccance (p = .07). The
magnitude of these changes is quite comparableetddta reported by Leach and
Samuel. They reported two experiments using thesdanign as the experiment
reported here, i.e. a contrast between pre-expg@éuneeme categorisation and post-
exposure categorisation, both carried out on theesgay. In a semantic training
condition they reported a shift of 13% on a /sh/ continuum with /s/-ending novel
words, and a 7% shift with /sh/-ending novel woldsa non-semantic experiment
they reported non-significant shifts of 3% and 48¢he wrong direction. The main
experiments in Leach and Samuel did not use aihasintrast, so the magnitude
of the effect in those experiments cannot be diyecmpared to the effects in the
current experiment. It seems then that the effeseosed here was very similar in
magnitude to the effect seen by Leach and Samuelsiall advantage in their
favour might be explained by the different contiusad in the two experiments, the
/sl - [sh/ continuum may lend itself better to arbayuity manipulation that the /t/ -
/d/ continuum.

The current data replicated the Leach and Samuaihfy with respect to
their time course too. When perceptual learning eeserved, it emerged
immediately after training. In fact, the effect apped to be weaker when tested a
day later, in spite of the additional training paad on day 2. These data together
with data from Experiment 2 support the idea tleateptual learning does not seem

to benefit from offline consolidation.
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The striking difference between lexical integratinomeighbours and non-
neighbours is not present in the measure of lexigafiguration assessed here by
cued recall. Although there was a small numeridabatage for neighbours on both
days, the difference failed to reach significarszgygesting that the lack of
perceptual learning effect in non-neighbours wasioie to these items being more
difficult to learn. Instead, the more likely expédion is that since neighbours
overlap with existing words, they can evoke the miregof their closest neighbour,
and benefit from this semantic support to a degigmificant enough to allow for
lexical integration to take place. The cued retzak also showed increasing
accuracy on day 2, however this is not surprisgiday 2 also included another

training session providing further exposure toribeel words.

2.5 Chapter Summary and General Discussion

The motivation for the series of experiments désctiin this chapter was the
finding reported by Leach and Samuel (2007) that oreaningful novel words
showed evidence of lexical integration when meakbyeperceptual learning. These
authors found no lexical integration when the navetds were trained in a
phoneme monitoring task. However, when the sameutitivere trained in tasks
which provided a meaning for the words, lexicaégration did emerge. Measures of
lexical configuration, that is, explicit knowledgéthe form of the words, were
unaffected by the semantic manipulation. This sfuayided strong evidence that
meaning is necessary for novel words to develodéxepresentations that are fully
functional and engage in word-like behaviours &exical and lexical levels.

This was a surprising finding in light of the leaicompetition data provided
by Gaskell and colleagues, which have consistesmbwn novel words engaging in
lexical competition with existing words as a resflhon-semantic training. The one
study which directly contrasted semantic and nonas#ic training (Dumay et al.,
2004) showed no benefit of semantics on novel Mexital competition.

The hypothesis presented in this chapter was hleatsason why meaning
has not been implicated as an important factonenéxical competition studies is
that the stimuli have been neighbour novel wordgesg novel words overlap to a
large extent with existing words in the lexicon.nde they may also evoke the
meaning of the base words from which they werevedriand this “inherited”
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meaning may be enough to allow for lexical inteigrato occur. Experiment 1
provided support for this notion. Neighbour measingere easier to learn than non-
neighbour meanings, but only when the neighboummeawvas related to the
meaning of the base word. This suggests that tbe Wward meaning did exert an
influence on the learning process, facilitativehia case of consistent neighbours,
and less useful in the case of inconsistent meanParticipants also recalled more
neighbour word forms than non-neighbour forms. Taisld be explained simply by
pointing out that neighbour forms had the extra moic support from their base
word forms. However, the semantic consistency maain played a role even in
this non-semantic task: more consistent neighbaudviorms were recalled than
inconsistent forms.

Once Experiment 1 had established that the bas# meanings are available
to participants in a word learning experiment, #rat they appear to influence the
degree to which novel word meanings and forms aceded, Experiment 3 sought
to demonstrate that base word meanings can bentfél in the emergence of
lexical integration as well. In an experiment mdeklafter the Leach and Samuel
(2007) studies, |1 showed that neighbours do inghoiv lexical integration even
when they are trained using a non-semantic task-méaghbours showed no such
effect, replicating the failure of Leach and Santoedee lexical integration with
meaningless novel words that do not overlap wiibterg words. Taken together,
the series of experiments by Leach and Samuelrengresent experiments suggest
that meaning is important in novel word learninggl shat novel words that overlap
with existing words, in the absence of experiméytahined meaning, can evoke the
meaning of the base words and solve the apparstrieghancy between the
perceptual learning data and the lexical competitiata. This is further supported
by the priming studies reviewed in the introductiorthis chapter, which showed
that nonwords derived from real words can priméweads that are semantically
related to the base words.

There is another variable that may have contribtaetie learning of the
neighbours. As mentioned in Chapter 1, Storkel.¢2806) have suggested that
phonetic neighbourhood density affects word leagrminchildren and in adults.
According to this view, adding a novel word to ghidensity neighbourhood is
easier because hearing the novel word will activedey neighbours, with the

activation feeding back to the phonological leagld back again to the lexical level
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resulting in more co-activation of phonemic anddekrepresentations than would
be the case for novel words in sparse neighboushdldte neighbour novel words
used in the current experiments would have by @idiitheir design fallen into
denser neighbourhoods than the non-neighbours.rmi&yshave contributed to the
emergence of lexical integration in neighbours.dreand Samuel argued along the
same lines when they suggested that one advartagedighbour words have is that
they may not require building a new lexical reprgéaBon from scratch.

The neighbourhood and semantic accounts are uplikdde mutually
exclusive. Both are probably important in word teag (see e.g. Storkel, 2009, for a
demonstration of both phonological and semantidipters of infants’ word
knowledge), and they may interact. For examplis, piossible that meaning is
necessary particularly when adding lexical entinesparse neighbourhoods, as was
the case in Leach and Samuel (2007). | am not agfasteidies that would have
manipulated both variables in the same expering&notkel et al. (2006) manipulated
neighbourhood density but used meaningful traifgigry context) only. Leach and
Samuel (2007) and Dumay et al. (2004) varied tngimiut used the same stimuli
throughout their experiments. It is left for futgteidies to tease apart the effects of
the two explanatory variables in adult word leagnin

Experiment 3 was successful in both replicatinglitbach and Samuel
(2007) finding of no lexical integration with nomighbours in training with no
meaning, and in extending these findings by showhiag)lexical integration is found
with neighbours under the same circumstances. @tansl way in which their
original data were replicated was in terms of theetcourse of the effect: they found
the perceptual learning effect immediately aftaiming, as was the case in the
current experiment too. Leach and Samuel did rentudis why the perceptual
learning measure allows lexical integration to éersimmediately, while lexical
competition effects tend to benefit from a delajnisen training and test. As
discussed in Chapter 1, Davis and Gaskell (200§gested this may be due to the
properties of complementary learning systems arlgt lExical representations
having direct access to a phonological level ofesgentation.

Finally, while the main purpose of Experiment 2 w@generate a set of
materials suitable for perceptual learning, it akseealed that the phoneme
categorisation boundary shift induced by percegdeahing with real words is

robust against decay over a week. This is an inspreslemonstration of flexibility
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in the speech recognition system, showing that évengh participants must have
been exposed to countless tokens of /t/ and /diymed by a variety of speakers
between the day 1 and day 8 sessions, they stilhexl the adjustment made in
response to the ambiguous /?dt/ heard on day 1thaththis would also be the case
for boundary shifts created by novel word lexicahtexts remains to be shown.

It is issues of time course of novel word learrtimgt | will turn to in the
following chapters. The experiments reported is tihiapter strongly support the
view that meaning is important in novel word leaiboth in looking at explicit
measures of lexical configuration, and implicit m@as of lexical integration. While
we have access to data looking at offline constbdeeffects in word form
acquisition (e.g., Dumay & Gaskell, 2007), there @ry little data on consolidation
of semantic information in novel word learning. Exipnent 1 provided preliminary
data on this issue. In that experiment it seematiekplicit recall of novel word
meanings decays over the first 24 hours, whileiefpdnowledge of word forms
remains unchanged. This dissociation between mgamd form recall will be
further discussed in later chapters (recall aledfitiding by Clay et al. suggesting
that automatic semantic access benefits from cmlaimin). Chapter 4 will introduce
novel ways of examining consolidation of form andaming knowledge. Chapter 5
will focus on the role of offline consolidation dhfferent types of access to novel
word meaning. Chapter 6 will return to the issuéoom knowledge, and attempt to
find out which aspects of sleep architecture dtineeconsolidation effect in novel
word learning. Prior to moving on to the experinachapters, the next chapter will
review literature on offline consolidation and tioée of sleep in this process, with

emphasis on learning linguistic materials.
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Chapter 3: Memory consolidation, sleep, and languag
learning

3.1 Origins of consolidation theory

The first ideas about memory consolidation carrdeed back to two
significant early findings. Ribot (1882) descritedumber of patients suffering
from retrograde amnesia. These patients had typicst memory of events that
occurred shortly prior to the brain insult thaggrered the onset of amnesia, but
could still recall many events from the more distaast. This led Ribot to suggest a
time-dependent process of memory organisation, edyenewly acquired memories
become “fixed” over time and gain resistance tartra (Polster, Nadel, & Schacter,
1991). About twenty years later Mueller and Pilzxc{d900) provided experimental
evidence of a consolidation process in healthytadaée Lechner, Squire, and
Byrne, 1999, for a summary of this work). In thegeeriments participants were
asked to learn a list of nonword pairs within aetixime, with memory tested after a
brief delay by asking participants to produce tpprapriate nonword when cued
with the other member of a pair. Mueller and Pikezanoted that if learning of the
initial list was followed by learning of anothest)j recall on the first list was
significantly impaired compared to a condition whartraining-test interval of
identical length did not include intervening leaxgni However, if a gap of about 6
minutes was allowed between presenting the twoydisis$, no impairment was seen
in a later recall test of the first list. MuellandaPilzecker concluded that reading the
initial study list engaged memory-related procesggsh continued to strengthen
the memory trace for several minutes after theystedsion and could be disrupted
by introducing interfering material before consalidn was complete.

Similar ideas were subsequently tested in a wideareh effort in the first
half of the 20th century. The phenomenon whichegias the focus of these studies
was termed “reminiscence”, defined as an improvenmerecall over time of
materials learned but not rehearsed again pritesiing. Buxton (1943) in his
classic review of this work highlighted among othencerns the difficulties of
replicating many of the reports of reminiscence, ghoblems with confounds in
experimental design (many studies had failed tdrobfor the potential additional

learning occurring as a result of repeated testiang) the restricted nature of the
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stimuli typically used at the time (most often namd syllables or poetry). It may be
that these problems were partially responsibléHerdeclining interest in this line of
research within the cognitive tradition during tbbowing decades, with few
modern cognitive formal theories of memory incluganrole for consolidation
(Brown & Lewandowsky, in press).

In contrast to memory research in cognitive psyotypl the idea of
consolidation is broadly accepted in cognitive wsarence (although see
Moscovitch, Nadel, Winocur, Gilboa, and Rosenba?@®6, for a sceptical view).
Hebb (1949) was the first to present a biologicplpusible mechanism for
consolidation in short term memory. He acknowledtpedcontradiction between the
need to lay down new memories quickly as a reddiboted exposure to the
stimulus to be learned, and the slow rate of stiratthanges which are needed for
permanent memories to form in the brain. His solutvas to propose a dual trace
mechanism, which relied on the notion of reverlmyaaction within cell
assemblies. Reverberation allowed activation dédelpersist after the offset of the
stimulus at least long enough to allow the conoestibbetween the neurons to
strengthen. Reverberation however only spans tiaesof seconds or less, and is
an example of short-term consolidation, now oftefienred to as cellular
consolidation, thought to involve biochemical resmgation of relevant synapses.
Marr (1970, 1971) proposed a neural theory of mgrfammation which included a
consolidation process that occurred over days. Aliag to this theory, memories
are initially stored in “simple memory”, whose nalbasis is the archicortex (part of
the cerebral cortex that includes the limbic sy$teSmimple memory however does
not allow information to be classified or generadisvith relation to existing
memories. Information needs to be transferred fsonple memory to the neocortex
for these processes to take place. Marr suggdsaedhis transfer occurs mostly
during sleep. This type of long-term consolidati®sometimes referred to as
systems-level consolidation as it involves moraisicant structural change. Most of
Marr’s basic ideas were very similar to modern \8e@# memory consolidation and
the complementary learning system approachesflypdescribed in Chapter 1,
including the role for sleep they postulate. | wiixt discuss the modern theories
and the supporting evidence for these theorieshrotiavhich comes from sleep

research.
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3.2 Modern theories of complementary learning systas

The two currently most influential theories of cderpentary learning
systems (CLS) were put forward by Squire (1992) lantMcClelland et al. (1995),
with the former elaborated by Alvarez and Squit@9d), and the latter later further
developed by O’Reilly and Norman (2002). These tiesovere largely motivated
by demonstrations both in humans and animals ointipertance of the hippocampal
formation and related medial temporal areas in amané&or example, Zola-Morgan
and Alvarez (1990) found that monkeys showed acagjRibot gradient of
retrograde amnesia after surgical removal of tpedgampal formation. This was a
similar deficit to what was seen in patient HM whad undergone surgery during
which large parts of his hippocampal system wasoked (Scoville & Milner,

1957). These observations strongly suggestedhbatippocampus plays a
temporally limited role in the encoding of new meias. One advantage that was
not available to Marr but which is used by the nradeLS theories is computational
modelling. The modern theories mentioned above baea implemented as
connectionist models, increasing the detail andiptiee power of the CLS
framework (Alvarez & Squire, 1994; McClelland et #995). Although the models
differ in their detailed implementation, their bagrinciples are essentially the same,
so the brief description given in Chapter 1 andrtioege detailed description below
apply to them all, unless otherwise stated (seeMketer and Murre, 2005, for a
recent model).

CLS models postulate two learning systems withedgfiit rates of learning,
different structures of representation, and a fearocess between the two
systems. The neocortex is responsible for permanentory storage, and
information here is represented in a form of oygslag representations. This
overlap allows the information to be integratedwakisting knowledge and
generalisation in learning to take place. Howetleste are several reasons why the
learning rate needs to be slow in a system like #McClelland et al. (1995) argued
that slow, interleaved learning is necessary taenghat the existing knowledge
structure is not disturbed by the incoming infonmat This is a particularly
important lesson from computational modelling, veherassed learning of new
information has been shown to lead to catastroplecference where the new
information can overwrite the old information (adtlgh see Page, 2000, and the
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following commentaries to his target article foramgument that catastrophic
interference is only a problem for certain typesaiputational models, i.e.
distributed models). Alvarez and Squire (1994)Hartmotivate a slow learning rate
by pointing out that memories in the neocortexrapresented over geographically
disparate areas with slowly emerging connectivitjthese models consolidation
occurs in the form of gradual strengthening ofrieecortical trace, during a
reinstatement process where the memory trace éategly re-activated over time.
Reinstatement can occur with direct exposure tstineulus, or with explicit recall
of the stimulus. However, as recognised by theygadmory theorists, much of the
time new memories are generated in response tdsetheat occur only once, not
providing the necessary reinstatement. Hence ti& i@adels argue, following Marr
(1970, 1971), that reinstatement takes place eftis well, including during sleep.

Because the initial neocortical memory trace isweak to activate fully
on its own in the absence of external stimulatiomaesponse to partial stimulation,
a second system is needed to “bind” the neocomamaksentation together until it
has become strong enough through consolidation Cll®models suggest that this
system is provided by the medial temporal lobduisiag the hippocampus. Unlike
the neocortex, the hippocampus allows fast gererati sparse, non-overlapping
representations. The sparsity of the hippocampaesentations circumvents the
catastrophic interference problem while allowingtfi@arning. Furthermore, since
the connections between the hippocampus and neaamah be modified quickly,
the hippocampal and the emerging neocortical reptations are linked
immediately. This means that even partial activatbthe emerging neocortical
representation can be boosted with the support thenhippocampus to activate the
complete representation. As the neocortical tratesgn strength with
consolidation, the hippocampal support will evetiyjuaecome superfluous, and the
neocortical memory will eventually become indepemae the hippocampus.

The CLS models are supported by a rich literattomfneuroscience. As
outlined earlier, they can explain the Ribot gratie amnesia by referring to the
role of the hippocampus in unconsolidated memanieish become independent of
the hippocampal formation with time. There is asancreasing literature from
animal and human studies that demonstrates hipgzadanvolvement in accessing
newly acquired memories, and reorganisation ofetlmeemories over time. A

thorough review of this literature is beyond thepse of this thesis, but two
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complementing animal studies give a good flavouhefdata. Wirth et al. (2003)
trained monkeys to associate photographic scertbsspecific spatial location
within the scene. Activity of a set of hippocampalls was recorded during the
training. The recordings showed a stimulus-seledinng rate change whose
emergence closely coincided with behavioural leagnsuggesting a rapid change in
hippocampal response properties. In contrast, TatkeNishiuchi and McNaughton
(2008) recorded activity from rats’ medial prefraintortex cells during a
conditional associate learning task. In this neticalrarea a firing pattern sensitive
to the conditioning manipulation only emerged a$everal days of training, and
further increased offline over a period of sevaraéks, demonstrating a
consolidation process in action. In human studiesdfata are more equivocal, as
some neuroimaging studies have found hippocampiabsion during retrieval of
both remote and recent memories, while others fawad it only with recent
memories (see Meeter and Murre, 2004, for a reviBwgent advances in imaging
brain connectivity are enabling more sophisticatath to be gained though.
Takashima et al. (2009) trained participants tocsse faces with spatial locations,
and tested recall immediately or 24 hours latedevmonitoring hippocampal and
neocortical activity using fMRI during the test. i@parison of the immediate and
delayed testing showed that hippocampal activitresed while neocortical
activity increased during consolidation. In additiconnectivity between the
hippocampus and neocortex decreased over timeg whiinectivity within
neocortical representational areas increased. Taig@ther these studies offer

powerful evidence in favour of the consolidatioogowsed by CLS models.

3.3 Memory consolidation and sleep in language leaing

Both Marr (1970, 1971) and McClelland et al. (1996ygested that much of
the reinstatement of newly acquired hippocampalgdiated memories occurs
during sleep. If this was true, then it should begible to see better memory
performance after retention periods involving slaepontrast to equivalent periods
of wakefulness. Such data were indeed reported aady stage. Van Ormer (1933)
in an early review of the literature looking ategpeand memory cited work carried
out by Ebbinghaus in 1885, where he saw bettentieteof newly learned materials
over a period of time involving sleep than what Widoe predicted by mere passage
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of time. This literature has vastly expanded inghst decade, with most evidence of
performance improvements over sleep coming fronaguaral tasks, typically
studied by looking at motor skills (e.g., WalkerSgickgold, 2006). The recent years
have also seen several reports of sleep benetigsks measuring declarative
learning, often looked at by measuring word-paarméng (e.g., Marshall & Born,
2007). While such demonstrations of sleep benafégscompatible with CLS
theories, direct evidence for reinstatement dusiegp is also now available. For
example, Peigneux et al. (2004) showed that arethe diuman hippocampus that
were active during a route learning task were reaietd during subsequent sleep
(but see also Tononi and Cirelli, 2006, for a vigvsleep and memory that does not
include reinstatement).

The idea that sleep plays a crucial role in mengornsolidation is not
universally accepted though. Siegel and Vertegfample have made a number of
points that seem to undermine the hypothesis (¥§&tEastman, 2000; Siegel,
2001; Vertes, 2004; Vertes & Siegel, 2005). Onthete claims is that sleep does
not consolidate declarative memories. Although iruie that there are more reports
of sleep effects in the procedural domain, thereois a large number of studies
looking at declarative memory too, although mosheke use only word-pair
learning (Plihal & Born 1997, 1999; Gais & Born,G20) Marshall, Helgadottir,

Molle & Born, 2006; Marshall & Born, 2007). A reéat criticism states that even in
the procedural domain, the literature is inconsisie that some studies have failed
to find a sleep effect, and those that have foudd not consistently implicate the
same sleep stages driving the effect (see Verd€gl, Zor a detailed discussion). A
third point concerns individuals in whom REM slegguppressed or eliminated due
to use of antidepressant drugs or brainstem lesidrese people are able to live
normal lives without any apparent learning diffices. However, as pointed out by
Walker and Stickgold (2004), these populations hateactually been tested on the
tasks shown to be affected by REM sleep. Also gtienow ample evidence to
show that REM is not the only stage that is invdlirememory formation; slow-
wave sleep and stage 2 sleep have also shownyta ptde (Diekelmann & Born,
2010). Finally, Siegel (2001) has argued that iMR&leep were indeed necessary for
memory, then those mammals with the highest igeice should show the highest
amounts of REM sleep. This turns out not to bectse, as humans fall into the

average range in amount of REM (Siegel, 2001). &lgsiment however assumes
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that sleep currently serves the same evolutionarygse in all mammals, which is
unlikely to be true (e.g., Horne, 2006).

Although the criticisms mentioned above cannotibensed, there is now
an abundance of evidence supporting the view thapdoth stabilises and enhances
new memories (Walker, 2005) from a wide range ofnmigy domains in addition to
procedural and declarative learning, including Esidhto sleep’s protective effect
against interference from competing novel memdiigienbogen, Hulbert,
Stickgold, Dinges, & Thompson-Schill, 2006), retai@l memory (Ellenbogen, Hu,
Payne, Titone, & Walker, 2007), emergence of insigto implicit rules in complex
tasks (Wagner, Gais, Haider, Verleger, & Born, 200¢eativity (Cai, Mednick,
Harrison, Kanady, & Mednick, 2009), and emotion&mory (Walker, 2009). A
detailed description of this literature is not atfged here, instead | will now turn to
studies that have specifically looked at consoimtaand sleep in language learning.
These studies cover several levels of languageepsitgy, from phonological to
lexical, syntactic, and semantic levels of proaggsi will follow a bottom up
approach in outlining this body of research below.

3.3.1 Consolidation of phonological, lexical, andyatactic knowledge

Fenn et al. (2003) trained participants to recago@mmputer-generated
speech. Half of the participants (wake group) weeetested and trained in the
morning, and retested on a new set of stimuli pcediby the same speech generator
after 12 hours in the evening. The other group tnaeed in the evening, and had
their post-test after 12 hours in the morning (slge®up). Note that the wake group
had no sleep between training and the post-tesie Wie sleep group did. Compared
to pre-test, the sleep group showed a larger inggn@nt in performance than the
wake group (18% vs. 10%). Control groups that weséed immediately after
training showed an improvement similar to thathef sleep group, suggesting that
staying awake between training and test conferremstion retention of the phonetic
learning gained during training. Fenn et al. codellithat sleep consolidates new
phonetic perceptual skills in two ways: firstlypitotects the new memories against
interference (or decay) during the day. Secondiggsappeared to recover skills lost
during the day. The latter claim was motivated byfgrmance in one of their

control wake groups which showed the decline ifigoerance after a day of
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wakefulness, but improved significantly in a secpodt-test taking place after a
night of sleep.

Sleep appears to be relevant in learning novel svtwd. One study has
shown this to be the case in learning words frdier@gn language. Gais, Lucas,
and Born (2006) asked English speaking participmtsemorise English-German
word pairs. Recall of the German words in respaagenglish prompts was tested
immediately and again 24 or 36 hours later. Hathefparticipants were trained in
the evening, so they got to sleep immediately &t@ming. The other half were
trained in the morning, so training was followedabgormal day of wakefulness
prior to a normal night of sleep. Participants velept shortly after training forgot
significantly fewer words than participants who eémained in the morning. A
further experiment controlled for circadian effeloystraining all participants in the
evening. Half of the participants proceeded to hamermal night of sleep, while the
other half were sleep deprived for the duratiothefnight. Recall test after a
recovery night showed that the sleep group forgptiscantly fewer words. The
authors argued that consolidation of novel vocatyldanefits from sleep most when
the time interval between learning and onset @&sie short. In this study the
participants had no previous knowledge of the Gerlaaguage, so it may be
viewed as examining the very early stages of legrnew language vocabulary. De
Koninck, Lorrain, Christ, Proulx, and Coulombe (29&oked at slightly more
advanced L2 learning by taking polysomnographicGP@easures of students
participating is a six-week French language imnogrsiourse prior to, during, and
after the course. These native English speakindesiis showed a positive
correlation between learning progress and increasgpid eye movement (REM)
sleep during the course, suggesting that at laasstage of sleep is associated with
language learning. The possible roles differergsigtages may have in language
learning will be discussed further in Chapter &hea current chapter | limit the
discussion to the global effects of sleep and dafeton on learning. Note also that
a language immersion course is not restricted ta\earning, so it is impossible to
say which aspect of language acquisition this stsidyost relevant to.

Acquiring words in the learner’s own language hex®ntly attracted
interest, and much of this literature was alreayawed in Chapter 1. The data
most relevant for consolidation come from the lek@mmmpetition studies reported

by Gaskell and colleagues (e.g., Gaskell & Dum@p3}. Recall that these studies
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have shown that novel spoken words engage in lesacapetition with overlapping
existing words only in a delayed competition tagkggesting a role for
consolidation. Bowers et al. (2005) showed thisedhe case for written words as
well. Dumay and Gaskell (2007) further showed thatauditory lexical competition
effect can emerge already after 12 hours, provilatisleep has occurred during that
time. Such sleep-dependent consolidation fits yasthin the CLS framework.
Davis et al. (2009) provided evidence in favoutho$ interpretation. The main
neocortical findings of their fMRI experiment wetescribed in Chapter 1, but it is
worth drawing attention here to their hippocampbdWhen a contrast was made
between consolidated, unconsolidated, and untraiogdl words, a region of
interest encompassing the hippocampus showed haghigation to untrained than
unconsolidated words in the first scanning runs®uggested that the untrained
novel words, which had never been heard beforeagedythe hippocampus upon
their first exposure. This activity declined in tiedlowing two scanning runs, and
became similar to activity elicited by trained nowerds. Magnitude of
hippocampal activity on the first run was also pesly correlated with later
recognition memory of the novel words in a 2AFCktas

A similar pattern of hippocampal activity was reggor by Breitenstein et
al. (2005). In this experiment participants learnedel names for familiar objects
while brain activity was monitored using fMRI. Agining progressed, hippocampal
response to the novel words decreased. This hippoaladisengagement was
mirrored by increasing activity in the inferior petal lobe as a function of training.
The authors suggested that this is the neocositsafor permanent phonological
storage of novel words. Hippocampal activity duriragning also correlated with
behavioural measures of novel word knowledge. &patints who showed less
decrease of hippocampal activity over the courdeanriing had better learning
outcome at test, and improved more during trainifigpocampal activity at the first
training block also predicted learning outcomehpes indicating that hippocampus-
dependent episodic memory of the novel words whsuieat test. Unfortunately
this study did not include a re-test after sleejp,dmes suggest that a consolidation
process involving hippocampal-neocortical inter@eis initiated from the very
beginning of word learning. It could be argued tinat reduction in hippocampal
activity as training progressed was due to adaptatiowever, a control condition

where novel words and object pictures were randgraised from trial to trial
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showed no such effect. Adaptation also cannot @xfite dissociation between
hippocampal disengagement and increasing parietislts.

Gomez, Bootzin, and Nadel (2006) sought to estamisether sleep helps
infants to learn syntactic structure in an artgfidanguage. 15-month-old infants
were exposed to sentences from a language whickymaactic structure based on
nonadjacent word pairs. The sentences consisttutesf words, such gel-wadim-
jic. Each infant heard two types of sentences wheréirdt word always predicted
the third word while the middle word was unpredat¢a(e.g. pel-X-jic andvot-X-
rud). After a nap (sleep group) or an equivalent tamake (wake group) infants
were tested by exposing them to the trained seeseaied new sentences with the
same predictive rule while monitoring their gazeediion. The wake group looked
more towards the direction where they heard thaedcanonadjacent word pairings
compared to unfamiliar pairings, indicating thagthihad an accurate memory of the
trained items. In the sleep group however lookirefgrence was not determined by
the training items, but rather by the first seneetie infants heard in the test session.
In the following trials infants preferred sententest conformed to the first
sentence. It seemed that while the sleep group esthow evidence of recalling the
specific training items, they were able to apply thle established by the training
items to guide their processing of novel test iteandemonstration of grammatical
rule abstraction the wake group failed to show. &tfiect was also shown to be
robust after a 24 hour delay, but could only besolexd if sleep occurred within 4
hours of the initial exposure (Hupbach, Gomez, Biopi& Nadel, 2009). A similar
finding was reported by St. Clair and Monaghan @0@ho showed that adults
learning an artificial language could categorisedsan the language into
grammatical categories based on phonological astdlalitional cues inherent in the
language. Importantly, only participants who slegtween training and test showed
generalisation of this ability to words that had been included in the training. It is
striking that in both of these studies the sleeugrshowed no evidence of recalling
the specific training materials, but were ablefplg the rules inherent in the
training to new stimuli. The wake groups on theeotihand showed the opposite
pattern. This suggests that sleep is particulasgful in generalisation and

abstraction of newly learned linguistic information
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3.3.2 Consolidation of semantic knowledge

The studies reviewed above suggest that memorytidason is an
important factor in sublexical, lexical, and syntatearning, and that the
consolidation process benefits from sleep in atheke cases. The final level of
language learning | will discuss in this chaptdearning the meaning of novel
words. Much of the relevant literature was alresslyewed in Chapter 1. Recall that
both Perfetti et al. (2005) and Mesters-Misse e{28l07) used a primed semantic
decision task where a newly learned word acteti@giime in an ERP experiment.
In the Perfetti et al. study priming was seen act®n times (faster responses in
trials involving a semantically related novel wa@mpared to unrelated trials), and
in the amplitude of the N40O0 (higher amplitudehe tinrelated condition)
immediately after training. This might be intergetas showing immediate semantic
learning in the absence of consolidation, howelere are two points that urge
caution with regard to this study. Firstly, thegeirwords in the related condition
included words that had occurred as part of thendien of the novel word (the
exact proportion was not given: “many trained wosgse paired with a meaning
probe that had occurred as part of the definiti®&ifetti et al., 2005, p. 1282). This
means that in many of the trials the priming efteat potentially episodic rather
than purely semantic. Secondly, since the semdetitsion task requires an explicit
judgement to be made about the meaning of the mew, it is not clear whether
that task measures semantic priming in the samsesenthe more commonly used
priming tasks only requiring explicit processingtloé target. Mestres-Misse et al.
(2007) also used a semantic decision task, butalidbserve a behavioural priming
effect. In fact, here the opposite pattern was ,sgessibly reflecting poor explicit
learning of the novel word meanings. They did hosveobserve the N40O0 effect
with the novel words. Interestingly though, the R4@as not identical to a real word
control condition: with the novel words the N40O@lacy was delayed, and it had a
different source. A typical N40O parietal sourcesvgaen for real words, but the
novel word condition revealed a frontal source sy reflecting a more effortful
semantic retrieval strategy. Mestres-Misse, CankRwodriguez-Fornells, Rotte, and
Munte (2008) replicated this ERP study using fM&identify the brain regions
involved in semantic word learning. This time adébural priming effect in the

semantic decision task was obtained, althoughisnviérsion of the task the novel
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word prime was followed by the actual meaning eftlovel word, making it again
difficult to say whether semantic or episodic prignwas being measured. The
imaging data showed activation of several neocrticeas in response to the novel
words, but interestingly also more activation af thedial temporal lobe areas in
response to novel words than real words, againesigg hippocampal involvement
in the early stages of word learning.

Breitenstein et al. (2007) argued that newly ledmmeaningful words show
cross-modal priming effects (see Chapter 1). Tlas taken as evidence that the new
words were integrated in existing language netwdtksvever, the priming test was
carried out after five days of training, excludihg opportunity to evaluate a
potential role for consolidation. Furthermore, gesiming data were confounded
with a possible response congruity priming efféot: target required a living/non-
living decision, and the prime was always resparseggruent with the target. Also,
the novel word-picture pairs used at test weresttlee pairs as used in training,
again making it difficult to distinguish betweemsntic and episodic priming
accounts. The MEG follow up to this behavioural kv(ibobel et al., in press)
alleviates these concerns to some degree by shamifgtO0m attenuation to novel
word priming trials from pre-training test to pdgetining test, if the N4OOm is taken
to be a component sensitive to semantic proceg¢simy trials with identical or
semantically related prime-target pairings wereddsare). It should also be noted
that in the post-training test, the N400m to navetd trials was still significantly
larger than in a control condition using an idegtigrime real word — target picture
pairing (although not significantly different froaacontrol condition using
semantically related real prime word — target pfairings). Like the subtle
differences in the N400 latency and source to nexetl trials compared to real
word trials reported by Mestres-Misse et al. (20@7s might reflect an incomplete
consolidation process.

An earlier priming study using newly learned wowdss reported by
Dagenbach, Horst, and Carr (1990). Here particgpametre taught the meanings of a
list of rare words (e.gdrupe which is a botanical term for a fleshy fruit).téf the
meanings of the new words had been reliably leanadicipants were asked to
memorise an episodic study list of word pairs canmg a novel word and a
synonym or a semantically related familiar wordj(edrupe — cherry. These two

study phases were followed by a test of primingeseHexical decisions were made

103



Chapter 3

to the familiar words, which could be primed or tinged by the novel word they
were paired with in the episodic training. No eplisgriming was found
immediately after the training session. The autlsaggest this was due to
insufficient training, and carried out another expent where participants trained
on the novel word meanings and episodic pairsiferweeks. At the end of the five
weeks priming was found. It is not possible to sdwether this delayed effect
emerged due to the additional training, or to thkayl between beginning of training
and the test session, as might be predicted byotidaton theory. However, it does
seem that this priming effect was not immediatéuther complication is caused by
the relationship between the prime and the tavgaith were both semantically and
episodically related.

Finally, the picture-word interference work by Clatyal. (2007) is highly
relevant here, as discussed in Chapter 1. Reellritthis study a non-semantic PWI
effect was found immediately after training wherebsuperimposed novel word
interfered with the naming of a picture, whethenot the word and the picture were
semantically related. However, in the second tgstassion which took place one
week later, the semantic PWI effect was also se&h,a semantically related novel
word interfering with picture naming more than amelated novel word. This is
strong behavioural evidence that automatic semaugtigation of novel words is not
seen until after some period of consolidation la&en place. The exact necessary

duration of consolidation remains to be defined.

3.4 Conclusions

| have reviewed evidence in this chapter for tHe ad memory consolidation
and sleep in various aspects of language learfimg current evidence appears to be
strongest in the case of learning novel word forimgarticular when the integration
of those words in the mental lexicon is considekdst crucially for the work
presented in the next two chapters, the curretd sfaesearch with regard to
consolidation of novel word meanings is less clbaost of the work discussed in
the previous section has only looked at learning&diately after training. Although
some of those data gave the first impression #grabastics does not require
consolidation (e.g., Perfetti et al.’s priming datacloser look revealed both
differences in how familiar and novel word meaningse processed at this early
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time point (e.g., Mestres-Misse et al.’s ERP dat&) concerns about tasks and
methodology.

There is however good reason to believe that @fftionsolidation and/or
sleep play a role in learning novel word meanivgalker (2009) has argued that
sleep may be crucial in integrating and relatingg m@emories with existing
memories. This is not only supported by the lexamahpetition data (Dumay &
Gaskell, 2007), but also by data from a range féidint tasks. Ellenbogen et al.
(2007) had participants learn premise pairs (Ag.,B,B>C,C>D,D>E, E>F)
and tested their recall of the pairs immediateky after a delay. While all
participants had good recall of the pairs at bestimg times, only in the delayed test
was there any evidence of participants having lielated the new information into a
hierarchy (A > B > C, etc). Furthermore, when loakat long-distance item
separation (e.g., interrelating B with D, to giveeB®), participants who had slept
between training and the delayed test showed sgnily better learning than
participants who had remained awake. Relevantwlata also presented by Payne et
al. (2009) in an experiment looking at false memomgation. These authors used the
Deese-Roediger-McDermott (DRM) paradigm where pigndints learn lists of
semantically associated words, and typically durewall present with false
memories by adding new untrained related wordkedists. Payne et al. showed
that participants who slept between training amdlieshowed more false memories
than participants who remained awake, suggestigsteep helped to relate the
study words with associated unstudied wotdghese two studies suggest that
offline consolidation not only enhances memoryhaf trained materials, but also
helps to integrate them with other trained stinaglwell as existing knowledge. This
implies that learning novel meaningful words magoabenefit from consolidation,
especially when measured in tasks that requiradlrel meanings to be related with
existing word knowledge, such as semantic priming.

In order to try to clarify this state of affairbet next two chapters will look at
different types of semantic priming and recall avel words, both immediately after

training and after a delay of at least one day és#in decision in Chapter 4,

® Fenn, Gallo, Margoliash, Roediger, & Nusbaum (9@6@nd the opposite effect, with sleep
reducing false recall. The pattern of data repobte&ayne et al. (2009) however has recently been
replicated by a different research group, suggestiis reliable (J. D. Payne, personal
communication, December 11, 2009)
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semantically primed lexical decision in Chapter®)e time course of semantic
consolidation will also be contrasted with thatvafrd form consolidation using

novel tasks (Chapters 4 and 6).
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Chapter 4. Consolidation in learning novel word meaings
and forms

4.1 Introduction

Experiment 3 showed that meaning is indeed crdiciadt least some aspects
of lexical integration. Only those novel words whigotentially inherited the
meaning of their base words showed the abilityetmnfigure phoneme boundaries.
As meaning appears to play such a major role irehwerds integrating in the
lexicon, it is important to understand better thecess through which novel words
link with semantic representations, and whethex pinocess benefits from offline
consolidation in the same way as novel word foreesto. Clay et al. (2007)
showed in a picture-word interference task thatehexord meanings do appear to
benefit from consolidation, at least over the cewwsone week. However, as that
study did not include re-test sessions earlier tharone-week follow up, it is
unclear whether semantic consolidation operatab®@same time scale as word
form consolidation (where the first sleep periogesrs to be crucial), or whether
semantic consolidation possibly is a more temppdihwn out process, operating
over several days and/or nights. In this chapstall report two experiments, the
first of which focused on acquisition of novel wargkanings, and the second
focusing on acquisition of novel word forms, evailg consolidation within the
first 24 hours. The main task looking at consolmabf meaning here is semantic
decision. As reviewed in the last chapter, thi& tess been used before by Perfetti et
al. (2005), and Mestres-Misse et al. (2007, 2008) these studies involved some
methodological issues that complicated their iretgiion (see Chapter 3).
Experiment 4 attempted to circumvent these metloggicdl issues, and also added a
new task looking at semantic access: sentenceipiygudgement.

4.2 Experiment 4

To evaluate the time course of novel word learnixperiment 4 used the
training and testing schedule introduced by Datve.g2009). Participants learned
one set of novel words on day 1 (consolidated),aarather set on day 2
(unconsolidated), and were tested immediately #fieday 2 training session.

Hence only the first set of novel words had a ckandienefit from offline
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consolidation during the 24 hours between traiming testing. In the test session
participants were required to make semantic datiseponses to prime-target pairs
where the prime was a novel word. In the sentefagsibility judgement task a
decision was made about the appropriateness af asgiven novel word in a
sentential context. Finally, explicit knowledgenmvel word meanings was assessed
by meaning recall. If novel word meanings benebtrf offline consolidation, we
should see a larger priming effect in semanticsieniand faster RTs to
consolidated than unconsolidated words. The sarterpahould be seen in the
sentence task. Data from Experiment 1 however sudlat explicit recall of the
meanings is likely to be unaffected by consolidati& single-word shadowing task

was also included to evaluate form-based consadidat the same experiment.

4.2.1 Method

Materials

The novel word stimuli consisted of 102 written poanceable nonwords
(e.g.,feckton created by Deacon et al. (2004), with averaggtlenf 6.5 letters (SD
= 0.9). These nonwords were not derived from reald& and were designed not
evoke the meanings of real words, as confirmed grening study by Deacon et al.
(2004). Experiment 3 showed that novel words thatcisely related to real
existing words may activate the meaning of the weall. Hence it was important
here to choose novel word forms where there wis tihance of interference from
existing word meanings. These nonwords are presemt@ppendix 4.

In this experiment each novel word was coupled witheaning during
training. A novel word meaning was represented fandliar noun referring to an
existing object (e.g., “feckton is a typeas#t’). The novel word meanings were
selected from the University of South Florida FAssociation Norms (Nelson,
McEvoy, & Schreiber, 2004). This is a corpus of 8®ords for which a large
number of participants have provided free assariatsponses. Each word in the
corpus has a list of associated words, and eadtiass has a numerical association
strength value based on the proportion of people prbduced that associate as a
response to the stimulus word. Sixty-eight wordsewshosen from this set to act as
the meanings assigned to the novel words. All setbmeanings were nouns of

medium frequency (M = 73.7) with three strong asges (where a noun had more
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than three strong associates in the corpus, tke gtrongest ones were selected
while avoiding overlap with other associates). @ksociates of the meanings could
be nouns, verbs, or adjectives (mean frequencyl=615ean number of letters =
5.8, mean association strength = 0.16). The mearand their associates can be
found in Appendix 5.

A further 34 nouns were selected from the free@ation corpus to be used
in a real word prime condition in the semantic diexi task, acting as a comparison
with the novel word prime condition. These prime=@vchosen based on the same
criteria as the novel word meanings, except thedghtems were of lower frequency
(mean frequency = 9.0, mean frequency of assocaé&s0, mean number of letters
= 5.74, mean number of letters in associates =) 610 reason for choosing low
frequency words for this control condition wasmptb better match them with the
novel words which naturally would have extremely lisequencies due to being
recently learned. As before, three strong assaciaeze selected for each prime
(mean association strength = 0.16). Care was tiakéne selection of all items to
ensure that there was no overlap: no word was tegp@aross the primes or the
associates. These stimuli are presented in Appéhdix

Both the training and testing phases included &egser plausibility
judgement task which required generation of sem®ntwhich the novel words
could be used. For these tasks, five unique seasenere generated for each novel
word, in which the novel word meaning fitted thentext of the sentence (e.fthe
girl was woken up by the paws of her hungry fecktarhere feckton is a type of
cat). The aim was to make these sentences highbtr@ning so that there would be
minimal ambiguity as to whether the novel wordhe sentence was used
appropriately or not. Four sentences were usederraining task, and one in the
test task. One of the four training sentences wasbhined with a different novel
word which made no sense in the context of theepert (e.g.;the girl was woken
up by the paws of her hungry glainihereglain is a type of book). These sentences
were used in the incorrect usage condition dumaiging (see Procedure). For
counterbalancing purposes, the word-sentence pséd in the test task were
randomly divided into two lists. Half of the parpants saw one list in the correct
usage condition where the novel word was presesitddits matching sentence, and

the other list in the incorrect usage condition kehte novel words were randomly
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paired with incorrect sentences. For the other dfghfarticipants the list assignment
was switched. The sentences used in testing dredextin Appendix 7.

Finally, spoken versions of all the novel wordsadl as the real word
primes were recorded by a native English spealsemguhe same recording
equipment and procedure as in Experiment 3. Thedioay stimuli were used in

the shadowing task only.

Design

The full set of 102 novel words was divided inteethlists of 34 words to be
used in the three time of training conditions (“soldated”, “unconsolidated”, and
untrained). “Consolidated” novel words were wordsak had been learned on the
previous day, while “unconsolidated” novel wordsrevkearned just before testing.
Note that these terms were chosen for conveniemzedo not imply an assumption
that the words would actually undergo consolidatathin the time scale used in
this particular experiment. Whether they do is edléhe question addressed in the
experiment. Untrained novel words were stimuli vahigere not included in training;
they acted as a nonword control. The words inliheetlists were matched in
number of letters (6.4, 6.4, and 6.5). Similar gbog words were avoided within a
list, to avoid confusability between words. All ¢lerlists were used in all three
conditions across all participants. The 68 meanmg® divided into two lists of 34
meanings for use in the two time of training coiodis (consolidated and
unconsolidated). The two lists were matched onueegy (72.3 and 75.0, mean
frequency of associates = 150.0 and 152.8), mesot@sion strength (both 0.16),
number of letters (4.74 and 4.85), and numberttériein associates (both lists
5.77). Across all participants, both meaning latsurred in consolidated and
unconsolidated conditions an equal number of tirBese the novel words had no
existing meaning and did not resemble existing w@Reacon et al., 2004), there
was no danger of a given novel word being assatiatth an assigned meaning

prior to training.

Procedure
Training. Figure 12 shows the timing of the training argt s&ssions, and the
tasks used in the sessions. Participants arrivéteitab on day 1 for their first

training session, the purpose of which was to titaém on the first set of 34 novel
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words (consolidated novel words). No testing totsice on day 1. They returned on
day 2, and carried out the second training sesgitinthe second list of novel words
(unconsolidated novel words). The testing sessionediately followed this second
training session. Training of this number of wotalses a fairly long time (on
average 60-90 minutes), so four different trairtexgks were used within each
training session, to help maintain participantgmiion. These tasks consisted of
word-to-meaning matching (five exposures to eactdjyaneaning-to-word
matching (five exposures), meaning recall (thrggosures), and sentence
plausibility judgement (four exposures). The tragstarted with three blocks of
word-to-meaning matching, with each novel word odog once in each block.
Participants then carried out one block of meanaogll with one exposure to each
novel word, followed by two more blocks of word4{teeaning matching. At this
point a second block of meaning recall was camiet followed by three blocks of
meaning-to-word matching. A last block of meaniagall was carried out before
completing two more blocks of meaning-to-word matghThe final task of the
session was sentence plausibility judgement, winickuded four blocks. Hence the
total number of exposures to novel words in thagiing regime was 17. The
meaning recall task was interleaved with the otasks as outlined above for two

reasons. Firstly, it allowed the tracking of leagas a function of amount of

- N - )
DAY 1 DAY 2
Training day 1 novel words Training day 2 novel words

Word-to-meaning matching (3) Word-to-meaning matching (3)
Meaning recall (1) Meaning recall (1)
Word-to-meaning matching (2) _ Word-to-meaning matching (2)
Meaning recall (1) Meaning recall (1)
Meaning-to-word matching (3) Meaning-to-word matching (3)
Meaning recall (1) Meaning recall (1)
Meaning-to-word matching (2) Meaning-to-word matching (2)
Sentence plausibility judgement (4 Sentence plausibility judgement (4

!

Testing day 1 novel words
(consolidated) and day 2
novel words (unconsolidated)

1. Semantic decision

2. Sentence plausibility judgement
3. Meaning recall

4. Shadowing

_ J _ J
Note.Numbers in parentheses show the number of exposueach novel word in each training task.

Figure 12. Schematic showing the timing of trainingand tests.
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training. Secondly, it allowed the participantsdentify words which they had not
yet learned, and to focus on these words as tmiogressed.

I will now describe the procedure of each trainiagk in detail. In the word-
to-meaning matching task a novel word was presentéte middle of the top half
of the computer screen, and two meaning alterratere shown on the left and
right sides of the bottom half. The participant \eaked to indicate which of the two
meaning alternatives was the correct one for tiierghovel word. The meaning was
always presented in the form a$‘a type of Xwhere X refers to one of the
meanings described above (eaat). On each trial, one of the options was correct,
and the incorrect option was randomly picked fréwa pool of meanings used in the
current session by the experimental software. Tlbeaion of the correct option to
the left or right side was also randomly assigredeich trial. After a response was
made by pressing a key labelled “Left” or “Righti a button box, the incorrect
option disappeared from the screen, and the cosrectemained on screen for 1500
ms and was followed by a new trial. Unlimited timas given to make the response.
Participants were asked to pay close attentiohda@orrect meaning remaining on
the screen, in order to start learning the mearangjse beginning of the training. A
new random presentation order was used in eadtedive blocks.

The meaning-to-word matching task was identicah&previously described
task, except that in this task a meaning was pteden the top half of the screen,
and two novel word alternatives were presentecherbbttom half. Participants were
asked to pick the correct novel word for the giveganing. The order of
presentation in the five blocks of this task toswandomised.

In the meaning recall task a novel word was preskan the screen, and the
task was to type in the meaning of the word bygisistandard keyboard. Unlimited
time was given for responding. No accuracy feedleak given, but the correct
answer was always presented after the responseongdeted. Order of trials in
each block was randomised for each participant.

The fourth training task was the sentence plalitsifidgement task. Here a
sentence was presented on the screen, using dine wdvel words. The
participant’s task was to indicate whether the hexad fit in the context (correct
usage) of the sentence in terms of its meaningb(imcorrect usage). Unlimited
time was given to make a response. A responseallag/éd by a feedback screen

providing accuracy feedback, the novel word, asdneaning. Each novel word was
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presented four times in this task, three time&éndorrect usage condition, and once
in the incorrect usage condition, with a new setgan each presentation. This
imbalance was intentionally built into the desigmtinimise the presentation of
novel words in an incorrect context to avoid inteehce during learning. The
presentation order of the sentences was randomised.

Testing After completing the training session on day&tipipants carried
out the testing session. Participants were offaredance to take a break between
training and testing, but no enforced break wadempnted. The order of the testing
tasks was fixed (see Table 2). The first testisg taas semantic decision. A trial in
this task started with the presentation of a fo@itross in the middle of the screen
for 500 ms. This was replaced by the prime wordsented for 200 ms, and
followed by the target word for 200 ms, with an SG#A/00 ms (ITI 500 ms). The
participant was given 2000 ms from the onset otainget to respond. The task was
to indicate whether the two words were semantiaalgted or not, by pressing a key
labelled “Yes” or “No” on a Cedrus button box. Tmceurage fast responding, the
RT was displayed on screen after a response was.rAaduracy feedback was only
given half way through the task in connection vatrest break, in the form of
percentage of correct responses made so far. @sendor not giving accuracy
feedback after each trial was to avoid any furthelicit learning during testing.
After inspecting the RT feedback for as long ay thieshed, participants could
initiate a new trial with a button press.

After ten practice trials (using stimuli not searthe experimental trials),
participants did two versions of the semantic denisask. In the novel word version
the prime was one of the 68 trained novel wordd,the target was a real word
semantically related or unrelated to the meanintp@iovel word. In the real word
version the prime was one of 34 real word primelodved by a related or an
unrelated real word target. The two versions wétays done sequentially, with the
order counterbalanced across participants.

Due to the limited number of trained novel wordsraras primes, and in
order to increase the amount of data in this taskas necessary to present the same
prime more than once. The task (both real and nweed versions) was divided into
three blocks. Table 2 shows how the primes anetangere distributed over the
three blocks. Within each block, each prime ocalitvéce, once with a

semantically related target, and once with an ateeltarget. Hence each prime was
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Table 2. Sequence of tasks on day 2 of Experiment 4

Training session: learn novel words and meaningstraining tasks
feckton is a type of cat
glain is a type of book

Test 1: semantic decision (prime — target pairsvshioelow)

Block 1 Block 2 Block 3
feckton — mousérelated) feckton — kitter(related) feckton- dodrelated)
feckton — studyunrelated) feckton — schodunrelated) feckton — reaqunrelated)
glain — readrelated) glain — study(related) glain — schoo(related)

glain — kitten(unrelated) glain — dogunrelated) glain — mouséunrelated)

Test 2: sentence plausibility
The woman liked to listen to the purring of herlfien (correct usage)
The businessman kept his suits neatly in his dlatorrect usage)

Test 3: meaning recall
feckton
glain

Test 4: shadowing (auditory presentation)
[feckton/
/glain/

Note.On day 1 only the training session was carried Different sets of novel words were learned
on the two days. In semantic decision, real wormh@rcondition is hot shown in the table.

seen six times in total in this task. Recall tlatefach prime three related targets
were chosen. A different related target was preskm each of the three blocks. The
unrelated prime-target pairs were created by psandomly combining a prime
with the related target of another prime (while mgksure that the resulting pairs
were indeed semantically unrelated). So duringdbk each target occurred twice,
once in the related condition and once in the abedl condition. However, as
demonstrated in Table 2, no target ever occurregktwithin the same block.

The order of trials in semantic decision was pseasdomised using Mix
(Van Casteren & Davis, 2006). The randomisatiorstramts stipulated that there
had to be at least 15 trials separating the régetif any given prime or target.

Furthermore, only a maximum of three consecutiiastfrom the same time of
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training or relatedness condition were allowed.edvrpseudorandomised order was
generated for each participant. Half of the pgraaits responded to the related
condition with their right hand and unrelated caiodi with the left hand, the key
assignment was swapped for the other half.

The second testing task was sentence plausilidityy three practice trials
were included as the main gist of the task wasdirédamiliar to the participants
from the training. The only procedural differenndhe testing stage was that the
sentence was initially presented without the finalvel word. Instead, the final word
was marked by a row of four Xs. The task was ta tha sentence carefully (there
was no time limit for this), and to press a ketlo& button box to reveal the final
word. Timing started from this key press, and pgyéints were required to decide as
quickly and as accurately as possible whetheritta Word was appropriate in the
context of the sentence by pressing a key (labéWeg” or “No”) on the button box.
This method controlled for differing reading speadsoss participants. Half of the
trials were correct usage trials where the noveblwoatched semantically with the
sentence, and half were incorrect usage trials evtier novel word was a semantic
mismatch. The order of trials was randomised foehgzarticipant by the
presentation software. No repetition of sentence®wel words was used here. RT
feedback was provided in the same way as in thewseeodecision, without
accuracy feedback. Half of the participants respdrtd the match condition with
their right hand and mismatch condition with thie keand, the key assignment was
swapped for the other half.

The third task was meaning recall. This was idahtiz the recall task used
in training, included all 68 novel words presentedandom order, and required
participants to type in the meaning of a given mevad. No time constraint was set
for completing this task.

The final test task was shadowing, the purposehi¢h was to replicate the
shadowing consolidation effect shown by Davis e{2009). A shadowing trial
began with the presentation of a warning signa (tiord READY) on screen for
500 ms. Once the warning disappeared, a spokenwasglayed through a set of
headphones (Beyerdynamic DT 294). These stimulided the 68 trained novel
words, 34 untrained novel words, and 34 real wftlisse were the same real words
that were used as real word primes in the semdatision task). The participant’s

task was to repeat the spoken word as quickly arateurately as possible. After
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3000 ms from the onset of the spoken word had eth@snew trial was initiated.
Stimulus order was newly randomised for each ppgit, and stimuli were
delivered by DMDX (Forster & Forster, 2003), whialso recorded and timed the
vocal responses. Five practice trials (two realdspthree nonwords) were
completed before starting the experimental trikge experimenter remained in the
room during practice to ensure participants weeakmg loud enough for responses
to be recorded. All participants in the test stagee run on a Windows XP PC using
a 17" liyama Vision Master Pro 454 monitor withigthrefresh rate to maximise

timing accuracy of visual stimulus delivery.

Participants

Twenty-four University of York students took pamtthe experiment. All
participants were native English speakers withepmrted language disorders (11
male, one left-handed, mean age = 20.4, range23L8articipants were paid or
received course credit. To provide an extra ingenfor both learning and
performance in the test tasks, the most accuratdéamtest 50% of the participants

were entered into a prize draw for a £10 gift Giedte.

4.2.2 Results

Training data

Performance in the meaning recall training task aredysed to see if novel
word meanings on both training days were learneclggwell and because this task
is likely to give a more accurate reflection of ebword knowledge than the
meaning-to-recall matching data. Figure 13 showstioportion of correct
responses in the three blocks of this task, whietevinterleaved with the other
training tasks. A mixed-effects logistic regressimadel with subjects and items as
random factors, and time of training (consolidatentds on day 1, and
unconsolidated words on day 2) and training bldkbkeg blocks) as fixed factors
was fitted. Subject-specific slopes for the effgcime of training significantly
improved the fit of the model. No significant irdetion contrasts were found, so the
interaction was dropped. The simplified model shdsignificantly better meaning
recall on day 2 than day 1 (b = 0.525, z = 3.3%,.901), and that performance
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improved from block 1 to block 2 (b = 1.988, z =20 p < .001), from block 1 to
block 3 (b =3.524, z = 25.19, p <.001), and frolock 2 to block 3 (b = 1.534,
z=10.92, p <.001). In the sentence plausibjlilgement task very high accuracy
rates were seen on both training days (proporti@owect responses was 0.979 on
day 1 and 0.977 on day 2). The difference betwkernwo was non-significant when
tested with a mixed-effects logistic regression eladth subjects and items as

random factors, and time of training as a fixeddac

0.9 A
0.8
0.7 A
0.6
0.5

0.4

Proportion correct

0.3

0.2 -
—— Consolidated (day 1 training)

0.1+ —— Unconsolidated (day 2 training)

Block 1 Block 2 Block 3

Block

Figure 13. Accuracy rates in the meaning recall trening task in each training block. Error bars
represent standard error of the means.

Test data

Semantic decision with novel word primBgaction time data in the
semantic decision task were analysed first. Ontyeod responses were included in
the analysis. As recommended by Baayen (2008 Rihdata were log transformed
to better satisfy the assumption of normality ameldata were trimmed by removing
extremely fast or slow responses (RTs faster thiag-ns [148 ms] and slower than
7.3 log-ms [1480 ms]) prior to the analysis. A nibeffects linear model with
subjects and items as random variables, and tinesthg (delayed = consolidated,
immediate = unconsolidated), and semantic relatelokthe prime and target
(related vs. unrelated) as fixed variables wag.bBilbject-specific slopes for

relatedness and time of testing significantly inyewb the fit of the model, as did
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item-specific slopes for time of testing. Figure(left panel) shows the RT data for
both time of testing and relatedness conditiongr& kivas no interaction between the
two variables, so it was dropped. The simplifieddelsshowed significantly faster
semantic decisions to the related word pairs tharutrelated word pairs (b = 0.089,
t =4.49, p <.001). The overall RT difference bedw the consolidated and
unconsolidated conditions was non-significant. €ffect of relatedness was also
analysed for each time of training condition indivally. The effect was significant
both in the consolidated (b = 0.084, t = 4.34,.p&1) and unconsolidated conditions
(b =0.098, t=5.09, p <.001). The effect of tiofdraining was not significant in

the related or the unrelated trials.

M Related O Unrelated - B Related O Unrelated

I o o
~ © ©

Proportion correct

o
)

0.5 -
Consolidated Unconsolidated Consolidated Unconsolidated

Figure 14. RTs (left panel) and accuracy rates (rigt panel) in the semantic decision task with
novel word primes. Error bars represent standard eror of the means.

Accuracy rates were analysed next (Figure 14, pahil). A mixed effects
logistic regression model was used, with subjeuttikem-specific slopes for the
relatedness condition. As usual, subjects and iteene entered as random variables,
and time of testing (delayed = consolidated, imratd+ unconsolidated), and
semantic relatedness of the prime and target éehad. unrelated) as fixed variables.
No significant interaction was found. Related wpsils attracted fewer accurate
responses than unrelated pairs (b =-0.592, z88;:%.=.004), and consolidated
novel word trials had lower accuracy rates tharonsolidated trials (b = -0.368,

z =-6.53, p <.001). Looking at the effect of tetiness at the two levels of the time
of training condition, the effect was significantthe consolidated condition
(b =0.593, z=2.79, p =.005) and in the uncadatéd condition (b = 0.588,
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z=2.74, p = .006). The effect of time of trainigs significant in the related
condition (b = 0.369, z = 4.99, p <.001), andhie tnrelated condition (b = 0.366,
z=4.20, p <.001).

As analysed above, the data collapsed acrossrige bhocks showed a
relatedness effect for both consolidated and uralmt@ded novel words, and did not
show overall RT differences between the consoldiatel unconsolidated novel
word trials (although a difference in accuracy ¥@asd). To see if this RT pattern
was true at early and late stages of the taslksahee data were analysed including
experimental block as an additional fixed variahléhe model described above.
Figure 15 shows the RT data broken down by blocthraée-way interaction contrast
showed that the effect of relatedness changedldeeks significantly more in
unconsolidated than consolidated items (b = -0.0%42.64, p = .008: in
consolidated items the difference between relatedumrelated trials remained
stable over blocks, but in unconsolidated itemgais larger in block 1 than block 3.
The effect of relatedness in consolidated noveldsavas significant in all three
blocks (block 1: b = 0.095, t = 4.02, p <.001,dk@: 0.076, t = 3.24, p <.001,
block 3: 0.091, t = 3.89, p <.001). In the uncditsded condition also the
relatedness effect was significant in all blockeck 1: b = 0.140, t = 6.05, p <.001,
block 2: 0.090, t = 3.85, p <.001, block 3: b 861, t = 2.64, p <.001).

700 B Consolidated - Related

O Consolidated - Unrelated
B Unconsolidated - Related
650 - [ Unconsolidated - Unrelated

600 +

550

500 4

450 +

400 -

Block 1 Block 2 Block 3
Block

Figure 15. Semantic decision RTs in each block withovel word primes. Error bars represent
standard error of the means.
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Visual inspection of Figure 15 suggests that whdmantic decisions to
unconsolidated prime trials are faster in the fitsck, the pattern reverses in the
final block. Contrasts involving block and timetekting showed that in related
trials responses to unconsolidated words werefggnily faster than to
consolidated words in block 1 (b =-0.086, t = %.p < .001), the two were equally
fast in block 2, but in block 3 responses to unotidated words were now
significantly slower (b = 0.035,t=2.43,p = T))Zn unrelated trials in block 1
unconsolidated words were responded to signifigdatter than consolidated novel
words (b =-0.041, t =-2.89, p <.001), but theeffailed to reach significance in
the two later blocks.

Finally, the effect of block was evaluated in eaglatedness and time of
training condition. Responses to consolidated nexetls in the related condition
became significantly faster from block 1 to blocko2=-0.128, t = -8.75, p <.001),
from block 1 to block 3 (b =-0.187, t =-12.70<p001), and from block 2 to block
3 (b =-0.059, t =-4.04, p <.001). The same @strin the unconsolidated
condition showed faster responses from block ldok2 (b =-0.047, t = -3.35,

p <.001), from block 1 to block 3 (b =-0.066, 473, p <.001), but not from
block 2 to block 3. In the unrelated condition @sges to consolidated novel words
again became faster from block 1 to block 2 (b.248, t =-10.52, p <.001), from
block 1 to block 3 (b =-0.192, t =-13.75, p <1®0and from block 2 to block 3

m Consolidated - Related

O Consolidated - Unrelated
& Unconsolidated - Related
& Unconsolidated - Unrelated

Proportion correct

Block 1 Block 2 Block 3
Block

Figure 16. Accuracy rates in semantic decision inagh block. Error bars represent standard
error of the means.

120



Chapter 4

(b =-0.044, t = -3.26, p = .001). In this conditieesponses to unconsolidated novel
words became faster from block 1 to block 2 (b 870@,t=-7.17, p <.001), from
block 1 to block 3 (b =-0.146, t = -10.76, p <190and from block 2 to block 3
(b =-0.048, t =-3.58, p < .001).

Figure 16 shows accuracy rates in semantic decibroken down by block.
Block was again added as a fixed factor to theslogregression model described
earlier. No contrasts involving three-way interans reached significance. In the
simplified model contrasts involving the interactioetween block and relatedness
showed that the accuracy difference between retatddinrelated trials was
significantly larger in block 2 compared to blockld= 0.608, z = 4.45, p < .001),
and in block 3 compared to block 1 (b = 0.979,&83, p <.001). Looking at the
effect of relatedness on each block, there wasgmifisant difference between
related and unrelated trials in the first blocleither consolidated or unconsolidated
conditions. In the second block the relatednesscefeached significance in both
consolidation conditions (consolidated: b = 0.78%,3.21, p = .001,
unconsolidated: b = 0.689, z = 2.98, p = .002). Jdrme was true in the third block
(consolidated: b = 1.109, z = 4.76, p < .001, usotidated: b = 1.059, z = 4.51,
p <.001). Interaction contrasts involving timeti@ining and block suggested that
time of training had a significantly larger eff@ctblock 1 than either in block 2
(b =-0.536, z =-3.93, p <.001) or block 3 (0511, z = -3.65, p <.001).
Averaged over relatedness (in the absence of a-thag interaction), consolidated
novel words attracted more errors than uncons@edlabvel words in block 1
(b =0.704, z =7.43, p <.001). The effect was-aigmificant in block 2, but
approached significance in block 3 (b = 0.193,1288, p = .08). Finally, the effect
of block was evaluated in each time of training egldtedness condition. In related
trials, the consolidated novel word condition wasaftected by block. In the
unconsolidated condition however number of accuedponses in the related
condition declined both in block 2 and block 3 camgal to block 1 (b =-0.391,
z=-3.29, p=.001, b =-0.402, z = -3.35, p <..@8spectively). No change from
block 2 and block 3 was seen. In unrelated tredspracy in consolidated novel
words improved from block 1 to block 2 (b = 0.78% 6.39, p <.001) and block 3
(b =1.098, z =8.61, p <.001), and from block dkock 3 (b = 0.336, z = 2.49,
p = .01). In the unconsolidated condition accuracy inaeeldfsom block 1 to block 3
(b =0.580, z = 4.28, p <.001) and from block bilmck 3 (b = 0.359, z = 2.57,
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p =.01), but not from block 1 to block 2.

To summarise the main findings, when RTs in theas#in decision task
were analysed averaged over the three blocks, tesao evidence of a
consolidation benefit: RTs to trials with consotenovel word primes were not
significantly different from unconsolidated trialmd in the accuracy rates lower
accuracy was found for consolidated trials. Howewdren the data were broken
down by block, allowing an examination of RTs ie #arly and late stages of the
task (block 1 vs. block 3), some preliminary evicefor a consolidation benefit was
found: in the third and final block RTs to consaliéd novel word trials were faster
than unconsolidated trials, although this effecs wignificant only in the related

prime-target condition. No such effect was founadcuracy rates though.
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0.8 1

0.7

Proportion correct

0.6

0.5
Related Unrelated Related Unrelated

Figure 17. RTs (left panel) and accuracy rates (rigt panel) in the semantic decision task with
real word primes. Error bars represent standard error of the means.

Semantic decision with real word prim&sgure 17 shows RTs to the
semantic decision task when both the prime anattavgre real, familiar words.
Averaged across the three blocks (left panel inféid.7), no significant difference
was found between related and unrelated trialsnmxad-effects linear model with
subjects and items as random factors, and reladsdnelated vs. unrelated) as the
fixed factor (with subject- and item-specific slgder relatedness). Accuracy rates
are shown in the right panel of the figure. Hemaired effects logistic regression
model with the same structure as above showeddisant difference between the
relatedness conditions: accuracy rates were signifiy higher in the unrelated
condition (b = 0.830, z = 3.15, p =.002).
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To examine the effect across the three blocksefdbkk (Figure 18), block
was added as a fixed factor (in this model sulgeetific slopes for the effect of
block increased goodness of fit). Interaction casts involving relatedness and
block showed that the relatedness effect in bloakag significantly smaller than in
block 1 (b =-0.034, t = -2.09, p = )4nd in block 3 (b = -0.042, t = -2.60,

p = .01). Hence relatedness was evaluated at each blpekately. The effect was
marginally significant in block 1 (b = 0.022, t 298, p = .0%), non-significant in
block 2, but significant in block 3 (b = 0.031, 268, p = .009). Looking at the
effect of block next, RTs to related trials did wiiffer significantly across blocks.

The same was true of the unrelated trials.
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Figure 18. Semantic decision RTs in each block wittamiliar word primes. Error bars
represent standard error of the means.

Figure 19 shows the accuracy rates in each blozlanBklyse these data block
was added as a fixed factor to the model usedeimticuracy analysis above.
Interaction contrasts involving block and relatezhehowed that the relatedness
effect was significantly larger in block 2 compatedlock 1 (b = 0.781, z = 3.05,

p =.002). No difference in the magnitude of thHatexiness effect was found in the
other contrasts. The effect of relatedness wasiated in each block next. No effect
was found in block 1, but it did reach significamedlock 2 (b = 1.194, z = 3.92,
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p < .001) and block 3 (b = 0.840, z = 2.83, p =5/P0Looking at the effect of block
in each condition, accuracy rate declined in theted condition from block 1 to
block 2 (b =-0.500, z = -3.25, p =.001), and frblock 1 to block 3 (b =-0.438,

z =-2.82, p = .005. No significant decline was seen between bloek@ block 3.

In the unrelated condition, there was no changeauracy rate across the blocks.

B Related
14 O Unrelated

0.9 4
0.8 4

0.7

Proportion correct

0.6

0.5

Block 1 Block 2 Block 3

Figure 19. Accuracy rates in semantic decision inaeh block using familiar primes. Error bars
represent standard error of the means.

Sentence plausibility judgemeRTs in the sentence plausibility judgement
task (Figure 20, left panel) were analysed usingxaed-effects linear model with
subjects and items as random variables, and tinestihg (delayed = consolidated,
immediate = unconsolidated) and the semantic cabifigtof the novel word in the
sentence context (match vs. mismatch) as fixedbkas. Subject-specific slopes for
sentence-word compatibility increased the goodonéfis The same data trimming
criteria were used here as in the semantic dectagln Visual inspection of RTs for
each participant suggested that as the task psmEgtesome participants became
slower in responding, while other became fastechSaariability can be accounted
for in the model by adding subject-specific slofaedrial position. This
significantly increased the goodness of fit. A digant interaction was found
between semantic compatibility and time of testaswggesting that the effect of
compatibility was smaller in unconsolidated iterns=(-0.063, t = -2.25, p =.01).
The effect of compatibility was significant in baiime of testing conditions
(consolidated: b =0.184, t=6.73, p <.001, usctidated: b =0.121,t=4.44,p <
.001). Next the effect of time of testing was ewasbdl in each compatibility

condition.
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Figure 20. RTs (left panel) and accuracy rates (rigt panel) in the sentence plausibility
judgement task. Error bars represent standard errorof the means.

In the match condition consolidated words were @adpd to significantly
faster than unconsolidated words (b = 0.070, 56,3 < .001). In the mismatch
condition this difference was non-significant.desns then that in this task there was
an RT advantage for semantically compatible novas. Interestingly, this
advantage was larger for consolidated novel wgrdssibly suggesting that the
meaning of these words was accessed faster thangheing of unconsolidated
novel words.

Accuracy rates in the sentence plausibility tagksdmown in the right panel
of Figure 20. A mixed effects logistic regressioadual with subjects and items as
random variables, and time of testing (delayed asobdated, immediate =
unconsolidated) and semantic compatibility of tbeet word and the sentence
(match vs. mismatch) as fixed variables showedteraction between the two
variables. Averaged over the time of training cdinds mismatch trials had more
accurate responses than match trials (b = 0.668.48, p < .001). There was no
significant difference between consolidated andunsolidated novel words when
averaged across compatibility conditions. Althotigh lack of an interaction
suggests that time of training had no effect origoerance, the sentence-word
compatibility effect was evaluated for consolidased unconsolidated novel words
separately to ensure the effect was significabbitm conditions. This was the case
(consolidated: b = 0.715, z = 2.78, p = .006, usotidated: b = 0.616, z = 2.23,
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p = .03). Furthermore, looking at match trials only thers no significant
difference between consolidated and unconsolidededitions, and the same was

true of mismatch trials.

0.8

0.7

Proportion correct

0.6

0.5
Consolidated Unconsolidated

Figure 21. Accuracy rates in the meaning recall tésask for consolidated and unconsolidated
novel words. Error bars represent standard error ofthe means.

Meaning recall Figure 21 shows accuracy in the meaning recaltasg.
One participant’s data were lost in this task duedguipment malfunction. A mixed
effects logistic regression model with subjects égchs as random variables, and
time of testing (delayed = consolidated, immed#ateconsolidated) as the fixed
variable showed that participants recalled moreuosclidated word meanings
compared to consolidated word meanings (b = 0.7864.01, p <.001).

ShadowingTo ensure reliable reaction time data in the shaaptask, the
voice key trigger points were checked manually gisie CheckVocal software
(Protopapas, 2007), and corrected when necessapgtiRon latencies and accuracy
rates are presented in Figure 22. Latencies toramctesponses (left panel) were
analysed using a mixed-effects linear model withjects and items as random
variables, and training condition (consolidated;ansolidated, untrained, real
words) the fixed variable. Subject-specific slofmsthe effect of trial increased the
goodness of fit of the model. The same data tringneniteria were used here as in
the semantic decision task. The analysis showeddtmsolidated novel words were
shadowed faster than unconsolidated (b = 0.013.4€, p <.001) and untrained
novel words (b = 0.024, t = 5.03, p <.001), but kot differ from real words.

126



Shadowing latency
~
al
o

~N NN
BN W
o o o

]
o
]

Chapter 4

Unconsolidated novel words on the other hand diddifer significantly from
untrained novel words, but were responded to samtly slower than real words
(b =-0.038, t =-2.89, p =.003). Finally, thefdrence between response latencies to
untrained novel words and real words was signifi¢ar= 0.046, t = 3.45, p <.001).
The accuracy rates (Figure 22, right panel) refi@the latency data, as
shown by a mixed effects logistic regression mad#i subjects and items as
random variables, and training condition (consaédaunconsolidated, untrained,
real words) as the fixed variable. Accuracy forsmidated novel words was
significantly higher than unconsolidated novel wo(d = -0.832, z = -2.36, p = .02
or untrained words (b =-1.039, z = -3.04, p = )02t not significantly different
from real words. Unconsolidated novel words did eiffer significantly from
untrained novel words, while real words resultecharginally higher accuracy rates
than unconsolidated novel words (b = 0.772, z 6,1p8= .08). Real words did have
higher accuracy rate than untrained novel words {®978, z = -2.39, p = .0p

Proportion correct

a1l

Consolidated  Unconsolidated Untrained Real words Consolidated Unconsolidated Untrained Real words

Figure 22. Shadowing latencies (left panel) and agracy rates (right panel). Error bars
represent standard error of the means.

4.2 .3 Discussion

This experiment included a number of tasks attamyptth measure the speed
and accuracy of access to novel word meaningsnfastc relatedness effect was
found in the semantic decision task using real wwnethes and targets (although it
was only seen in two of the three blocks of th&)tashereby faster responses were
made in trials where the prime and the target wereantically related. This may
reflect a priming effect where the recognition o {prime facilitates recognition of a
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semantically associated target, leading to fastex iR related trials compared to
unrelated trials. If novel word meanings have beamed equally well, a similar
finding should be made when the prime is a tram@¢el word. The high accuracy
rates in the meaning recall, semantic plausibiityd semantic decision tasks show
that participants were able to explicitly learn theanings of the novel words well.
The current data from the semantic decision taghkcade earlier reports of faster
semantic decisions being made in related trialspaoed to unrelated trials when the
prime is a newly learned word (Figure 14), suppgrthe notion that the novel word
meanings were available even in a speeded taskiregfast semantic access. This
effect was found both for consolidated novel woridhes (words learned a day
before testing) and for unconsolidated novel watthes (words learned
immediately before testing). This is the first estpeent to my knowledge which in
this task compares novel words that either haddnat have a chance to
consolidate prior to testing. However, when avedaagoss blocks, the relatedness
effect did not seem to be affected by the timeahing manipulation: the advantage
for related trials was equally large in both coiwahis.

One piece of evidence showing a consolidation adggnin this task comes
from looking at the RTs in each of the three bloickihe task separately. While
there was initially an RT advantage (and an acguadeantage) for recently
learned, unconsolidated novel word trials, thiseadage shrank as the task
progressed. In the third block responses to rel@igd in the consolidated condition
were in fact faster than responses to the uncategelil condition (although no
difference was found in unrelated trials). Thisa®sal in the time of training effect
during the course of the task is potentially impott The explicit meaning recall
task showed that participants could recall morenimeg of the unconsolidated
novel words compared to consolidated words. Thigests that when participants
are explicitly trying to access the meanings ofribeel words, there is an advantage
for recently learned materials. It is possible thé is what they were also doing in
the first block of the semantic decision task. Hegreas they entered the second
and the third blocks, response times overall bedaster, possibly indicating a shift
from effortful, explicit retrieval of the meanings more online access. Importantly,
no such speeding up was seen in the real word tondpresumably as effortless
access is always available for real words. Theracyudata showed a similar

pattern, with more errors made to consolidated weeds in the first block, but the
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difference attenuating in the last two blocks. T$upports the idea of initial effortful
retrieval of novel word meanings learned a day teefehich however becomes
more facilitated with further exposures and practiaring the task.

Another prominent trend in the semantic decisioia alaas the lower
accuracy rate to related trials compared to uredltials. The pattern was seen both
in the real word and novel word prime conditiong] anay reflect a bias in
responding, in that participants may have favouatadsifying the word pairs as
unrelated when they were unsure about the coresponse. This would lead to high
accuracy rates in unrelated trials and lower acyuirarelated trials, as was seen
both in novel word and real word prime conditiohBis might mean that the faster
responses to related trials were at least partialb/to a speed-accuracy trade off.
However, this is unlikely to be the sole explanattonsidering that the accuracy
difference was not seen in the first block of aitthe real word or the novel word
prime conditions, and yet the relatedness effestpvasent in the first block as well.

The sentence plausibility judgement task provideiiptial evidence for a
semantic consolidation process. Participants wastef to decide whether a novel
word was used in a semantically appropriate sesteten that novel word fit the
semantic context of the sentence. Importantlywbed-sentence compatibility effect
was larger in consolidated novel words than unciutested novel words. This
appears to have been caused by faster responsas patible words when they
were consolidated rather than unconsolidated. Aghis suggests that participants
were able to access the meaning of the consoliadeteel words faster, and proceed
to make a semantic judgement about them fasteaddoracy difference was found
between the two time of training conditions thoulgis important to note however
that as this task was self-paced, it is possildettie consolidation effect is caused
not by speeded access to meaning, but accesstgmaphy. The long delay
between viewing the sentence and revealing thelmow@&l may have allowed the
generation of expectancy, for example the partidipaay have deduced based on
the beginning of the sentence that the final woittlhe feckton When the final
word eventually is revealed, all that remains Fa participant to do is to match the
revealed word with the expected word. Such a magcprocess may rely more on
orthographic processes than semantic ones. Teihattve explanation will be

outlined in more detail in the General Discussmithie present chapter.
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Finally, when access to novel word meaning was aredsn an explicit
recall task with no time pressure, an advantagesioently learned, unconsolidated
novel words was found. The same pattern was foutidel meaning recall task in
Experiment 1, where higher accuracy was found rtigggants who were tested
immediately after training compared to participante were tested one day later.
This dissociation between a benefit for unconstdidanovel words in a task of
explicit meaning recall, and a benefit for consaletl words in tasks requiring
speeded meaning access (semantic plausibility emdrstic decision) may prove to
be important and will be examined further in thatrahapter.

The last task in the current experiment was shaualpve task which
primarily measures access to phonological word fagpresentations rather than
knowledge of meaning. Here a clear time of traireffgct was found. Consolidated
novel words were shadowed significantly faster thaconsolidated novel words or
untrained novel words. Unconsolidated novel wondshe other hand were
shadowed as slowly as untrained words. Accura@grsttowed exactly the same
pattern. Like the lexical competition studies reveel earlier (e.g., Dumay &
Gaskell, 2007), these data suggest that novel foond representations benefit from
a period of offline consolidation (at least phorgi@l ones based on the shadowing
task data). It is also possible to postulate tHata-based lexical representation was
generated for the consolidated novel words, buferahe unconsolidated novel
words. This argument relies on the observationuhabnsolidated novel words
were shadowed as slowly as untrained novel worden/g¢hadowing nonwords
(untrained novel words), participants are recrgasimovel sequence of phonemes
which does not map onto any known lexical represtent. The failure to find any
difference in shadowing latencies between untraaretiunconsolidated words
suggests that in neither case was there a lexapat¢sentation to facilitate
performance (or the emerging lexical representatias too weak to show any
benefit). Consolidated novel words on the otherdhaare shadowed significantly
faster (as fast as real words), suggesting thaetiverds had generated a robust
lexical representation.

The consolidation effect in shadowing might hawsemantic locus too. As
people recognise a spoken novel word, the meariititgabword is also activated
(e.g., Zwitserlood, 1989). A stronger (consolidateeimantic representation may aid

in the recognition and repetition of the novel wadd give rise to faster shadowing
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times (shadowing latencies are known to be sulbjestmantic influence, see for
example Slowiaczek [1994] for semantic priming et$an shadowing). Experiment
5 considered the contribution of semantics to ttesewing consolidation effect. If
the consolidated novel words were shadowed fastease they activated a
semantic representation more strongly than thensuatimated words, then the
shadowing effect should not be observed in novetie/éor which no meaning was
taught, irrespective of time of testing. This hypedis was tested in Experiment 5.

Another distinctive property of the shadowing taskhis experiment was the
fact that participants never heard the phonolodgaah of the novel words until they
carried out the shadowing task. All training taaksl test tasks were carried out in
the visual modality. Hence the phonological formresentation that was being
probed in the shadowing task had been generatedilvgct exposure to phonology
via orthographic input. It may be the case thahdndirectly generated
representations benefit more from consolidatiom ttiigectly generated
representations. To see how this might work, reball CLS accounts suggest that
consolidation occurs as a result of offline reitestaent of the novel memory trace.
Training itself offers one way of reinstatementt taguires prolonged exposure to
the novel stimulus in the form of repeated traintingls. A visual presentation of a
novel word is likely to activate a correspondingypblogical representation on most
trials, but this activation would probably be weattean direct exposure to a spoken
version of the stimulus. At the end of the trainthg novel phonological trace would
be weaker than the orthographic trace, and begatgr need of reinstatement during
following offline periods, such as sleep. To sethi$ is the case, a comparison needs
to be made between tasks probing representatioresaged as a result of direct
exposure (a written novel word as a result of emitiraining), and representations
generated as a result of indirect exposure (a spo&eel word as a result of written
training). In a similar vein, the shadowing dataldoalso be viewed as an example
of cross-modal priming. If repeated exposure tortnel word during training gives
rise to form-based repetition priming, it may be tase that cross-modal priming
requires consolidation to emerge. In that caseffecteof consolidation should be
seen when tested in the same modality. Experimarassdesigned to address these
last points.

The fixed order of the testing tasks may also Heaan impact on the

observed patterns of data. For example, semarntiside was always the first of the

131



Chapter 4

testing tasks. This may have contributed to the tayconsolidation effect emerged
over the course of the task, in particular if tbesolidated novel words benefit from
a small number of retrieval attempts to heightertlevel of activation and to bring
it in line with the activation of the recently le&d unconsolidated words. Secondly,
the fact that the shadowing task was always thddak, may have increased the
semantic contribution to the task, as the meaninigeonovel words had been
accessed repeatedly prior to the shadowing tagkerfitrent 5 ought to clarify this
latter point. In Experiment 6 the meaning recaktavas moved to the first position
to make sure all novel words had benefitted fronamneg retrieval before starting
tasks measuring speeded access to meaning. THi$ raigove the effect of block in

these types of task.

4.3 Experiment 5

Experiment 5 used an identical shadowing task fgeErent 4, but added a
naming (reading aloud) task to evaluate consobdatiffects in a task which probes
novel word form representations in the same mogdtigy were trained in
(orthographic). As mentioned in the preceding disen, if the indirectly trained
representation (phonological) benefits from offlownsolidation more than directly
exposed representations, a significantly largdedihce between consolidated and
unconsolidated words should be seen in the shadaagk than in the reading aloud
task. Furthermore, to see if these consolidatitecef have a meaning or form-based
locus, half of the novel words were trained witlhn@aning, while for the other half
only the orthographic form was ever presentecdflocus is indeed semantic rather
than form-based, we should see consolidation efiadhe meaningful novel words
only. A visual cued recall task was also includs@aecond task to evaluate the
accuracy of the novel orthographic representatidpart from these new tasks and
the meaning manipulation the same design and stisué used in this experiment
and the previous experiment, except for the nowetwneanings which were made
more realistic, as described below.
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4.3.1 Method

Materials

The same 102 novel words and 68 meanings wereassedExperiment 4.
The meanings were elaborated for the purposeséfiperiment by adding two
features to each meaning to generate an objeuettHimh no existing word exists. For
example, if in Experiment fecktonwas defined as “a type of cat”, it was now
defined as “a type of cat that has stripes andlislipgrey”. This was done in order
to better simulate the kind of word learning the¢g on in real life situations. In
reality, novel words usually refer to novel objeiswhich a person does not know
a label. By adding new features to the existingmiregs from Experiment 4 the aim
was to teach a label for a new semantic objeceratitan teaching a new label for an
existing object. The new features were chosen aithiey set the object apart from
any known object, however without making the nevameg implausible (e.g., the
existence of a stripy bluish-grey cat is plausibig, the existence of a cat with six
legs would be less so0). Again, the plausibilityuiegment was set to make the
learning more realistic. The complete set of elatsat meanings can be found in
Appendix 8.

The majority of sentences used in the semanticsildily judgement task at
training were also the same sentences as usediribent 4. However, in some
cases the sentence context was no longer app®foiaihe meaning with the new
features, and in these cases the sentence wasedddifit with the elaborated
meaning. For example, one of the original sentetweg used with the meaning “a
type of baby” was “The couple desperately wantelae another [a type of baby]”.
In the current experiment the meaning with newuest was “a type of baby that is
premature and underweight”, making the originatesece implausible. The
modified set of testing sentences is found in Agjpes.

The only task that required completely new matenws the cued recall
task. Four different cues were created for eacleihweord, three to be used in
training and one in testing. The first training eu@s generated by removing one
letter from each novel word (for examplecktonfrom fecktor). Across all words,

all letter positions were used an equal numbeinoés to make sure participants
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overall had to keep attending to all parts of tleeds during training. The missing
letter was always replaced with an underscore.sBgend cue type was created by
removing every other lettef_(_t_r), starting with the second letter. The third
version was created in the same way, but now té@quisly removed letters were
kept in and the others were removed (k_0), starting with the first letter. The
fourth version, to be used in the testing sessi@s, created by removing all but the
first, last, and one medial lettdr (_k _ _ i Care was taken in choosing the medial
letter to make sure that there were no identiearfrents referring to two different
words, and that each fragment could possibly ootpmmodate one specific novel

word.

Design

The same division of the 102 novel words into thHigts of 34 words that
was used in Experiment 4 was again used herehégourposes of dividing the items
into consolidated, unconsolidated, and untrainedlitimns. These lists were further
randomly divided into two sub-lists of 17 items. &héng was taught for words in
one sub-list, and no meaning was given for the waordhe other sub-list. The 68
meanings were also divided into two lists of 34inaExperiment 4, to be used in the
consolidated and unconsolidated conditions. Asreefach meaning list was
combined with each novel word list an equal nundfd¢imes.

Procedure

Training. Participants received their first training sessim day 1, during
which they were trained on the first set of noveres (consolidated). No testing
took place on this day. They returned on the folhmaday and carried out an
identical training session on the second set oEhewrds (unconsolidated). The
testing session followed immediately after the @dyaining session. The training
was largely similar to that used in Experiment#uding word-to-meaning
matching, meaning-to-word matching, meaning reeaitl the sentence plausibility
judgement task. These tasks were presented irathe erder and the same number
of times as in Experiment 4 (i.e., three blocksvofd-to-meaning matching, one
block of meaning recall, two blocks of word-to-memnmatching, one block of
meaning recall, three blocks of meaning-to-wordahiaiy, one block of meaning

recall, two blocks of meaning-to-word matching, &gl blocks of semantic
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plausibility judgement), to give a total of 17 espeoes to each word. Since half of
the novel words were to be trained in the absehogeaning, new meaningless
variants of word-to-meaning matching, meaning-toevmatching, and meaning
recall were created, and were used only in trialslving the meaningless group of
novel words.

In the blocks of word-to-meaning matching task, oed-to-target matching
task replaced the word-to-meaning matching tridiemva meaningless novel word
was presented. This variant presented two target leptions instead of two
meaning options. The task was to indicate whictheftwo letters could be found in
the word seen on the screen. Matching the structuitee two tasks closely ensured
that both meaningful and meaningless novel word® wained in a similar way, but
no meaning was provided for the meaningless itédng. of the target letters,
randomly allocated to the left or the right, wasajs correct, and the other
randomly chosen from a pool of letters used astargut not found in the word in
guestion. Target letters were chosen for each worithat across the training session
first, medial, and final letter positions were tter. Also, all target letters occurred
an equal number of times as correct targets afoilaso that a response could
never be predicted on the basis of the letter alonie target-to-word matching
(derived from meaning-to-word matching) one tatgter was provided with two
novel word options. The foil word here was pickeahi a pool of novel words in the
meaningless condition that did not contain thedtlkgtter, while ensuring that all
novel words appeared as foils an equal numbenuddi Note that word-to-meaning
matching was used on trials involving a meaningtwel word, and word-to-target
matching was only used when the novel word to dieéd was of the meaningless
group. The two word types and their correspondasyj ariants were randomly
intermixed in the presentation order.

The third new training task was cued recall, wm@s always integrated
with meaning recall. A trial in this new cued rétakaning recall composite task
began with the presentation of a cue (e.gcktor), and the participant was required
to type in the complete novel word to which the ceferred to. Once this response
had been completed, the complete word was shovatr@en, and now the
participant was asked to type in the meaning ofatbed. If it was one of the
meaningless novel words, participants typed “nonimgd. Unlimited time was

given for all responses. As before, this task wasedhree times during training. In
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the first block the cues were missing one lettee (8laterials). In the second and
third blocks they were missing every other letkenr half of the words the missing
letters started from the first one in the secomtkbie.g.f ¢ _t n and from the
second letter in the third block (e.ge_k_o_)The opposite was true for the other
half. The order of trials within blocks was randsed by the software.

One further change was introduced in the meanioglrpart of this task. In
the first block of meaning recall participants wasked to type in only the object to
which the novel words referred to (e.@type of cat In the second block they were
asked to type in at least one of the features dqevg.,a type of cat that is stripy
In the third block they were asked to try to reedllifeatures (e.ga type of cat that
is stripy and bluish-grey This was done to encourage gradual buildingfupowel
word knowledge, which may result in better learning

The sentence plausibility judgement task was idahtd Experiment 4, with
three presentations of each novel word in a corbjgasientence, and one in an
incompatible sentence. When a meaningless novel was seen, the participant
was instructed to press a key labelled “No meanikgth meaningless novel word
was assigned four sentences that all suggestdteeedi meaning for the final word.
Thus no coherent meaning could be inferred undeseticonditions. The order of all
trials was randomised. E-prime was used to rutaaks using the same equipment
as Experiment 4.

Testing.The test session was completed on day 2 afteseibend training
session. Participants were offered a chance toaakst break before starting the
tests. Test tasks consisted of shadowing, readinugl acued recall, and meaning
recall. The parameters of the shadowing tasks slagktly changed from
Experiment 4, in order to make it as similar assfie to the reading aloud task. The
test session started with either shadowing or ngaglioud. A shadowing trial began
with the presentation of a fixation cross for 506. it the offset of the cross, a
spoken word was presented through headphonesstiiied the timing. The trial
finished 1500 ms after a vocal response was detectafter 2000 ms from the onset
of the spoken word. In the reading aloud task itkegtibn cross was replaced by a
word written in lower case letters, in black Tinisw Roman font on a white
background. The task was to read the word alowbas and as accurately as
possible. Same timeout was used as in shadowirggoiider of the shadowing and

reading aloud tasks was counterbalanced. Beforéngtahe shadowing or reading
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aloud task, participants completed five practic@drof each task with stimuli not
used in the experimental trials. The experimerggrained in the room during
practice to ensure that participants understoodatties and were speaking loud
enough for the response to be detected. The shag@amd reading aloud tasks
included all 68 trained novel words, 34 real woigme words as in Experiment 4),
and 34 untrained novel words. The order of thdstiaas randomised by the
software.

The third task was cued recall. A cue (efg., k__ hwas presented on
screen, and participants were asked to type icdhglete word. No feedback was
provided, and no time limit was used. This taskuded all trained novel words, and
the untrained novel words encountered in the shadpand reading aloud tasks.

The last task of the session was meaning recdltréihed novel words were
presented on screen in random order, and the taskontype in the complete
meaning. If it was a meaningless novel word, pgdicts typed in “No meaning”.

No time limit was imposed, and no feedback givelEXX was used for stimulus
presentation and response collection in all tesdtstaThe same computer equipment

was used as in Experiment 4.

Participants

Thirty native English speaking students drawn ftbm University of York
and York St. John University populations particgzhin the experiment (12 male,
one left-handed, mean age = 20.6, range = 18-29paxticipants reported language
disorders. Participants were paid or received @arsdit, and the most accurate and
fastest 50% of the participants were entered irgaze draw for a £10 gift

certificate.

4.3.2 Results

Training data

The degree to which participants learned the meanih the meaningful
novel words during training was examined first bgking at meaning recall data.
Figure 23 (left y-axis) shows accuracy levels icateof the objects to which the
novel words refer to across the three blocks af tfa@ining task. A mixed-effects

logistic regression model with subjects and itesmisamdom factors, and time of
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training (consolidated words on day 1, and uncadatgd words on day 2) and
training block (three blocks) as fixed factors wiaed. Subject-specific slopes for
the time of training were added. Contrasts in laglkat the interaction between time
of training and block showed that the effect ofdiof training was significantly
larger in block 1 compared to block 3 (b =-0.788&; -3.05, p =.002), and in block
2 compared to block 3 (b =-0.681, z = -2.96, 0B@3). The effect of time of training
was significant in the first and second blocks (9648, z = -3.53, p <.001,
b =-0.594, z = -3.35, p <.001), but no significdifference between day 1 and day
2 training was found in the third block. Accuraayaay 1 increased with training:
accuracy increased from block 1 to block 2 (b 219,% = 9.94, p <.001), from
block 1 to block 3 (b = 2.416, z = 14.40, p < .QGk)d from block 2 to block 3
(b =0.900, z =5.54, p <.001). The same wasdfuy 2 training, where accuracy
increased from block 1 to block 2 (b = 1.563, z869p < .001), from block 1 to
block 3 (b =3.147,z =17.44, p <.001), and frolock 2 to block 3 (b = 1.584,
z=9.64, p<.001).

The right y-axis of Figure 23 shows the mean nunabéeatures participants

could recall for the novel word meanings. Thesa dare analysed using ordinal

Il

1
=
4]

ob
o
(6;]

|

| |

o =

(6]
Mean number of features recalled

—&— Consolidated (day 1 training)
—0— Unconsolidated (day 2 training)
0 1 1 1 1 0
Block 1 Block 2 Block 3 Block 2 Block 3

Figure 23. Accuracy rates in the meaning recall trening task. Error bars represent standard
error of the means.

logistic regression (as in Experiment 1), with tiofdraining (consolidated words on
day 1, and unconsolidated words on day 2) anditiginlock (blocks 2 and 3) as

predictors (recall that participants were not reggiito recall features until the
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second block). Time of training entered into arifattion with block, showing that
the effect of time of training was significantlyrdger in block 2 than in block 3
(b=0.383,z=2.14,p = 03 The effect of time of training was significantblock

2 (b =-0.405, z =-3.40, p <.001), but not indd@. Recall accuracy increased from
block 2 to block 3 on both day 1 (b = 0.836, z5%p <.001) and day2 (b = 1.219,
z =9.67, p <.001). Together these object andifeatcall accuracy data show that
by the end of training, both novel word sets haghdearned equally well.

The cued recall data were analysed next to adsestegree to which forms
of the meaningless novel words were acquired duraiging. Figure 24 shows
accuracy rates in this training task for both megless and meaningful novel
words. The data were analysed using a mixed-effegtstic regression model with
subjects and items as random factors, and timewiing (consolidated words on
day 1, and unconsolidated words on day 2), meamimg$s (meaningless vs.
meaningful), and training block (three blocks) iaed factors, which also benefitted
from subject-specific slopes for block. No threeywsa two-way interactions
reached significance. The simplified model showed,taveraged across the other
variables, fewer meaningless novel words were letabrrectly than meaningful
words (b =-0.505, z =-8.37, p < .001). There wias an effect of time of training,
with more words recalled correctly on day 1 (b 480, z =-2.99, p =.003). Also,
averaged across the other variables, performaffifezet! between blocks, with
g —=— Consolidated (day 1 training)

0.9
—0O— Unconsolidated (day 2 training)

0.8

0.7

-

Proportion correct
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0.1 A

° |
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Figure 24. Accuracy rates in the cued recall traimg task. M+ refers to meaningful novel words,
M- to meaningless novel words. Error bars represenstandard error of the means.
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better recall in block 1 than block 2 (b =-1.4Z3; -17.60, p <.001) or block 3 (b =
-0.722,z =-6.43, p < .001). This is because theused in the first block provided
all the letters of the word apart from one, makireyvery easy condition. In blocks
2 and 3 half of the letters were missing. There staissignificant improvement

from block 2 to block 3 (b =0.751, z = 8.04, p0€1).

Test data

ShadowingSame data trimming procedure was applied on thdmshing
data as was done in Experiment 4. Voice key triggeuracy was again checked
with CheckVocal and corrected when necessary. ada@ving latencies and
response accuracy data are shown in Figure 25 xadveffects linear model with
subjects and items as random variables, and naw&l eondition (consolidated-
meaningful, consolidated-meaningless, unconsolkiiateaningful, unconsolidated-
meaningless, untrained, real words) as the fixehbke was fitted. Subject-specific
slopes for trial order increased the goodnesd.oCbntrasts involving the novel
word conditions were examined first. There was vidence of a consolidation
effect: latencies to both meaningful and meanirggtes/el words were unaffected by
the consolidation condition. There was also no evig of a meaningfulness benefit:
in both consolidated and unconsolidated novel wardaningless and meaningful
items were shadowed equally fast. The two conabdions differed significantly
from the novel word conditions. Untrained novel d®were shadowed slower than
any other condition (contrast with real words: ¥-128, t =-8.98, p < .001,
consolidated-meaningful: b =-0.058, t = -8.47, 981, consolidated-meaningless:
b =-0.048,t=-7.01, p <.001, unconsolidated-mragful: b = -0.048, t =-7.01,
p <.001, unconsolidated-meaningless: b = -0.0456t58, p < .001). Real words
on the other hand were shadowed faster than amey otimdition (contrast with
consolidated-meaningful: b = 0.070, t = 4.75, P&, consolidated-meaningless:
b =0.080, t =5.41, p <.001, unconsolidated-nmegimi: b = 0.080, t = 5.42,
p <.001, unconsolidated-meaningless: b = 0.083%.69, p < .001).
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Figure 25. Shadowing latencies and accuracy ratelgl+ refers to meaningful novel words, M- to
meaningless novel words. Error bars represent staradd error of the means.

Accuracy data in the shadowing task are presentdkiright panel of
Figure 25. The data were analysed using a mixest&sflogistic regression model
with subjects and items as random factors, and wondlition (consolidated-
meaningful, consolidated-meaningless, unconsolkiiateaningful, unconsolidated-
meaningless, untrained, real word) as the fixedcalode. No effect of consolidation
was found, either in meaningful or meaningless haxgds. No effect of
meaningfulness was found either in the two conatiich groups. Untrained novel
words were repeated as accurately as all novel wamditions. The real word
condition had a significantly higher accuracy ithi@n untrained novel words
(b =-2.065, z =-2.93, p =.003) and meaninglegoasolidated novel words
(b =-1.878, z = -2.49, p = .01 The difference between real words and meaningful
unconsolidated novel words was only marginally gigant (b = -1.497, z = -1.90,

p = .08), as was the difference between real words ansatiolated meaningless
novel words (b = -1.512, z =-1.92, p ='p5

Reading aloudThe same trimming procedure was carried out onltha as
in the shadowing task. Figure 26 (left panel) shosegling latencies in each
condition. CheckVocal was used to make sure tlentes were accurately
recorded. The analysis was carried out using adretiects linear model with
subjects and items as random variables, and warditbon (consolidated-
meaningful, consolidated-meaningless, unconsokidateaningful, unconsolidated-

meaningless, untrained, real word) as the fixethbée, and subject-specific slopes
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Figure 26. Reading latencies and accuracy rates. Mrefers to meaningful novel words, M- to
meaningless novel words. Error bars represent staradd error of the means.

for trial order. The effect of time of training ditbt reach significance for either
meaningful or meaningless novel words. There wasiainally significant benefit
for meaningful novel words over meaningless novelds in the consolidated
condition (b = 0.017, t = 1.80, p = .06:7No such effect was seen in the
unconsolidated condition. Reading times to untiin@vel words were slower than
in any other condition (contrast with real words: B0.200, t = -9.94, p <.001,
consolidated-meaningful: b =-0.109, t = -13.05; 801, consolidated-meaningless:
b =-0.092,t=-10.94, p <.001, unconsolidategimegful: b =-0.096, t = -11.44,

p <.001, unconsolidated-meaningless: b = -0.084111.12, p < .001). Reading
times to real words were significantly faster theading times in any other
condition (contrast with consolidated-meaningfuk B.092, t = 4.44, p <.001,
consolidated-meaningless: b = 0.110, t = 5.27,@04, unconsolidated- meaningful:
b =0.105, t = 5.08, p <.001, unconsolidated-megless: b = 0.107, t = 5.14,

p <.001).

Accuracy data in the reading aloud task are presgéantthe right panel of
Figure 26. The data were analysed using a mixext#stiogistic regression model
with subjects and items as random factors, and wondlition (consolidated-
meaningful, consolidated-meaningless, unconsoliateaningful, unconsolidated-
meaningless, untrained, real word) as the fixethlség. There was no effect of time
of training in the meaningful condition, but in tireeaningless condition
consolidated novel words had a significantly highecuracy rate than

unconsolidated words (b = -0.636, z = -2.28, p2).0rhere was no effect of
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meaningfulness in the consolidated condition, buhe unconsolidated condition
meaningful novel words had a significantly highecwaacy rate (b =-0.747,

z = -2.61, p = .0%. Untrained novel words had a significantly loveecuracy rate
than real words (b = 2.180, z = 5.05, p < .001gitrer of the consolidated novel
word conditions (meaningful: b = 0.862, z = 3.2% ®01, meaningless: b = 0.684,
z=2.77, p = .008, or the meaningful unconsolidated condition (©.802, z = 3.12,
p =.002). The difference between untrained wordkunconsolidated meaningless
novel words was non-significant. Real words hadyadr accuracy rate than any
other condition (consolidated-meaningful: b = -032=-2.78, p < .001,
consolidated-meaningless: b = -1.495, z = -3.20,@01, unconsolidated-
meaningful: b =-1.380, z = -2.92, p < .001, unabdsated-meaningless: b =-2.131,
z=-4.74, p <.001).

Cued recall Accuracy rates in the cued recall task are showkigure 27.
Meaningfulness (meaningful vs. meaningless) aneé tifrtesting (delayed =
consolidated, immediate = unconsolidated) wereredtas fixed factors in a mixed-
effects logistic regression model with subjects éeiohs as random variables. Time
of testing and meaningfulness did not enter intacngeraction. Averaged across the
meaningfulness conditions, significantly more cdicksded novel words were
recalled accurately compared to unconsolidated svod= -0.571, z = -5.34,

p <.001). Averaged across the time of testing tmnrg, meaningful novel words

had significantly higher accuracy rates than meglass novel words (b = 0.535,
0.6 1
0.5 4

0.4 -

0.2 4

Proportion correct

0.1 4
—a— Consolidated —o— Unconsolidated

Meaningful Meaningless

Figure 27. Accuracy rates in the cued recall testsk. Error bars represent standard error of
the means.
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z =5.03, p <.001). The effect of time of trainigs significant also when
evaluated at both meaningfulness levels separ@atedgningful: b = -0.660,

z =-4.49, p <.001, meaningless: b = -0.468, 3.63, p = .002). The effect of
meaningfulness was also significant when evaluatdxbth time of training
conditions (consolidated: b = 0.625, z = 4.26,.p&, unconsolidated: b = 0.438,
z=2.84, p=.004).

Meaning recall Accuracy rates in recalling the meaning of theatavords
are displayed in Figure 28, both for recalling tfogect to which the novel word
refers to (left y-axis), and the number of featuezsalled (right y-axis). Accuracy in
recalling objects was analysed with a mixed-effémggstic regression, with subjects
and items as random variables, and time of testinthpe fixed variable. Subject-
specific slopes for time of testing improved goaamef fit. Unconsolidated novel
word meanings were recalled significantly more aatly than consolidated words
(b =1.143,z=4.78, p < .001). The same pattexs seen in the number of features
recalled, when analysed with ordinal logistic regien, with more features recalled
in the unconsolidated condition (b = 0.672, z 449< .001).

17 2

0.9 +

=
o

0.8 +

507+

Proportion of objects recalled
o -
o

Mean number of features recalled

0.6 +

0.5 f f f 0
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Figure 28. Accuracy rates in the meaning recall teésask. Error bars represent standard error
of the means.

4.3.3 Discussion

The shadowing task in the current experiment faibekplicate the
consolidation effect seen in Experiment 4. Nowipgrants were equally fast and

accurate in shadowing novel words they had leajngcbefore testing, and the day
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before testing. No effect of meaningfulness wasébeither, participants shadowed
meaningful and meaningless novel words equallydadtaccurately. The failure to
replicate the consolidation effect was puzzlingystdering that the task and the
stimuli were identical to Experiment 4, apart frtime elaborated meanings. Two
other differences may have influenced the resutstl, in Experiment 5 the
shadowing task was carried out immediately afterday 2 training session
(although preceded by the reading task in halhefgarticipants). It is possible that
in Experiment 4 the additional exposure providedHgysemantic decision, sentence
plausibility, and meaning recall tasks acted tegdhe activation of the novel word
representations and created better circumstanceefbaps weak consolidation
effects to reach an observable level. Learninguitieonsolidated set of novel words
may have interfered with the recall of consolidategtel words, and such short-term
interference may have been overcome by a small auoflpresentations of the
novel words before the shadowing task took platdéight of these considerations, a
second replication of the shadowing task will bespnted in the next chapter, where
it is again carried out as the last task of thegession.

The reading aloud task also failed to show conatba effects in reading
latencies. Consolidated and unconsolidated noveliswovere read equally fast, as
were meaningful and meaningless novel words. Taeing accuracy rates however
did show an interaction between consolidation aedmngfulness. No
consolidation effect was seen in meaningful novedds, but in the meaningless
condition consolidated novel words were read sigaiitly more accurately than
unconsolidated words. This rules out a semantigddor the consolidation effects in
this task: if the effect was caused by consoligdatibword meanings, the effect
would have been observed in the meaningful conditidher than the meaningless.
It may be the case that unconsolidated novel wdreisg recently acquired and still
relatively weak, benefit from the additional bosetnantic activation provides. As
they become stronger during the course of offlimesolidation, the semantic boost
becomes less prominent. This view is supportedbybservation that the
consolidated novel words were unaffected by theningéulness manipulation,
while the unconsolidated words significantly betiefl from meaning. However,
these data should be interpreted with some dedresution as the effect was seen
only in the accuracy rates, but not in reading §iménder the priming hypothesis

discussed in connection with Experiment 4, the laick reading time consolidation
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effect might be taken as evidence that only crosdahpriming benefits from
consolidation. However, the failure to replicate #hadowing consolidation effect
(cross-modal) makes it difficult to interpret thisding.

The cued recall task was successful in showing aotéffect of
consolidation and meaningfulness, although no actesn between the two. In the
recall task consolidated novel words were recallgdificantly better than
unconsolidated words, and this was the case fdr iIn@aningful and meaningless
novel words. These data support the idea that kedye of novel word forms
benefits from offline consolidation, and agree vitie shadowing data from
Experiment 4, as well as the consolidation effe€tsovel word forms shown by the
lexical competition studies of Gaskell and colleag(e.g., Dumay & Gaskell, 2007).
The effect here does not seem to have a semaatis,las the consolidation benefit
was seen in both meaningless and meaningful nomelsv It is somewhat surprising
that the similar cued recall task in ExperimenidLribt show a consolidation effect.
The overall accuracy rates in the two experimergsanilar (when compared with
the non-neighbour condition of Experiment 1, whiglmost comparable to the
current experiment), suggesting that the difficu#ites in the two tasks were also
similar. One major difference between the two expents was the design. In
Experiment 1 two different groups of participantsrevtested, one immediately after
training, and the other one day later. In Experintean the other hand the same
participants were tested in both consolidation @gomk. It may be that the more
powerful design of the current experiment alloweel ¢ffect to emerge. An
alternative explanation is offered by an examimabbthe training data. In the cued
recall training task performance on day 1 was flygbut statistically significantly
better than in the day 2 training session. Thispbssible that participants were
more attentive or motivated in the first trainirggsion than in the second, and
learned the first set of novel words (consolidataet}er. It should be noted though
that the difference between the two word setsstirtg was about three times larger
than during training (difference during trainingea&ged across blocks and
meaningfulness was 3.1%, in the testing sesswast9.4%, averaged across
meaningfulness conditions), suggesting that thierihce in training performance
may not be the only source of the effect.

In the cued recall task meaningful novel words weralled better than

meaningless novel words. This was true in both alichetion conditions. This
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indicates that novel word forms are easier to |e@dran they carry meaning. A
similar conclusion was reached in Experiment 1,r@m®vel words whose form and
meaning were semantically related resulted in betted recall performance
compared to words whose form and meaning were atect| However, it is
important to acknowledge that the meaningfulnefecein the current experiment
may have been partially affected by training perfance, in that participants may
have spent more time learning the meaningful naxets as these items required
learning of both form and memory. This extra effody have caused better learning
of forms.

Finally, the meaning recall data replicate findifigen Experiment 4.
Meanings of the recently learned unconsolidatechaords were recalled
significantly better than meanings of consolidatextds. This was seen in both
recall of objects and features. It appears th#tisitask the meanings of the novel
words learned on the previous day are subjectrtggefoing or interference from the

meanings of the second set of novel words.

4.4 Chapter Summary and General Discussion

The aims of the two experiments described in thegter were to evaluate
offline consolidation effects in access to novetdvmeanings and novel word
forms. Experiment 4 focused on meaning, using aaséimdecision task as the main
test of meaning access. When novel words actedrasq participants were faster
to make a semantic decision about the relatedridbe prime and target when the
two were semantically associated than when theg weassociated. This replicated
earlier reports of semantic decision performanaegusovel word primes (e.qg.,
Perfetti et al., 2005). Importantly though, the essment reported here was the first
time consolidated and unconsolidated novel worde fi@en compared in this task,
and showed a similar relatedness effect in botlditons. The similar performance
in the two time of testing conditions might be npieted as evidence against a role
for consolidation, however such a conclusion wdaddoremature. Firstly, towards
the end of this task decision latencies to triath wonsolidated novel words had
become faster than latencies to trials with unclideai®d novel words (although this
was seen in the related condition only). Secorttily,sentence plausibility
judgement task, which is similar to the semantiggien task in that both require a
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decision to be made about the semantic fit of theehword in a provided context,
showed a significantly larger compatibility effé¢difference between trials where
the novel word fits and trials where it does nowiith the sentence context) with
consolidated than unconsolidated novel words (afjhcsee discussion below for an
alternative view of this task). Together these samkggest that meanings of
consolidated novel words may be accessed fastemtieanings of unconsolidated
novel words.

In contrast to these tasks showing a consoliddtenefit in speed of access
to meaning, both Experiment 4 and 5 showed thekpiicit meaning recall there
was a benefit for unconsolidated novel words. Tiseatiation between these two
types of task is interesting. Meaning recall regsiian explicit act of retrieval of the
novel word meaning, in as much detail as possiiiies task does not appear to
benefit from consolidation. The semantic decisiod sentence plausibility tasks on
the other hand require a speeded decision aboumehaing of the novel word in
relation to an existing word or a semantic contixs these two tasks which show
some evidence of consolidation. This dissociati@kes sense in the CLS view,
where one of the most important functions offlima®olidation has is to connect and
interleave new information with existing informatidSince the semantic decision
and sentence tasks are the only tasks which repaiteipants to relate known
words with new words, these tasks are the modylikkees to be sensitive to
consolidation processes. In other words, these s#ertasks provide preliminary
evidence that novel word meanings are gradualbgnatted with existing semantic
knowledge.

| next turn to consider the tasks measuring nowetiviorm recall.
Experiment 4 included a shadowing task which shosvelbar advantage for
consolidated novel words in shadowing latenciesantiracy rates. While this
finding was not replicated in Experiment 5, thédaexperiment did provide further
evidence for consolidation of novel word form imet tasks. Accuracy rates in the
reading aloud task showed a consolidation advarftageeaningless novel words
(although the effect was not seen in reading lagéshcThe cued recall data
supported this pattern, by showing better recatiasfsolidated novel word forms,
both when they were meaningful and meaninglesssd demonstrations of
consolidation of novel word forms in the visual bty join the growing literature

on auditory novel word lexical competition reseamehich has shown a crucial role
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for consolidation in integrating novel words in tmental lexicon (e.g., Dumay &
Gaskell, 2007). It is important to note howevet tihe cued recall consolidation data
were in conflict with the null finding in Experimefi. The cued recall task will be
revisited in Chapter 6, using a more sophisticadiesgign disentangling sleep and
wake-related consolidation.

Experiment 5 also attempted to clarify the rolengfaning in novel word
learning. There was some evidence for a facilijatole for meaning. Meaningful
novel words were recalled more accurately in tredaecall task, although this may
have been caused by an attentional effect duraigitig, with more attention (or
effort) allocated to novel words for which a meanhad to be acquired. In the
reading accuracy data meaning had a significargfiicbut only in the
unconsolidated words. This latter finding may helgxplain some of the
discrepancies in the reading literature with regarceading newly learned words.
As reviewed in Chapter 1, some studies have fagdohd a meaning advantage
(e.g., Nation et al., 2007; McKague et al., 206Igwever, these studies included
multiple training sessions over several days, fodd by a later test session. If
meaning effects are most prominent in unconsoldiatarel words, then any studies
attempting to find a meaning benefit in consolidadg@muli would struggle to find
one. In fact, McKay et al. (2008) who tested tlparticipants immediately after
training did find a meaning advantage in some duorh (see Chapter 1 for details).
Although the current experiment does not resoliifisue, it does strongly imply
that consolidation is an important factor to coesith novel word reading
experiments.

The evidence for consolidation of word forms recagnas a re-evaluation of
the data from Experiment 4. Although both the seimatecision task and the
sentence plausibility tasks were intended to meaacacess to word meaning
knowledge, both tasks are likely to be heavilyueficed by form knowledge too.
This is particularly the case in the sentence thsthis task participants were
allowed to view the sentence without the concludiogel word for as long as they
wanted. This was done to allow for variability gading speed. However, it is
possible that participants had the time to genexapeess about the final word. The
sentences were designed to be highly constraismguessing the identity of the
missing novel word should not have been difficlitis means that when the novel

word was revealed, the participants’ task wouldptynmave been to confirm that the
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appearing novel word was indeed the same wordwleeg expecting. In these trials
task performance would then have been more basegtognition of form than
meaning. It is less plausible to suggest that &meesstrategy would have worked in
the semantic decision task, but the evidence fosa@ldation was weaker in that task
anyway. To assess this alternative explanatiohetentence plausibility task,
Experiment 6 used a modified version of the taskneta rapid serial visual
presentation (RSVP) method was used to reducepghertunity to use a guessing
strategy.

The semantic decision task may not be the optiasil to evaluate speeded
access to novel word meanings either, as it regjaineexplicit decision to be made
about the identity of the novel word. As discussadier, offline consolidation is
likely to have the strongest effect in tasks whodasure the degree to which the
novel word meaning has been integrated with exyggmantic structures. If this is
the case, then the most sensitive tasks for secn@misolidation effects would be
traditional semantic priming paradigms, where npliex response is made to the
novel word itself, but where the influence of thesel word is measured in access to
a semantically related familiar word. These tadks provide a purer measure of
semantic activation, with less potential confourahf form based processing. The
two experiments reported in the next chapter (Erpants 6 and 7) will look at
semantic priming in a commonly used primed lexd=dision task, where the prime
is a novel meaningful word. These tasks shouldfgltire conclusions from the
semantic decision task. In sum, although the erpanis reported in this chapter
provide preliminary evidence for a possible cordgation benefit in learning novel
word meanings, more data are needed from taskwaméasure online activation of
semantics. Experiment 5 also showed that offlinesobdation plays a role in
learning of novel word forms. This process willdeamined in more detail in

Experiment 8.
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Chapter 5: Semantic priming using newly learned
meaningful words

5.1 Introduction

Experiment 4 suggested that when asked to makespekcisions about the
meaning of a novel word, people were faster toaedgo novel words that had had
a chance to consolidate over a 24 hour period, eoatito novel words that had
been learned briefly before testing. This impliestér access to the meanings of
consolidated novel words, which interestingly was neflected in increased recall
accuracy in an untimed meaning recall task. Howeagdiscussed in the previous
chapter, this effect was only seen in the lastlblifdhe semantic decision task.
Also, the semantic decision task measures speexiptitit retrieval of the novel
word meaning by requiring an explicit decision torhade about the identity of the
novel word and its relationship to the prime. TRpeximents reported in this chapter
made use of semantic priming as a task not reguamexplicit response to the
novel word, and hence tapping into more automaitnsastic activation. This type of
access may be more sensitive to potential consmidaffects, and is more likely to
reflect normal online semantic processing by nquieng participants to explicitly
retrieve the novel word meanings.

Semantic priming, as discussed in earlier chaptefsts to the finding that
when participants are asked to recognise a wogd, (actor), typically in a lexical
decision or a naming task, they respond faster wihetarget word is preceded by a
semantically related or associated word (ewgrsg, compared to an unrelated word
(e.g.,tiger) (see Neely, 1991, and McNamara, 2005, for congsie reviews).

The most common explanation for priming is basedmeading semantic
activation. One often cited model of semantic pnignihat relies on spreading
activation was proposed by Collins and Loftus ()92&cording to this view
knowledge is represented as a semantic networkstimgsof interconnected nodes.
Each node represents a semantic concept, andasded and connected to related
concepts. When a prime word is encountered, ivaiets its corresponding concepts.
This activation then spreads to the related, caederodes. If a related target word
is presented briefly afterwards (as activation gie@ver time), the residual

activation from the prime will facilitate the actitton and recognition of the target.
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Many other models rely on similar processes ofagtireg activation. In
distributed network models (e.g., Plaut & BoothQ@pDa concept is not represented
as a node in a network, but rather as a patteactofation over a number of units.
Related concepts share semantic features, and hksacbave overlapping
representations. As a prime is presented, it detsvids corresponding pattern of
units. When a related target is subsequently ptedeit can be activated faster
because some of its units were already active ieeprime was processed.

Multistage activation models share the operatimgcgles of the above
models, but add different stages of lexical-sencgmtdbcessing. The interactive-
activation model of Stolz and Besner (1996) apphbegsual word recognition, and
consists of letter, lexical, and semantic levelse presentation of a prime word
activates the relevant letters at the letter leAetivation feeds forward to the lexical
level, where lexical representations that matchrtbeming letter information are
activated. Activation of a lexical representatiarttier feeds to the semantic level.
Importantly though, activation at the semantic lesa@ot restricted to the one
semantic representation that best matches the inganformation, but also applies
to representations that are semantically relatbd.aktivation of all of these
semantic representations feeds back to the loweldeensuring that words related
to the prime will also be activated at all lowerdés, although less strongly. The
related target can then be processed more effigiaheach level than an unrelated
target.

The spread of semantic activation is often considiéo be an automatic
process, in that it operates outside of consci@assard without effort. However,
semantic priming is also affected by strategic psses. Some models of semantic
priming explicitly incorporate such factors. Theet®-process theory proposed by
Neely and Keefe (1989) incorporates spreading aibtir that occurs in an
automatic fashion, but also includes an expectanogess whereby participants
under the right circumstances can explicitly geteehgpotheses about the identity of
the target based on the prime. The third procetlismmodel is a semantic matching
process where participants search for a relatitwd®n the prime and target in order
to facilitate the word/nonword decision made irpaasse to the target (this process
only applies in primed lexical decision). If a t&da is found, the response must
necessarily be “word”, whereas the absence ofaioel may prime a “nonword”

response. The degree to which this third procelslgful depends on the proportion
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of trials where the prime and target are relatedywn as relatedness proportion
(RP), with a high RP encouraging more strategicgseing. The proportion of
nonword trials (nonword ratio, or NR) is also redlat. Under conditions of a high
NR the absence of a semantic relation is likelgigmal a nonword. Under a low NR
on the other hand the absence of a relation is @iy to signal a word. By
manipulating the RP and NR the experimenter canerpakticipants’ response
strategies more or less reliant on automatic atesgic processing. A third variable
that is relevant here is the SOA between primetarget. A short SOA will not
allow time for expectancy processes, again biagiagask towards more automatic
processing.

The experiments reported in this chapter were eduout to see if novel
words enable semantic priming, showing that theehaord has been integrated in
the semantic system. The second aim was to sdéifineaconsolidation of novel
word meanings is necessary for priming to emenge ifat is equally important for
strategic processing of meaning and automatic gemeg of meaning. There are no
commonly agreed rules on how to elicit automatiogsosed to strategic priming,
and it is likely that all tasks involve both proses to varying degrees. Hence the
aim here was to design priming experiments thaewkely to fall either towards to
strategic or automatic end of the continuum. Expernt 6 was intended to tap into
more strategic processing by using a visible prameé a long SOA, and Experiment
7 was intended to tap into more automatic procgdsynusing a masked prime and a
short SOA.

The two experiments evaluated consolidation thagglace within 24 hours
of learning as well as consolidation that may taleee over a longer time course of
several days and nights, by testing priming imntetjaafter training, one day after
training, and one week after training. Becausexpdtiment 6 the novel word
primes were visible and participants were awarthef potential semantic
relationship with the targets, an experimental glesvas needed which does not
involve repeated exposure to the words acrossesidiies. This was because such
repeated exposure might act as a further trainpppdunity. Hence in Experiment 6
one group of participants was tested on words éxham the day of testing and on
another set of words learned one day before testimlifferent group of participants
was tested on words learned on the day of testidgpa another set of words

learned one week before testing. The ideal desmudve to compare short
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consolidation and long consolidation in the saméi@pants as this optimises
statistical power. While this was not possible kp&riment 6 for the reasons stated
above, it was possible in Experiment 7 which usedkad primes. In these
circumstances participants are not explicitly exgob® the novel word primes, and
there is less risk of additional explicit trainiteking place. Hence in Experiment 7
the same group of participants did the priming ths&e times, once immediately

after training, again one day after training, andeomore seven days after training.

5.2 Experiment 6

Experiment 6 evaluated the ability of newly learmeatds to prime familiar
associated words. Note that the relationship betagerime and a target can be
defined in two different ways: they can either benantically related, in that they
share semantic features (e.g., dog-goat, wheredsetmammals, have fur etc.), or
they can be semantically associated, in that tifiey @ccur together in a similar
context, and often occur together in free assariafsks (e.g., dog-cat). As can be
seen in the examples cited above, in most instgmao@sng is a mixture of both
relatedness and association, as words that aré/lagsociated often also tend to be
semantically related. In a meta-analysis Lucas@2@0ncluded that both semantic
relatedness and association resulted in primingagsociation provided an extra
boost in the magnitude of priming. Hutchison (2068)he other hand argued based
on his analysis that there was no evidence foripgnm the absence of association.
The experiments reported in this chapter used ptarget pairs that are associated,
and thus are likely to reflect both semantic relass and association.

The present experiment followed the design usdtkperiment 4 with the
addition of a second consolidation condition wheesdifference between learning
the consolidated and unconsolidated words was @e&mstead of one day. Figure
29 illustrates the timing of training and testimgsions. All participants were trained
on one set of novel words and their meanings onld&alf of the participants
returned on day 2 to be trained on a second geivadl words (short consolidation
opportunity). After the second training sessiotest session was initiated, with tests
of explicit meaning recall, semantic priming (priiexical decision), sentence
plausibility, and shadowing. The other half of gaaticipants returned instead on
day 8 (long consolidation opportunity), and carreed the same training and testing
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tasks as the short consolidation group. The purpbadding the long consolidation
opportunity group was to assess the possibility $kenantic information benefits

from more than one day or night of consolidation.

4 N\ 4 N
DAY 1 (N =60) DAY 2 (N =30)
Training —> Training
32 “consolidated” novel words 32 “unconsolidated” novel words
Testing
- Consolidated novel words (with 1 day delay)
All participants learn 32 novel words - Unconsolidated novel words
on day 1 (consolidated). Half of the - J
participants learn a second set of Vs ~
novel words (unconsolidated) on day DAY 8 (N = 30)

2 and are tested. The other half learn
the second set on day 8, and are
tested.

Training
32 “unconsolidated” novel words

|

Testing

- Consolidated novel words (with 7 day delay)
- Unconsolidated novel words

- J N J

Figure 29. Timing of training and testing sessionm the two consolidation groups (1 day = short
consolidation opportunity, 1 week = long consolidan opportunity).

Semantic priming was tested by primed lexical deniswhere participants
were required to make a word/nonword decisionterget, which was preceded by
either an associated or unassociated prime woitd.tdgk was administered using
both real word primes and novel word primes, iedént blocks. The real word
prime condition was included to make sure the patara chosen with regard to RP,
NR and SOA resulted in priming. McNamara (2005) tee®@mmended that in order
to look at strategic priming one should choose @A $f over 200 ms, and an RP of
over 0.2. Consequently the parameters chosen mdteled a long SOA of 450 ms,
and an RP of 0.5. NR was set at 0.5.

As discussed in the previous chapter, the senfgiacsibility task in
Experiment 4 may have been affected both by semant orthographic processes,
due to the self-paced nature of the task. Thewaskmodified for the current
experiment by using a rapid serial visual presemngRSVP) paradigm where the
sentence was presented one word at a time atad$peed, and participants were

asked to respond to the novel word, which alwaysiwed at the end of the
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sentence, as quickly as possible. This presentataethod should reduce the chances
of generating an explicit guess about the idewmtitthe novel word, and should
measure speed of semantic access with less inBuUemm purely form-based
processes.

Finally, the shadowing task was included in exatityysame format as in
Experiment 4, to see if it could be replicated hafter the unsuccessful replication
in Experiment 5. If the failure to replicate thi$eet in Experiment 5 was due to
introducing it immediately after the training, ltauld emerge again in this
experiment where it is again carried out at the @rtie session. If on the other hand
the effect is genuinely unreliable, it should netdeen here either. Also, it is
possible that this task too benefits from consaitfaover more than one day or
night. If this is the case, consolidation effedteldd emerge only in the long

consolidation opportunity group.

5.2.1 Method

Materials

The novel words were the same 102 nonwords usedperiments 4 and 5.
The novel word meanings consisted of the same g swith two features as used
in Experiment 5. Care was taken to make sure th&tatures overlapped with the
targets used in the priming test. The real worgdts used in primed lexical decision
with novel word primes were the 204 targets fronp&iment 4 (three associated
targets for each novel word meaning). The 34 reatiyprimes and 102 real word
targets in the real word priming control conditiwware also taken from Experiment
4. The properties of all these stimuli were desdim Chapter 4.

The primed lexical decision task required generatif 204 nonword targets.
These were created by changing one letter in thlenrerd targets to generate legal
nonwords (e.gstrepederived fromstripe). The motivations for this procedure were
to generate nonword targets that were carefullycheat with the word targets, and
to make sure the nonwords were word-like in ordentrease task difficulty to
make sure participants would be more likely to i¢frem the associated primes.
Roughly equal numbers of nonwords were createchapging letters in all
positions of the words, with consonants alwaysaegd with consonants, and

vowels with vowels. The nonwords are presentedgpefdices 5 and 6. For the
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purposes of the sentence plausibility judgemetktitagraining and testing, the same

sentences were used as in Experiment 5.

Design

In Experiment 4, the 102 nonwords were divided thtee lists of 34
nonwords each, to be used in the two trained ciomdit(“consolidated” novel words
trained on day 1, “unconsolidated” novel wordsrteal on day 2), and one untrained
condition, matched in length. The same lists weeun the current experiment for
training on day 1, and on day 2 or day 8. The desfgexperiment 4 also divided
the 68 meanings into two lists of 34 meanings toded in the different
consolidation conditions (unconsolidated and cadatdd), matched in length and
frequency. The same lists were used here. Thewrsts again rotated through all

conditions across all participants.

Procedure

Training. Training took place for all participants on daytdr, half of the
participants additionally on day 2, and for theewsthalf additionally on day 8. No
testing took place on day 1. As in the previousptéra | shall again refer to words
learned on day 1 as “consolidated” novel wordshwifurther distinction between
participant groups with long or short consolidatapportunity), and words learned
on the day of testing (day 2 or day 8) as “uncadatéd” novel words, with the
same theoretical caveats as before. Training dm deys was identical, and
consisted of the same tasks used in Experimeramely word-to-meaning
matching (five exposures to each word), meaningidod matching (five
exposures), meaning recall (three exposures), emersce plausibility judgement
(four exposures). The tasks were performed in fxelkr. The procedure of these
tasks was the same as in Experiment 4.

Testing.The testing session followed from the second iingisession on day
2 or day 8. Participants were offered a chancake & rest break before beginning
the test, and were given written and verbal insimas. Test tasks consisted of
meaning recall, primed lexical decision, senterlaagbility judgement, and
shadowing (see Table 3). The first task was mear@ogll. In this experiment
meaning recall was carried out first in order fowlparticipants to explicitly access

their knowledge of the novel word meanings onceitgefloing the primed lexical
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decision task. It was hoped that this would canaglany possible episodic recency
effects that might benefit the unconsolidated wpaasl result in a purer measure of
speed of access to novel word semantics. As befteeneaning recall task required
participants to type in the full meaning of a tedmovel word presented on screen.
No time limit was imposed, and no feedback was iplexi. The order of trials was

randomised by E-prime.

Table 3. Sequence of tasks in the second experimaigession (day 2 or day 8) in Experiment 6.

Training session: learn novel words and meaningstraining tasks
feckton is a type of cat that is bluish-gray and s@ipes
glain is a type of book that has pictures and essmed

Test 1: meaning recall
feckton
glain

Test 2: primed lexical decision (prime — targetrpahown below)

Block 1 Block 2 Block 3
feckton — kitten(related) feckton — dodrelated) feckton — fork{unrelated)
feckton — noigh{nonword) feckton — sufnonword) feckton — schoo¢honword)
glain — night(unrelated) glain — sur{unrelated) glain — schoo(related)

glain — ditten(nonword) glain — degnonword) glain — firk (honword)

Test 3: sentence plausibility
The woman liked to listen to the purring of herid®n (correct usage)
The businessman kept his suits neatly in his dlatorrect usage)

Test 4: shadowing (auditory presentation)
[feckton/
/glain/

Note:On day 1 only the training session was carried Different sets of novel words were learned
on the two days. In primed lexical decision, reafdvprime condition is not shown in the table.

A primed lexical decision trial began with the pretation of a fixation cross
for 500 ms. This was replaced by the prime in lmase letters for 200 ms, and then
the target also in lowercase letters for 200 m#) amn SOA of 450 ms (ITI 250 ms).
Timing started from the onset of the target, and2®s was allowed for a response
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to be made. The participant’s task was to decidetldr the target was a real word
or a nonword by pressing a key on a Cedrus buttaridbelled “Word” or
“Nonword”. Half of the participants responded to 6vd” with their right hand, and
the other half with their left hand. Once a resgonwas made, feedback was
provided both in terms of response accuracy angbrese time (by displaying the
RT). Note that in Experiment 4 no feedback was mjiakeout response accuracy
because there participants were assessing the semgationship between the
novel word and a related or unrelated target, andigng accuracy feedback would
have offered a chance for further learning. Indheent experiment responses were
made about the lexicality of the target and notlbioe novel word prime, hence
feedback could be given to encourage fast and atcperformance. A rest break
was offered half way through the trials, togethéhva summary of accuracy
statistics (percentage correct so far). Particpamre informed that in many trials
the prime and target would be related, to encoutlagia to attend to the prime as
well as the target.

There were two versions of the primed lexical sieci task. In the novel
word version the prime was always a novel word, thedarget was a real word or a
nonword. In the real word version the prime wasagisva real word, and the target
was again a real word or a nonword. The order irchvthe two versions were done
was counterbalanced across participants. As iniirpat 4, both versions of the
task were divided into three blocks, with each grimecurring twice within each
block, once with a word target and once with a nomtarget (see Table 3). Since
there were an odd number of blocks, it was impdss$dbalance the primes so that
each participant would see each prime an equal auofldimes with an associated
and unassociated word target. However, the stimetle counterbalanced so that
across all participants each prime occurred in @aiching condition an equal
number of times, and within participants half of fhrimes appeared twice in the
associated condition and once in the unassociateditcon, and the other half of the
primes appeared once in the associated conditidtveine in the unassociated
condition. For the targets a typical split-plotideswas implemented where each
participant saw each word or nonword target onlkyegut across all participants all
targets appeared in both priming conditions an lequaber of times. This was
achieved by randomly dividing the targets into ti8ts, and presenting one list with

associated primes and the other with unassociateg.
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The order of trials was pseudorandomised using(Vaxi Casteren & Davis,
2006). At least 15 trials separated the repetibibany prime. A maximum of three
consecutive trials from the same time of trainingpaming condition were allowed,
and a maximum of four consecutive trials from tame lexicality condition were
allowed. A new pseudorandomised order was genefatezich participant.

Sentence plausibility was the third task in théingssession. A trial started
with the presentation of a fixation cross for 506, fellowed by the presentation of
the sentence one word at a time, at the speed0ofi@5er word. Once the last word
was presented a response cue was shown (“???hwalso started timing. The
participant was given a maximum of 2000 ms to judbether the final novel word
fitted the semantic context of the sentence bysimgsa key on the Cedrus button
box labelled “Yes” or “No”. Once a response was adibth accuracy and RT
feedback was given. Another key press was requir@utiate a new trial. The order
of trials was randomised by E-prime. Responses wa@lected to all 68 trained
novel words, with a split-plot design used to ¢lane response to each novel word
(either semantic match or mismatch) with itemsteatahrough conditions across
participants.

The final task of the testing session was shadowimgre participants were
asked to repeat an auditorily presented word as and as accurately as possible.
As before, shadowing responses were produced|f68atained novel words, 34
untrained novel words, and 34 real words. The goce items, instructions, and

equipment used were exactly the same as in Expetife

Participants

Sixty native English speaking participants dravwonfrthe University of York
and York St. John University student and staff gafons participated in the
experiment. Thirty were allocated in the short addsition opportunity group (11
male, one left-handed, mean age = 21.2, range42),7and 30 in the long
consolidation opportunity group (seven male, thedéehanded, mean age = 20.6,
range = 18-28). No participants reported languagerders, or had participated in
the previous experiments. Participants were paig@agived course credit. The most
accurate and fastest 50% of the participants watexed into a prize draw for a £10

gift certificate.
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5.2.2 Results

Training data

Accuracy rates in the meaning recall task duriagitng were analysed to
see if participants performed equally well on ba#lys of training. These data are
presented in Figure 30 (objects on the left y-aeiatures on the right y-axis). The
object data were analysed first. A mixed-effectgdbc regression model with
subjects and items as random factors, and timeiwifing (consolidated words on the
first training day, and unconsolidated words ongleond training day), training
block (three blocks), and length of consolidatigpartunity (short or long) as fixed
factors was fitted. Subject-specific slopes fortihee of training improved goodness
of fit. Three-way interaction contrasts showed thahe long consolidation
opportunity group the difference between the tweetiof training conditions
changed from block 1 and block 2 to block 3 moentin the short consolidation
group (b = 0.905, z = 3.35, p < .001 and b = 0.6092.28, p = .02respectively),
suggesting that in the short consolidation grogpdifference between time of
training conditions remained stable across blochkenih the long consolidation

group the difference became attenuated by the bihoak.
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Figure 30. Accuracy rates in the meaning recall trmning task for both the short (left panel) and
the long (right panel) consolidation opportunity groups. Error bars represent standard error of
the means.

Since there was a significant difference betweero consolidation length
groups, their training data were analysed separaleke object data for the short
consolidation opportunity group were analysed usimngdentical model as the one

described above (left panel of Figure 30). Heraigaificant interaction was found

161



Chapter 5

between time of training and block variables. Ageic over blocks, performance on
the second day of training was significantly befter 0.496, z = 2.73, p = .006).
Accuracy improved from block 1 to block 2 (b = 1477 = 21.06, p <.001, from
block 1 to block 3 (b =2.911, z = 29.37, p < .0ty from block 2 to block 3

(b =1.136, z = 12.06, p < .001). The differenceMeen the two day of training
conditions was indeed significant in all three l®mdividually (block 1: b = 0.396,
z=1.97, p=.05block 2: b =0.516, z = 2.46, p = '0block 3: b = 0.708, z = 3.07,
p =.002).

Number of features in the short consolidation graag analysed in the same
way as above (using ordinal logistic regressiom.iMeraction was found between
the fixed variables. Averaged across the timeahing conditions, recall improved
significantly from block 2 to block 3 (b = 0.9087213.23, p < .001). There was no
overall effect of time of training, and the effeltl not reach significance in either
block individually. This group then seemed to shemme evidence of more effective
learning on the second training session, althobgheffect was restricted to number
of objects recalled.

The right panel of Figure 30 shows the trainingadat the long
consolidation opportunity group. Looking at objestall first, an interaction was
found between time of training and block, wherdigy difference between time of
training conditions was smaller in block 3 tharneitin block 2 (b = 0.439, z = 2.32,
p =.02) or block 1 (b = 0.663, z = 3.48, p < .001). Tlféedence between the two
conditions was significant in block 1 (b = 0.41% 2.35, p = .09 but not in block 2
or in block 3. Recall accuracy increased as a fancif block in both time of
training conditions (first day, block 1 vs. blocki®=1.776, z = 15.72, p < .001,
block 1 vs. block 3: b = 3.222, z = 22.80, p < ., 0@lbck 2 vs. block 3: b = 1.444,

z =10.56, p <.001, second day, block 1 vs. bick.548, z = 13.96, p < .001,
block 1 vs. block 3: b =2.552, z = 19.54, p < ,08lbck 2 vs. block 3: b = 1.007,
z =7.64, p <.001). The difference between timgaihing conditions was not
significant when averaged over blocks, but theqrernce improvement across
blocks was significant when averaged over timeaihing conditions (block 1 vs.
block 2: b = 1.656, z = 20.86, p <.001, block 1heck 3: b = 2.882, z = 29.75,
p <.001, block 2 vs. block 3: b =1.225, z = 1296 .001).
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Looking at feature recall, no interaction betwetatk and time of training
was found. Averaged over block, there was no difiee between the time of
training conditions. Performance improved from kl@do block 3 (b = 1.297,

z =18.20, p < .001). The difference between thme tf training conditions did not
reach significance in either block individuallyhest. Thus in the long consolidation
opportunity group there was little evidence of eetéarning on either training day.

Very high accuracy rates were seen in the senfglacsibility training task
with proportion of correct responses at 0.95 orfitlse and second training days.
The difference between the two was non-signifieeimén tested with a mixed-
effects logistic regression model with subjects igchs as random factors, and time
of training (first vs. second testing day) and @diastion length (short and long) as
a fixed factors, and there was no interaction wahsolidation group.

-
o
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—a—All

o
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I

—a—All
Long consolidation
Short consolidation

Mean number of features recalled
-

Long consolidation
Short consolidation

Consolidated Unconsolidated Consolidated Unconsolidated

Figure 31. Accuracy rates in the meaning recall tésask for both consolidation groups (object
recall in the left panel, feature recall in the right panel). Error bars represent standard error of
the means.

Test data

Meaning recall.Proportion of novel word meanings recalled inrieaning
recall test task are shown in Figure 31, with dbjecall in the left panel, and feature
recall in the right panel. The figure shows theadaillapsed across the two
consolidation length conditions (solid black lirze)d separately for the short and
long consolidation opportunity conditions (dasheelydines). The object recall data
collapsed across consolidation length conditionseva@alysed first. A mixed-effects
logistic regression model with subjects and itesisaadom variables, and time of
testing (immediate = unconsolidated, delayed = clichested) as the fixed variable

was built. The contrast between consolidated amdngolidated novel word recall
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was significant, showing that participants recaleale novel word objects in the
words learned immediately before testing (b = 2,33% 24.93, p <.001). Figure 31
however suggests that participants in the long@aregion opportunity group
recalled fewer consolidated objects. Hence thedwrsolidation length groups were
compared by adding consolidation group as a fisetbf to the model. This
revealed a significant interaction between timéesting and consolidation length,
whereby the difference between the consolidatiogtle groups was significantly
larger in the consolidated than in the unconsadidatbondition (b = 0.716, z = 3.84,
p <.001). There was no significant difference lestwthe two groups’ ability to
recall unconsolidated objects, but the short cadatbn length group recalled
significantly more consolidated objects (b = 1.00% 3.07, p = .002) than the long
consolidation group. The difference between codatéid and unconsolidated
conditions was significant for both groups (longnsolidation: b = 2.665, z = 20.39,
p <.001, short consolidation: b = 1.954, z = 148 .001). The conclusion that
can be drawn from this analysis is that overallerasjects were recalled for words
that had been learned on the day of testing, lsotthlat the long consolidation
opportunity group seemed to have forgotten moresaintated objects than the short
consolidation group.

An ordinal logistic regression model with the samed factors showed that,
collapsed across the two consolidation length ggpapore features were recalled in
the words learned immediately before testing (b58Q, z = 22.74, p <.001). Again,
the two consolidation length groups were compaseddaling consolidation group
as a fixed factor to the model. A significant iatetrton was again found between
consolidation condition and consolidation length=(0.616, z = 4.40, p < .001).
Here the short consolidation group recalled sigaiitly more features of both
consolidated (b = 0.862, z = 9.74, p < .001) antbnrolidated novel words
(b =0.246, z = 2.27, p = .O2 The difference between consolidated and
unconsolidated conditions was significant for bgtbups (long consolidation:
b=1.891,z=19.45, p <.001, short consolidatiba 1.275, z = 12.62, p < .001).
These data support the conclusions drawn from bfecbrecall data.

Lexical decision with novel word primdsgure 32 (left panel) shows lexical
decision RTs to target words when the target wasqated by an associated novel
word prime (primed) and when it was preceded byrassociated novel word prime

(unprimed). As before, the RTs were log transfornaed extremely short and long
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Figure 32. RTs (left panel) and accuracy rates (rigt panel) in the primed lexical decision task
with novel word primes and real word targets. Error bars represent standard error of the
means.

RTs were removed (RTs faster than 5 log-ms [148and]slower than 7.3 log-ms
[1480 ms]). Only correct responses were includetienRT analysis. A mixed-
effects linear model with subjects and items ad@amfactors, and priming (primed
vs. unprimed) and time of testing (immediate = urstdidated, delayed =
consolidated, with the long and short consolidagoyups combined) as the fixed
factors benefitted from subject-specific slopestfiad position. Priming and time of
testing did not interact significantly (p = .10gricte the interaction was dropped.
Averaged over time of testing conditions, there wasggnificant effect of priming,
with faster RTs to primed targets (b = -0.009,-2:30, p = .03). There was an
overall RT advantage for consolidated over uncodat#d prime trials (b =-0.010,

t =2.60, p =.01). Visual examination of Figures2®gests that there was a priming
effect in the consolidated trials, but a much seradffect in the unconsolidated
trials. The lack of an interaction however showat there was no significant
difference in the magnitude of the priming effeetwseen consolidated and
unconsolidated conditions, though as the primirigotieven in the consolidated
condition is small, the lack of an interaction sldouot be taken as evidence that
priming was present in both conditions. To furteealuate the strength of the
priming effect in the two conditions, it was assesseparately for both. The priming
effect was significant in the consolidated condit{b = -0.016, t = -2.80, p = .007),
but was non-significant in the unconsolidated ctadi The RT difference between

consolidated and unconsolidated conditions wadfgignt only in the primed trials
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(b =0.017, z = 3.00, p =.003). The accuracy rateRis task are displayed in the
right panel of Figure 32. A mixed-effects logistegression model with the same
random and fixed factors as in the RT model showeedffect of priming or time of

testing, or an interaction between the two.
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Figure 33. Primed lexical decision RTs in each blé&owith consolidated and unconsolidated
novel word primes and real word targets. Error barsrepresent standard error of the means.

Experiment 4 showed that an advantage for condetidaovel words can
emerge over the course of the experiment, whenngakt individual blocks of
trials. In the present data a similar effect mightreflected in a priming effect
emerging only in the later blocks. Hence block watered as an additional fixed
factor to the analysis described above. Figureh®dvs the RT data broken down by
block. No significant three-way interaction wasridunvolving priming, time of
testing, and block, and was hence dropped. Ofwbentay interactions, only the
interaction between block and time of testing shb@aesignificant contrast, whereby
the difference between RTs to consolidated andnsualm@ated trials was higher in
block 3 than in block 2 (b = 0.025, t = 2.50, 0%"). Averaged over priming
conditions, RTs did not significantly differ asunttion of block in either
consolidated or unconsolidated conditions. Althongtother interactions involving
block reached significance, suggesting that bladkndt modulate the priming effect
in either consolidation condition, the effect ofnping was also analysed separately

in each block in both consolidation conditions. pNoning was found in the
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unconsolidated condition in any of the blocks.Ha tonsolidated condition on the
other hand priming reached significance in thedtbiock (b = 0.025, t = 2.55,

p = .008). This pattern reinforces the conclusion thatel@ble priming was seen in
unconsolidated novel words, and that the primirigotthat was seen in
consolidated words tends to grow stronger ovecthese of the task, reminiscent of

the semantic decision task in Experiment 4.

17 W Primed O Unprimed
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Proportion correct
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Consolidated | Unconsolidated| Consolidated |Unconsolidated| Consolidated |Unconsolidated
Block 1 Block 2 Block 3

Figure 34. Primed lexical decision accuracy ratesmieach block with consolidated and
unconsolidated novel word primes and real word targts. Error bars represent standard error
of the means.

The by-block analysis was carried out for accurdata as well, by adding
block as a fixed factor in the original logistigression model. These data are
presented in Figure 34. No three-way interaction feand. Interaction contrasts
involving the effect of priming and block showedtlaveraged over consolidation
conditions there was a significant change in thgnitade of the priming effect from
block 1 to block 3 (b = 0.314, z = 1.99, p = .04éeflecting the initial advantage for
primed trials changing into an advantage for unpdrtrials. No other two-way
interactions showed significant effects. No sigrafit priming effect was found in
either time of testing condition in any block thbug

Next, the question of whether a long consolidatpportunity results in
stronger priming gains than a short consolidatippostunity was assessed. Figure
35 shows RTs in the consolidated condition, bradk@mwn by short and long
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Figure 35. RTs (left panel) and accuracy rates (rigt panel) in the primed lexical decision task
with consolidated novel word primes and real word argets. Short = 1 day consolidation
opportunity, long = 1 week consolidation opportuniy. Error bars represent standard error of
the means.

consolidation opportunity (left panel). A mixed-tts linear model with subjects
and items as random factors, and priming (primedinprimed) and length of
consolidation opportunity (short or long) as theell factors benefitted from subject-
specific slopes for trial position. Priming and soldation length did not interact
significantly, hence the interaction was droppederaged over time of
consolidation length conditions, there was a sigairft effect of priming, with faster
RTs to primed targets (b =-0.015, t = -2.62, p@8). There was no overall RT
difference between the short and long consolidat@mrditions. The lack of an
interaction shows that there was no statisticafipiicant difference in the
magnitude of the priming effect between the shod lang consolidation conditions.
However, to evaluate the priming effect in closetad it was assessed in both
conditions individually. The priming effect was sificant in the short consolidation
condition (b = -0.019, t = -2.23, p = 92but failed to reach significance in the long
consolidation condition (p = .14). There were rgndicant differences between the
two consolidation conditions in either primed opumed conditions. Accuracy
rates are shown in the right panel of Figure 3%odistic regression model with the
same fixed and random factors as in the RT modslusad here. The interaction
between priming and consolidation length approadhguaificance (b = 0.343,

z = 1.83, p = .06'J. There was no significant priming effect in thes

consolidation condition, but the effect approackigmiificance in the long
consolidation condition (b = 0.240, z = 1.82, 969). No difference between
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accuracy was found between the consolidation camditin either primed or
unprimed conditions individually. As the interactionly approached significance, a
model without the interaction was also looked ai.dignificant effect of priming or

consolidation length was found in the simplifieddeb
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Figure 36. RTs (left panel) and accuracy rates (rigt panel) in the primed lexical decision task
with real word primes and real word targets. Error bars represent standard error of the means.

Lexical decision with real word primeBigure 36 (left panel) shows lexical
decision RTs to real word targets, when the primas wreal word associated
(primed) or unassociated (primed) to the targeis Téal word prime condition was
included to make sure the current paradigm regulise typical semantic priming
pattern, with faster RTs to primed lexical decistmmpared to unprimed trials. The
data were trimmed in the same way as in the nowedl\prime condition. A mixed-
effects linear model with subjects and items asl@anfactors, and priming (primed
vs. unprimed) as the fixed factor showed a sigaifteffect of priming (b = 0.039,
t=7.08, p <.001), with faster RTs to primedl&id o make sure this was the case
for both consolidation length groups, consolidagpoup was added as a fixed
factor. Group did not interact with priming, comfiing that both participant groups
exhibited equivalent priming.

The right panel of Figure 36 shows the accuraagsrdr the same task. A
mixed-effect logistic regression model with the sarandom and fixed factors as
above showed a significant effect of priming, wWiwver errors made to the primed
targets (b =-0.410, z = -4.44, p < .001). As ahawoasolidation length group was
added as a fixed factor, but did not enter intinégraction with priming, suggesting

that both groups showed a similar priming effect.
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Recall that the real word prime condition, like tia/el word condition, was

divided into three blocks with each prime repedtede in each block. To evaluate

the effect of repetition over

block, the priming Rffect was evaluated for each

block individually. These data are shown in FigBre(left panel). Block was added

as a factor to the model described above. No idtierss were found between block

and the effect of priming. When the interaction wegpped, no significant contrasts

involving block averaged over priming were founlkipwing that RTs overall

remained stable across blocks. To make sure thergieffect was equally strong in

each block, the effect was evaluated in each bindikidually. It reached
significance in all blocks (block 1: b = 0.034, 854, p = .001, block 2: b = 0.039,
t=4.07, p <.001, block 3: b =0.045, t = 4.63; ©01). RTs did not change over
blocks in either priming condition when evaluatedividually. Consolidation length

group was added as a fixed factor to make sure tta&sclusions applied equally to

both groups. Group did not enter into any intecagiwith the other factors.

M Primed O Unprimed

1+ B Primed O Unprimed

0.95 4

0.9 -

Proportion correct
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Figure 37. RTs (left panel) and

0.8 -

Block 3 Block 1 Block 2 Block 3

accuracy rates (rigt panel) in the primed lexical decision task

with real word primes and real word targets, brokendown by block. Error bars represent

standard error of the means.

The right panel of Figure 37 shows the accuraagsrat this task. A mixed-

effects logistic regression with the same factgralaove showed no interaction

between priming and block

. When the priming efigat evaluated individually in

each block, the effect was not significant in bldckut reached significance in the
other two blocks (block 2: b = 0.565, z = 3.47, ©€1, block 3: b = 0.410, z = 2.60,

p =.009). No difference was found between blockenvassessed in primed and

unprimed conditions separately. Consolidation lerggbup did not enter into

interaction with any of the other variables. Thegélock analyses showed that with
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real word primes repetition of the primes has rfeatfon the priming effect over the
course of the task, providing an interesting cattvath the novel word prime
condition where the effect appeared to be strongeke last block (although the
interaction between priming and block was not Sigaint).

Sentence plausibility judgemeRTs in the sentence plausibility judgement
task are shown in Figure 38, left panel, and wesdyaged using a mixed-effects
linear model with subjects and items as randomabées, and time of testing
(delayed = consolidated, immediate = unconsoligaed the semantic
compatibility of the novel word in the sentence tex (match vs. mismatch) as
fixed variables. Subject-specific slopes for tpakition increased the goodness of
fit. Responses faster than 4 log-ms and slower Thattog-ms were removed as
extreme scores. No interaction was found betwewe @f testing and sentence
compatibility, and the factor was dropped. The difigol model showed a
significant difference between the match and mistmabnditions, with faster
responses to matching trials (b =-0.149, t = A0ph< .001), but no significant
difference between consolidated and unconsolidat@dl words. To make sure
there was no time of testing effect, this effecswaaluated separately for match and
mismatch conditions. No difference was found betwamnsolidated and
unconsolidated novel words in either compatibitiondition. Match vs. mismatch
contrasts for each time of testing condition conéd that the compatibility effect
was significant in both consolidated (b = 0.152,2.86, p <.001) and
unconsolidated novel words (b = 0.146, t = 7.5%,.p01).

600 + B Match 0O Mismatch 17 ® Match 0 Mismatch
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Figure 38. RTs (left panel) and accuracy rates (rigt panel) in the sentence plausibility
judgement task. Error bars represent standard errorof the means.
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Accuracy rates are shown in the right panel of Fed38. These were
analysed with a mixed-effects logistic regressiadel with the same random and
fixed factors as in the RT analysis. The interacbetween time of testing and
sentence compatibility was significant, reflectthg larger priming effect in the
consolidated over unconsolidated condition (b 218, = 2.00, p = .04%
However, the effect of sentence compatibility dad reach significance when
examined for the two time of testing conditionsagegely. In the mismatch
condition there was an accuracy advantage for satmtated trials (b = 0.437,

z = 4.04, p <.001), which however was not sigaificin the match condition.
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Figure 39. RTs (left panel) and accuracy rates (rigt panel) in the sentence plausibility task.
Short = 1 day consolidation opportunity, long = 1 wek consolidation opportunity. Error bars
represent standard error of the means.

Figure 39 shows RTs (left panel) for the group wkperienced a long
consolidation opportunity and for the group whoexgnced a short consolidation
opportunity. A mixed-effects linear model with setis and items as random factors,
and sentence compatibility (match vs. mismatch)landth of consolidation
opportunity (short = one day, long = one week)hasfixed factors benefitted from
subject-specific slopes for trial position. No sfgrant interaction was found
between length of consolidation and sentence cahiliigt The simplified model
without an interaction showed a significant effectompatibility (b = 0.146,
t=7.03, p <.001), but no RT difference betwdandonsolidation length groups. As
suggested by the lack of an interaction, the coibiifit effect was significant in
both the short consolidation group (b = 0.1736t37, p < .001) and the long
consolidation group (b = 0.119, t = 4.38, p < .00Hhere was no RT difference
between the groups in either the match or mismatalditions.
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The right panel of Figure 39 shows the correspandrturacy rates. A
mixed-effects logistic regression model with thenedixed and random factors as in
the RT analysis was used. There was no significaetaction between the two fixed
factors. The simplified model showed no significafiect of sentence compatibility,
but did show an overall accuracy advantage fostimet consolidation group
(b =0.368, z = 2.21, p = .03 The compatibility effect failed to reach sign#ince in
either consolidation condition individually. Whdmeteffect of consolidation length
group was examined individually for match and misrhaondition, it reached

significance only in the match condition (b = 0.424 2.09, p = .03.

Proportion correct

ut

Consolidated Unconsolidated Untrained Real words Consolidated  Unconsolidated Untrained Real words

Figure 40. Shadowing latencies (left panel) and agracy rates (right panel). Error bars
represent standard error of the means.

ShadowingCheckVocal (Protopapas, 2007) was used to checkdite key
trigger points, and corrected when necessary. @Qrejpant’s data in the long
consolidation condition were discarded due to & Imigmber of trials lost as a result
of recording malfunction. Repetition latencies acduracy rates are presented in
Figure 40. Latencies in log-RTs were analysed uaingxed-effects linear model
with subjects and items as random variables, aditig condition (consolidated,
unconsolidated, untrained, real words) as the fuathble. Subject-specific slopes
for the effect of trial increased the goodnesstaidffthe model. The same data
trimming criteria were used here as in the lexdsdision task. Untrained novel
words were shadowed slower than any other condjtontrast with consolidated:

b =-0.018, t = -4.70, p < .001, unconsolidated:9.010, t = -2.71, p = .O1real
words: b =-0.054, t =-3.98, p <.001). Real wavdghe other hand were shadowed
faster than any other condition (contrast with otidated: b = 0.036, t = 2.67,
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p = .01, unconsolidated: b = 0.043, t = 3.22, p = .002).d\ynificant difference was
found in shadowing latencies between consolidateldusconsolidated novel words.
Accuracy (Figure 40, right panel) rates in shadgwirere analysed next,
using a mixed-effects logistic regression modehwuiite same random and fixed
factors as in the latency analysis. Accuracy radesitrained novel words were
significantly lower than to consolidated words (8.590, z = 2.72, p = .007), or real
words (b =1.289, z = 4.26, p <.001), but not gigantly different from
unconsolidated novel words. Real words had higbeuracy rates than either novel
word condition (consolidated: b = 0.697, z = 248; .03, unconsolidated:
b =1.009, z =3.26, p = .001). No significant eifnce was found between the two
novel word conditions.
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Figure 41. Shadowing latencies (left panel) and ag@cy rates (right panel) broken down by
length of consolidation opportunity. Error bars represent standard error of the means.

The above analyses found no difference betweerntidased and
unconsolidated novel words, and appear to replitet@ull finding in Experiment 5.
However, it is possible that this task too may liéfrem a long consolidation
opportunity more than a short opportunity. Nexg tWwo consolidation length
conditions were analysed by adding length (sholbrog) as a fixed factor to the
model described above. The shadowing latency datahewn in the left panel of
Figure 41. A significant interaction was found beén training condition and length
of consolidation opportunity, whereby the differeraetween consolidated and
unconsolidated conditions was significantly largethe long consolidation group
than in the short group (b = 0.020, t = 2.70, p2). No other interaction contrasts
reached significance. Next, the training condigdiect was evaluated individually
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for both the long and short consolidation groupghke short consolidation group
real words were shadowed faster than any other wamdition (contrast with
untrained: b = 0.051, t = 3.67, p < .001, uncomsaéd: b = 0.037, t = 2.63, p = 102
consolidated: b = 0.039, t = 2.80, p = .00Untrained words were shadowed slower
than either unconsolidated or consolidated novetieh = 0.014, t=2.77, p = .01
b =0.012, t = 2.34, p = .06 There was no difference between consolidated and
unconsolidated conditions. In the long consolidagooup real words were again
shadowed faster than any other word type (untraiped0.056, t = 4.01, p <.001,
unconsolidated: b = 0.051, t = 3.61, p <.001, obdated: b = 0.033, t = 2.34,

p = .03), while untrained words were slower than constdidanovel words

(b =0.023,t =4.34, p <.001), but did not difsggnificantly from unconsolidated
novel words. Finally, the difference between comstéd and unconsolidated novel
word shadowing times was significant (b = 0.018332, p = .008 in this group.
Visual inspection of Figure 41 suggests that lagsnim the long consolidation group
were longer than in the short group. Recall howdvat the length of consolidation
condition is a between-groups variable, while thesolidated vs. unconsolidated is
within-groups (the error bars in the figures arearrected for within-groups
comparisons, hence the error bars exaggerate ttabdwigy in these contrasts).
Statistically the difference between the groupkedaio reach significance in each
training condition. It did not reach significancéen averaged over training
conditions either (p = .24).

Accuracy rates are shown in the right panel of Fagll. Here too a
significant interaction was found between trainoogdition and length of
consolidation opportunity, whereby the differenegviieen unconsolidated and
untrained conditions was significantly differenttive short consolidation group than
in the long consolidation group, reflecting theamsal of the effect between the
groups (b = 0.919, z = 2.26, p = 'P2Another contrast that was marginally
significant showed that the difference between cbaated novel words and real
words was larger in the short consolidation grdwgmtin the long consolidation
group (b = 1.184, z = 1.97, p = 1p5Next, the differences between training
conditions were evaluated separately for the twtsobdation opportunity groups.
In the short opportunity group real words diffesegnificantly only from the
untrained words (b =1.211. z = 3.36, p < .001)trdined words on the other hand
differed from all conditions (unconsolidated: b 740, z = 2.56, p = .01
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consolidated: b = 0.625, z = 2.23, p =" )0F here was no difference between
consolidated and unconsolidated novel words. Iidhg opportunity group real
words had higher accuracies than either untrairedisvb = 1.463, z = 2.94,

p = .003) or unconsolidated novel words (b = 1.642, z 43B< .001). Untrained
words did not differ from either novel word conditi Consolidated and
unconsolidated novel words on the other hand dadvsh significant difference

(b = 0.740, z = 2.22, p = .08 There was no difference between long and short
consolidation groups in each training conditionywnen averaged over all training
conditions. Hence both latency and accuracy datev shat shadowing of novel
words did benefit from consolidation, but only i€ansolidation opportunity of one

week was offered.

5.2.3 Discussion

The primary aim of Experiment 6 was to evaluatedbgree to which newly
learned words afford semantic priming in a taskohtwas calibrated to rely on
strategic semantic processing more than automadgepsing. The semantic priming
task using real word primes confirmed that the {zslameters were such that a
robust priming effect of 18 ms was found. This &b reflected in accuracy rates,
with higher accuracies for primed lexical decisiodamerically 18 ms is a fairly
small semantic priming effect. It is important nsider why this might be the case.
The main reason is likely to be the constraintshiaosing the stimuli. Due to the
repetition of primes in both the real and novel dvoonditions, only primes with
three strong associates could be used. For mosisvitois impossible to find three
very strong associates, hence the overall assoeistiengths in the present
experiment are lower than would be the case if tmywery strongest prime-target
pairs could be chosen (which is the case in thmipg research literature in
general).

The critical condition using novel word primes atdmwed a priming effect.
This effect was significant when averaged acrossaldation conditions. While
there was no statistically reliable differencehe thagnitude of the priming effect
using consolidated (7 ms) and unconsolidated (2noggl words, the effect was
significant only in consolidated novel word primelsen the two conditions were

evaluated separately. This suggests that novel wmeahings do benefit to some
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degree from offline consolidation. The comparisetw®en a short consolidation
opportunity of one day and a long consolidationapmity of one week showed no
significant difference, the priming effect was 9 mshe short condition and 6 ms in
the long condition, suggesting that priming emengikin the first 24 hours
(possibly associated with sleep) and does notfgigntly grow over the next seven
days. These effects were again numerically smatlrdasonable when comparing
them to the real word prime condition which too \gage small.

Looking at the development of the semantic prineffgct as the lexical
decision task progressed revealed a similar pasieseen in Experiment 4. Recall
that in Experiment 4 a consolidation effect in setitadecision only emerged in the
last block of the task, in the form of faster R@4rials with consolidated as opposed
to unconsolidated novel words. In the present expent also the priming effect in
consolidated novel words reached significance onthe third block of the task
(although the interaction between block and primirag non-significant). It is
important to note however that there was a numlegibact in the first two blocks as
well, while in the semantic decision task of Expent 4 there was no hint of a
consolidation effect prior to the third block. Néineless, these data perhaps reflect a
process whereby the fragile consolidation effecbbees detectable only after
participants have had a chance to access thelearhed consolidated meanings a
few times. It may be that this process is needexyéwmcome an initial advantage for
the recently learned unconsolidated novel wordskvimay benefit from an episodic
recency effect. This line of reasoning is furth@psorted by the statistical lack of an
effect of block in the real word prime conditiorti@ugh numerically the effect
seemed to grow stronger from block 2 onwards), ssiygg that the block effect
may be specific to novel word meaning access.

The semantic consolidation effect is particulanyiguing in light of the
explicit meaning recall data. Here we saw an agagmnfor the recently learned
novel words. The same pattern was described int€hdpFurthermore, a
comparison of the short and long consolidation gsoshowed that the long
consolidation group appeared to have forgotten rmonsolidated meanings than the
short consolidation group. Here we see a strikisgatiation between explicit recall
of novel word meanings, which seems to be subgedetay as a function of time
passing, and an online measure of speed of nowel meaning access, which seems

to benefit from passing time, at least during ir& 24 hours. This dissociation
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supports the notion that semantic priming and ekptieaning recall here measured
two fundamentally different types of semantic ascéowever, it is important to
note that the apparent decline in explicit meamewgll may also be at least partially
caused by interference from having to learn a s&set of novel words before
testing. Experiment 7 provided an opportunity &t this alternative hypothesis.

The RSVP version of the sentence plausibility stséwed no effect of
consolidation. Responses were faster to novel wibiatsvere semantically
congruent with the sentence context, and this Wwasase for both consolidated and
unconsolidated novel words. There was no signifidéfference in the magnitude of
the effect between the consolidation conditions, itwe effect was nearly identical
irrespective of the length of the consolidation appnity. This is interesting because
in Experiment 4 there was a consolidation effecéngby the semantic congruency
effect was significantly larger in consolidated abwords. However, in that
experiment the reading of the sentence was sedehacdith participants allowed to
first read the sentence at their own pace andphess a key to reveal the novel
word. As discussed in the previous chapter, thosguiure allows the use of guessing
strategies, where participants may have generajgotireses about the identity of
the novel word before seeing it, in which case ugwealing the novel word they
would merely need to check if the given word matctie expected word. Such a
process is likely to involve orthographic influesaaore than semantic processing,
with learning of word forms having already beenwhdao benefit from
consolidation (c.f. cued recall in Experiment SheTcurrent version of the task did
not allow participants time to make explicit guessabout the novel word, and
required a speeded response about the identibeaidvel word at the end of the
sentence presentation. This makes it more compatalthe semantic decision task
of Experiment 4 rather than the priming task ofphesent experiment.
Consequently it is possible that the sentencevashd have required a larger
number of trials and repetitions for any consolmaeffect to emerge.

Finally, the shadowing task provided intriguingalatvhen averaged over the
two consolidation length conditions, there was widence of a consolidation benefit
in shadowing latencies between consolidated andnsadidated novel words.
However, when the two consolidation length groupserexamined separately, a
robust consolidation effect was seen in the longsobdation group but not in the

short consolidation group. This may resolve thergisancy between Experiment 4
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where consolidation in shadowing was seen, and riirpat 5 where it was not
seen. Shadowing may be a task that benefits fremraledays or nights of
consolidation. Experiment 4 suggested that a cafegadn benefit may be observed
after a one day delay, but judging by Experimetitebeffect is not robust enough to
be observed consistently. The contrast here betgle@m and long consolidation
suggests that the consolidation process continuesseveral days, suggesting it
may be a slow, incremental process. In such cirtamess it is to be expected that
the effect is robust enough to be detected witdilm@urs only occasionally. Whether
or not it is seen after such a short delay may wejo& a number of factors, such as
the exact timing between the training and testamgl possibly also depending on
individual differences between participants’ slegppatterns or memory
proficiency. Future studies looking at shadowingd aansolidation would need to
control or manipulate these types of factors marefally. Participants in the long
consolidation group tended to shadow slower tharsttort group (although this
difference did not reach significance). This wastyaibly due to the increased delay
between training and test in the long group. | vatlirn to some of the properties of
the shadowing task that may explain its reliancéoog term consolidation in the
General Discussion.

In sum, the current experiment showed that semanticing using novel
words benefits from offline consolidation withiretfirst 24 hours, at least when
strategic semantic access is the primary sourpeiming. The next experiment will

focus instead on automatic semantic activation.

5.4 Experiment 7

Experiment 6 showed in a semantic priming task wigible primes that
newly learned meaningful words can prime lexicalisien, but that such priming
effects are not reliably seen until one day afi@ntng. While the priming task used
in that experiment required fast online accesteaiovel word meanings, it cannot
be said to measure purely automatic semantic acags$ise prime was clearly
visible, and participants were aware of the sernaetationship between prime and
target. In fact, the task parameters (long SOAblagprime) were intentionally
tuned so that while both strategic and automaticgsses were likely to contribute
to the priming effect, the contribution of strategrocesses was probably larger.
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The main aim of Experiment 7 was to examine nowaldwsemantic priming
in a task where automatic semantic activation Wwagptimary source of priming and
strategic effects were minimised. For this purplod@ose to use the three-field
masked priming paradigm introduced by Forster aadi$)(1984). In this paradigm
a briefly presented prime is immediately replacettd(masked) by the target,
resulting in a very short SOA. Furthermore, thengris also masked by preceding
presentation of a visual mask (e.q., “######H#H##EENeral authors have reported
semantic priming effects using this methodologyhhwith associated and
semantically related prime-target pairs, and withrege of short SOAs (e.g., Sereno,
1991, Perea & Godor, 1997; Rastle, Davis, Marslalsoi, & Tyler, 2000; Bueno
& Frenck-Mestre, 2008). Although masked repetito form priming have been
used with novel words (e.g., Forster, 1985, Qiaal.e2009), to my knowledge
masked semantic priming has not been examinedwiyrearned words.
Interestingly though, masked semantic or assoeaginming effects have been
reported between languages (e.g., Dutch prime didbnigirget) in bilingual
participants. Gollan, Forster, and Frost (1997 wsktbmasked translation priming
(priming between the same two words in differenglzages) between Hebrew-
English cognates (words similar in meaning and jaand noncognates (words
similar in meaning only), although only with L1 prés. Perea, Dunabeitia, and
Carreiras (2008) looked at priming of different betated/associated words in two
different languages (Spanish and Basque), and fegotvalent masked priming
both between and within languages.

The extremely short SOA in masked priming experitm&nhargued to reduce
strategic effects, as participants do not have torgenerate expectations before
seeing the target. One line of evidence for thamticomes from the manipulation of
RP in priming experiments using masked and vigiblee conditions. Recall that
RP manipulation is thought to give rise to strategjfects, hence a task not sensitive
to RP manipulation is likely to be less affectedsinategic factors. Although Bodner
and Masson (2003) did find a larger masked prinaifigct in a high RP condition
than in a low RP condition, Grossi (2006) faileddplicate this effect and instead
saw similar masked priming in high and low RP ctinds. Furthermore, using the
same materials, Grossi (2006) did report an RRelffiet only when using visible

primes. The lack of an RP effect has also beenrtepy Perea and Rosa (2002),

180



Chapter 5

further supporting the claim that masked primingeseprimarily on automatic
semantic access.

One of the most contentious issues in the maskedny literature is the
guestion of whether semantic priming can take ptateide of consciousness. The
debate here revolves around the issue of under eufcaimstances can a prime be
considered to have been presented subliminallyaficexhaustive review, see
Kouider & Dehaene, 2007, and for a recent metasas)lgee Van den Bussche, Van
den Noortgate, & Reynvoet, 2009). This is howeveisaue that most researchers
interested in language processing have not commemtein fact many experiments
looking at semantic priming under masked conditiognge not even attempted to
establish whether participants were aware of tirags or not. This is probably
because the short SOA and the increased difficalperceiving the prime as a result
of very brief prime duration have been considecelde sufficient conditions for
minimising the contribution of strategic processdss is also the position adopted
in the present approach.

A second aim of Experiment 7 was to re-examineatheantage observed for
recently learned word meanings in the explicit niegunecall task in the
experiments reported in the previous chapters matkperiment 6. In these
experiments it consistently appeared that particgdaecall of word meanings
learned a day or a week earlier had decreasedyasavorse than recall of recently
learned meanings. Because in those experiment$ wesaalways tested after the
second training session, it is possible that tlee associated with the earlier learned
words was due to interference from the recent lagrof novel materials. To see if
this was the case, Experiment 7 used only onefs¢etined novel words, and
tracked the recall of the word meanings as a fanadf time.

Three testing times were included: immediate tiet &raining, test on the
following day, and a third test one week afterriag. It is possible that when
looking at consolidation of semantic informatiomne than 24 hours is needed for
observable effects to emerge. This may be themasieularly when looking at
automatic semantic access. For example, Clay €@0.7) only observed a semantic
picture-word interference effect using novel woafter one week from training
(although these authors did not include testingieas earlier, apart from the

immediate test). Dagenbach et al. (1990) found sémpriming with novel primes
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only after five weeks of training. Hence it was hegl necessary to re-test after a

week in case the effect requires several days srgan

5.4.1 Method

Materials

The materials were drawn from the stimulus pootuseExperiment 6.
However, since only one set of words was trainethéncurrent experiment, only 34
novel words and 34 elaborated meanings were nedibeel words was selected so
that the full range of word lengths from the orajiset was represented (M = 6.4
letters, range = 5-8), and that the words werasssmdilar as possible from each
other to minimise their confusability. A set of B#anings and corresponding
associates was selected on the basis of the agaleite from Experiment 4. Recall
that in that experiment participants were askgddge whether a novel word
meaning and a real word target were related. Timabled the selection of those 34
meanings with their corresponding three assoctatasesulted in the highest
accuracy rates in the semantic decision task, stiggethat for this participant
population these word-associate pairs were the hkesg ones to generate semantic
priming. The mean CELEX frequency of the new seat@mins representing the
meaning objects was 49.4, and the mean frequenttyewfassociates (real word
targets in lexical decision) was 99.6, mean lemglktters was 6.0, and mean
association strength between the objects and thetsawas 0.18. Nonword targets
were derived from the real word targets, hence tene matched to the real word
targets in all respects (see Experiment 6). Theheords and meanings used in this
experiment are indicated in Appendices 4 and 5.

The same set of 34 real word primes and their thsseciated targets used in
the real prime condition of Experiments 4 and 6 wsed here. The properties of
these stimuli are described in Chapter 4. Nonwargets derived from the selected
real word targets for use in the lexical decismsktwere taken from Experiment 6.

Each novel word was paired with a meaning, takeng @ot to pair meanings
with words that sounded anything like the noveldv@rhe same pairings were used

for all participants.

182



Chapter 5

Design

The experiment was carried out on three days (Eig@), spanning one
week. On day 1, participants were trained on thehwords. This was immediately
followed by a testing session. For about half efparticipants (n = 21) a testing
session consisted of the explicit meaning recak,téollowed by primed lexical
decision, and an identical testing session wasdet on day 2 and day 8. For the
remaining participants (n = 27) the testing sessioday 1 and day 2 included only
the primed lexical decision task, and the day 8isesncluded the lexical decision
task followed by a meaning recall task. This alldwee to see if the repeated
administration of the meaning recall task is neddedaintain memory of the word
meanings, with potential consequences for expkaall and semantic priming. This
would appear to be the case if priming were founlg o the group of participants

who experienced the meaning recall task in thertvegg of each testing session.

N\ 4 N 4 N
DAY 1 DAY 2 DAY 8
Training: 34 novel words |
Testing Testing Testing Testing Testing Testing
(recall untested) (recall tested) (recall untested) (recall tested) (recall untested) (recall tested)
N =27 N=21 > N =27 N=21 ’ N =27 N=21
1. Pri_m_ed lexical 1. Meaning recall 1. Pri_m_ed lexical 1. Meaning recall 1. Pri_m_ed lexical 1. Meaning recall
decision 2. Primed lexical decision 2. Primed lexical decision 2. Primed lexical
decision decision 2. Meaning recall decision
=/ S =/ S =/

Figure 42. Timing of training and testing sessions Experiment 7.

For the purposes of the primed lexical decisiok,tasplit-plot design was
used as before, and the same counterbalancing reeagere taken as in
Experiment 6, to ensure that all targets appeargdimed and unprimed conditions
across participants, while each individual partcipsaw each target only once. As
in Experiment 6, the task consisted of three blagitis each prime repeated twice in
each block, once with a word target and once witbravord target. The order of
blocks using real word primes and novel word prinvese counterbalanced as
before so that half of the participants did theckfousing real word primes first, and
vice versa. Note that due to experimenter errorrtaxel word primes were removed
from the lexical decision analyses because theg waired with wrong targets.
Hence the primed lexical decision data is base82novel words, but analyses
regarding meaning recall include the full set off®¥el words.
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Procedure

Training. The procedure of the training session was idelricthat used in
Experiment 6, with meaning-to-word matching, wooelateaning matching,
meaning recall, and semantic plausibility taskse mMmber of exposures was also
the same as before (17 in total). E-prime was sestimulus presentation both in
training and testing and the same computer equipmas used as in Experiment 6.

Testing.Meaning recall was identical to Experiment 6, wathovel word
presented on screen and responses typed on theakdylwithout a time limit or
feedback.

The order of trials in the primed lexical decistask was pseudorandomised
individually for each participant in each testimggsion using the same constraints
and software as in Experiment 6. A trial startethwie presentation of a mask
() for 500 ms in the centre of the scréba number of #s was the same
on each trial, and was determined by the length@fongest stimulus used in the
experiment (i.e., ten letters). The prime wordawercase letters appeared at the
offset of the mask for 47 ms, and was then replagetthe target presented in
uppercase letters. The target remained on scrdérauasponse was made, or until
2000 ms had elapsed. At this point accuracy andeRdback was presented. A key
press initiated a new trial with a delay of 500 Rarticipants were not told about the
existence of the prime, and were instructed to ntladexical decision as quickly
and as accurately as possible by pressing a kayG@edrus button box labelled
“Word” or “Nonword”. Half of the participants respded “word” using their right
hand, and the other half used the opposite mappinte end of the last testing
session participants were asked if they had noticegbrime word or anything else
happening on the screen between the presentatite ofiask and the target. Out of
48 patrticipants only seven reported noticing thabad would sometimes appear
briefly, but none reported being able to read tloedwAlthough this does not mean
that the primes were fully outside of consciousri{ess., Kouider & Dupoux, 2004),

it does suggest minimal opportunity to use of stgat responding.

Participants
Forty-eight students from the University of Yorlokopart in the experiment

(8 male, 9 left-handed, mean age = 20.0, range-40).8No participants reported
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language disorders, or had participated in Exparimé-6. Participants were paid or
received course credit, and the most accurateastddst 50% of the participants

were entered into a prize draw for a £10 gift &este.

5.4.2 Results

Training data

Accuracy rates were analysed in the training taslay 1. These data are
presented in Figure 43 (objects on the left y-aeiatures on the right y-axis). The
object data were analysed first. A mixed-effectgdtic regression model with
subjects and items as random factors, and blodcKkhl, block 2, block 3) and
testing group (explicit recall tested in each swssi tested, or tested only in the end
of the experiment = untested) as the fixed factas ¥fitted. Subject-specific slopes
for the effect of block improved the goodness bffesting group did not show any
significant contrasts confirming that there wadifeerence between the two groups
at training. Hence this variable was dropped. Aacyrrates increased significantly
from block 1 to block 2 (b = 1.818, z = 15.26, g81), from block 1 to block 3
(b =3.104, z = 18.25, p < .001) and from block block 3 (b = 1.283, z = 9.77,
p < .001). Feature recall was analysed next usidigal logistic regression with
block (block 2, block 3) as the fixed factor. Numbéfeatures recalled increased

0.9 1
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Mean number of features recalled
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Figure 43. Accuracy rates in the meaning recall trening task. Error bars represent standard
error of the means.
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significantly from block 2 to block 3 (b = 1.0237212.14, p < .001). Accuracy rate
in the sentence plausibility training task was vieigh, with proportion of correct

responses at 0.96.

Testing data

Meaning recall Figure 44 shows the accuracy data in the meancadl test
task for proportion of objects recalled (left pgreeid mean number of features
recalled (right panel). These data are shown kmtkhe group who were tested in
the beginning of each test session, and for thepgwhich was tested only once, in
the end of the last test session. Data from theateplly tested group were analysed
first. A mixed-effects logistic regression modethvsubjects and items as random
factors, and time of testing (day 1, day 2, dags8)he fixed factor was fitted.
Subject-specific slopes for the effect of timeeasdting were added. While no
significant difference was seen between day 1 ayd2daccuracy rates on day 8
were significantly lower than either on day 1 (b1-697, z = -7.62, p < .001) or day
2 (b=-1.439, z =-6.96, p <.001). Next, thealifince between the repeatedly tested
and once only tested groups on day 8 was compasety an identical model as
above but adding testing group as a fixed factdrramoving block. A significant
difference was found between the groups, with épeatedly tested group recalling
more novel word objects (b =0.982, z = 2.77, PGH).

I

?

2 A

1.5 A

0.5 A

Mean number of features recallec
[

—a— Recall tested in all sessions —a— Recall tested in all sessions

—0— Recall tested on Day 8 only —0— Recall tested on Day 8 only

Day1 Day 2 Day 8 Day 1 Day 2 Day 8

Figure 44. Accuracy rates in the meaning recall teésask. Error bars represent standard error
of the means.

Next, the number of features recalled in the regmgttested group was

analysed using an ordinal logistic regression madil time of testing as the fixed
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factor (right panel of Figure 44). Again, no diféece was found between day 1 and
day 2, but recall rates were significantly lowerday 8 than on day 1 (b =-1.874,
z=-12.13,p <.001) orday 2 (b =-1.594, z =48] p < .001). A comparison of
features recalled between the repeatedly testedmrelonly tested groups showed a
significant difference, with the repeatedly tesgedup recalling more features

(b =1.639, z=17.58, p <.001). It seems thenhlnen participants learn only one
set of novel words, there is no significant declmeecall rates after one day. A
decline is seen on the other hand one week aftmirig. Also, the low recall of the
non-tested group suggests that repeated testipg h&lintain higher explicit recall
rates than in the absence of testing.

550 - u Primed B Unprimed 15 W Primed O Unprimed

540 -
0.95

530 - - I

0.9 1
520

Proportion correct
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500 - ‘ ‘ ‘ 0.8 -
Day1 Day 2 Day 8 Day 1 Day 2 Day 8

Figure 45. RTs and accuracy rates in the primed leégal decision task with novel word primes
and real word targets. Error bars represent standad error of the means.

Lexical decision with novel word primé&he left panel of Figure 45 shows
lexical decision RTs to target words preceded Ibyas#ically associated novel
words (primed) and semantically unassociated naeetls (unprimed). The data
were again log transformed and extremely fast ol sesponses were removed
(RTs faster than 5 log-ms [148 ms] and slower th&log-ms [1480 ms]). Only
correct responses were included in the RT analpsisixed-effects linear model
with subjects and items as random factors, andipgrprimed vs. unprimed) and
time of testing (day 1, day 2, day 8) as the fifetors benefitted from subject-
specific slopes for trial position, and item-specdlopes for counterbalancing list. A
significant interaction contrast showed that thenprg effect was larger on day 8
than on day 2 (b = 0.015, t = 2.14, p =)0 fact, when the priming effect was

assessed on each day individually, it reachedfsignce on day 8 (b = 0.015,
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t=2.71, p = .00%, but was not significant on day 2 or day 1. Tiofiéesting also
affected RTs in that RTs to both primed and unpdmenditions became
significantly faster from day 1 to day 2 (primed=b0.015, t = -3.15, p = .003,
unprimed: b =-0.023, t = -4.79, p <.001). Primnesbonses also became faster from
day 1 to day 8 (b =-0.015, t = -3.16, p = .001i}, ot from day 2 to day 8.

Unprimed responses became slower from day 2 t@dhy= 0.015, t = 3.01,

p =.002), and did not show any change from daydaty 8.

Accuracy rates in this task are shown in the rggriel of Figure 45, and
were analysed with a mixed-effects logistic regmsmodel with the same random
and fixed factors as in the RT analysis. A mardynsignificant interaction between
time of testing and priming was found, wherebypheiing effect was larger on day
8 compared to day 1 (b = 0.298, z = 1.89, p 2).0fhe priming effect was not
significant on day 1 or day 2, but did reach siigaifice on day 8 (b = 0.238,

z =2.08, p = .09. Accuracy to primed trials increased from dap Hay 2
(b =0.324,z=2.82, p = .00%nd from day 1 to day 8 (b = 0.242, z = 2.14,
p = .03). Accuracy to unprimed trials did not change &sretion of day.

The analysis on the full set of participants sutggtthat the masked priming
effect emerged reliably only in the last testingssen, on day 8. The next analysis
attempted to establish whether this pattern was seleoth those participants whose
explicit recall of the novel word meanings waseedsh the beginning of each
session (tested group) and in those participants&bhecall was only tested at the
end of the last testing session (untested grou®.RT data for each of these groups
are displayed in Figure 46 (upper panel). Thesa date analysed by adding testing
group (tested vs. untested) to the model used afocarealyse the RTs. No three-way
interactions reached significance, thus the term aiscarded. Of the two-way
interactions involving test group, interactionsvibetn the effect of time of testing
and test group showed that the difference betwagridnd day 2 RTs was larger
for the untested group than the tested group (l9028)t = 4.03, p <.001). The same
was true of the difference between day 2 and d@y=80.020, t = 2.91, p = .004
Looking at the effect of time of testing on RTde untested group, the difference
between day 1 and day 2 was significant (b = 0.0316.88, p <.001), as was the
difference between day 1 and day 8 (b = 0.0133.8%, p <.001), and between day
2 and day 8 (b = 0.016, t = 3.51, p <.001). Tirhtesting did not modulate RTs in

the tested group. The RT difference between thedemnd untested groups however
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failed to reach significance on each day. The nmistesting contrasts however
involve the priming effect. While the lack of ai@raction between test group and
priming suggests that both groups showed the saiming effect, the effect was

also evaluated for both groups on each day. Thested group showed no priming
effect on days 1 and 2, but did show a signifiedfect on day 8 (b = 0.017, t = 2.38,
p = .02). In the tested group the priming effect failedaach significance on all
days. Note however that this was likely to be aueetiuced statistical power. It is
worth pointing out also that at least numericdfly tata in Figure 46 suggest that the
trend towards a priming effect on day 1 seems e fi@en carried by the tested
group only.
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Figure 46. RTs and accuracy rates in primed lexicadlecision with novel word primes, broken
down by testing condition. Error bars represent sandard error of the means.
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Accuracy data were also analysed by adding tegtiogp as a fixed factor
(Figure 46, lower panel). No three-way interactiogached significance. Of the two-
way interactions, contrasts only involving testgrgup and day of testing reached
significance, whereby the tested group improvecthfday 1 to day 2 significantly
more than the untested group (b = 0.451, z = 21%8,008). The tested group
improved significantly from day 1 to day 2 (b =854 z = 3.70, p < .001), and from
day 1 to day 8 (b = 0.231, z = 2.00, p = .04Recall accuracy in the untested group
did not change as a function of day. No signifiadifference was found between the
tested and untested groups on any day. Primingatichteract with testing group.
However, looking at the effect of priming in eaelsting group individually on each
day, the priming effect reached significance onlyhie untested group, on day 2
(b=0.342,z=2.21,p=.03

Next, the effect of priming was evaluated in eadtihg group in each of the
three blocks. The RTs for the tested group are showhe upper panel of Figure 47.
A mixed-effects linear model with subjects and items random factors and priming
(primed vs. unprimed), time of testing (day 1, @agay 8) and block (block 1,
block 2, block 3) was fitted on these data. Trasiion and counterbalancing list
were again included in subject and item-specifipst. No three-way interactions
reached significance. Only one two-way interactiontrast reached significance,
showing that the priming effect in block 1 on daghhnged significantly on day 2,
reflecting the reversal of the effect. The primeftgct in this group reached
significance only in block 1 of day 1 (b = 0.028; 2.16, p = .03. No other effects
involving the other factors reached significanc&€sRor the untested group are
shown in the lower panel of Figure 47. In this gael no three-way interactions
reached significance. Of the two-way interactidres anly significant contrast
involved block and time of testing, whereby the tcast between day 1 and day 2
was larger in block 3 than in block 1 (b = 0.024,2.13, p = .03. Looking at the
effect of block on RTs averaged over primed andiomgd trials, the only
significant contrast was found on day 2, betweeaclbll and block 3 (b = 0.031,
t=2.17, p = .03. The lack of an interaction between block angniry suggested
block did not modulate priming, and this was furtbenfirmed by the absence of a
priming effect in each block on each day. It isiag@orth noting that the lack of
significant priming effects here is likely due #xuced power, as the number of both

participants and number of data points per paditifis greatly reduced from the
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more powerful analysis described earlier. It i®glessibly important that

numerically the priming effect on day 1 seems tatbengest in the first block and

become attenuated in the second and third blocks.
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Figure 47. RTs in primed lexical decision with novieword primes, broken down by block and
testing condition (upper panel = tested, lower pane= untested). Error bars represent standard
error of the means.

Accuracy rates were similarly analysed using adogregression model with

the same factors as in the RT model. Data fromedsied group are presented in the

upper panel of Figure 48. A logistic regression eladth the same random and

fixed factors as above was used. No three-wayaotems were found, and the term

was dropped. No two-way interactions reached samte either. On day 1
responses in block 3 attracted more errors thackdldb = -0.449, z = -2.01,

p = .04). The priming effect was significant only in thest block of day 8
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(b =-0.609, z =-1.98, p = .0%8The reverse priming effect on day 1, block 3 was
marginally significant (b = 0.485, z = 1.87, p 60

The same analysis was carried out for the untegtadg (Figure 48, lower
panel). No three-way interactions reached sigmifee. Of the two-way interactions,
priming interacted with block, in that on day 1 gréming effect was significantly
different in block 3 compared to block 1 (b = 0.46% 2.14, p = .03 and block 2
(b = 0.433, z = 2.03, p = .04 The same was true on day 2 and day 8 where the
priming effect on block 1 was attenuated on blo¢k&y 2: b = 0.467, z = 2.13,
p =.03, day 8: b = 0.469, z = 2.13, p = 'p30On day 8 the effect on block 2 was
also attenuated compared to block 3 (b = 0.432202, p = .04. The priming
effect was marginally significant on day 2 in blatkb = -0.541, z = -1.96, p = .05
and significant on day 8 in block 2 (b = -0.663; 2.39, p = .09.
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Figure 48. Accuracy rates in primed lexical decisio with novel word primes, broken down by
block and testing condition (upper panel = testedpwer panel = untested). Error bars represent
standard error of the means.
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In summary, averaged across the two testing grangsll blocks, a reliable
priming effect in RTs was found on day 8 only. Hagne was the case with error
rates. The untested group showed this same patt&ms, while priming in the in
the tested group did not reach statistical sigaifee. This is not surprising however
as the group sizes were halved compared to theftilll analysis, resulting in
reduced power. Visual inspection of Figure 46 sstgythat there was a small
numerical RT priming effect on day 1, and that#@scarried by the tested group.
Indeed, the by-block analysis showed a signifigaimhing effect in the first block of
day 1 in the tested group, both in RTs and accuraiggs. No effect on day 1 was

found in any block in the untested group.
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Figure 49. RTs and accuracy rates in the primed legal decision task with real word primes and
real word targets. Error bars represent standard eror of the means.

Lexical decision with real word primeBigure 49 (left panel) shows RTs to
real word targets when preceded by a semanticaflgaated (primed) or
unassociated real word (unprimed). The data wararted in the same way as in the
novel word prime condition. A mixed-effects lineaodel with subjects and items as
random factors, and priming (primed vs. unprimea) aime of testing (day 1, day 2,
day 8) as the fixed factors benefitted from subggecific slopes for trial position,
and item-specific slopes for counterbalancing Tiste analysis showed no
significant interaction between the two factorse Bmplified model showed a
significant effect of priming (b = 0.014, t = 2.%9= .02), with faster RTs to primed
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trials. Time of testing also had a significant effen RTs, with responses becoming
faster from day 1 to day 2 (b =-0.019, t =-58% .001), from day 1 to day 8
(b =-0.014,t=-4.00, p <.001), but not from d&atp day 8. The lack of interactions
suggests that the priming effect is robust oveetibut to get a more thorough
picture of the effect, it was analysed for each idayidually also. There was a
significant difference between primed and unprirtred on day 1 (b = 0.016,
t=2.54, p = .01 and day 8 (b = 0.015, t = 2.41, p =")dut the effect failed to
reach significance on day 2. The effect of timéesting in primed and unprimed
conditions was looked at also. RTs became fastéreiprimed condition from day 1
to day 2 (b =-0.016, t =-3.14, p =.002) and froday 1 to day 8 (b = -0.014,
t=-2.76, p = .004) but not from day 2 to day Be Bame was true of the unprimed
trials (day 1 vs. day 2: b =-0.022, t = -4.48, ©81, day 1 vs. day 8: b =-0.015,
t=-2.91, p =.003). Hence this condition sucagstlemonstrated a priming effect
which was largely unmodulated by time of testimgpfeming that masked semantic
priming can be observed in the current paradigm.

The accuracy rates are shown in the right panElgfre 49. A mixed-effect
logistic regression model with the same randomfeed factors (with subject-

specific slopes for time of testing) showed noratéon between time of testing and
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Figure 50. RTs in the primed lexical decision taskvith real word primes and real word targets,
broken down by block. Error bars represent standarderror of the means.
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priming. The simplified model showed a priming efféhat was marginally
significant (b = -0.121, z = -1.89, p = Mpand no effects of time of testing. When
the priming effect was evaluated on each day seggrghe effect did not reach
significance on any day. The effect of time of itggshowed no differences between
day when looked at separately for primed and ungdiconditions.

As in the novel word prime condition, the real wprime condition was also
analysed by dividing the data into three blocksee if block modulated any of the
effects (Figure 50). To do this, block (with thiegels: block 1, block 2, block 3)
was added as a fixed factor to the model descabede. Subject-specific slopes for
block were added. The model showed no signifittaneie-way interactions, hence
this term was dropped. Of the two-way interactionly that involving time of
testing and block showed significant contrastssTihtieraction showed that the
difference between day 1 and day 2 RTs was largeloick 1 than in block 3
(b =-0.019, t = -2.21, p = .08 Visual inspection of Figure 50 however suggested
that RTs appear to grow slower in the later blo@kss effect of block only reached
significance on day 2, where RTs increased fronckblbto block 2 (b = 0.030,
t=3.15, p = .003, and from block 1 to block 3 (b = 0.042, t = 3.80= .001). This
effect was assessed also individually in the twimimg conditions. In the primed
trials, on day 1 RTs increased from block 1 to kl8g¢b = 0.028, t = 2.02,

p = .046). On day 2 primed RTs increased from block 1 k2 (b = 0.035,
t=3.11, p = .003 and from block 1 to block 3 (b = 0.039, t = 2.i6; .006) but

not from block 2 to block 3. On day 8 the increadiglsnot reach significance. In the
unprimed condition there were no significant difieces between blocks on day 1.
On day 2 on the other hand unprimed RTs increaseadl block 1 to block 2

(b =0.025, t = 2.22, p = .0OBand from block 1 to block 3 (b = 0.045, t = 3.22,

p = .002). On day 8 unprimed RTs increased from block klezk 3 (b = 0.030,
t=2.13, p = .09 and from block 2 to block 3 (b = 0.032, t = 3.p5s .002).

Finally, although priming did not interact with lolg the priming effect was
evaluated in each block and in each day separatelgsess its strength. On day 1,
the priming effect was significant in block 1 (0021, t = 2.22, p = .0Bbut failed
to reach significance in the other two blocks. @g 8 the effect was non-significant
in all blocks. On day 8 the effect reached sigatfice in the third block only

(b =0.026,t=2.72, p = .007
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Accuracy data were also examined as a functionoakiby adding block as
a fixed factor in the logistic regression modelatdsed above. The data are shown
in Figure 51. No three way-interactions reachediance, hence this term was
dropped. No two-way interactions reached signifoeaeither, suggesting that block
did not modulate the effects of priming or timet@sting. When the priming effect
was tested in each block on each day separateigrginally significant priming
effect was only found in block 2 of day 2 (b = €43z = -1.88, p = .0&
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Figure 51. Accuracy rates in the primed lexical desion task with real word primes and real
word targets, broken down by block. Error bars represent standard error of the means.

In summary, in the real word prime condition a negsgriming RT effect
was found without a significant interaction witm# of testing, suggesting the effect
was present in all testing sessions. A margin&otfivas found in accuracy rates too.
The by-blocks analysis did not reveal any surpgishifts in performance as the task

progressed.

5.4.3 Discussion

The aim of Experiment 7 was to see if novel woraisla elicit priming in a
task tapping into automatic semantic activatiorubyng a masked prime with a short
SOA. The real word prime condition confirmed tha task worked: a significant 7

ms priming effect was found when averaged acrasshitee testing times. Priming
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also had a marginally significant effect on lexidatision accuracy. The majority of
participants were completely unaware of the excsasf the prime, suggesting that
the masking procedure was successful, althougtctémslusion relies on a
subjective assessment, and cannot rule out parvtiateness (Kouider & Dupoux,
2004). Nonetheless, it is reasonable to assumehtisatask involved a larger
contribution of automatic processing than the tastd in Experiment 6.

The time course with which the priming effect ensetgn the novel word
prime condition here was similar to the strategimpg task of Experiment 6 in that
both effects required a delay between trainingtasting to emerge, although in the
present experiment the effect was not yet seenafibort consolidation
opportunity. Interaction contrasts showed thatheing effect was significantly
larger on day 8 than on day 2. The contrast betwlegr8 and day 1 did not reach
significance, however the priming effect was siguaift only on day 8 (8 ms), not on
day 1 (5 ms) or day 2 (1 ms). This suggests thhbagh there may have been weak
priming present earlier, the effect grew strongesrahe course of one week, with no
significant development within the first 24 houfsis is consistent with Experiment
6, where the effect emerged only after offline adigstion had taken place. The
accuracy data supported this late emerging RT teffgh a small but significant
priming effect on lexical decision accuracy foundyoon day 8. Although the
priming effect on day 8 was numerically quite smialis important to relate it to the
7 ms effect with real word primes: the novel worahes gave rise to a priming
effect of the same magnitude as real word primes.

Comparison of the priming effect between the grthat was tested on
explicit meaning recall in the beginning of eacét &ession and the group that was
tested only at the very end of the experiment $heber light on the development
of the priming effect. In the untested group th&es no effect on day 1 or day 2,
with a significant effect emerging on day 8. Unforately the priming effect failed
to reach significance at each day in the testedmgroowever it is important to note
that the numerical priming effect seen on day leappto have been carried mainly
by the tested group, who showed an 8 ms primirecetin day 1 and day 8. It is
possible that the numerical priming effect on dayak caused by the tested group
having had an opportunity to access the meanirggdpfore carrying out the
priming task. This may have given them an advantageiming by allowing the

novel meanings to have been recently activatedemany. This hypothesis was
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supported by looking at the priming effect in eatlthe three blocks. Here the tested
group showed a significant priming effect in thastfiblock of day 1, with the effect
failing to reach significance in the later blockstbat day. The untested group
showed no priming effect in any of the blocks oat ttlay. No such block-dependent
priming effect was seen on the other days thougdgesting that perhaps the recall
advantage can only be detected when combined wite@ding extensive training
session.

The demonstration of a masked priming effect usiogel word primes also
provides important further evidence in favour ofital integration. Lexical
competition as a measure of lexical integrationlwawriticised due to the explicit
overlap between the novel words and existing wdrda.lexical decision task in
particular it is possible that lexical competitiefiects emerge because participants
are intentionally withholding their response omitethat resemble the novel words.
Such effects may not be a reflection of normaldakcompetition. The masked
priming effect on the other hand provides a tasknalexical integration is seen
even in a task where the participant is not constjoaware of the novel word, and
no decision about the identity of the novel wordeiguired. Hence the masked
priming effect may be the strongest piece of evigenf lexical integration seen so
far.

Another interesting set of data in the present eyt was provided by the
explicit meaning recall task. In the other expenisaeported in this and the
previous chapters there has been significantly toeeall rates for novel words
learned one or more days prior to testing, comptraebrds learned on the day of
testing. As discussed earlier, this may have redteeither forgetting over time, or
interference from the more recently learned setoekl words. In the current
experiment participants learned only one set oehawords, eliminating the
interference account. Here no change in meanirajln@as seen from day 1 to day
2, suggesting that there is little or no decay dkercourse of one day when there is
no interference from a new set of words. It shalsb be noted that once again no
improvement in recall as a result of offline condation was seen, however as recall
was near ceiling such an effect would be difficalbbtain. Recall rates did however
decline significantly over a longer delay of oneslwérom day 1 to day 8.
Interestingly this decay appears to have been goanied by the emergence of the

priming effect, further enforcing the idea that grening measured here was
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independent of explicit recall and probably largelgependent of strategic effects.
The untested group seemed to have declined eves, a®their recall performance
on day 8 was significantly lower than that of testéd group. This implies that
continued testing did slow down forgetting, but dat affect the emergence of

priming.

5.5 Chapter Summary and General Discussion

The experiments reported in this chapter focusethemphenomenon of
semantic priming, and on the question of whethenyéarned words are integrated
in the mental lexicon to a sufficient degree towallsemantic priming to occur.
While a handful of earlier studies have addressedame issue, the present
experiments extend the earlier work in a numbevafs. Firstly, three of the
relevant earlier studies used semantic decisidrerahan primed lexical decision
(Perfetti et al., 2005; Mestres-Misse et al., 20@&éstres-Misse et al., 2008).
Although the semantic decision task clearly requaecess to word meanings, and
measures the speed with which this access octisslso likely to be influenced by
a number of strategic processes. For examplepissible that “primed” responses
(responses confirming a relationship between tiregoand the target) are faster than
“unprimed” responses (responses indicating noicglship between prime and
target) simply because making a positive responBerequires the detection of the
presence of a relationship, while a negative respoequires a search of semantic
memory before the response can be made with amgelef confidence. Seeing an
RT difference between related and unrelated ttieda may not reflect speed of
access to meaning in general. The same concetnecaaised against the N400
effect in this task, if the N40O is taken as a measf the ease with which a word is
integrated into preceding context. The primed laixitecision task used in the
present experiments on the other hand is unaffdxtedis criticism as no explicit
decision or response is required regarding theilples®lationship between the
novel word prime and a real word target.

Cross-modal priming studies by Breitenstein e(2007) and Dobel et al. (in
press) avoided this problem by asking responsestord picture target primed by
an auditory novel word. However, here the primgeapairs were also presented
during training, with the meaning of the novel waiting as the target in the
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priming test task. Hence it is difficult to say howuch of what was being tested was
episodic or semantic priming. A similar problem vpassent in the priming
experiments of Dagenbach et al. (1990) where paatits first learned the meanings
of a set of novel words, and then learned episedid pairs where the novel word
was paired with a related real word.

The experiments presented in this chapter wentrizkiloe existing literature
by for the first time training participants on mesgful novel words and then seeing
if these novel words can prime familiar words twate associated with the novel
word meanings, rather than seeing if the novel waah prime their own
definitions. Furthermore, as these experimentdidequire participants to make
any explicit response regarding the identity ofnogel words, the present data for
the first time test the activation of novel wordnstics in exactly the same way in
which semantic access is measured in familiar wordegmantic priming studies.
The key questions the present experiments attenptaalswer were whether novel
words are integrated in the lexicon such that deyprime familiar associated
words through spreading semantic activation, anelthér this is the case
immediately after training or only after a periddoffline consolidation.

Experiment 6 examined these questions in a prirtaisk with a visible novel
word prime and a long SOA. These two features etaéisk should have allowed
participants to engage strategic processes alomgstl automatic semantic
priming. In this task semantic priming was onlyrsegliably in a condition where
offline consolidation had been given time to odoetween training and testing.
There was no evidence that a long consolidatiorodppity of one week provided
an additional benefit compared to a short consttidaopportunity of about 24
hours. Interestingly though the novel word primeftect in this experiment (7 ms)
was smaller than in the real word control condii{d® ms), suggesting that a
completely normal priming effect may not have besached within the time course
of the experiment (although note that the diffeeeiscalso likely to be affected by
the different stimulus sets).

Experiment 7 used a masked prime and a short S@Artionise the use of
strategic processes, and maximise the contribati@utomatic semantic activation.
Remarkably, in this experiment a priming effectntieal in magnitude to the real
word priming effect emerged one week after trainig significant evidence of

priming was seen immediately after training or dag after training, again
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suggesting a gradually developing effect. Thisifigdvas consistent with the
picture-word interference (PWI) data reported bgyGit al. (2007). The PWI task is
similar to masked priming in that neither task reggia response or a decision to be
made about the prime (the printed word in the PA8kY. Furthermore, as the word
in the PWI task is supposed to be ignored by theggzants, any effect is has on
naming performance is taken to be the result ajraatic activation of the printed
word distracter (although in the PWI task particisaremain aware of the words,
whereas in the masked priming task they are langedyvare of the prime).
However, Clay et al. (2007) tested their particisammediately after training and
one week after training, with no intervening tedisis means the effect may have
emerged earlier, and may in fact benefit from slékp the other language learning
tasks discussed in Chapter 3 (e.g., Dumay & Gask@ll7; Gomez et al., 2006;
Fenn et al., 2003). However, by looking at primioaih after 24 hours and one
week, Experiment 7 suggested that automatic priroomginues to develop beyond
one day or night of consolidation.

Another finding that highlights the difference betem Experiments 6 and 7
was the influence of block on priming. In Experirh6rthe strongest priming effect
in consolidated novel words was found on the thiatk of the task (although the
interaction with block did not reach statisticajraficance). In Experiment 4 a
consolidation advantage in semantic decision omigrged in the third block of the
task. It appears then that tasks that involve ei@ccess to novel word meanings
benefit from repetition over the course of the tadke priming task in Experiment 7
on the other hand did not involve explicit accesadvel word meanings, and
consequently no evidence was seen of the latek®kchancing the priming effect.

While both priming experiments showed that o#flitonsolidation plays a
significant role in the development of semanticrpng in novel words, the time
courses in the two experiments were slightly ddfer in that Experiment 6 showed
a reliable effect already one day after trainingilevin Experiment 7 the effect
reached significance one week after training. Type of difference between the
time it takes for strategic and automatic primiffg&s to emerge may reflect
different methods or routes of accessing word nmegmiFor example, the multistage
activation model of Stolz and Besner (1996) propaskexical level from which
activation spreads to a semantic level. In a medeh as this the formation of a new

lexical representation and the linking of that esggntation to the semantic level is
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the process that is likely to be affected by cadstion. Automatic semantic
activation would require a fully functional andiadlle connection between the new
lexical representation and the semantic level.t&gra or explicit retrieval of the
novel word meaning on the other hand might be aptished even via a connection
that is not yet fully consolidated. Distributedwetk models (e.g., Plaut & Booth,
2000) can also conceivably accommodate a consimidptocess. A weakly
activated semantic representation would not be talbdetivate an overlapping
similar representation in the absence of somedadp-down boost from explicit
recall. However, as consolidation progresses bydimstatement mechanism
postulated by the CLS accounts, the novel reprasentgains in strength and will
eventually activate overlapping representatioraniutomatic fashion without extra
input from explicit recall. Both of these suggessamply that for automatic
activation to occur, a more profound change mayl ne¢ake place in semantic
memory. Experiment 7 and the data from Clay ef28l07) suggest that such a
change takes several days to happen while a ntategit alternative route for
activating the new meaning may become availabléeeeaand may or may not
benefit from sleep in particular. This is not ty faat the consolidation that operates
on automatic access does not benefit from sleef daes imply that it would
require several nights of sleep.

Experiment 6 suggested that another task that reagfth from more than
one day or night of consolidation is shadowingEkperiment 4 a consolidation
benefit was seen for words that had been learnediay earlier suggesting that even
one day of consolidation can be important in tagkt The effect was however not
seen in Experiment 5 again with a one day considid@pportunity. In Experiment
6 on the other hand a consolidation benefit was seéy in participants who had
had a long consolidation opportunity of one weekekems then that this task
involves a consolidation process that operates ssgral days, and that sometimes
the effect can already be seen after one day cfatolation, but on other occasions
more than one day is needed. There are at leagidtential reasons why this task
might benefit from long term consolidation. Ones@ais that shadowing may
involve a strong semantic component. Meaning deemgo influence shadowing,
as mentioned in Chapter 4 Slowiaczek (1994) shaeeatantic priming effects in
shadowing. If this is the case, then the consabdatenefit seen in Experiment 6

may have been due to semantic support graduallynhieag available over the
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course of the week. The second reason might bestiaalowing in Experiments 4
and 6 required access to phonological representafithe novel words, but the
phonological forms of the novel words had nevemidesard before by these
participants. In other words, the phonological espntation being accessed in this
task had been generated as a by-product of purlggraphic exposure. This may
result in a weak phonological representation tegtiires a period of offline
consolidation to gain in strength. This may beacpss that continues over several
days or nights, possibly because the reinstatepreness is slowed by the absence
of direct experience with the phonological wordnfist These hypotheses remain
tentative at this point, and would require diratipérical investigations to develop
further.

Finally, Experiments 6 and 7 together shed mot# kg the influences of
time on explicit recall of novel word meanings. Exments 4-6 demonstrated a
pattern where explicit recall seemed to suffer fimessing time. Recall was always
better for words learned immediately before testiogpared to words learned a day
before testing. As discussed earlier, this may meflected either forgetting over
time, or forgetting due to interference from leaga second set of novel words. In
Experiment 7 participants learned only one setoeehwords, whose recall was
tested immediately after training, one day afteining, and one week after training.
Under these circumstances no significant forgetivag seen within one day. This
seems to suggest that the forgetting seen in ttierestudies was mostly due to
interference. Significant forgetting was seen oeekvafter training, although even
then the forgetting was much smaller than in thkexaexperiments. In Experiment
7 performance declined from 96% of objects recadliéelr training to 94% recalled
one day later, a decline of only 2%. Contrast Witk the difference of 27% in
Experiment 6 between words learned the day befwlensrds learned on the day of
testing in the short consolidation group. It mustioted though that the small
decline in Experiment 7 is also likely to be pdlyiaue to repeated testing on day 1
and day 2, whereas in Experiment 6 testing tookeptanly once.

To summarise, the main finding of Chapter 5 was tioael word meanings
do appear to benefit from offline consolidationt the consolidation period is longer
than seen in tasks measuring word form knowleddgerevthe first night of sleep
may be the key (Dumay & Gaskell, 2007). Specificadictivation that relies

predominantly (but probably not exclusively) orasgic access benefits from
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consolidation over the first 24 hours followingitiag, but seems to benefit less
from further consolidation beyond that. Automatitiation on the other hand
seems to benefit from consolidation continuingap tveek, at least when measured
by semantically primed lexical decision. Taken tbge, these experiments show
that unlike word form learning, learning word me®ays engages a gradual
consolidation process that continues for more thaday or night of sleep. This is
in contrast with the ERP studies of Perfetti e(2005) and Mestres-Misse et al.
(2007) which found an N400 effect with novel wonasnediately after training.

This may suggest that the N40O0 is more sensitiwpisodic memory traces than the
priming paradigms used here, or that the methodwdbgssues discussed in Chapter
3 can have a significant impact on the N400. Shaugpva task that may well also
involve a significant semantic component, also appé& be sensitive to
consolidation over several days. The design usdakeicurrent experiments did not
allow any conclusions to be drawn about the rolsleép specifically on
consolidation of semantic information in novel weégdrning. This question is left
for future studies to resolve. In the next chapterever | will address the role of
sleep in consolidation of novel word forms in thsence of given meaning, and the

specific neural events that may participate ingslagsociated memory consolidation.
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Chapter 6: Lexical integration and the architectureof sleep

6.1 Introduction

As reviewed in Chapter 3, there is now plenty aflemce to suggest that
newly learned linguistic materials benefit fromlioié consolidation, and that sleep
appears to play a crucial role in this consolidapoocess. While the experiments
reported in the previous chapter suggest thatileguthe meaning of novel words
triggers a consolidation process that operates sssgral days and/or nights, the
acquisition of novel word forms seems to dependtrmanghe first night of
consolidation. Evidence for this was seen in softbeexperiments reported earlier
in this thesis. Experiment 5 for example showed plaaticipants in a cued recall task
recalled more novel words that had been learngti@previous day compared to
words learned just before testing. Sleep was naolipoated in that experiment,
however presumably all participants slept duriry24 hours between training and
testing.

As already mentioned in Chapters 1 and 3, DumayGagkell (2007)
attempted to tease apart effects of consolidattmumwing during wake and sleep.
Participants who were trained in the evening astktkin the morning after a night
of sleep showed lexical competition effects androapd free recall performance.
Participants who were trained in the morning arstein the evening, with
presumably no intervening sleep, showed no lexicaipetition effect and no
improvement in free recall. While these data sugties sleep plays a key role in
integrating the novel words in the existing lexictrey also raise a question about
the environmental and neural circumstances undehwionsolidation takes place:
is sleep beneficial in consolidation because ivgles an environment free of
external interference, or are there neural evéwtistake place during sleep that drive
consolidation?

One way to address these questions is to lookeap drchitecture, and try to
see if there are some physiological aspects opgles are correlated with
consolidation. The most common approach has beleokaat global sleep
architecture, that is, the involvement of differslgep stages in consolidation.
Another emerging target of research in sleep andong consolidation is sleep

205



Chapter 6

spindles. | will give a brief overview of the lisgure on these two approaches in the

next two sections.

6.1.1 Memory consolidation and sleep stages

Sleep can be divided into different sleep stagestimportantly rapid eye
movement (REM) sleep, and non-REM (NREM) sleep witiemprises of slow
wave sleep (SWS: sleep stages 3 and 4), and liglatep stages 1 and 2. The sleep
stages appear to have different roles to play irsclidating different types of
memories. According to the dual process theory ¢sge Diekelmann, Wilhelm, and
Born, 2009, for a review), SWS supports consolatatf declarative memories,
while REM supports consolidation of procedural mees Although early work
using REM deprivation supported this notion, sldeprivation as a methodology is
prone to confounds (e.g., due to the general cegninpairment resulting from
sleep deprivation), and hence the most often @tedience for the dual process
theory comes from the work of Plihal and Born (1,98999) who used the split-
night paradigm. This approach takes advantageedfaitt that sleep during the first
half of the night is dominated by SWS, and sleefhénsecond half of the night is
dominated by REM. For example, Plihal and Born {)9€ained participants on a
word-pair list (declarative task) either in the imegng of the night or in the second
half of the night, followed by three hours of eitt8®VS rich early sleep or REM rich
late sleep, after which they were tested. Whildnlgbups showed a sleep-
associated increase in recall, the SWS group ingat@ignificantly more than the
REM group. The opposite pattern was seen whenm@mntiacing task (procedural
task) was used. However, further research has lexaamore complicated picture.
Gais, Plihal, Wagner, and Born (2000) showed ipli-sight paradigm that SWS-
dominated early sleep improved visual texture thsicration, a form of procedural
knowledge. Declarative materials have also beewsho benefit from REM sleep,
especially if they are highly emotional (Wagnerjs;& Born, 2001). There is also
evidence that stage 2 sleep is important, at Ileabe procedural domain. Walker,
Brakefield, Morgan, Hobson, and Stickgold (2002)w&d that overnight
improvement in a sequential finger tapping taskedated with time spent in stage 2
sleep, particularly during the latter half of thght. This variability in the data has

led many researchers to call for a move away frooaging on sleep stages, and for
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an examination of the physiological processesdbatir during sleep, and different

types of learning in more detail (Gais & Born, 20B4gel, Smith, & Cote, 2007).

6.1.2 Memory consolidation and sleep spindles

In recent years there has been much interest iroteesleep spindles play in
memory consolidation. Sleep spindles are burstastfoscillations (~11-15 Hz) that
last at least 0.5 s but not usually more thanahd,occur during NREM sleep. The
most intriguing aspect of spindles is that theyehagen demonstrated to occur in a
temporally synchronised manner with hippocampalleg (brief high frequency
bursts of activity in the 100-200 Hz range), batlanimals (Siapas & Wilson, 1998;
Sirota, Csicsvari, Buhl, & Buzsaki, 2003) and inrtfans (Clemens, Molle, Eross,
Barsi, Halasz, & Born, 2007), and hence may beliuadin the hippocampal-
neocortical transfer of newly acquired memoriesydated by the complementary
learning systems (CLS) accounts.

As reviewed in Chapter 3, CLS accounts arguertat memories are
initially dependent on the fast learning hippocasymhich supports the new
memory trace as it becomes consolidated in the laming neocortex. During
offline periods, such as sleep, the neocortical orgrtrace is reinstated repeatedly
until it becomes independent of the hippocampuswatg the hippocampal
representation to decay. As hippocampal ripplestitoie the most prominent
neural event in the hippocampus during sleep,stiieen hypothesised that these
spikes of activity play a key role in the reinstaént process. Compelling evidence
of this was recently provided by Girardeau, Benemen Wiener, Buzsaki, and
Zugaro (2009) in a study where hippocampal ripplese blocked in rats learning to
find food in a radial maze. Rats whose hippocampales were suppressed during
sleep following learning trials learned slower daited to reach the same level of
performance as control rats in which the suppresgio not target ripples. Sirota et
al. (2003) showed in rats that hippocampal rippled cortical sleep spindles are
closely temporally coupled. These authors suggektdpindles select the
hippocampal cells that will participate in the digevent, which in turn provide
output to those cell assemblies which participatine spindle.

Spindles’ involvement in memory consolidation ipgarted by a large

amount of behavioural data. In the procedural dareaveral authors have showed
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an association between spindle activity and degr@erformance enhancement over
a sleep period, looking at skills such as spataigation (Meier-Koll, Bussmann,
Schmidt, & Neuschwander, 1999), visuospatial meniGlgmens, Fabo, & Halasz,
2006), and motor learning (Milner, Fogel, & Cote08; Fogel & Smith, 2006;

Fogel, Smith, & Cote, 2007; Nishida & Walker, 200/orin et al., 2008; Tamaki,
Matsuoka, Nittono, & Hori, 2008, 2009). Similar asgtions have been seen in
declarative tasks as well, including word-pair teag (Gais, Molle, Helms, & Born,
2002; Schabus et al., 2004; Schmidt et al., 2006aBus et al., 2008) and face-name
association (Clemens, Fabo, & Halasz, 2005).

In addition to the correlational evidence showingaasociation between
learning and subsequent spindle activity, thereeledso been demonstrations of the
nature of the learning materials affecting spiradtvity in specific ways, showing
that spindle activity is sensitive to the materital®¥e consolidated. Schmidt et al.
(2006) showed that compared to a non-learninggpsidle activity increased only
after participants had learned abstract word-painsle no effect on spindles was
seen as a consequence of learning concrete warsl-paowing that task difficulty
modulates spindle activity. Spindle activity algpaars to be regionally specific to
the area of the cortex which is most involved vpitbcessing the materials to be
learned. Nishida and Walker (2007) trained paréiois on a finger tapping task
using the left hand. Spindle activity during thédwing nap period was correlated
with the amount of performance improvement, buyaviten measured at electrodes
over the contralateral (right) motor area. Thifursher evidence that spindles are
involved with consolidating specifically the reclgriearned experiences.

Finally, it is worth noting that while the earlyisdle studies examined sleep
spindles in the ~11-15 Hz range, there is now emgrgvidence for two different
spindle types: slow spindles (~11-13 Hz) and fpstidies (~13-15 Hz). Not only are
these two types typically observed in differentaaref the cortex, with slow spindles
dominating frontal areas and fast spindles dommiggiarietal areas (Schabus et al.,
2007), but they also appear to be important in clicesting different types of
material. In the declarative face-name associdtiek Clemens et al. (2005) found
spindle correlations in the left frontal electrodesile in a visuospatial task the
same research group found spindle correlationsampéarietal electrodes (Clemens et
al., 2006). These studies did not distinguish betwapindles in the different

frequency ranges, but it is likely that the frordpindles corresponded to slow
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spindles, and the posterior activity corresponaefdst spindles. The suggestion that
declarative learning is associated with frontalsgpindles was further supported by
the study mentioned above by Schmidt et al. (2006&re the spindle correlations
were found only for slow spindles, and on frontdcarelectrodes. In contrast to the
association between slow/frontal spindles and datile learning, procedural
learning seems to be most reliably associated fagttiparietal spindles. Tamaki et
al. (2008, 2009) found that learning a visuospatiator task increases fast spindle
activity compared to a non-learning condition, bat slow spindle activity. Finally,
Milner et al. (2006) found increased spectral powearmly the fast spindle range
after participants learned a motor task.

In sum, both sleep stage and sleep spindle datederpromising avenues of
research for looking at the neural events thatedmemory consolidation during
sleep. Applied to word learning tasks, it can bpdigesised that different sleep
stages may be involved in consolidating differespiescts of word knowledge. Based
on the demonstration of a link between SWS andagatiVe learning (such as
learning word-pairs), tasks measuring explicit hemarecognition of novel word
forms or meanings should benefit from SWS. Theatative vs. procedural
dichotomy is less helpful in making predictions abemergence of lexical
competition effects though. In the lexical competitparadigm participants are not
required to make decisions or recognise the nesdgnled words, instead what is
measured is the indirect influence of the new wanmishe recognition of
phonologically overlapping familiar words. Suchedfect which involves both
explicit and implicit components may be associatétl either SWS or REM sleep,
or both. In the sleep spindle literature thererarstudies looking specifically at the
integration of new memories with existing memorigkich is what the lexical
competition paradigm measures. However, the CL8wats suggest that integration
of new memories is one of the most crucial resufltsffline consolidation and
hippocampal-neocortical transfer, hence it is reabte to expect spindle activity to
be closely associated with emerging lexical contipetieffects. The declarative
tasks that have been shown to be associated wittlls@ctivity also suggest that
spindles may facilitate consolidation of explicibnd recall as well, but perhaps not

as strongly as lexical integration.
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6.2 Experiment 8

The main purpose of Experiment 8 was to see wispleas of sleep
architecture (specifically sleep stages and sp#)dee associated with memory
consolidation in learning of novel word forms, lawd at both lexical competition
and explicit recall and recognition measures. Bigdnts were trained on 30 spoken
meaningless novel words, followed by tests of lakaompetition and explicit recall
and recognition immediately after training, abo@thburs after training, and again
one week after training. Importantly, half of therficipants were trained in the
evening, and spent the night between the immedradehe delayed test in the
laboratory, while polysomnographic measures welleaed during sleep (sleep
group). The other group were trained in the mormng tested in the evening, with
no intervening sleep (wake group). Both groups wested again one week later, at
the same circadian time as the delayed test.

While Dumay and Gaskell (2007) also took measufésxical competition
in an experiment using a similar design, the curezperiment made some
important changes. Firstly, the current experimesad lexical decision to base
words, while Dumay and Gaskell used pause deteddotihh measures have been
shown to reliably reveal lexical competition eflecBecondly, Dumay and Gaskell
used novel words where the novel item was formeddualing a syllable to the end of
a familiar word (e.g.shadowksfrom shadow. The current experiment used novel
words derived from existing words by changing thememes at the end of the
words, starting at the final vowel (e.gathedrukefrom cathedra). Again, these
novel words have been shown in the past to gietodexical competition effects
(e.g., Gaskell & Dumay, 2003). Thirdly, while Dumand Gaskell tested
participants immediately after training, 12 howtet, and again 24 hours later, the
current experiment delayed the third test until week after training, to see if any
potential effects involving sleep architecture be first night would still be seen one
week later. The most important change to DumayG@askell however was the
collection of polysomnographic measures overnight.

Apart from changes to the design and materials bgddumay and Gaskell
(2007), Experiment 8 also introduced some newtéssts. In addition to lexical
decision as a measure of lexical competition, éR@eriment used free recall, cued
recall, and old/new categorisation tasks. Fredlrees used also by Dumay and
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Gaskell, and the expectation here was to replitettie finding of improving recall
overnight in the sleep group, but no significarardpe in performance in the wake
group. The cued recall task was added for two readeecall that in Experiment 5
participants had higher cued recall accuracy natesrds learned on the previous
day compared to words learned on the day of teslihig consolidation effect may
have been the result of sleep-dependent consaligdiowever as there was no sleep
vs. wake contrast, it was not possible to determinether sleep was of importance
in that task. If sleep provides the optimal comuatis for consolidation, there should
be a benefit for the sleep group over the wakemimouhe delayed test. It should be
noted however that by necessity the modality wasghd in Experiment 8, and
hence the composition of the cues was also diffefidre old/new categorisation
task was designed to be an improved version dftbealternative forced choice
(2AFC) task used by Dumay and Gaskell. The 2AFCre=ailts in very high levels
of accuracy, possibly masking differences betwéergtoups. Dumay and Gaskell
found no effect in this test, although Davis ef(2009) did find a difference between
consolidated and unconsolidated novel words. Howelre old/new categorisation
task is possibly more sensitive to consolidationamy because it is more difficult,
but also because it allows an analysis of readiinas as well as accuracy rates. If
this task benefits from sleep, it was expectedttiasleep group’s response times
would become significantly faster overnight, writhe wake group should show
little improvement. The same should occur with aacy rates.

Finally, it was expected that the same pattermudrging lexical competition
effects should be seen as in Dumay and Gaskell7j200th no competition effect in
either group immediately after training, and areetfseen in only the sleep group in
the delayed test. Both groups should show the tefigbe one-week follow up, at
which point both groups would have been able tegsf&ior to testing. As
mentioned above, the most critical aspect of tha ddate to the PSG measures,
with potential correlations emerging between measof word learning and sleep

stages or sleep spindle activity.
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6.2.1 Method

Materials

The critical stimuli consisted of 60 base wordps#n from a set of 68
words used by Tamminen and Gaskell (2008). Theutisnselection here was done
on the basis of the likelihood of observing thedakcompetition effect: the items
that were used were the ones that resulted iratigest lexical competition effect in
Tamminen and Gaskell (2008). All chosen words viesgllabic (n = 31) or
trisyllabic (n = 29), with a phoneme length of 8@ average (range = 6-11). The
mean frequency was 4.5 occurrences per milliorggan2-18). All base words had
an early uniqueness point, located before the finalel.

Each base word had two corresponding novel wordshadiverged from the
base word at the final vowel (e.gathedrukeandcathedrucederived from
cathedra). One was used as the trained novel word, andttier as a foil in the
old/new categorisation task. Note that these twehwords differed only by one
phoneme, which was always the final one. This vasedo make the task more
challenging. All novel words and foils were takeonh Tamminen and Gaskell
(2008). All base words and novel word stimuli aregented in Appendix 10.

Sixty real words were selected to act as fillerthmlexical decision task.
This meant that experimental base words (base wordghich a new competitor
was trained) made up only 25% of the real wordsef@ierimental base words, 30
control base words for which no new competitor wamed, 60 filler words). The
filler words were all monomorphemic nouns, anduded monosyllabic (n = 30),
bisyllabic (n = 15), and trisyllabic words (n = 13Jl filler words had frequencies
less than 50 occurrences per million (M = 6.4, ean@-20), and were of similar
length to the base words (M = 5.2, range = 4-9).

Finally, 90 nonwords were created for the lexiaatidion task. These
consisted of 30 monosyllabic, 30 bisyllabic, andr@yllabic nonwords. All
nonwords were created by taking a real word (netlus the experiment) and
changing one phoneme which could be either in asjtipn. They were similar in
length to the real words (M = 5.6, range = 4-9nTtems, five words and five
nonwords, were also selected for a practice blatdKillers were selected from the

pool of filler items used by Tamminen and Gask20(8).
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As this experiment was carried out in Boston, U8IAstimuli were recorded
by a female native speaker of North American Eglis a sound proof booth using
the same recording equipment as in the previousrerpnts. In addition, a different
female speaker of North American English recordedrovel words and
corresponding foils to be used in the old/new aatiegtion task. The reason for
using a different speaker in this task was todrgtbp participants relying on
episodic memory of the training stimuli when dothg categorisation task. For
example, participants might rely on physical csesh as speech rate or recording
quality, when deciding whetheathedrukeor cathedrucewvas a word heard in
training. By using a different speaker the decisi@muld have to be made based on
the abstract lexical representation.

Three measures of subjective alertness were usaEsb&ss how sleepy
participants felt at the time of carrying out tlestttasks. The first two of these
consisted of 115 mm visual analogue scales askrticpants to rate their ability to
concentrate, and how refreshed they felt at the,tlmy marking two lines printed on
the questionnaire (with end points labelled “pamr=excellent” for ability to
concentrate, and “not at all refreshed” and “vefyashed” for how refreshed they
felt). The third measure was the Stanford SleepgiSesle (SSS; Hoddes, Zarcone,
Smythe, Philips, & Dement, 1973), where particigamere asked to rate their level
of sleepiness on a scale from 1 to 7, which eaafit ppthe scale labelled as follows:
1 = Feeling active, vital, alert, or wide awakes Eunctioning at high levels, but not
at peak, able to concentrate, 3 = Awake, but relasesponsive but not fully alert, 4
= Somewhat foggy, let down, 5 = Foggy, losing iestin remaining awake, slowed
down, 6 = Sleepy, woozy, fighting sleep, prefeliécdown, 7 = No longer fighting

sleep, sleep onset soon, having dream-like thoughts

Design

The base words were divided into two sublists oit&Ms in each: one list
was used as the experimental list, i.e. base wordshich a new competitor would
be taught. The other list acted as a controlilist base words for which no new
competitor was taught. This allowed a comparisothefrecognition times to words
in the two conditions: words in the experimentsi 8hould have slower recognition
times due to the newly learned competitor. Acrdisgaaticipants both lists were

used in both conditions an equal number of time/as important that the items in
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the lists were matched in recognition times to mise random statistical noise that
might obscure the lexical competition effect. Hermsognition times to each item
were taken from Tamminen and Gaskell (2008) and asebasis for checking that
the lists were indeed matched on this variable.

The use of the old/new categorisation task predesmfgoblem, as this task
required exposing participants to the novel worftlsr araining, and hence may act
as further training, affecting levels of performanc the other recall tasks in the
delayed test and the one-week follow up test. Algiothis would be true for all
participants and thus not confound the sleep vkewaanipulation, it was decided to
assess the problem directly by only exposing pgperds to half of the novel words
in the old/new categorisation of the immediate, tast to the full set of novel words
in the two subsequent tests. The two lists of Eelveords and their corresponding
novel words were hence further divided pseudoraryganto two lists of 15 stimuli,
with only one of these lists used in the old/netegarisation task immediately after

training.

Procedure

Each participant was randomly assigned eitherdleep group or a wake
group. Participants in the sleep group arrivechenlaboratory at 19.30 on the first
day of the experiment. They then filled in a cotderm, a sleep log covering the
last three nights, the Epworth Sleepiness Scateaageneral demographic form.
The electrodes for polysomnographic recording ve¢t@ched prior to the beginning
of the training session. After the training sessighich was initiated at about 21.00
and lasted about 60 minutes, but prior to statiegtesting session, participants
filled in the alertness and sleepiness questioasairhe timing of the presentation of
the questionnaires was chosen to allow me to tadsetmeasures at the time of
testing rather than at the time of training, andltow a comparison across evening
and morning testing sessions. After completingtéiséing session (initiated on
average at 22.15) which lasted about 30 minuteticeants slept overnight in a
laboratory bedroom. Participants were woken uphleyeixperimenter in the morning
at 07.45, allowing for a sleep opportunity of ab81& hours. Participants were
allowed to get dressed, have a small breakfastttendlectrodes were removed. The
second testing session was initiated about 35 mesnafter waking up, again

preceded by filling in of the alertness questiore®iA follow-up testing session,
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identical in procedure to the other test sessiwas, held on average 7 days later
(range = 3-11 days) at approximately the samedi@oatime as the second testing
session, on average at 10.15 (no earlier than GhAmo later than 11.00).

The procedure for the wake group was identicah&b of the sleep group,
except for the timing of the sessions. Participantbe wake group arrived in the
laboratory at 09.00 on the first day of the expernin They filled in the same
questionnaires, sleep log, and consent form asléap group. They then completed
the training session, followed by the first testgggsion (initiated on average at
09.50). Participants were then free to spend tlygeaddahey would normally,
although they were asked to refrain from caffeiné alcohol during the day. They
returned to the laboratory in the evening, andiedmut the second testing session
(initiated on average at 19.30). Note that thertgof the sessions was designed to
match the intervening time between the first twesgans for both groups of
participants as closely as possible within prattoastraints. The mean time that
elapsed between initiating the first test and #woad test was 10 hours and five
minutes in the sleep group, and 9 hours and 40tesrio the wake group. The
follow-up session for the wake group took placeavarage 7 days later (range = 3-7
days).

Training tasksThe training consisted of two tasks: phoneme nooini and
word repetition. In phoneme monitoring the task weadecide whether an auditorily
presented novel word contained a predetermineéttagynd. In word repetition
participants were simply asked to repeat aloudualit@rily presented novel word.
While phoneme monitoring is a task used in mostiptes novel word studies
looking at emergence of lexical competition, woegetition was added in this
experiment in order to give participants a chawoget accustomed to saying the
novel words aloud since two of the test tasks edgoired them to do so.

Each participant completed five main blocks of pdrae monitoring, each
block consisting of six sub-blocks. In each subeklonly one of the six target
phonemes was used (/p/, /d/, Is/, Im/, In/, i{}} @ach sub-block included one
presentation of each novel word. Hence each nowed was heard a total of 30
times during the phoneme monitoring task. Eaclineffive main blocks of phoneme
monitoring was interleaved by one block of wordetpon resulting in total number
of four blocks of word repetition with one presdita of each novel word per block.

Hence by the end of the training session, eachlwewel had been heard 34 times.

215



Chapter 6

The order of tasks and blocks was fixed, but tlieioof presentation of novel words
within a block was randomised by the software Usedtimulus delivery (E-prime).

A phoneme monitoring trial started with the vispedsentation of the target
phoneme on screen for 500 ms, followed by audpoegentation of the novel word
via headphones. A response was made by pressieg @nka standard laptop
keyboard, labelled “Yes” or “No”. Participants wesecouraged to respond quickly
and accurately, with a response deadline of 30Q0Amgord repetition trial started
with a visual warning message “READY” for 500 mdljdwed by auditory
presentation of the novel word. Participants welkeed to repeat the novel word
aloud and to press the Enter key to move on toéxé trial. Responses to phoneme
monitoring trials were recorded, but responsesé¢onord repetition trials were not,
although the participants were unaware of theaB®mulus presentation and
response collection in the training and testingises was carried out on Dell
laptops running Windows XP and E-prime. Auditorynstli were delivered via
Beyerdynamic DT 234 Pro headphones with an integraticrophone for recording
vocal responses in the testing tasks. The laptagyboard was used as the manual
input response device in all tasks.

Testing tasksTesting sessions included a test of lexical coitipet(lexical
decision), free recall, cued recall, and old/netegarisation. The order of the tasks
was fixed. In the lexical competition task partaps were asked to make a lexical
decision to the experimental base words, contreélveords, filler words, and filler
nonwords. A lexical decision trial started with fhresentation of a fixation cross on
the screen for 500 ms. This was followed by augifmesentation of the stimulus,
which also started timing. Once a response was naaderacy feedback was
provided on screen in the form of a happy or acsatbon face. If no response was
detected within 2500 ms from the offset of the wardnessage saying “no
response” was displayed. Feedback was displayetbfdoms, after which a new trial
was initiated. The order of presentation was raridedhby E-prime. Participants
were encouraged to always respond as quickly and@asgately as possible.
Participants were not informed of the relationdtgpween the base words and the
novel words they had learned earlier.

In the free recall task participants were giveniutes to recall as many
novel words as possible, without cueing or prongptand to say them aloud. This

part of the experiment was timed by the experimmant® remained in the testing
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room for the duration of the task. Responses waerded on a minidisc using the
integrated microphone in the headphones. The reggamere transcribed and scored
offline by the experimenter.

In the cued recall task participants were presewitdthe first two or three
phonemes of a novel word and asked to recall aptheacomplete novel word
aloud. The cues were recorded by the same spedkemade the recordings used in
the training tasks and were selected so that eaelc@uld only correspond to one
novel word. Each cued recall trial started with pihesentation of a fixation cross on
the screen for 500 ms, followed by the presentadicdhe auditory cue. Presentation
order was randomised by E-prime. Participants wyaren 10 s to make a vocal
response, and asked to make a key press afteggaginvord to move on to the next
trial. If a new trial was not initiated within 10 & message was displayed on the
screen asking the participant to say the word ‘#lamd to move on to the next
trial. The vocal responses were again recordedramalisc, and transcribed and
scored later by the experimenter.

In the old/new categorisation task participantsenmesented with novel
words and the novel word foils in a pseudorandoontiered list, and asked to
decide after each stimulus whether it was a trammakl word (old), or a foil not
heard in training (new). A trial started with theepentation of a fixation cross for
500 ms. The auditory stimulus was then presenteat,\@hich 3000 ms was given to
make a response by pressing a key labelled “Ye&Nof on the keyboard.
Participants were instructed to respond Yes tod¢hnovel words and No to folils.
No accuracy feedback was provided in order to prethes task from acting as a
further training opportunity, but RT feedback wageg in the form of a message
saying “too slow” if no response was detected withie 3000 ms. Two
pseudorandom orders of presentation were creatbdMiix (van Casteren & Davis,
2006) for each of the three testing sessions. th balers half of the novel words
were preceded by their corresponding foils, ané versa. Furthermore, each novel
word and its foil were separated by a minimum airfilems, and no more than five
trials of one response type (trained or foil wordye allowed to be presented in
sequence. Different orders were used in each geséission, so that no participant
experienced the same order more than once. Partisipvere instructed to respond

as quickly and as accurately as possible.
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Polysomnographic recordingd Grass Technologies system was used to
record EEG at a 200 Hz sampling rate. Four scagtreldes were used, positioned
according to the international 10-20 system (F3,&3l C4), with each electrode
referenced to the contralateral mastoid. Two ebectiulographic (EOG) channels
were used to monitor eye movements, and two elegtographic (EMG) channels
monitored chin movements. Sleep data were categbito sleep stages visually in
30 s epochs according to Rechtschaffen and Kagg8{1 Table 4 shows the main
sleep parameters of the participants in the sleeypg Participants slept on average
8 hours, with a mean sleep onset latency of 15 resm\verage times spent in the
different sleep stages in this experiment were @raige with values reported in

other sleep studies.

Table 4. Sleep parameters in overnight participantén Experiment 8.

Sleep parameter Mean time (min) + SEM % of telakp time + SEM
Total sleep time 478 £ 6

Wake after sleep onset 17+2

Sleep latency 15+3

Stage 1 28+2 58+0.5

Stage 2 274+ 6 575+1.0

SWS (Stages 3 + 4) 774 16.3+0.9

REM 97 +5 20.3+0.9

Note: SWS = slow wave sleep, REM = rapid eye movememtsISEM = standard error of the mean.

Participants

Sixty-five native English speaking participants eeecruited for this
experiment. All participants were required to abstrom alcohol and drugs for 24
hours prior to the experiment, and to avoid consigneaffeine during the day of
training and between the first and second testsh&uexclusion criteria included
medication affecting sleep, history of sleep disosdand history of serious mental
disorders. Participants were asked to maintairgalae sleep schedule on the three
days prior to the experiment. This was confirmedabking participants to fill in
sleep logs covering the past three nights uporiagin the laboratory. One
participant dropped out after the first sessioml, @vo further participants dropped
out after two sessions. Data from the former hanlexcluded, but the latter
datasets have been retained as overnight consohdzgn still be evaluated for these
participants. One participant’s data in the sleeug were excluded due to non-

compliance with the recruitment criteria, and aeoih the wake group was
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excluded due to chance level performance in theitigtask (52% correct in
phoneme monitoring), suggesting this participadtriit comply with the training
instructions. This left 62 participants in totdl,& whom were students at colleges
in the Boston (USA) area. Thirty-one participardgs/ed in the sleep condition (8
males, mean age = 20.4, range = 18-30), and an®therthe wake condition (10
males, mean age = 20.5, range = 18-30). No paatits reported language
disorders, or had participated in any of the presiexperiments reported in this
thesis. Participants were paid $50 (about £30)dking part.

6.2.2 Results

6.2.2.1 Behavioural data

Training. Accuracy in the phoneme monitoring task was araye make
sure all participants had attended to the taskt@aseée if the sleep or wake group
showed evidence of better learning during the inginThe sleep group had an
average accuracy rate of 84.5% (SEM = 0.02), whiewake group scored 86.3%
(SEM = 0.02) correct. A mixed-effects logistic reggsion model was fitted to the
data. Subjects and items were included in randdectst and group (sleep vs. wake)
as a fixed factor. LLR tests showed that subjeetsjz random slopes for trial
position improved goodness of fit. The effect adup on accuracy failed to show a
significant effect (b = 0.042, z = 0.23, p = 0.81 appeared then that the participant
groups were equally successful in the phoneme oramif task.

Testing.Data from the lexical decision task were analyfestl The data
were log transformed, and extremely fast and sl@w ®ere removed (RTs faster
than 5.7 log-ms [300 ms] and slower than 7.8 log2680 ms]). The sleep and
wake groups were initially analysed separately. iRett-effects linear model with
subjects and items as random variables, and basktaeadition (experimental =
base words for which a new competitor was learoedtrol = base words for which
no new competitor was learned), and time of tegfimgnediate, delayed, one-week
later) as fixed variables was fitted for the slgepup (Figure 52, left panel). Subject-
specific slopes for trial position significantly proved the fit of the model.
Interaction contrasts involving base word conditaom time of testing showed that
the difference between the experimental and cobtasé words was significantly

different in the delayed and one-week follow ugde®mpared to the immediate test
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(b =-0.056, t =-4.30, p <.001, and b =-0.063-4.70, p < .001 respectively). No
difference in this respect was found between thaydd and one-week follow up
data. The difference between the two base worditons was significant in all
three time of testing conditions (immediate = 0,027 2.90, p < .001, delayed:

b =-0.029, t =-3.20, p <.001, one-week follow hp= -0.036, t = -3.80, p <.001)
with faster RTs to experimental compared to coriese words in the immediate
test, but the advantage reversing in the two lagtsrtimes. Next, the effect of time
of testing was evaluated for both base word comtiseparately. In the
experimental base words, RTs became slower, althoaty marginally so, in the
delayed test compared to the immediate test (%70t = 1.80, p =.08), and
speeded up significantly from the delayed to the-aeek follow up test (b = -0.029,
t =-3.10, p =.002) with no difference found betwehe immediate and the one-
week follow up test. RTs to the control base wandghe other hand became
significantly faster from the immediate to the geld test (b =-0.040, t = -4.30,

p <.001), from the delayed to the one-week folligntest (b = -0.036, t = -3.90,

p <.001), and from the immediate to the one-wedkw up test (b =-0.076,
t=-8.10, p <.001).

—a— Experimental base w ords 1000 - )
Sleep group Wake arou —&— Experimental base w ords
—0O— Control base w ords 980 group
—0O— Control base w ords
960 -
940 -
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Immediate Delayed 1 week follow up Immediate Delayed 1 weekfollow up

Figure 52. Lexical decision RTs to base words ine#p and wake groups. Error bars represent
standard error of the means.

Accuracy rates are presented in Figure 53 (lefepaand were analysed
using a mixed-effects logistic regression modehuiite same factors as in the RT
analysis. No significant interaction contrasts wierend. The simplified model
showed that overall accuracy was higher in theygeldest than in the immediate

test (b = 0.272, z = 2.36, p = 92No other contrasts reached significance. Alttoug
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the interaction was non-significant, visual inspatof Figure 53 suggests the
advantage in the delayed test is mainly due t@dmérol base words. Looking at the
immediate vs. delayed test contrast for the corminadl experimental base words
separately, the accuracy improvement from the imatedo the delayed test was
significant for control base words only (b = 0.364; 2.20, p = .03.

—=— Experimental base w ords 1 —B— Experimental base w ords

Sleep group Wake group —0O— Control base w ords

—0O— Control base w ords

ot

0.95 +

0.85 +

Proportion correct

Immediate Delayed 1 w eek follow up Immediate Delayed 1 week follow up

Figure 53. Lexical decision accuracy rates to baseords in sleep and wake groups. Error bars
represent standard error of the means.

Next the same analyses were carried out for theewgadup (Figure 52, right
panel). An identical model was used for this RTadsdt. Again, interaction contrasts
showed the effect of base word condition was sicgmitly different in the delayed
and one-week follow up tests compared to the imatedest (b =-0.046, t = -3.52,

p <.001, and b =-0.063, t =-4.81, p <.001 respely). No significant difference
was found in the size of the base word conditidectbetween the delayed and one-
week follow up test. In the immediate test RTsxpegimental base words were
significantly faster than control base words (b.62@, t = 2.48, p <.001). The
opposite pattern was seen in the delayed and oek-fiwow up tests (b = -0.021,
t=-2.19, p=.036 and b =-0.039, t = -3.90, p < .001). Lookingha effect of time
of testing, RTs to experimental base words becasterf from the immediate to the
delayed test (b =-0.054, t = -5.84, p < .001), #redone-week follow up test

(b =-0.042,t =-4.53, p <.001), but not furtfrem the delayed to the one-week
follow up test. The same pattern was seen in th&aldbase words with significant
speeding up from immediate to delayed test, butrtber change from delayed to
the one-week follow up (immediate vs. delayed:4.699, t = -10.81, p <.001,
immediate vs. one-week follow up: b =-0.106, 1£.29, p <.001).
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Accuracy rates are shown in Figure 53 (right pameixed-effects logistic
regression using the same factors as the RT asallgsived no significant
interaction contrasts between time of testing aasklword condition. The simplified
model showed no difference between the two basd wamditions. A significant
overall increase in accuracy was found from the ediate to the delayed test
(b =0.248, z = 2.09, p = .D4followed by a decrease in accuracy rates froen th
delayed to the one-week follow up test (b = -0.366,-3.04, p =.002). No
significant difference was found between the imragdand the one-week follow up
tests, or between the two base word conditionsurgi§3 (right panel) suggests that
the change seen in accuracy rates as a functitimefof testing is mainly carried by
the control base words, although no interactiortresis reached significance.
Looking at the experimental and control base weegsarately revealed that in
experimental base words there was no change framedrate to delayed test, but
there was a marginally significant decrease in mmufrom the delayed test to the
one-week follow up (b = -0.323, z = -1.95, p =")0#n the control base words on the
other hand there was a significant increase inracgurom the immediate to the
delayed test (b = 0.406, z = 2.43, p ="p®llowed by a significant decrease in
accuracy in the one-week follow up (b = -0.404,2:39, p = .09. No difference
was found between the immediate and one-week falipwests. The difference
between the two base word conditions did not reaghificance in any of the test
times.

Combined RT analysis of sleep and wake grotips.analyses presented
above show the same pattern of data for both sledpvake groups in terms of the
difference between base word conditions in eadhethree testing sessions. Both
groups showed the lexical competition effect indletayed test and in the one-week
follow up. To statistically pinpoint potential déffences between the two groups,
data from the groups were combined in the follonanglysis. A mixed-effects
linear model with subjects and items as randomabées, and base word condition
(experimental = base words for which a new comgetilas learned, control = base
words for which no new competitor was learned) etiofi testing (immediate,
delayed, one-week later), and test-retest inteyed (sleep vs. wake) as fixed
variables was fitted. Subject-specific slopes f@a position were also added. Any
differences between the sleep and wake groups wakédthe form of an interaction

involving interval type, hence the main focus irstanalysis was on such interaction
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contrasts. No three-way interaction contrasts wageificant, showing that the
critical effect of base word condition was similaboth sleep and wake groups in
all testing sessions. This interaction term wasseguently dropped. The simplified
model revealed a significant interaction betweeretof testing and interval type,
showing that RTs in the wake group speeded up thmmmmediate to delayed and
one-week tests more than in the sleep group (immeds. delayed: b = -0.064,

t =-6.90, p <.001, immediate vs. one-week: b.820t =-3.10, p < .001).
However, the contrast between the delayed sesatha one-week follow up
showed that the RT difference between these twesiwas significantly smaller in
the wake group than in the sleep group (b = 0.0353.70, p <.001). The
interaction between base word condition and infeiyee was non-significant,
confirming that both the sleep and wake groups goavsimilar lexical competition
process. In sum then, there was no significanedifice between the wake and sleep
groups in terms of the lexical competition efféntthe immediate test both groups
showed a reversed lexical competition effect, wit€TFs to experimental base words
were facilitated relative to control base wordstha delayed test the competition
effect did emerge, and was of similar magnitudiedth group. It was also present in
the one-week follow up, and again was of similagmtude in both groups.

Free recall.Responses were considered accurate only if tip@nss was
made within the 3 minutes given, and if the phangtnscription of the response
completely matched the phonetic transcription efribvel word. Figure 54 shows
the accuracy rates in the three test sessiong@ettl). The right panel of Figure 54
shows the magnitude of change in accuracy rategeleetthe immediate and delayed
tests, and between the delayed and the one-wdelwfop tests. The proportion of
novel words recalled accurately was analysed wsimixed effects logistic
regression model, with subjects and items as randoiables, and time of testing
(immediate, delayed, one-week later), and tesstétderval type (sleep vs. wake) as
fixed variables. In addition, it was important &sass whether the one extra
exposure gained during the old/new categorisatisk in the immediate test affected
performance in the free recall task in the delagstl To answer this question,
old/new categorisation exposure was also addedigsdafactor in the full model
(exposed vs. not exposed). If the one extra expassulted in increased recall rates

223



Proportion correct

Chapter 6

0.25 - —0— Sleep 0.1 4 O Sleep
—a— Wake B Wake
0.2 | 3
8
< 0.05
0.15 | S
5]
Q.
o
0.1 - .;
s 0 | ‘
c
©
0.05 )
0 . . ) -0.05 -
Immediate Delayed 1 week follow up Immediate to Delayed Delayed to Follow up

Figure 54. Accuracy rates in the free recall taskand change in accuracy rates over time. Error
bars represent standard error of the means.

in the delayed test, this should be seen as aragiten between exposure and one or
more of the other factors. The results showed hewthat exposure did not enter
into interaction with any of the other factors. Iderhis variable was dropped, and
the subsequent analysis deals with data collapsedsthe exposed and non-
exposed novel words in delayed and one-week follpwgessions. In the simplified
model interaction contrasts between time of testing test-retest interval type
showed that the difference in recall rates betwibersleep and wake groups was
significantly larger in the delayed test than aitimethe immediate test (b = 0.877,
z =3.74, p <.001) or in the one-week follow up=(B.663, z = 2.99, p = .003).
Contrasts assessing the effect of interval typEaah test session showed no
significant difference between the sleep and wakes in the immediate test, a
marginally significant difference in the delayedtté = -0.468, z = -1.86, p = .0p
and no difference in the one-week follow up. Né&x¢g effect of time of testing was
analysed for both the sleep and wake groups. Islgep condition, number of
words recalled increased significantly from the iedhate to the delayed test

(b =0.625, z=3.78, p <.001), and to the onekwekow up (b = 0.471, z = 2.78,
p = .008). The change from delayed to one-week follow ug wan-significant. In
the wake group on the other hand there was nofsigni change in recall from the
immediate to the delayed test, but a significargronement was found between the
delayed and the one-week follow up tests (b = Q.5693.16, p = .002). The
difference between the immediate and the one-walekf up did not reach

significance though.
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As can be seen in Figure 54, wake participantsbledigtr recall scores in the
immediate test, although this difference was natistically significant. To make
sure that the changes in accuracy between tharest were not an artefact of
different levels of initial performance, the datare reanalysed using subsets of
participants who were matched in their recall ratetbe immediate test. Participants
in the wake group who had the highest accuracg (@&7 or higher), and
participants in the sleep group who had accura®sraf zero were removed to
create subsets of 29 and 27 participants in thegteops respectively, with matched
initial recall scores (0.09 in both groups). Anntleal model as before was fitted on
the matched data, and the results revealed a ridarifical pattern of data in the
matched groups. The only two changes were thaliffe¥ence between the sleep
and wake groups in the delayed test session nashedssignificance (b = -0.613,

z =-2.49, p = .0%, and that in the wake group the difference betntbe immediate
and the one-week test also now reached significineed.358, z = 2.09, p = .t4
To summarise the analysis, recall rates in thepgieeup improved significantly
overnight, while rates in the wake group duringdig did not change. The wake
group did however experience a significant improgetrirom the delayed to the
one-week follow up test, suggesting that once skegpallowed, a similar
improvement was seen as in the sleep group. Asabyghe groups matched on
initial recall confirmed this pattern was not ateéact of differences in training
success.

Cued recall.The cued recall data were analysed using the saategy as in
the free recall task (Figure 55). The mixed-efféotgstic regression model showed
no significant interactions involving old/new cabeigation exposure, hence this
factor was dropped. Interaction contrasts involtinge of testing and test-retest
interval type showed that the difference in repaliformance between the sleep and
wake groups changed significantly in the delaystl e = -1.165, z = -5.95,

p < .001) and the one-week follow up test (b =66,% = -2.99, p = .003) from the
immediate test. The difference between the groumsmeon-significant in the
immediate test, reached significance in the delagst(b = -0.717, z = -2.38,

p= .02), and was non-significant in the one-week follgev Recall performance in
the sleep group improved significantly from the iedrate test to the delayed test
(b =0.534, z = 3.97, p <.001), and from the detaip the one-week follow up test
(b =0.261, z = 2.04, p = .04 The difference between the immediate and the one
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week follow up tests was also significant (b = 7.,78=5.86, p <.001). In the wake
group recall performance decayed significantly friw@ immediate to the delayed
test (b =-0.633, z = -4.46, p <.001), but impbgenificantly from the delayed to
the one-week follow up (b =0.861, z = 6.23, p &L The improvement between

the immediate test and the one-week follow up daitereach significance.
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Figure 55. Accuracy rates in the cued recall tasland change in accuracy rates over time. Error
bars represent standard error of the means.

As Figure 55 shows, in the immediate test thereavasmerical difference
between the wake and sleep groups, although théehce did not reach statistical
significance. As was done in the free recall ang)yratched subsets of 26
participants in both the sleep and wake groups welected by removing wake
participants who had accuracy rates of 0.34 ordriglnd sleep participants who had
accuracy rates of 0.03 or lower, resulting in dipseatched initial recall rates (0.17
accuracy rate in both groups in the immediate. .téstdentical model was fitted on
these data as was used in the original analysesnidtched data showed exactly the
same pattern of results as the full analysis, wité difference only. In the matched
groups the difference between sleep and wake giiaupe one-week follow up test
now reached significance (b =-0.762, z = -2.99,.p03), with the sleep group
recalling significantly more words than the wakeigy. In sum, the cued recall task
reflected the same main findings at the free reaak, with significant recall
improvement overnight in the sleep group, but npromement in the wake group
(in fact a decline was seen here) until in the week follow up.

Old/new categorisationlhe first analysis looked at RTs to trained novel

words (Figure 56), i.e. the time it took to categer stimulus as a trained word (an
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Figure 56. Response times to novel words in the digw categorisation task, and change in RTs
over time. Error bars represent standard error of the means.

“old” word). Only accurate responses were consiieaad extremely fast and slow
RTs were removed (RTs faster than 5.7 log-ms [38Dand slower than 8.0 log-ms
[3000 ms]). As was done in the free and cued reéasKs, old/new categorisation
exposure in the immediate test was initially inelddhs a fixed factor to see if it
modulated any of the effects associated with therdictors in the delayed and
follow up tests. It did not enter into an interaatwith any of the other factors,
hence it was not included in the model reporte@ h&mixed-effects linear model
with subjects and items as random variables, asterégest interval type (sleep vs.
wake) and time of testing (immediate, delayed, week later) as fixed variables
was fitted. Subject-specific slopes for trial pmsitsignificantly improved the fit of
the model. Interaction contrasts between time sifrig and interval type showed
that the RT difference between the sleep and the \geoup was significantly larger
in the delayed test than either in the immediatdherone-week follow up tests

(b =-0.065,t=-2.94, p =.002 and b =-0.078-4.24, p < .001 respectively). The
difference between the groups however was nonfggnt in all three test times. In
the sleep group, responses became faster frormthediate to the delayed test

(b =-0.067,t=-4.14, p <.001), and from theagred to the one-week follow up

(b =-0.029, z = -2.27, p = .O3 Similarly, the difference between the immediztel
one-week follow up was significant (b =-0.096, 585, p <.001). In the wake
group on the other hand RTs did not change sigmiflg from the immediate to the

delayed test, but there was significant improvenfiemh the delayed to the one-
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week follow up (b =-0.107, z = -8.32, p < .001heldifference between the
immediate and the one-week follow up test was silgoificant (b =-0.109,
z =-6.88, p <.001).
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Figure 57. Accuracy rates in the old/new categorisen task. Error bars represent standard
error of the means.

The accuracy rates to trained novel word triah&old/new categorisation
task are shown in the left panel of Figure 57. Aedieffects logistic regression
model with subjects and items as random variabled time of testing (immediate,
delayed, one-week later), and test-retest inteyed (sleep vs. wake) as fixed
variables benefitted from subject-specific slopmdifial position. An interaction
with time of testing and interval type showed ttiet accuracy difference between
the sleep and wake groups was significantly diffene the delayed test compared to
the immediate test (b = 0.702, z = 3.34, p < .@01p the one-week follow up test
(b =0.560, z = 3.53, p <.001). The differencenasn the sleep and wake groups
was significant in the immediate test (b = 0.473,211, p = .03, failed to reach
significance in the delayed test, and was margirsadjnificant in the one-week
follow up test (b = 0.331, z = 1.90, p = .0%7The effect of time of testing was
assessed next for both interval groups separatebturacy rates in the sleep group
did not change between the immediate test andedlasyed test, but did decline
significantly from the delayed to the one-weekduallup test (b =-0.366, z = -3.27,
p =.001). The difference between the immediatethadne-week follow up test
was also significant (b = -0.382, z = -2.59, p ¥)0In the wake group there was a

significant decline in accuracy rates between tm@édiate and the delayed test
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(b =-0.718, z = -4.54, p < .001), followed by arsignificant improvement
between the delayed test and the one-week follow e difference between the
immediate and one-week follow up tests was siganfi¢b = -0.524, z =-3.26, p =
.001).
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Figure 58. Response times to foils in the old/nevategorisation task, and change in RTs over
time. Error bars represent standard error of the means.

Categorisation times to the foils (untrained “nemdrds) were analysed next
(Figure 58). A mixed-effects linear model with sedis and items as random
variables, and interval type (sleep vs. wake) ané of testing (immediate, delayed,
one-week later) as fixed variables was fitted. 8calsjand item-specific slopes for
time of testing significantly improved the fit dfé model. No interaction contrasts
reached significance. Averaged over interval typEs became significantly faster
from the immediate to the delayed test (b = -0.062;3.56, p = .001), and from the
delayed to the one-week follow up test (b =-0.095;6.03, p <.001), and from the
immediate to the one-week follow up (b =-0.15%,-8.12, p < .001). No difference
was found between the sleep and wake groups wheraged over the test sessions.
To confirm that there were no differences betwéenslieep and wake groups, data
from both groups were analysed separately. Inldepgroup responses became
faster between the immediate and delayed tests@0%3, t = -3.25, p =.002),
between the delayed and one-week follow up tests-(b076, t = -3.74, p <.001)
and between the immediate and one-week follow siis {® = -0.149, t = -5.91,

p <.001). Similarly, in the wake group there wasgmificant improvement between
the immediate and delayed test (b = -0.051, t 27-2 = .03), between the delayed
and one-week follow up test (b =-0.114, t = -5/5% .001) and between the
immediate and one-week follow up test (b = -0.165;6.55, p <.001). No
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significant difference between the sleep and wakemgs was found at any of the
three testing times.

Accuracy rates in categorising foils (untrainedwrievords) are presented in
the right panel of Figure 57. A mixed effects lagisegression model with subjects
and items as random variables, and time of tegimmediate, delayed, one-week
later), and interval type (sleep vs. wake) as fixadables benefitted from subject-
and item-specific slopes for trial position. Intettan contrasts showed that there was
a significant change in the difference betweenihke and sleep groups from the
immediate test to the delayed (b = -0.453, z =1-2p0= .04) and one-week follow
up tests (b = -0.647, z = -2.81, p = .00Beflecting the wake advantage in the
immediate test changing into a sleep advantadgeeitvio later tests. There however
was no significant difference between the sleepvaake groups in any of the three
test sessions. Looking at the effect of time dfitgsin the two interval groups
separately, the model showed that in the sleeppgiteere was a significant
improvement in accuracy from the delayed to thewaek follow up test
(b =0.543, z = 3.83, p <.001). No other contraséshed significance in this group.
In the wake group there was a significant declinadcuracy from the immediate to
the delayed test (b =-0.686, z = -3.96, p < .0Bd),a significant improvement from
the delayed to the one-week follow up (b = 0.35%,2261, p = .009. The
difference between the immediate and the one-waekf up tests was marginally
significant (b = -0.336, z =-1.93, p = 105

In the old/new categorisation task the most cHittoendition was the one
where categorisation responses were made to thed wovds (“old”) as this gives a
measure of recognition time directly to the novelas. Here sleep group RTs
improved overnight, while no significant change wasn in the wake group. The
wake group did improve by the one-week follow upgd an improvement was seen
in the sleep group as well. In the one-week follgnRTs in the two groups were
nearly identical.

6.2.2.2 Self-reported measures of alertness

Mean scores from the alertness and sleepiness@ueste in each test
session are presented in Table 5. An ordinal lmgisgression model was used to
analyse the Stanford Sleepiness Scale data, veitiigtest interval type (sleep vs.

wake) and time of testing (immediate, delayed, week follow up) as predictors.
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These two factors did not enter into an interagti@nce the term was dropped.
Averaged across the time of testing conditiongetneas no significant difference
between the sleep and wake groups. There was iicagh change in the scores
from the immediate to the delayed test (b =-2.783-7.68, p < .001), but no
further change from the delayed to the one-wedkvoup. The difference between
the immediate and one-week follow up was signifi¢ar= -3.197, z = -7.68,

p <.001). Although there was no significant intdi@n between the two factors,
Table 5 suggests there was a numerical differeateden the sleep and wake
groups at least in the immediate test. This difieeshowever did not reach
significance in any of the three testing sessivisen examined individually, both
the sleep and wake groups showed the same pafttehammge over time as was seen
in the overall analysis above (for sleep group imdiake vs. delayed: b = -3.152,

z =-5.86, p <.001, delayed vs. follow up: b 68¥, z = -1.35, p = .18, immediate
vs. follow up: b =-3.819, z = -6.79, p < .001, fbe wake group immediate vs.
delayed: b =-2.496, z = -4.83, p < .001, delayd™low up: b =-0.181, z = -0.37,
p = .71, immediate vs. follow up: b =-2.676, Z520, p < .001).

Table 5. Self-reported measures of sleepiness an@riness in the sleep and wake groups.

Immediate test Delayed test One-week follow up

Stanford scale

Sleep 3.90 (0.23) 2.13(0.14) 1.87 (0.13)

Wake 3.45 (0.18) 2.26 (0.19) 2.07 (0.14)
Ability to concentrate

Sleep 5.04 (0.39) 8.22 (0.27) 9.02 (0.29)

Wake 6.79 (0.36) 8.54 (0.34) 8.81 (0.28)
Feeling refreshed

Sleep 4.16 (0.32) 8.38 (0.36) 8.61 (0.34)

Wake 5.26 (0.38) 7.74 (0.43) 8.19 (0.36)

Note.Standard error in parentheses. In the Stanfollé 4ca awake, 7 = sleepy. In the visual
analogue scales 0 = poor/not at all refreshed, 2 BXcellent/very refreshed.

The data from the visual analogue scale askingcgaants to rate their
ability to concentrate were analysed next (Tablédgye participants were asked to
mark the printed line at a location that best gpomded to their current ability to
concentrate. The location of the mark was measimezkentimetres) from the
beginning of the line, giving a numerical valuevbe¢n 0 and 11.5, where 0
corresponds to “poor” and 11.5 to “excellent”. Axexl-effects linear model with

subjects as random factors, and test-retest iritgpea (sleep vs. wake) and time of
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testing (immediate, delayed, one-week follow uplixed factors was used to
analyse the data. Interaction contrasts showedhbalifference between the sleep
and wake groups was significantly smaller in thiayled (b = -1.426, t = -2.70,
p = .008) and one-week follow up tests (b = -1.951, t 653p < .001) compared to
the immediate test. No difference in the magnitotihis effect was seen between
the delayed and one-week follow up tests. The diffee between the sleep and
wake groups was significant in the immediate test (.748, t = 3.79, p <.001),
with participants in the wake condition reportingtier level of concentration. This
difference however was non-significant in all sufusent test sessions. In the sleep
group there was a significant increase in abibtgdncentrate from the immediate to
the delayed test (b = 3.174, t = 8.49, p < .00d)fabm the delayed to the one-week
follow up test (b = 0.812, t = 2.15, p = 'D3as well as from the immediate to the
one-week follow up test (b = 3.986, t = 10.55, ©&1). A similar pattern was seen
in the wake group, with concentration scores imngirepafrom the immediate to the
delayed test (b = 1.748, t = 4.68, p < .001), aigtonot from the delayed to the one-
week follow up. The difference between the immexlaid the one-week follow up
tests was significant (b = 2.035, t = 5.39, p <1)00

An identical linear model was used to analyse ttata the scale asking
participants to rate how refreshed they felt. Heo®rresponded to “not at all
refreshed”, and 11.5 corresponded to “very refrésHateraction contrasts showed
that the difference between the sleep and wakepgraaas significantly smaller in
the delayed (b = -1.742, t =-2.79, p = .§0nd in the one-week follow up test
(b =-1.528, t = -2.43, p = .Opcompared to the immediate test. The difference
between delayed and follow up tests was non-siganfi Further inspection of
contrasts showed that the difference between gdepsind wake groups was
significant in the immediate test (b = 1.100, t.22 p = .03), but non-significant in
the following two test sessions. Looking at théngg as a function of time of
testing, in the sleep group ratings increased fiteenmmediate to the delayed test
(b =4.223,1=9.58, p <.001), but did not chafrgen the delayed to the follow up
test. The difference between the immediate andiollav up test was significant
(b =4.453,t = 10.00, p <.001). The same patteas seen in the wake group, with a
significant increase in ratings from the immediats to the delayed test (b = 2.481,
t =5.63, p <.001), but no further increase frova delayed to the one-week follow
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up. The difference between the immediate and thewaup tests was significant (b
=2.926,t=6.57, p <.001).

The above data can be summarised by drawing attetatitwo findings. The
first finding, supported by all three scales, weet participants were more tired and
less attentive in the immediate test than in eittie¢he two later tests. This was true
of both the sleep and the wake group. The effestprvabably caused by the
presence of the training session which was likelyause fatigue. However, as the
same effect holds for both groups, it cannot actthensleep vs. wake differences
reported above. The second finding, supported oylthe two visual analogue
scales, was that the sleep group was less attentiie immediate test than the
wake group. This may explain why there was a tiaratcuracy rates in the free and
cued recall tasks in favour of the wake group. dhalyses in those tasks using
groups matched on immediate recall rates howevaweth that this initial difference
did not affect the subsequent performance diffexsietween the groups in the two
delayed test sessions. Hence it seems that thgetanself-reported fatigue and
attentiveness cannot account for the differencesdan the sleep and wake groups.
It is also difficult to see how these measuresa@xiplain the delayed emergence of
the lexical competition effect, although the po#ijbthat fatigue blocks the
competition effect cannot be conclusively ruled loased on these data. However, in
the light of several earlier reports of a delayethpetition effect (Gaskell & Dumay,
2003; Dumay et al., 2004; Dumay & Gaskell, 2007nh@nen & Gaskell, 2008;
Davis et al., 2009) or a strengthening competiéfiact over time (Fernandes et al.,
2009), the fatigue explanation can be regardeadbisely. There was also no
consistent evidence for circadian effects in thesjonnaire data: these should
manifest in differences between the sleep and \gaaps. The only difference was
found in the immediate test session. Circadiance$fmight also be seen in the test
performance data with performance improving indliening compared to the
morning (Hasher et al., 2005). Such a pattern hewexas not seen in any of the

tests.

6.2.2.3 Polysomnographic measures
Sleep stage®earson correlation coefficients were calculatedife
correlation between the word learning measurekerfdur tasks and total sleep time,

time spent in stage 2 sleep, in SWS, and in REEJpsI€he word learning measures
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Table 6. Correlations between word learning measureand time spent in different sleep stages.

TST Stage 2 REM SWS
Lexical competition
Change overnight r -0.165 -0.056 0.069 -0.191
p 0.38 0.77 0.71 0.30
Immediate test r 0.338 0.128 0.068 0.184
p 0.06 0.49 0.71 0.32
Delayed test r 0.153 0.069 0.187 -0.072
p 041 0.71 0.31 0.70
Follow up test r -0.181 -0.084 -0.143 0.057
p 034 0.67 0.45 0.77
Free recall
Change overnight r 0.108 0.256 0.038 -0.271
p 0.56 0.16 0.84 0.14
Immediate test r -0.182 -0.131 -0.116 0.11
p 0.33 0.48 0.53 0.56
Delayed test r -0.072 0.063 -0.071 -0.079
p 0.70 0.74 0.70 0.67
Follow up test r -0.326 -0.146 -0.289 -0.03
p 0.08 0.44 0.12 0.87
Cued recall
Change overnight r 0.072 -0.008 0.064 0.134
p 0.70 0.97 0.73 0.47
Immediate test r -0.239 0.037 -0.364 -0.02
p 0.20 0.84 0.044" 0.91
Delayed test r -0.164 0.03 -0.283 0.062
p 0.38 0.87 0.12 0.74
Follow up test r -0.292 -0.082 -0.372 -0.042
p 0.13 0.67 0.047" 0.83
Old/new
categorisation Change overnight r -0.034 -0.385 -0.117 0.495
p 086 0.033" 0.54 0.005'
Immediate test r -0.165 -0.345 0.087 0.250
p 0.37 0.06 0.65 0.18
Delayed test r -0.215 -0.102 -0.003 -0.169
p 025 0.59 0.99 0.36
Follow up test r -0.015 -0.087 0.184 0.012
p 094 0.65 0.34 0.95

Note: Significant correlations in bold. TST = total gietime, REM = time spent (in minutes) in rapid

eye movement sleep, SWS = time spent (in minuteslow wave sIeeJ.= p-values that do not
survive a Bonferroni correction for multiple comigans.

included the magnitude of the lexical competitiffiee (difference in RTs to
experimental and control base words), free and ceeall performance, and old/new
categorisation RTs to trained novel words. Theatation coefficients and their

corresponding p-values are presented in Table & pfalues in the table are
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uncorrected for multiple comparisons, however Boofa adjusted p-values were
calculated (with alpha level at .05) and thosestdsdt failed to meet the adjusted
alpha level are marked with the symboThe correction was calculated by
considering contrasts within each test task asipieltomparisons. The rows titled
“Change overnight” refer to the difference in penfiance between the immediate
and the delayed test. The table shows that thegest correlation was between time
spent in SWS and the difference in old/new catesgtion RTs from the immediate
to the delayed test, with increasing SWS associatddlarger RT improvement
overnight. The opposite pattern was seen with S2agjeep duration, with larger
improvement associated with decreasing stage 2idard his suggests that in the
participants whose categorisation RTs improvedrbst the increase in SWS may
have been at the expense of stage 2 sleep. Theeealge statistically less reliable
correlations between time spent in REM and cuedllrperformance in the
immediate and one-week follow up tests, with insiege REM durations associated
with poorer cued recall performance.

Another common way of analysing sleep stage cdroglais to look at
percentage of REM, SWS and stage 2 sleep ratheitlieaactual time spent in these
stages. The advantage of this analysis is thatiides on effects of sleep stages
independent of total sleep time. This analysis gtbaimilar results as the analysis
in Table 3. The correlation between SWS and old/categorisation change
overnight was still highly significant (r = 0.488= .006), as was the correlation
with stage 2 sleep (r = -0.462, p = .00The correlations between cued recall and
REM were no longer significant. This lack of sigogince in the proportional
analysis and the high p-values (which did not reamhected significance) in the
non-proportional analysis suggest that the cueallrecrrelations may be unreliable
and should be viewed with caution. The old/newgatisation correlations also
failed to reach corrected significance, but diccheancorrected significance in both
analyses, suggesting that they are more reliable.

Sleep spindleslhe sleep spindle analysis included stage 2 siabp as this
is the sleep stage where great majority of sleeplfgs occur. The first step in data
processing was to remove any epochs containing wakdef arousals, as well as
artefacts caused by movements and poor recordialgytrom one or more
electrodes. Any electrodes that consistently predid noisy signal were removed
from the analysis. The raw EEG data were then lp@sd-filtered between 11 and 15
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Hz using a linear finite impulse response (FIREfiprovided in the EEGLAB
toolbox for Matlab (Delorme & Makeig, 2004). An autated EEG spindle
detection algorithm, developed by Ferrarelli e(2007) and implemented in
Matlab, was then used to derive the spindle meagatenber and amplitude of
spindles). This algorithm uses the amplitude offilbered signal to generate a time
series for each channel. Any amplitude fluctuathoat exceeds a pre-determined
upper threshold is counted as a spindle, with ek @mplitude for each spindle
defined as the local maximum above the threshdié. deginning and end of a
spindle were defined as amplitudes preceding alhafimg the peak, up to a point
where the amplitude crossed a lower threshold.ugper and lower thresholds were
calculated relative to the mean signal amplitudénéchannel, as the mean
amplitude varies across channels. The lower andruppesholds were set at two
and eight times the average amplitude. These valees selected by Ferrarelli et al.
(2007) to give a good match with visually detectpthdles. This algorithm has been
reported by both Ferrarelli et al. (2007) and bghila and Walker (2007) to give
reliable spindle counts when compared with visgalisag, although it appears to be

fairly conservative, as discussed in Figure 59.

Table 7. Sleep spindle measures at each electrode.

Total N Density Ampl.
C3 269 (25) 0.50 (0.04) 22.47 (0.87)
C4 246 (22) 0.46 (0.04) 19.75 (0.87)
F3 316 (23) 0.59 (0.04) 19.68 (0.92)
F4 297 (20) 0.55 (0.04) 16.28 (0.82)

Note: Standard error in parentheses. Total N = totalbermof spindles, Density = spindle density
(number of spindles per 30 seconds), Ampl. = meaximmal spindle amplitude inV.

Table 7 shows the most often used measures ofls@ntivity at each of the
four electrodes. These measures consist of totabeuof detected spindles, spindle
density (average number of spindles per 30 s gkskasleep), and mean maximal
spindle amplitude (average of the highest amplipmiats for each detected
spindle). A mixed-effects linear model with subgeas random factor, and electrode
site as fixed factor showed that electrodes onetieecorded a greater number of
spindles than electrodes on the right (C3 vs. C4:23.680, t = -2.87, p = .006F3
vs. F4: b =-17.535, t = 2.12, p = D3The same was true of spindle density, with a
higher density on the left than on the right (C3@4: b = -0.041, t =-2.66, p = .01
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The figures above show two 20-second epochs oé ageep at different times from the same
participant and channel. Panel A identifies a sigimétected by the algorithm used in the current
experiment. Panel B highlights an event that wdnddikely classified as a spindle by visual
inspection, but which the automatic detector ditpick up. Visual detection is typically based on
criteria relating to frequency, duration, and arugle. For example, Fogel and Smith (2006)
categorised as spindles events occurring durirge2asleep that were in the 12-16 Hz range,
exceeded 0.5 s in duration, and had a maximal &mpliof at least 1QV. Many automatic detection
algorithms have also used similar fixed criterig(eSchabus et al., 2004). The current algoritsesu
a variable amplitude threshold based on the avaaagsitude of the channel in question. This is
because amplitude can vary significantly betweemnobls even within a participant, making a fixed
amplitude threshold vulnerable to false positividse downside is that the algorithm may miss
spindles particularly in noisy channels as in thessses the threshold may end up being quite high.
Comparison of the spindle densities calculated tiith algorithm and those reported in earlier
studies indeed show that the algorithm is conseeatiowever, as this will be the case for each
participant, the comparisons between participapsnted here are unaffected.

Figure 59. Examples of spindles detected and missby the automatic detection script.

F3vs. F4: b =-0.032, t = 2.06, p = 'Pdand of mean spindle amplitude with
spindles detected by the left electrodes haviraggel amplitude (C3 vs. C4: -2.785,
t=-11.99, p<.001, F3vs. F4: b =-2.822,t2.1b, p <.001). Furthermore, the
frontal electrodes were associated with a hightat tumber of spindles (C3 vs. F3:
b =59.065,t=7.15, p <.001, C4 vs. F4: b = 65,2 = 7.90, p < .001), higher
spindle density (C3 vs. F3: b =0.112,t=7.16,.001, C4 vs. F4: b =0.121,
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t=7.77, p <.001), and higher maximal amplitu@8 ¢s. F3: b = 2.515, t = 10.83,
p <.001, C4vs. F4:b=2552,t=10.99, p <)001

Table 8 shows correlations between the novel weadhing measures and
two of the spindle activity measures: spindle dgrend maximal spindle amplitude,
averaged over the four electrodes (see Appendiwrldorrelations for each
electrode site individually). Total number of sgeglwas left out of the analysis to
reduce the number of multiple correlations as & Wighly correlated with spindle
density (r = 0.915, p <.001), confirming that batkasure effectively the same
variabl€. As above, those tests that fail to meet the Booifé adjusted alpha level
are marked with the symbbIThe row titled “Change overnight” again referghe
difference between performance in the delayed aadhmediate test sessions. The
only aspect of these data that was associatedspititlle activity was lexical
competition. In the immediate test, participantowhowed the least lexical
competition (or the most facilitation) went on tperience most spindle activity
during the following night (Figure 60). This cormgbn was seen in both measures of
spindle activity (spindle density: r = -0.536, p382, maximal spindle amplitude:
r=-0.389, p = .02, the density measure was reliable at all fouctedele sites (see
Appendix 11). Furthermore, spindle activity cortethwith the magnitude of change
in the lexical competition effect overnight, witthcreasing competition effect being
associated with higher spindle activity (Figure.6h)is was the case spindle density
(r=0.599, p <.001) at all four electrode sitdpgendix 11), although the
correlation with maximal amplitude did not reachngficance in the analysis.
Slow vs. fast spindle$he spindle correlations were analysed also fow sind fast
spindles separately. These were counted by barglfiftasing the artefact-rejected
data between 11 and 13 Hz for slow spindles, ahsldsn 13 and 15 Hz for fast
spindles (following Schabus et al., 2007). The matic spindle counting algorithm
was then applied on both data sets. The data weeglly in agreement with the
overall analysis. No significant correlations wéyand with free recall, cued recall,
or old/new categorisation. The magnitude of théckdxcompetition effect in the
immediate test correlated with both measures afsjgisdle activity (density: r = -
0.637, p < .001, amplitude: r = -0.434, p = .01but only with slow

® Same pattern of results is seen if total numbepofdles is considered instead of spindle density.
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Table 8. Correlations between word learning measureand sleep spindle activity (11-15 Hz).

Density  Ampl.
Lexical competition
Change overnight r 0.599 0.306
p <0.001 0.094
Immediate test r -0.536 -0.398
p 0002 0027
Delayed test r 0.275 0.008
p 0.14 0.96
Follow up test r 0.121 0.139
p 0.53 0.46
Free recall
Change overnight r -0.188 -0.119
p 031 0.53
Immediate test r -0.243 0.031
p 0.19 0.87
Delayed test r -0.306 -0.042
p 0.09 0.82
Follow up test r -0.307 -0.162
p 0.10 0.39
Cued recall
Change overnight r -0.05 0.09
p 0.79 0.63
Immediate test r -0.303 -0.056
p 0.10 0.76
Delayed test r -0.29 0.003
p 0.11 0.99
Follow up test r -0.243 -0.191
p 0.20 0.32
Old/new
categorisation Change overnight r -0.126 0.143
p 0.50 0.44
Immediate test r -0.008 0.031
p 0.97 0.87
Delayed test r 0.128 -0.113
p 0.49 0.55
Follow up test r 0.215 -0.055

p 0.26 0.77
Note: Significant correlations in bold. Density = spiadiensity (humber of spindles per 30 seconds),

Ampl. = average maximal spindle amplitu&er. p-values that do not survive a Bonferroni colitect
for multiple comparisons.

spindle density (r = -0.410, p = .022The overnight change in the lexical
competition effect correlated with both measurefasf spindle activity (density:
r=0.664, p < .001, amplitude: r = 0.369, p = .94and with slow spindle density
(r=0.479, p = .006).
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Figure 60. Scatterplots showing correlations betwaelexical competition effect immediately

after training and spindle activity during the subsquent night. Dashed lines represent 95%
confidence intervals. The x-axis shows the magnitadof the lexical competition effect (RTs to
experimental base words — RTs to control base worfisvhere positive values indicate lexical

competition and negative values indicate a facilitary effect.
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Figure 61. Scatterplots showing correlations betweechange in lexical competition effect
overnight and spindle activity. Dashed lines repremnt 95% confidence intervals.
The x-axis shows the change in the magnitude of thexical competition effect from the

immediate test to the first delayed test after a giht of sleep.

The correlations presented in Table 8 suggessghatlle activity is

associated with the degree of lexical competittamediately after training,

whereby those participants who show the least ecieléor competition experience

more spindle activity during the following nighthd@ table also highlights a

correlation with the magnitude of change in the petition effect, whereby

participants who experience a larger increase impatition overnight also show

higher spindle activity. It is however possibletthath spindle correlations have a
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common source. This might be the case if the twabeural measures, immediate
competition and overnight change in competitionrensdso associated. This was
tested by calculating the correlation between wWeeliehavioural measures. The
correlation was highly significant (r = -0.758, pG01), showing that weak initial
competition (or in other words strong facilitatioms associated with a large
increase overnight in the competition effect. ghtiof this relationship, it was
important to re-evaluate the correlation betweanpetition change and spindle
activity, while controlling for the association withe immediate competition effect.
A partial correlation was calculated between owgithcompetition change and
spindle density, while holding immediate competitmonstant. Here the correlation
was marginally significant (r = 0.350, p = .058)uggesting that while spindle
activity is associated with immediate performantalso makes a marginally
significant contribution to the competition charmernight independent of

immediate performance.

6.3 Chapter Summary and General Discussion

The experiment reported in this chapter had twmary aims. The first was
to see if offline consolidation of newly learnednd® occurs preferentially during
sleep compared to wake. This was examined botring of explicit recall and
recognition of the novel words themselves, aneérms of integrating the novel
words in the mental lexicon. The second aim waddatify those aspects of sleep
architecture (if any) that are associated with pigdrt consolidation of novel words.

The two tasks measuring explicit recall of noveldgconsisted of free
recall and cued recall. In free recall participamt® spent the first test-retest interval
asleep (sleep group) recalled 5.0% words moreamtarning than they did
immediately after training. This was a statistigalignificant improvement.
Participants who remained awake for an equivalerdg {wake group) on the other
hand showed a 1.2% non-significant decline in tet#@kerestingly, when tested
again about one week later, the recall rates imtdlee group improved significantly
by 4.3% from the delayed test, while recall in sheep group did not improve any

further (a non-significant decline of 2% was seé&s)seen in Figure 54, in this last

" The same correlation reaches statistical sigmifiedf total number of spindles rather than spindle
density is considered (r = 0.381, p = .038).
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test session both groups showed equally good rédsdke data suggest that both
groups eventually reached an equivalent level adlteand both groups improved
from the immediate test to the one-week follow et,tbut the timing of sleep
determined the point when the improvement was sEamobservation that the
improvement followed sleep in the sleep group bas wot seen after a similar delay
of wakefulness in the wake group suggests thantpeovement was a result of
sleep-dependent consolidation.

A roughly similar pattern was seen in cued rec¢édlre sleep participants
improved overnight by a significant 6.3%, while thiake group’s recall accuracy
declined significantly over the course of the day.,7.0%. However, the wake
group’s accuracy rose by 10.2% between the delagddhe one-week follow up
tests (recall also that these two tests took pdatlee same circadian time), while the
sleep group also experienced a smaller but statitisignificant further increase of
2.9%. The cumulative effect of these changes watshijrthe end of the experiment
the sleep group’s recall rates had improved sigguifily from the immediate test,
while the wake group’s had not (because of théairitecline), suggesting that in
this task in particular the timing of sleep playedrucial role, with immediate sleep
allowing greater gains in performance over timasT&an important point as it
clarifies the effect seen in Experiment 5, whemndipaants in a visual cued recall
task recalled more words that were learned on tieiqus day compared to words
learned on the day of testing. That design didatiotv a distinction between
explanations of time-dependent and sleep-depermdiéine consolidation, as the
interval between learning and testing containeth stdep and wake. The current
data however suggest that sleep provides the ojpginvironment for consolidation
in this task.

Finally, the old/new categorisation task was used task measuring speed
of novel word recognition. The sleep group showedlar advantage here as in the
recall tasks. RTs to novel words in the sleep giloegame significantly faster
overnight, with a 117 ms improvement, while the evgkoup showed an
improvement only half as large as the sleep graifh, a non-significant 51 ms. The
sleep group went on to show a smaller but sigmti¢arther improvement of 28 ms
from the delayed to the one-week follow up teste Wake group on the other hand
showed a large and significant improvement of 152oetween the delayed and the

follow up test. The cumulative result was that bgtbups had improved
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significantly from the immediate to the one-weekdw up test, and did not differ in
RTs at the last test session, but again timindesfisdetermined in which test
session the improvement was seen. The accurasytoatevel words supported a
sleep advantage by showing no change in accuraayight, but a significant
decline over the course of a day. In the sleepmgemecuracy rates declined by the
one-week follow up, while the wake group improveldwever, compared to
immediate performance, both groups had declinetthéyollow up a week later.
This suggests that some of the RT gains may haste thee to a speed-accuracy
trade off, however this would have been the casm®ih the sleep and the wake
group, thus the differences between the groupsatdrenattributed to this.

The current data are in agreement with the freallrdata reported by
Dumay and Gaskell (2007), who found that recalteased in the sleep group
overnight, while there was a trend towards a dedlinperformance in the wake
group over the course of a day. After a furtheht@rs the sleep group’s recall rates
increased still slightly but significantly, whilbé¢ wake group now experienced a
large and significant improvement, probably becdabhisegroup had now also had a
chance to sleep. The data from Experiment 8 angsisnilar, although the sleep
group here did not further improve between theydalaand one-week follow up in
free recall. The current cued recall data pattemdver was very similar to Dumay
and Gaskell's free recall data. The current expeninalso improved upon Dumay
and Gaskell's 2AFC task by using a modified vergluat allowed recording of
recognition times. Dumay and Gaskell did not fingleep advantage in this task, but
Davis et al. (2009) did show higher accuracy ipoese to words learned a day
before testing, compared to words learned on tgeotitesting. The data from the
current experiment suggest this effect may have bep-related, with improving
RTs overnight, and a sleep advantage in accuraeg.ra

The lexical competition results in the current expent did not fully
replicate the pattern seen by Dumay and Gaskellfg@hile Dumay and Gaskell
found lexical competition effects only after a riigi sleep, here the effect emerged
in the delayed test in both sleep and wake groibsle numerically the competition
effect was smaller in the wake group (27 ms inslg®@up, 17 ms in wake group),
the analysis combining the two groups did not shaignificant difference in the
magnitude of the effect between the groups. Inrashtnearly identical lexical

competition effects were found for both groupshie bne-week follow up (33 ms for
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both sleep and wake groups), as well as in the uatetest (-26 ms in the sleep
group, -20 ms in the wake group). The current dhtaved an initial facilitatory
effect whereby experimental base words were resgabtalfaster than control
words. Dumay and Gaskell reported no differenceveen the conditions in their
immediate test.

There are several factors that may contributeeadtbcrepancy in the time
course of the emergence of lexical competitionatéfdetween the current
experiment and that of Dumay and Gaskell. Thesdiesudiffered both in the stimuli
they used, and the task used to measure lexicgyetmion. Dumay and Gaskell
used pause detection, where a short (200 ms) pefisitence was inserted towards
the end of a base word (e.gathedr_a). The time it takes to make a pause detection
decision is taken as a measure of lexical actatthat point in time, with high
degree of lexical competition resulting in slowaupe detection times (Mattys &
Clark, 2002). Hence base words for which a new aitgy had been acquired were
associated with slower pause detection times cozdparbase words for which no
new competitor had been trained. The advantagei®fdsk is that it does not
require participants to make explicit decisionsudlibe identity of the base word. It
may be the case that in the lexical decision tagkesparticipants choose a more
strategic approach and delay their responses &r dodnake sure they do not
confuse base words with novel words. Such an effecid probably not depend on
sleep specifically, and would mask a sleep bengfihough this latter explanation is
made less likely by the fact that in the currergezkment novel words were never
presented in the lexical decision task, it may b&lthat pause detection as a
completely implicit gauge of lexical activity pral@s a purer and more sensitive
measure of lexical competition. It should be ndtexligh that the shift from
facilitation in the immediate test to competitionthe delayed test would be difficult
to explain in the context of a strategic lexicaingetition effect which should be
evident irrespective of time of testing. The iditecilitation seen here may be due to
phonological priming effects carrying over from eaped exposure to similar
sounding novel words in training. Pause detectdess likely to be affected by
such priming (as no overt recognition responsedgsiired).

Another important difference concerned the natdith@® stimuli. Dumay and
Gaskell generated their novel words by adding aaoant cluster at the end of a

base word (e.gshadowk} while the current experiment changed the final
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phonemes of a base word (eaathedrukg This difference is a likely explanation
for why free recall rates in the current experimg@ate much lower than in Dumay
and Gaskell (accuracy rates in Figure 54 vary betw8% and 13%, while Dumay
and Gaskell's Figure 1 suggests variation betwé&éia and 30%). Recalling a
familiar word with a novel added ending may be eafian recalling a novel word
that is a variation of a familiar word, althouglstshould not affect the time course
of lexical integration.

Finally, the interpretation of the emergence oflthecal competition effect
in the wake group is complicated by the fact thaté was no objective control over
what the wake participants did during the coursthefday. Although they were
asked not to consume stimulating substances, sleép, compliance was not
verified by objective measures. Hence it is possibat participants varied in terms
of the external stimulation they underwent during tlay. For example, if a large
proportion of participants napped during the dhig might have been enough to
bring out statistically reliable lexical competitieffects. The likelihood of this latter
possibility can be evaluated on the basis of tharmation collected about
participants’ sleep habits. In fact, when the daimn the wake group were
reanalysed including only those participants whbrht habitually tend to nap
during the day (n = 21), the lexical competitiofeef in the 10-hour delayed test no
longer reached significance. It did still reachn#igance in the one-week follow up.
The facilitatory effect in the immediate test alabed to reach significance in this
sub-set of participants, suggesting that perhapsliange might have been partially
due to reduced statistical power, as there is asamewhy habitual nappers would
show a different pattern of performance in the irdiag test from non-nappers. The
reanalysis however reinforces the view that fuitglies should control the wake
group’s environment more carefully, either requgrthem to remain in the
laboratory, or by means of actigraphy. This is ahoe where participants wear a
non-invasive actimetry sensor which monitors boayements and allows
identification of long periods of lack of movemeimiglicating sleep.

It is important here also to address the issuetdrial circadian effects.
The recall and old/new categorisation improvemsagn in the sleep group
overnight, and the corresponding lack of improvetnieeen in the wake group
might be due to the fact that the delayed testcaased out at different times of day,

with the sleep group doing the test in the morrand the wake group doing it in the
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evening. Hence the wake group may have been nreckdt test, and perform
poorly. This alternative explanation can be asskessevo ways. Firstly, if the wake
group were more tired in the delayed test, thisikhbave been reflected in the
participants’ subjective evaluations of alertnddss was however not the case.
When measured by the Stanford Sleepiness Scatiffacence was found between
the wake and sleep groups in any of the threesesstions. The two visual analogue
scales also failed to find a difference betweentteegroups in the delayed and in
the one-week follow up tests. These two latterescdld find a difference in the
immediate test, with wake participants reportingjdrealertness, however this did
not result in statistically significant effectsany of the tasks, and would not lead to
the prediction that the more alert wake group otigliteteriorate more during the
delay between the immediate and delayed tests.

An even stronger argument against circadian efimntsbe mounted by
comparing performance in the delayed and the orek\i@low up tests. Recall that
these two tests took place at the same circadiaa tith the sleep group
performing both test sessions in the morning, &edatake group performing both
sessions in the evening. Hence, if poorer perfoomamthe wake group was due to
time of testing, the same effect should have agptiehe one-week follow up test.
This was not the case however, with the wake gnoygooving in all tasks from the
delayed test to the one-week follow up, despitedheo sessions both taking place
in the evening. It appears then that circadiaratigtfie effects are an unlikely source
for the effects seen across these tasks.

To sum up the behavioural data, Experiment 8 sulszkan finding evidence
for a sleep-related consolidation effect in a raopeifferent word learning tasks.
Both free recall and cued recall showed improviegal overnight, while a wake
group either showed no change, or showed a dealieethe course of a day.
Importantly, in both tasks the wake group improsaghificantly when tested about
a week later, at the same circadian time as tteyddltest. This improvement was
likely to be due to occurrence of sleep betweerddiayed and follow up tests. The
same pattern was seen in RT gains in the old/né®godsation task. As expected,
the lexical competition effect was not seen immidiyaafter training, but did
emerge after a night of sleep. Seeing this effisct ia the wake group was an
unexpected and novel finding to which | will retwafter considering the

polysomnographic data.
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While the behavioural data imply an important ralesleep as opposed to
wake in consolidation of novel words, they do nttleeir own justify an active role
for sleep (Ellenbogen, Payne, & Stickgold, 200&y. &ample, Wixted (2004, 2005)
has argued that sleep plays a permissive role mangeconsolidation by providing
an environment free of interference. More spedifiche suggested that NREM
sleep (like alcohol and certain drugs) blocks tidiction of hippocampal long term
potentiation (LTP), without disrupting the maintana of previously initiated LTP,
thus allowing consolidation to occur without inerdnce. This explanation is in
agreement with the sleep advantage seen in theeatada. Interference can also be
external in nature, for example the lack of linggaisnput during sleep may allow the
newly learned words to consolidate. An active folesleep in memory
consolidation on the other hand would be suppdrtedentifying physiological
events during sleep which are associated with énpnance gains overnight, and
would imply direct involvement in the consolidatiprocess (Ellenbogen et al.,
2006).

With relation to word learning, Experiment 8 sougghestablish what these
physiological events are by examining sleep stagessleep spindles, both of which
previous research has found to be correlated wémany consolidation. Looking at
sleep stages first, SWS has previously been assdaiath consolidation of
declarative memory, while REM sleep has been aatatiwith procedural memory
(although as discussed in the introduction, thikidiomy is likely to be too
simplistic). Based on these observations, it waeeted that measures of explicit
word recall and recognition speed might benefifi®WS more than REM, and
hence SWS duration may have predicted performanpeovement overnight. No
correlations between SWS duration (or any otheapsttage) and free recall and
cued recall measures were found however. SWS dardid on the other hand
predict overnight improvement in the old/new categgiion RTs, with longer SWS
duration being associated with larger RT gainh¢algh the statistical conclusions
are weakened by multiple comparisons). As the eld/oategorisation task requires
an explicit decision to be made about the idemtitihe novel word, it can be
classified as a declarative task and as such sigojher dual process theory. One
theory of why SWS might be particularly benefidai consolidation of declarative
memories was proposed by Gais and Born (2004b)matg to this view

acetylcholine modulates the direction of informatftow between the hippocampus
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and the neocortex. During wake and REM sleep, gtobwlinergic activity
suppresses feedback from the hippocampus to neacbudt not feedback in the
opposite direction. During SWS on the other hahalinergic suppression is
released. Gais and Born (2004b) provided evideoicthis position by chemically
boosting cholinergic activity during SWS. This njauiation led to impaired
consolidation of declarative memories overnight,lmad no effect on consolidation
of procedural memories. Also, the same manipuladiming wakefulness had no
effect.

Tononi and Cirelli (2006) have proposed an alteveaheory of SWS
function in memory consolidation. According to tkisw SWS (and magnitude of
slow wave activity in particular) is crucial agitvides the neural environment for a
decrease in synaptic connections. Learning duriakefulness results in an increase
in synaptic strength and may result in saturatadtity. SWS then provides an
environment for rescaling of synaptic strength backaseline levels. Thus the
extent of learning and overnight change shouldrbpgrtional to slow wave activity
during the night. The data from Experiment 8 caraibitrate between the two views
of SWS function, but support their shared view B¥LS is important in declarative
memory consolidation.

It remains to be explained why the SWS correlatvais only seen in the
old/new categorisation task, and not in the free @red recall tasks. Firstly, it may
be that there was not enough variability in thesalt tasks for a correlation with
SWS to emerge. As Figures 54 and 55 show, levpédbrmance tended to be low
in both tasks, and the changes overnight were rigallgrsmall. An RT measure on
the other hand results in more variability, and rbaybetter suited for a correlational
design. Secondly, the variability in SWS durationogs participants may also be too
small for robust correlations. Gais and Born (2QQHgued that the lack of SWS
correlations in many of the earlier studies suggtsit the critical role of SWS is
reliably observed only when large amounts of SW&Snaissing, such as in the split-
night or SWS deprivation paradigms.

The second aspect of sleep physiology examindusrekperiment was sleep
spindle activity. No correlations were found betwspindle activity and measures
of novel word learning in free recall, cued recaflthe old/new categorisation task.
Spindle activity did correlate with degree of ledicompetition immediately after

training, and change in lexical competition ovehtigParticipants who showed least
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evidence for lexical competition (or a facilitataffect where training of novel
words resulted in faster RTs to their base wordstle opposite of a competition
effect) in the immediate test experienced higheelkof spindle activity during the
following night. Also, increasing lexical competiti effect overnight was associated
with higher spindle activity. No correlations wéoaind between spindle activity and
lexical competition in the other test sessions.

To understand the association between spindleigcaind lexical
competition in the immediate test, it is importemhote that many authors have
argued that sleep benefits in memory consolidadiengreater for weakly learned
compared to strongly learned materials. In theatative domain, Drosopoulos,
Schulze, Fischer, and Born (2007) taught partidgpamord-pairs either to a 90%
correct or 60% correct criterion, and tested racathediately after training and
again after about 36 hours. The sleep group wawedtl to sleep immediately after
learning, while the wake group was sleep depriuathd the night following
training, but allowed to sleep on the night priotiie delayed test. While both
groups showed a decline in recall rates, only #réi@pants trained to the 60%
criterion showed a sleep benefit (smaller declowhpared to their wake control
group. No benefit of sleep was seen in the 90%raoih group, leading the authors
to suggest that weakly encoded associations bdrafitsleep more than strong
associations. A similar conclusion was reacheddhngdt et al. (2006) who saw a
correlation between spindle activity and word-patall only in a difficult condition
using abstract words. Kuriyama, Stickgold, and Wa(R004) varied encoding
difficulty in a procedural motor sequence task aping sequence length and
whether one or both hands were involved. Whilesetjuences resulted in overnight
improvement, the most difficult sequence involvbgh hands and nine elements
showed the largest overnight improvement, agaimsigthat poorly learned
materials benefit most from overnight consolidatibrshould be noted though that
Tucker and Fishbein (2008) found sleep-dependdmreaement in declarative tasks
only in participants who performed in the top hal median split based on training
performance. However, in this study sleep consistednap with NREM sleep only
making it difficult to evaluate whether the resuitsre caused by the abnormal sleep
or whether they would generalise to normal permidseep as well.

If it is accepted that sleep benefits weakly endatiemories more than

strongly encoded memories, it is important to disthlwhether lack of lexical
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competition (or presence of facilitation) refleptsor encoding. In the context of the
current experiment, this can be done by correldgrigal competition in the
immediate test with performance in the other taskbe same test session.
Unfortunately none of these correlations reachatissical significance, but they all
showed a trend in the same direction. Less lexigalpetition was associated with
poorer free recall (r = 0.219, p =.09), poorerccrexall (r = 0.129, p =.33), and
slower old/new categorisation performance (r =6Q,(p = .64).

It is also possible to see theoretically how pawoeling of the novel words
would result in facilitation of base word recogoiti(i.e., faster RTs to base words
for which a new competitor has been trained). Asrtbvel word is heard repeatedly
during training, it is likely that it activates iphonologically overlapping base word
(e.g., hearingathedrukas likely to activatecathedra). Some evidence for this was
seen in Experiment 1 where recall rates were highstimuli where the meaning
suggested by the novel word form was related tdrdieed novel word meaning,
showing access to base words upon learning thd mmrds. However, at the same
time a neocortical trace for the novel word begingradually emerge, becoming
stronger with each exposure. It is possible thatréte at which this new trace
emerges varies between participants. For somecjpatits the novel trace may
become strong enough to begin to weakly compete tvé base word already
during training, reducing base word activation ealigy training. In the immediate
test these participants would show a small competéffect or a very small
facilitation effect. For other participants the erbtrace may not reach the necessary
strength to begin to compete with overlapping lvasel representations, in these
participants each novel word presentation duriagning would continue to activate
the overlapping base word more strongly than therging new representation.
Such repeated activation of the base word duregigitrg may result in base word
facilitation in the immediate test.

If lexical competition (or the lack of it) in thenmediate test is then seen as a
measure of initial word learning, the associatietween base word facilitation in
the immediate test and increased sleep spindleitgaiiuring the subsequent night
support the notion that sleep is particularly bexaffor consolidation of memories
that are weakly encoded during training. Recab #st there was a correlation
between the amount of change overnight and spatiegity, which remained

marginally significant even when holding immediatenpetition constant. This also
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supports the notion that sleep spindles play armitapt role in this consolidation
process, and predict the degree of change in lestrapetition overnight. Thus the
present data may reflect two spindle-related pseesf memory consolidation
during sleep. Firstly, those participants who gatest weak representations of the
novel words seem to respond to the need to integnatnovel words in the lexicon
by undergoing more spindle activity during the fthgent night. Secondly, the level
of spindle activity appears to reflect the magretad consolidation overnight
(measured in change in the competition effecth\wigher activity resulting in
larger change independent of the initial staténefriovel word representations
(although this partial correlation was statistigatiarginally significant). Such an
interpretation is in line with theories of sleepnsibe function, which suggest that
spindles are a marker of hippocampal-neocortidalmation transfer, as described
in the introduction.

Spindle activity was not equally distributed acrtiss scalp. Frontal
electrodes registered more spindles than the d¢aixetrodes. This is reminiscent of
the data reported by Clemens et al. (2005), whadaucorrelation between verbal
memory retention and spindle activity recordeckettfrontal electrodes, and
Schmidt et al. (2006) who reported a correlatiotwieen word-pair retention and
spindle activity at frontocentral electrodes. Ia tturrent experiment left electrodes
also registered more spindles than right electrotless latter finding may reflect the
linguistic materials undergoing consolidation, aligh in the absence of a control
condition this finding remains tentative. There wasclear disassociation between
slow and fast spindles in the current experimeitt) aoth contributing to the
observed correlations. It should be noted that sipivdles are typically observed at
frontal electrodes, while fast spindles dominatpaatetal electrodes. This
experiment did not include parietal recording siteaking it less likely to see a
distinction between the two spindle types, as tdral electrodes probably recorded
a mixture of slow and fast spindles. Hence fasidips may have been undercounted
here. Future experiments should use a larger nuoiledectrodes to better assess the
contributions of the two spindle types in word leag.

One of the most interesting observations madeisnekperiment was that
sleep spindle activity was associated only with rgg@ece of lexical competition,
and not with consolidation of explicit recall ocognition speed of novel words. It

seems then that sleep globally enhanced novel merdory, possibly by
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strengthening the neocortical trace, but sleepdépsnwere involved specifically in
integrating novel words with overlapping existingnds. To my knowledge this is
the first demonstration of an association betwg@émdées and a task which requires
the integration of completely novel information vexisting information. The CLS
models predict that sleep should be most impomtataisks such as this, which not
only require strengthening of new memories, but adtating the new memories
with existing memories, to allow generalisatiortteg newly acquired knowledge
with respect to previously acquired experiencegséhdata also suggest that sleep
plays an active role in the consolidation procesther than just providing an
interference-free environment.

Before leaving the spindle data, it is importantemsider whether spindles
might have a relationship with general learnindigbiFor example, Schabus et al.
(2004) reported a marginally significant positiwarelation between spindle activity
and memory performance, leading them to suggessfiiadle activity might be
correlated with general learning aptitude. This sasported by a positive
correlation between 1Q and number of spindles repldoy Nader and Smith (2003).
In the present experiment spindle density corrdlatiéh improvement overnight (if
improvement is measured by increasing lexical cditipe). Hence it would be
possible to argue that the participants who impadabe most may also have been
the most gifted participants, or participants with best learning capacity. However,
if high spindle activity was a marker of betterrl@ag ability, it should have been
possible to observe spindle correlations withtal word learning tasks, not just the
task measuring lexical competition. Furthermor@dlp activity was also associated
with low lexical competition in the immediate teather than high competition
which would have indicated good encoding of theatawords. These considerations
suggest that the current data cannot by explaigeddimple relationship between
spindle activity and learning ability.

Finally, it is possible to reinterpret the behavaduexical competition data in
light of the sleep spindle findings. | proposedieasome potential methodological
reasons why the lexical competition effect emerigetie delayed test in the wake
group, although data from Dumay and Gaskell (2@0iggested it should only be
seen after sleep. The sleep architecture data stegggiat even though the effect
emerged also after a period of wake, there areiplogscal events during sleep (i.e.,

sleep spindles) which seem to be involved withdakintegration. This implies that
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sleep may not be the only brain state in whichdaxintegration takes place, but it
may be the optimal state, thanks to the uniqueegsts of sleep physiology. This is
not a novel position to take. Recently, Axmachagdhn, Elger, and Fell (2009)
have advanced a theory proposing that memory colasioin can take place during
wake too. This is motivated, for example, by détavang that reactivation of brain
areas related to new memories is seen not onlnglgieep but also during wake
(Peigneux et al., 2006), and that hippocampal epplccur at comparable rates
during sleep and wake (Clemens et al., 2007). Atingrto this integrative view,
sleep still plays a unique role, for example irt ihés involved in the synaptic
downscaling proposed by Tononi and Cirelli (20@&jt hippocampal-neocortical
transfer may also occur during other resting stapast from sleep. Under this view
the issue of how the wake group spends the delayelkea immediate and delayed
test becomes vital. If many of the wake particigantthe current experiment spent
much of the delay in a resting state, this may Hmseen enough to allow for some
lexical integration to take place. Future studiesudd include a restful wakefulness
control condition to fully disentangle the consalidn that takes place during sleep
and potential consolidation during wake.

To summarise, Experiment 8 showed that sleep pesuide optimal state for
consolidation of meaningless novel words. This s&en as a sleep benefit in direct
recall and recognition speed of novel words. SW&nseto be involved with
consolidating this type of information, althoughrdn&WS duration correlated with
the old/new categorisation task only. Lexical imgggpn, as measured by novel
words engaging in lexical competition with phonobtadly overlapping familiar
words, was associated with sleep spindle actilibyv level of lexical competition in
the immediate test was associated with higher $piactivity during the following
night, and was proposed to reflect weak memoresa@enerated by novel word
training. The magnitude of increase in lexical cefitppn was also predicted by
spindle activity, suggesting that sleep spindlescantral in integrating newly

learned memories with existing memories.
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Chapter 7: Thesis summary and conclusions

The experiments reported in this thesis addresgedrain questions. Firstly,
to what extent is meaning useful or necessaryxicd¢integration (Chapter 2), and
secondly, does the learning of novel word meanbegeefit from offline
consolidation to the same degree as learning aélneerd forms appears to
(Chapters 4 and 5)? Finally, an experiment elabayain the role of sleep in offline
consolidation of novel word forms was reported (@ba6). In the following section

I shall summarise the main findings from each ekthchapters.

7.1 Thesis summary
7.1.1 Chapter 2

Experiments 1-3 presented in Chapter 2 tackledsthee of whether meaning
IS necessary in generating new lexical represemgtihat show evidence of having
been integrated in the mental lexicon. As reviewe@hapters 1 and 2, the previous
literature regarding this question is mixed. Eavtyrk looking at access to new
lexical representations in tasks such as lettettifileation and identity priming
tended to show an advantage for meaningful novetisvover meaningless novel
words (Whittlesea & Cantwell, 1987; Balota et &91; Rueckl & Olds, 1993;
Rueckl & Dror, 1994). This conclusion however haslmeen consistently reached
by studies looking at reading of novel words indt@n and adults (McKague et al.,
2001; Nation et al., 2007; McKay et al., 2008)pgrstudies looking at novel object
naming (James & Gauthier, 2004; Cornelissen e2@04; Gronholm et al., 2005,
2007). Two studies looking specifically at meanamgl the integration of novel
words in the mental lexicon also reached diffecamiclusions about this issue.
Dumay et al. (2004) found that both meaningful er@ningless spoken novel
words engage in lexical competition to the samere@nd with the same time
course, while Leach and Samuel (2007) found tht meaningful novel words
enable retuning of phoneme categories in a peraklgtarning task.

In Chapter 2 | focused on the discrepancy betweesettwo latter studies,
and adopted the hypothesis that the different cenmhs may have been affected by
the nature of the novel words used in the two sgiddbumay et al. (2004) used

novel words that overlap with existing words (ecgthedrukg while Leach and
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Samuel (2007) did not. | referred to these two $yplestimuli as neighbours and
non-neighbours. Hence it is possible that hearingighbour novel word activates
the meaning of its closest phonological real waedjhbour, and that the neighbour
novel word “inherits” a meaning in this way. To demstrate that this is a plausible
mechanism, in Experiment 1 | attempted to showlgehers have access to the
meaning of the real word from which the neighboavei words were derived from.
This was done by teaching participants meaningéidimbours and non-neighbours,
where the meaning of the neighbour novel wordseither consistent (e.qg.,
cathedrukas a type of church) or inconsistent (eaathedrukes a type of drink)

with the meaning of the overlapping real word. Tiisnipulation should only have
an effect if the neighbour novel word evoked theanieg of the overlapping real
word. Such an effect was seen already during trginiith better learning of
meanings in consistent than in inconsistent neighbovel words. The same was
seen at test. Interestingly, at test a meaningisiemey effect was seen even in cued
recall of word forms. These data showed that learhave access to the meaning of
the overlapping real words, and that this effeemeextends to a task which does not
explicitly require access to meaning (i.e., cuezalleof word form).

The second half of the chapter tested the hypathieat the nature of the
stimuli was at least partially responsible for thecrepancy between the lexical
competition and perceptual learning conclusionsgiboth neighbour and non-
neighbour novel word stimuli. Experiment 2 was st td the ambiguous stimuli to
be used in the novel word experiment, and demdesittaat these stimuli provide
the standard perceptual learning effect in realdspwhereby hearing the ambiguous
phoneme /?dt/ in a word context (eayvar[?dt]) biased participants to categorise
that ambiguous phoneme as a /d/ in a later phomabegorisation test. This effect
was seen immediately after training, suggestingititoes not require offline
consolidation, and a day and a week later, suggge#tat it does not benefit further
from consolidation, but remains robust over seveags.

Experiment 3 applied these ambiguous phonemesviel mords and showed
that perceptual learning is not seen with non-rsgin novel words when no
meaning is trained, consistent Leach and Samu#87) conclusion. Crucially
though, perceptual learning was seen with neighbhouel words, suggesting that
some degree of meaning is necessary for lexicagration (at least when measured

in perceptual learning) and that the inherited nregaim these stimuli is enough to
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enable integration. Also consistent with Leach Sadhuel, there was no evidence
for a consolidation benefit in this experiment.illweturn to this issue in a later

section discussing consolidation in more detail.

7.1.2 Chapter 4

Having established that meaning plays a promin@etin the learning and
lexical integration of novel words, in the next texperimental chapters | focused
on the influence of offline consolidation both @atning novel word meanings and
forms. As reviewed in Chapter 3, while a handfusifdies have looked at semantic
measures of lexical integration (Dagenbach efLl8bQ; Perfetti et al., 2005;
Breitenstein et al., 2007; Mesters-Misse et al072@008; Dobel et al., in press),
only one has directly assessed the role of offtimesolidation in this process (Clay
et al., 2007). | used semantic decision in Expenirdeto measure speed of semantic
access to novel words, half of which had been échenday before testing and hence
had had a chance to undergo consolidation for ab®tiburs. While there was no
speed advantage for consolidated over unconsatideteel words overall, an RT
advantage was seen in the last third of the tasikjqgling preliminary evidence for a
potential consolidation effect. This was interegtim light of explicit meaning recall
data which showed better recall of unconsolidatedda. A sentence plausibility
judgement task supported the consolidation advaritagpeeded access to meaning,
although a later experiment suggested the effetttisntask might have been
orthographic rather than semantic. This experimatst included a shadowing task
intended as a measure of access to phonological foons, where a consolidation
advantage was found in shadowing latencies andacguates. As discussed in
Chapter 5, the shadowing task is problematic howasdét may include a non-trivial
semantic component.

This shadowing effect was followed up in Experimgntising both
shadowing and naming (reading aloud) tasks, anélnveerds that were meaningful
or meaningless. The consolidation effect in shadgwias not replicated here,
although in the naming task a consolidation efiems seen in error rates for
meaningless novel words. Another task used to meaeuaall of novel word forms
was cued recall, where a consolidation effect wasd for both meaningful and

meaningless novel words.
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7.1.3 Chapter 5

The emerging consolidation effect in the semandicsion task in
Experiment 4 indicated that offline consolidatioaynbe a process of importance in
learning novel word meanings. Experiments 6 andtilps theory to a stricter test
by looking at semantic priming with novel word pam While Breitenstein et al.
(2007) showed cross-modal semantic priming usinghword primes, their
paradigm used prime-target pairs that had beerpted during training, and hence
probably involved an episodic priming componente Experiments reported in
Chapter 5 used a purer semantic priming paradigerevthe test was to see if novel
words prime not their own meanings but words asgediwith the novel word
meanings. Furthermore, prime duration and SOA weripulated in these
experiments such that Experiment 6 measured primitiga large strategic
component, while Experiment 7 was designed torigprore automatic semantic
activation. Both experiments showed that novel waah indeed prime associated
real words, but only after a period of offline cohdation had been allowed to take
place. Both priming types required consolidatidthaugh the masked priming
effect seemed to benefit from a longer consolisegieriod. In Experiment 6 with
strategic priming the effect emerged with a 24 haelay, and did not grow further
significantly during the next six days. When loakiat automatic priming in
Experiment 7, reliable priming did not emerge immaggly or 24 hours after
training, but only when tested a week after tragnin

Again, explicit recall of meaning provided an ir@sting contrast to these
priming data. In Experiment 6 recall was bettemamds learned on the day of
testing compared with words learned one or sevga darlier. In Experiment 7,
where only one set of words was trained and tracked time, recall declined over
one week, while priming emerged at the same timeniRg and explicit recall
appeared to be dissociable, further strengthehieaglaim that priming measured a
more automatic process of semantic activation.

Experiment 6 successfully replicated the shadowiifect, but also provided
new information about the time course of this dffélow no shadowing was found
after a 24 hour consolidation opportunity (as ip&xment 5), but the effect did

emerge if participants were given a one week cahestdbn opportunity. This
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suggested that shadowing may benefit from an inenéah, ongoing consolidation

process over several days, much like the semarntigry effect.

7.1.4 Chapter 6

Experiment 8 looked at sleep-dependent consolidatidearning of spoken
meaningless novel words. Dumay and Gaskell (208d)dmown that lexical
competition effects require sleep to emerge. Expent 8 examined sleep
architecture during the post-training night, andgdd to isolate the neural events
during sleep that are associated with this typexatal integration. The behavioural
data showed sleep-associated performance improvsnmeinee recall, cued recall,
and novel word recognition speed overnight. Soméwhirisingly the lexical
competition effect emerged both after sleep andcauivalent time of wakefulness.
Polysomnographic data showed that sleep spindigtgiatzas associated with
lexical integration. Participants who showed ligkadence of competition
immediately after training had higher spindle atyiduring the night following
training. Spindle activity did not predict any otlaspect of word learning. Time
spent in slow wave sleep on the other hand wasa$sd with magnitude of
improvement overnight in the old/new categorisatask measuring novel word
recognition speed. These data have significanteoprences for our understanding
of the cognitive role of sleep spindles. Spindiesns to be important in integrating
new information with existing information, but leissportant in enhancing recall. |

will discuss this finding further in Section 7.3tbis chapter.

7.2 Offline consolidation in word learning

One of the main aims of this thesis was to elueida¢ time course of novel
word learning, both in terms of learning the megrohnovel words and learning the
form of novel words. Below | will compile the tine®urse information derived from
the different tasks used in the different experiteeaported in the thesis, and look

for consistent patterns across the experimentsedatkd tasks.
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7.2.1 Explicit recall of novel word meanings

All experiments in this thesis in which participsmtere taught meaningful
novel words included a test of explicit meaningateavhere participants were asked
to type in the meaning of each of the trained newaids. Table 9 summarises the
outcome of these studies with regard to the conlreisveen consolidated and
unconsolidated novel words. It also categorisegexents on whether an
interference account might explain the differeneteen consolidated and
unconsolidated conditions. As discussed in Chdptdris is a plausible account in
those experiments where each participant learnediifferent sets of novel words
before the test session (Experiments 4-6). Bothgiiee interference (PI) and
retroactive interference (RI) have long been a $amfuinterest in research into
forgetting (e.g., Underwood, 1945), with PI refegito the case where previous
learning interferes with later learning, and Rthie case where later learning

interferes with previous learning.

Table 9. Difference between explicit recall ratesotnovel word objects and features in
consolidated (C) and unconsolidated (UC) conditionis each experiment.

Lag Objects Features Interference?
Experiment1  Short c=ucC CcC<ucC No
Experiment4  Short Cc<ucC n/a Yes
Experiment5  Short C<ucC C<ucC Yes
Experiment 6  Short C<ucC C<ucC Yes

Long C<ucC C<ucC Yes
Experiment 7 Short cC=ucC CcC=ucC No

Long C<ucC C<ucC No

Note: No features were trained in Experiment 4. Lag adth of consolidation opportunity, Short =
one day, Long = one week.

Table 9 shows that in the majority of experimehtsé¢ was an advantage for
unconsolidated, recently learned novel words coegp&r consolidated words which
had been learned a day earlier. This pattern #iéwith the notion of RI. However,
most studies looking at RI have used a paradignrevbarticipants first learn a list
of cue-target pairs (A-B) and subsequently leanew list using the same cues but
different targets (A-C). Under these circumstarieasning the second list impairs
recall of the targets from the first list possibly a result of competition between the
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B and C targets (although other mechanisms arepalssible, see Wixted, 2004, for
a review). Although in the present experimentsdliveais no reassignment of cues,
Rl is still a viable explanation for the data. Bsiand Gold (1999) trained
participants on a list of 120 familiar words, aedted recall immediately after the
training. This was followed either by no furtheateing, learning of a new list of
words using the same learning strategy as befotbedearning of a new list using a
different learning strategy as before. When reafahe first list was subsequently
retested, participants in the first two groups Hledamore words than immediately
after training, a consolidation-like phenomenondhéhors referred to as
“hypermnesia”. Participants in the third group ba bther hand recalled fewer
words than in the first test, showing an RI eff@dtis condition was similar to the
state of affairs in the experiments reported is thesis, where a second set of novel
words was learned using the same training regimesed in the first set of novel
words. Hence, according to the view proposed byn8and Gold (1999), the first
set of novel words (the consolidated condition) lddae subject to RI, and hence
consolidation effects would be masked by interfeeemduced forgetting.

The potential interference effects observed inctimeent experiments may be
seen as inconsistent with several reports of shksspeiated consolidation effects in
declarative tasks. For example, Plihal and Bor®7)%howed increased word-pair
recall after a period of SWS sleep, and Lahl, Wisyp#&lligens, and Pietrowsky
(2008) showed increased recall of a list of wonedsneafter a brief nap compared to
wake. Since presumably all participants in the gmesxperiments slept between the
training of the consolidated words and the testisasone might expect to see
improved recall in this condition over the uncomaied condition. However, there
are two reasons why such effects might be maské#tkiexperimental designs used
in this thesis. The first reason is that sleeplare either an enhancing effect on
memory, in which case we would see a consolidatantage, or a protective
effect (Ellenbogen et al., 2006, 2009) against gethis latter effect would only be
seen if sleep were directly compared with wakefssnever a period of time after
learning. In such a comparison the prediction wdigddhat the wake interval would
result in a decline in recalled materials, whildeep interval might be associated
with no change or a smaller decline. As the presgpériments measuring meaning
recall did not involve such a contrast, it is nosgible to fully relate the current

findings with the existing sleep and consolidatiterature.
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The second reason why consolidation effects maypdmked in these
experiments has to do with the interference accdtatile 1 shows that in all
experiments where the interference account is ibkug.e., experiments where two
sets of novel words were trained), a significantaandage was seen for
unconsolidated novel words, both in terms of regidibjects and number of
features. In Experiment 1 where participants weriméd on day 1 and recall was
tested either immediately after training on dagrigne day later on day 2, there was
no significant difference between consolidated amcbnsolidated conditions in
recall of objects, although the difference betwesrall of features did reach
significance. In Experiment 7 as well, novel wovekre trained on day 1 only. Here
testing took place immediately after training, aag later, and again one week later.
No difference was seen between day 1 and day #,regta significant decline had
taken place by day 8. The contrast between dayldapy 2 performance suggests
that the declines seen in consolidated meaningginther experiments may well
have been at least partially caused by interferé&ooe learning a second novel word
set (RI effect). Even so, no consolidation advaatags seen in the two experiments
where the interference account can be eliminateBxperiment 7 performance in
the recall task was at ceiling, so this would halscured any advantage. However,
in Experiment 1 recall was clearly not at ceilihgnce the conditions there were
favourable for a demonstration of a consolidatidnamtage. The fact that no such
advantage was seen suggests that explicit recatha#l words does not benefit from
enhancement over time. Experiment 7 further shawatrecall declined over a
week’s time in the absence of interference, showhagthere is no evidence in this

task for a time-dependent consolidation process avenger time scale either.

7.2.2 Speeded access to novel word meanings

While the meaning recall task measured accurapgauicipants’ explicit
recall of novel word meanings, the experiments mgglin this thesis also included
tasks which were intended to measure speed ofagixatid implicit access to novel

word meanings. A summary of these data is showrabie 10.
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Table 10. Summary of findings in tasks measuring s@d of access to meaning.

Immediately after One day after One week after
training training training
Semantic decision - high accuracy - accuracy decline n/a
(Experiment 4) - RTs faster
Strategic priming - no priming - priming found - priming found
(Experiment 6)
Automatic priming - no priming - no priming - priming found
(Experiment 7)
Sentence plausibility - no evidence of change taking place over timeTis or accuracy rates

(Experiment 6)

The semantic decision task in Experiment 4 shovestidng response
accuracy as a function of time of training, buteaed some evidence of gains in
speed of access within a consolidation opportufitgne day. It should be noted
though that this effect was only observed in thelfthird of the task, and only in the
condition where the target and prime were relaté@. sentence plausibility task was
conceptually closest to the semantic decision taskat both tasks required a
decision to be made about the congruency of thelneerd meaning with provided
context (a single word in semantic decision, aes# in sentence plausibility
judgement). The sentence plausibility task didprovide any evidence of
consolidation effects when the task was modifiethdhat the influence of possible
form based processes was minimised (Experiment Bxygeriment 6).

The priming experiments (Experiments 6 and 7) ditlook at the speed of
access to meaning directly, but rather lookedaintfluence the novel word
meaning had on the processing of a real word ptedesortly afterwards. By
manipulating prime duration and SOA, | attemptethfwinto semantic processes
operating outside of strategic control in Experitméand processes where strategic
influences were available in Experiment 6. Expentr@(visible prime, long SOA)
showed a priming effect only after consolidationl ln@en given time to operate. The
effect here was seen after a short consolidatipopnity of one day, and showed
little evidence of growing further after a longemsolidation opportunity apart from
being numerically smaller than the priming effelstasned with real word primes.
This time course was consistent with semantic datisvhich probably also
benefits from explicit, strategic processes. Experit 7 (masked prime, short SOA)
also showed no priming immediately after trainibgt did reveal a priming effect of
identical magnitude to the real word prime conditadter a week of consolidation.
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These experiments provide evidence that novel wadnings benefit from
consolidation over time, and this process appesde ta gradual one operating over
several days and/or nights.

As already discussed in Chapter 5, differenceberspecific time course in
the emergence of priming between the two typesiofipg may reflect a top-down
boost in the case of semantic priming which includestrong strategic component.
When patrticipants are aware of the primes and inéak of the relationship between
the primes and targets, they are more likely tddrgctively access the meaning of
the prime in order to facilitate lexical decisianthe target. The semantic decision
task of Experiment 4 suggested that such activessamay speed up under certain
circumstances over the first 24 hours after trgnf primed lexical decision task,
even with a long SOA, requires quick access tartkaning of the prime in order for
priming effects to emerge. If the speed of sucHiex@access benefits from a short
period of consolidation, then this gain would aismslate into a priming effect in a
task that encourages active use of the primes. fiieusonsolidation gains seen in
semantic decision and priming using a visible prand long SOA may have their
source in the same process, i.e. faster explicesgto meaning.

More automatic priming on the other hand would liefess from faster
explicit access. As discussed in Chapter 5, bothistage activation models and
distributed network models rely on spreading atiivebetween concepts to account
for priming. In the absence of top down boost, agieg of activation can only occur
when a new concept is sufficiently integrated ia $emantic network, and/or when a
new lexical representation is integrated with theantic level. Experiment 7
suggests that such structural change takes mamneotieaday or night to reach a state
where the network can support masked priming. Viels is consistent with the data
reported by Clay et al. (2007), who found a sencaPW| effect only in their second
test session which took place one week after tigirinterestingly, they found a
lexical PWI effect using novel words immediatelyeattraining (novel words
interfering with picture naming irrespective of themantic relationship between the
word and picture), suggesting that a lexical repméstion may have been generated
very quickly, but it had not been integrated whlk semantic level until several days
later. In sum, based on the present experimergseins that access to novel word
meanings speeds up within a 24 hour period, wHhiolva initial strategic priming

effects to emerge. The necessary integration imettieal-semantic system may

263



Chapter 7

require a more fundamental change and takes maneathe day or night to support
effects detectable in masked priming. Interestirtgeyemergence of priming appears
to be independent of participants’ explicit re@dturacy of the novel word
meanings. Unfortunately the sentence plausibiéisktseems to be too insensitive to
pick up these effects, perhaps because the grptesgntation of the sentence
introduces a delay between the relevant semardtepsing and response execution

which dilutes the effect.

7.2.3 Access to novel word forms

A number of tests across the experiments repontdluis thesis also looked at
recall of novel word forms. The tasks used includeed recall, free recall,
shadowing speed and accuracy, reading speed anchagcand word recognition
speed in old/new categorisation. The consolidagibects observed in these tasks are
summarised in Table 11.

One of the prominent patterns seen in Table 1ieslata from the cued
recall test. Here the two cued recall tests pravideonsistent results, with
Experiment 1 showing no consolidation benefit graup of participants tested one
day after training compared to another group wheewested immediately after
training. No difference between the groups was do@n the other hand, in
Experiment 5 higher recall rates were seen in iespto words learned one day
before the test compared to words learned on thefti@sting. While the
experiments used different novel words, and theuseel in Experiment 5 was
somewhat more difficult as it had more letters reewh overall success rates in the
two experiments were similar, excluding potentgiling or floor effects as possible
explanations. Data from Experiment 8 provide a nu&tiled picture. In that
experiment performance improvement was seen afteriad of sleep, while an
equivalent period of wakefulness resulted in déatjmecall rates. However, once
both groups had had a chance to sleep, performartise groups was equal (in the
one-week follow up). This suggests that in thig @sange in performance is
determined by the timing of sleep rather than syniphe passing. Hence the lack of
a consolidation effect in Experiment 1 can be erpld by assuming that in the
group which was tested a day after training reeads initially declined during the

day following the training session, and increasexingj the night prior to the testing
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session, bringing recall rates back up to the oaigievel. Experiment 8 also
suggested that an overall improvement from immediggt could only have been
seen if sleep had followed immediately from thé&ahitraining, protecting against
the decline seen in the wake group.

Table 11. Summary of findings in tasks measuring aess to word form knowledge in the
consolidated (C) and unconsolidated (UC) conditiongasks showing evidence for consolidation
are shaded.

Time between UC and C conditions

10h delay 24h delay 1 week delay Consolidation?
Cued recall c=UucC No
(Experiment 1)
Cued recall C>UC Yes
(Experiment 5)
Cued recall Sleep: C > UC Sleep: C > UC Yes (sleep-
(Experiment8)  Wake: C < UC Wake: C = UC dependent)
Shadowing RT: C<UC Yes
(Experiment 4) Accuracy: C > UC
Shadowing RT:C=UC No
(Experiment 5) Accuracy: C =UC
Shadowing RT:C=UC RT: C<UC Yes (long
(Experiment 6) Accuracy: C = UC Accuracy: C>UC  delay only)
Reading RT:C=UC Yes (accuracy
(Experiment 5) Accuracy: C > UC * rates only)
Recognition Sleep: C< UC Sleep: C< UC Yes (sleep-
speed Wake: C = UC Wake: C < UC dependent)
(Experiment 8)
Free recall Sleep: C>UC Sleep: C=UC Yes (sleep-
(Experiment8)  Wake: C = UC Wake: C = UC dependent)
Lexical Sleep: C > UC Sleep: C > UC Yes
competition Wake: C > UC Wake: C > UC
(Experiment 8)
Perceptual cC=UucC No

learning
(Experiment 3)

Note: C refers to the consolidated condition, or whewehavord performance is tracked over time to
novel words in the consolidated state (i.e., 1@, &r 1 week after training). UC refers to the
unconsolidated condition or to words in the uncdidated state (i.e., immediately after trainingheT
signs “<” and “>" refer to differences in level pérformance, which may be response time, recall
rate, accuracy rate, or magnitude of the lexicatpetition or perceptual learning effect, depending
on the task. * = in the meaningful condition only.
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It is still left to be explained why a consolidatieffect was seen in
Experiment 5, an effect that would not be predidigdhe above account. Recall that
in Experiment 5 participants learned two differsets of novel words on two
different days. Hence it is important to considee of performance during training,
as participants might have been more motivatedamlon one day than on the
other. Cued recall tests carried out during thimitng sessions showed a small but
statistically significant advantage for the sessrowhich consolidated novel words
were trained (day 1 training session). This mayarmt least part of the
consolidation benefit seen at test, although iugthbe noted that the difference
between consolidated and unconsolidated wordsaivigs larger than at training.

A similar time course may explain the lack of cdigadion effects in the
naming (reading aloud) task at least in terms teinaies. A consolidation benefit
was seen in accuracy rates, but only in words faclwva meaning was trained. The
interpretation of the naming task is further cormgied by the fact that naming
appears to involve semantic processing. For exaraptaantic priming effects have
been found in naming times to target words (sedyN&891, for a review), although
the naming response does not require explicit seaccess. This means that the
source of the consolidation effect in this task rhaysemantic, a view buttressed by
the finding that the consolidation effect was riestd to meaningful novel words,
and that access to novel word meanings can bdrafiteven a short consolidation
opportunity of one day (Experiment 6).

A similar interpretation of the shadowing data wasined in Chapter 5,
where Experiment 6 revealed a consolidation effeshadowing which seemed to
operate over a longer time course than the shadpdata from Experiment 4
initially had implied. While Experiment 4 found artsolidation effect in shadowing
in both latencies and accuracy rates after a slomgolidation opportunity of one
day, in Experiment 6 an effect was seen only ateng consolidation opportunity
of one week. As discussed in Chapter 5, this sugdeslong incremental
consolidation process in this task, which may asaffected by semantic factors as
all novel words in these two experiments were grdiwith meaning. Experiment 5
did not show a consolidation effect over one dagysng the effect to be fragile at a
short time scale. This semantic hypothesis makesie difficult to determine

whether shadowing and reading tasks can be casegigorimarily as form or
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meaning based, as they are likely to reflect botlcgsses. It must be left for future
studies to further disambiguate the two influences.

Data from Experiment 8 can be treated with mordidence as no meaning
was trained here. Both speed with which novel wardsrecognised (as measured in
an old/new categorisation task) and free recatioMfel word forms benefitted from
consolidation over a night of sleep. In recognitspeed improvement was seen over
time, but the timing of sleep determined when tteatgst gains were seen. In free
recall a similar pattern was seen as in cued reedh recall rates increasing during
a night of sleep, with no change taking place duén equivalent time of
wakefulness. However, semantic influences cannabbepletely ruled out here
either, as Experiments 1 and 3 showed that novedsvoverlapping with existing
words may be influenced by the meaning of the ri@ghing real words. This type
of novel word was used in Experiment 8 in ordegvaluate effects of lexical
competition.

The lexical competition data were consistent waHier reports of this effect
emerging only after a delay (e.g., Gaskell & Dun2803). The effect was not seen
immediately after training, instead a significamtifitatory effect emerged whereby
base words for which a new competitor had beendthshowed faster RTs than
base words for which no new competitor was traimedontrast, about 10 hours
later the competition effect was found, irrespextiv whether the delay included
sleep or wakefulness. This suggests that integratvel words in the mental
lexicon benefits from offline consolidation withinvery short consolidation
opportunity of up to 10 hours. The finding of tkigect in both sleep and wake
groups was unexpected in light of the data repdsteDumay and Gaskell (2007).
Some potential explanations were discussed in €@h&ptand the following section
will present some more. In any case, some fornongalidation does appear to be
crucial in this task.

While lexical competition is a measure of the degrewhich a novel word
has been integrated with neighbouring words atekieal level, re-tuning of
phoneme boundaries in the perceptual learning garacheasures the degree to
which novel word representations are able to atiesiblexical, phonemic level.
Leach and Samuel (2007) found this effect in nevaids immediately after training
(provided that meaning had been trained too). Bneesconclusion was reached in

Experiment 3, where a perceptual learning effec fwand immediately after
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training. This was also tested on the following daywever as the second test was
preceded by a second training session, it is iniples® judge whether the effect
had changed from day 1. There was however no affaghe, suggesting that at
least the effect had not gained in strength ovétnigotivated by the absence of
consolidation effects in the Leach and Samuel (d@7%, and data reported by
Snoeren et al. (2009), Davis and Gaskell (2009)yssigd that in the CLS
framework the fast learning hippocampal systemahdisect link to lexical
phonology, negating the need for hippocampal-ndmedtransfer to take place
before phonology-related effects in novel word iéag are observed. The data from

Experiment 3 support this view.

7.3 Sleep in word learning

While most experiments in this thesis looked atrtile of offline
consolidation as a function of time including beteep and wakefulness,
Experiment 8 focused on sleep-specific consoligatis reviewed in Chapter 3, this
was motivated by a number of studies showing tleafpsbenefits various levels of
language learning, and by the findings of Dumay @adkell (2007) who showed
that lexical competition in novel words emergegiaét night of sleep.

The primary finding in Experiment 8 was that slepmdles seem to be
involved in lexical integration, at least when maasl by lexical competition.
Spindle activity on the post-training night cortelhwith the magnitude of the
lexical competition effect immediately after traigj and the change in the effect
overnight. As discussed in Chapter 6, if the latlewical competition or the
presence of a facilitatory effect in the immediast is taken as a sign of a weak
lexical representation, then it appears that ppeiits who generated weak novel
lexical representations during training experiencexte spindle activity overnight,
suggesting that spindles are important in integgatiovel words in the lexicon. This
view fits well into the framework recently propodayl Stickgold (2009). According
to this view the different sleep stages describe@hapter 6 not only correspond to
consolidation of different types of memory (suctdaslarative and procedural), but
may rather correspond to different consolidatioocpsses. Stickgold (2009)
proposed that SWS stabilises both declarative anckgural memories at a synaptic
level, leading to recall enhancement. Stage 2 sl@dREM on the other hand serve
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to facilitate systems level consolidation, whichludes the hippocampal-neocortical
transfer proposed by CLS models, extraction ofsraled regularities from the newly
learned information, and the integration of the me@mories with existing
memories. The data reported in Experiment 8 sughmtview. Of the tasks used in
that experiment only the lexical competition measuadexes integration of novel
words in the lexicon, and it was only this meagsbe¢ showed an association with
sleep spindle activity, one of the hallmarks ofist2 activity. SWS duration on the
other hand only correlated with improvements inglavord recognition speed,
demonstrating the kind of dissociation predictedhigkgold’s (2009) account.

Stickgold (2009) also commented on the issue oftldreveakly encoded
memories benefit from sleep more than strongly dadonemories, by pointing out
that while the majority of available data suggést this is the case, some studies
have found the opposite, and that this might meahrhoderately well encoded
memories benefit the most. This is because tha Ionaght choose those memories
for consolidation that benefit from the processrtiest. Memories that are already
strongly encoded, and memories that are extrenwaylypencoded are less likely to
do so, as in the case of the former consolidatiag be superfluous and in the case
of the latter it may not be sufficient to retair ttmemory anyway. It is difficult to
evaluate this hypothesis based on Experiment 8ieadata probably did not include
a full range of encoding success levels, butstthe idea that less strongly encoded
memories benefit more from consolidation than gilpencoded ones.

As far as learning novel word forms is concerneqyetiment 8 suggested
that integration in the lexicon benefits from slegmdle activity, while enhanced
recognition speed was associated with SWS durafioa.explicit recall measures
did not correlate with sleep stages or spindleg. rbte of sleep in the learning of
novel word meanings on the other hand is unclewt adthough the experiments
reported in this thesis suggest meaning benebts wffline consolidation in
general, they did not address the issue of sleepHipconsolidation. There is
however good reason to believe that sleep playspartant role in the acquisition
of meaning, and may in particular have been impoitathe semantic priming
experiments. Stickgold, Scott, Rittenhouse, andsdal{1999) tested semantic
priming of weakly and strongly related word paitsidg the day, and immediately
after awakenings from REM and NREM sleep duringrtigit. Larger priming

effects were found in the strong priming conditidigsing the day and after
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awakenings from NREM. However, after awakeningsifiREM the opposite was
seen: now a larger priming effect was found inileak priming condition than in
the strong priming condition. These data suggestREM sleep may play an active
role in strengthening weak semantic associatiams$ h@nce may be of importance in
learning novel word meanings and integrating thammegs in the semantic network.
This hypothesis is supported by the current datarevpriming with novel word
primes was only seen after a period of consolidafitne experiments reported in
this thesis did not look at priming and sleep, ibig possible that if
polysomnographic data had been collected, a ctioelenay have been found
between the magnitude of novel word priming and Ritvation on post-training
night.

One study which did look at sleep and learningeshantic information
found that sleep benefitted some aspects of secaetnory (Rogers & Mayberry,
in preparation). In this study participants leart@dame, recognise, and categorise
satellites which could be typical (share severaluees with a category prototype) or
atypical (share few features with a category pyme} exemplars of their category.
Recall was tested after intervals including sleewakefulness. Sleep improved
recall of atypical satellites more than typicakdiées when the recall probe included
both prototypical and individuating parts of theéeide. When the probe contained
information only about individuating propertiesetbpposite pattern was seen with
sleep improving memory of typical items more. Thraction is difficult to
interpret, but at a minimum it seems that leartivgsatellite information benefitted
from sleep to some degree, although the natureeofdcall task seems to determine
whether benefits for typical or atypical items ereealed.

Most sleep studies cited so far in this thesis sti@tone night of sleep
following learning results in significant perform@nimprovement. In contrast, the
masked priming effect in Experiment 7 did not emeeaifer one night of sleep (or
one day of wakefulness). This however should ndbken as evidence against a
possible role for sleep in consolidation of meanihgiay be the case that
consolidation continues over several nights aéarring. While few studies have
looked at this process in detail across severaeqent nights, there are reports
from the procedural domain showing further perfanoeimprovements after the
first night of sleep. Stickgold, James, and Hob&f00) tracked visual

discrimination performance for seven days aftaning and showed gradually
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enhancing performance on the first four days (egtngly, no improvement was
seen in participants who were sleep deprived fefitist night after training). Both
speed and accuracy improve more if measured aftee nights of sleep compared
to one night of sleep in a finger-tapping task (Méal Brakefield, Seidman, Morgan,
Hobson, & Stickgold, 2003). To my knowledge there o similar data available
from declarative tasks, but the masked priming (@matlowing) data reported in this
thesis together with the procedural data cited alsmggest that multiple nights of

sleep may be important in meaning acquisition.

7.4 Limitations of the studies

The experiments in this thesis have been interpr@tedealing with L1 word
learning, that is, participants are assumed todaing the novel words as novel
English words. It is however difficult to say howlm this assumption is.
Participants might be treating the novel words asss of information relevant only
in the context of the experiment, especially ay #reow that the words and
meanings are fictional. One way to try to avoid tstiate of affairs is to include
training tasks where the novel words are presentachaturalistic setting. In the
current experiments looking at acquisition of megnthis was attempted by
including the sentence plausibility judgement taskpart of the training. In this task
participants were exposed to the novel words iniEimgentences, and asked to
evaluate the appropriateness of the word in theesea. This gave the participants at
least some degree of experience with the novel sviordn elaborate linguistic
setting. It is difficult to estimate how succesghase kinds of manipulations are
though in the absence of much empirical data.

One of the few studies directly examining thesaasswas reported by Potts,
St. John, and Kirson (1989). In these experimeatsqipants read long stories that
introduced new words and concepts (e.g., tiladheis a large flightless bird in New
Zealand). One interesting manipulation concernetiggaants’ beliefs about the
veracity of the new information. Half of the panpiants were told that the
information was correct, and the other half wad tolvas fictional. At test, which
followed immediately after training, participantere asked questions about the
meaning of the novel words either in a story con(d&fined by having a large
number of filler questions directly related to 8tery) or a non-story context (with a
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large number of fillers unrelated to the story)tHe non-story context RTs to the
questions were faster if participants thought ttfiermation was real compared to
participants who thought it was fictional. The oppp@ was true in the story context.
The authors argued that this suggests that onticjpemts who thought the
information was real encoded it in such a way thags available in all contexts,
not just the context of the experimental story.

Potts et al. (1989) also carried out a priming expent (primed lexical
decision) where the novel words acted as targeits.eB could be semantically
related real words (concepts from the story), seirvally unrelated but story-related
(unrelated concept from the story) or completelsetated (semantically unrelated
and not occurring in the story). Story and nonystest contexts were again used.
Relative to semantically unrelated primes (stotgtesl or not), semantically related
primes increased lexical decision accuracy ratéisdrstory context only (RTs were
not reported). No priming at all was found in tlesstory context. This led the
authors to argue that the new information was cotm@ntalised and not integrated
with general world information.

The above data by Potts et al. (1989) suggesenpdrimentally trained
novel words and their meanings may not be fullggnated in general world
knowledge, at least when participants know thawbeds and meanings are
fictional. If this was the case in the current expents as well, this would
undermine the assumption held in this thesis ti@ttork here reflected normal L1
lexical processing. However, two considerationswdite this concern. Firstly, the
data presented in this thesis in fact seem to shatwnovel words were integrated
with existing knowledge, both at the level of wdodms (lexical competition) and at
the level of novel word meaning (semantic priminfjhe novel words had
remained compartmentalised, these effects shoultdawe been observed either
immediately following training or after a delay.ceadly, Potts et al. (1989) tested
participants only immediately after training. Ight of the priming experiments
reported here, it is possible that their priming agcall data might have benefitted
from a period of offline consolidation prior to tieg), possibly eradicating the
compartmentalisation effect.

A related possibility is that participants may héveught of the novel words
as words from a foreign language. This scenannaege difficult to exclude on the

basis of the present data. Lexical competitionatffean be seen between languages.
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For example, Spivey and Marian (1999) in one ofdhly eye tracking studies
showed that bilingual speakers of English and Runrsaihen hearing an English
target word (e.ghunny) briefly also looked at a distracter object whBaessian
name overlapped with the target (ebminkg meaning jar), suggesting that words
from the two languages engaged in lexical competivith each other. The same
cross-language effect can be seen in semanticrajmihere a prime in one
language can facilitate responses to a relateéttar@nother language (e.g., Perea
et al., 2008). The main strategy to try to getipgodnts to think of the novel words
as English words was to give them meanings in Exyserts 5-7 for which no
familiar word exists. Whether this was successfmains for future work to
establish. In any case, it is not currently clehatthe differences between learning

new words in L1 and L2 are, this remains anotheresting avenue for future work.

7.5 Conclusions and future work

In the sections above | outlined the findings @& thesis for offline
consolidation with regard to learning novel wordfig and meanings. In this
concluding section | will draw those data togetitepresent a time course of novel
word learning. Figure 62 shows a timeline of wagdrhing based on the data
presented in this thesis.

In the figure 0 h refers to the situation immediatdter training. As long as
sufficient training has been provided, at this ppiarticipants usually exhibit good
explicit recall of novel word meanings, as showrhigh accuracy rates in the
meaning recall tasks. Cued recall of word forms éwav is lower (Experiments 1
and 5), particularly in the auditory modality (Eximeent 8). A new lexical
representation appears to have been generataay@esssed by successful re-tuning
of phonemic categories by perceptual learning (Expent 3). While these new
lexical representations seem to be able to inflaesublexical levels, the lack of
lexical competition and semantic priming effectdiaates that these representations
do not at this stage have fully functional linkgiwother lexical representations or
semantic representations.

Lexical competition was observed in the next sé¢@bout 10 hours after
training in Experiment 8 (12 h time point in Fig@2). Dumay and Gaskell (2007)
have argued that this effect can only be obserfted @anight of sleep, but
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Task performance Cognitive changes
Perceptual learning observed. Given sufficient amount of training, a
Good explicit recall of meanings and novel lexical representation is
word forms. established. The new representation is
able to influence the phonemic level
Oh to enable re-tuning of phoneme
boundaries.
Lexical competition observed. Novel words integrate in the mental
If sleep has intervened, enhanced lexicon connecting with neighbours.
free recall, cued recall, and Sleep facilitates this (sleep spindles in
12h recognition time of novel words are particular) but may not be necessary,
seen. as predicted by CLS accounts.

Enhanced recall also suggests
strengthening representation.

Strategic semantic priming and Speeded access to novel word
faster semantic decisions observed. meanings is facilitated by now,
Shadowing times may begin to reflected in semantic decision times
24h speed up and accuracy rates may and in emergence of strategic
increase. semantic priming. This may be a

consequence of increasing lexical-
semantic connection strengths.

Automatic semantic priming Masked priming suggests the lexical-
observed. Shadowing latencies and semantic integration has advanced
accuracy rates increase. substantially. Shadowing may also
benefit from this semantic
integration.
24h - J
week
\4

Figure 62. Timeline of novel words becoming part ofhe mental lexicon, based on data reported
in this thesis.

Experiment 8 showed an effect in the wake grouwels However, this effect was
associated with sleep spindle activity, showing theep does seem to play an active

role in this form of lexical integration. Experintehalso showed other
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developments that occur overnight, including enkdrfeee recall, cued recall, and
novel word recognition speed when measured in éimelv categorisation task.
Together these data indicate that new lexical sspr@tions integrate with
neighbouring representations overnight, and algoigastrength resulting in
enhanced recall and recognition. This change cantémpreted in the CLS accounts
as a result of hippocampal-neocortical transferldpdocampally driven
reinstatement.

First novel word semantic priming effects emerge day after training (24 h
time point in Figure 62). This is the case for prgithat includes a strong strategic
contribution (long SOA, visible primes). It is impant to note here that these effects
too may be facilitated by sleep, the hypothesisiaibleep-specific consolidation was
not tested here. At this time point we can alsofaster semantic decision times,
suggesting that these developments may be causkegtly access to novel word
meanings. This is possibly due to strengtheningxtal-semantic connections, or a
reinstatement process strengthening a neocortiealary trace of the novel word
meaning. Shadowing latencies begin to speed u@etwracy rates begin to
improve at this time as well, potentially driven twe semantic changes. This
particular finding needs to be interpreted cargftibugh, as Experiment 5 failed to
see the effect at this time point.

At the final time point, beyond the change thatusavithin 24 hours, we
saw the emergence of semantic priming that relieseron automatic semantic
activation rather than strategic access. Shadoalswgseems to grow stronger over
this longer time course. The exact time when tle#fsets emerge is unclear, as in
none of the experiments was there a testing tim&d®s®n 24 hours and seven days
but it is clear that more than one day or nighietpuired. However, as strategic top
down influences are less likely to be helpful irsttask, it can be hypothesised that
the increased consolidation duration may be necgésiafull integration of the

newly learned words in semantic networks.

7.5.1 Main contributions of this thesis

The work reported in this thesis makes severalrimrtions to the current
understanding of novel word learning. These couatiiims can be summarised in

four points.
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1. Novel words that overlap with existing wordgy(ecathedrukg carry some degree
of meaning inherited from the closest neighboud s meaning enables lexical
integration when measured by re-tuning of phoneategories, a finding not
obtained with non-neighbours. This suggests thaning is important in novel

words becoming a fully functional part of the lexic

2. While explicit recall of novel word meanings daet seem to benefit from
offline consolidation, speeded access to meanieg.déccess to novel word
meanings starts to become faster during 24 hollesviog training, enabling an
initial strategic semantic priming effect to emevgéh novel word primes one day

after training.

3. Automatic spreading of semantic activation fnreovel words to existing words
may not occur until more than one day or nightaifsolidation has been completed,

reflected in emergence of masked semantic priming.

4. Sleep spindles are associated with integratovglnspoken word forms in the
mental lexicon, but do not seem to be equally irgydrin enhancing explicit

memory or speed of recognition of the new words.

7.5.2 Future work

The conclusions outlined above raise a number estipns for future study.
Here | will discuss some of the most important ofgh the work presented in
Chapter 2 and the experiments reported by Leactsantuel (2007) suggest that
meaning is important in lexical integration whenasgred by perceptual learning.
However, evidence for this should be provided Imeotasks of lexical integration.
Most notably, it would be reassuring to see theesaffect when lexical competition
is used to index integration. This might be chajlag as lexical competition studies
require the use of neighbour novel words whichvehargued carry meaning due to
their overlap with existing words. However, it shibbe possible to teach
participants new meaningless non-neighbours, aadater training session

introduce new meaningless and meaningful wordsabatiap with the previously
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trained non-neighbours. Experiments along thess loould manipulate meaning in
lexical competition.

As already mentioned in this chapter, one of thnguestions concerns the
role sleep plays in consolidation of novel word megs. This could be examined in
a number of ways. For example, the question of ndrahe strategic priming effect
would be observed after a night of sleep (or evbried nhap) or an equivalent time
of wakefulness would be easily resolved and mighéal a crucial role for sleep.
The slower emergence of the masked priming effealtdcalso be examined in a
sleep study. The influence of learning on sleepitgcture could be evaluated by
polysomnograhically monitoring sleep both befoegring to obtain a baseline, and
for several nights after training. Learning sholide an impact on sleep, for
example in the form of increased spindle activittye number of nights it takes for
this or other aspects of sleep architecture tamdatubaseline could be taken as a
measure of consolidation duration. Ideally thisinetto baseline would coincide
with the emergence of the priming effect.

Finally, | have argued in Chapter 6 that sleepdpmwere closely
associated with the integration of novel wordshie tnental lexicon, but less
important in enhancing the explicit memory of therds. This is a potentially
important clue about the role of spindles in menwaysolidation in general. This
finding should be expanded beyond the word learpargdigm to see if spindles

have a broader function in relating new memorigh wxisting memories.
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Appendices

Appendix 1

Base words, neighbour novel words, non-neighbouehaords, and the meanings

related to the base words used in Experiment 1.

Non-
Baseword Neighbour neighbour Meaning
alcohol alcohin amcohin drink made of milk and has no taste
amulet amulos abulos jewellery for priests and worn around the ankle
assassin assassool illassool soldier who drives tanks and defends others
baboon babeel baweel ape that lives in captivity and eats meat
badminton badmintet rebmintet sport played outdoors with a heavy ball
bayonet bayoniss deyoniss weapon made of wood and used in martial arts
biscuit biscan liscan snack made of bamboo and tastes like corn
bramble bramboof  bromboof plant used a medicine and grows on mountains
canyon canyel besyel valley that is shallow and has mud at the bottom
caravan caravoth saravoth  vehicle that runs on electricity and is slow
cardigan cardigile mordigile  clothing that has short sleeves and is made of wool
cathedral cathedruke nathedrukechurch with metal benches and no windows
clarinet clarinern clorinern  instrument that is made of plastic and is shrill
crocodile  crocodin glacodin reptile that lives underground and eats roots
daffodil daffadat saffadat flower that blooms in winter and is black
dolphin dolpheg colpheg fish that is white and can't swim in deep waters
dungeon dungeill mungeill  prison for fraudsters built on an island
fountain fountel cayntel spring found in the Arctic and produces sparkliratey
gimmick gimmon hummon trick done by amateur magicians and is learned kjyic
hormone hormike darmike chemical released in the cat liver to help digastio
hurricane  hurricarth  pirricarth  storm in tropical areas that lasts for months
lantern lantobe lartobe torch that has a red light and is used by police
mandarin  mandarook hundarook fruit that grows in Siberia and is eaten by reindee
methanol methanat lethanat  liquid that kills germs and is safe for humans
molecule molekyen  silekyen  particle that is found in space and dangerous tmipalate
napkin napkess dopkess  cloth used to dry spilled drinks and is used ingpub
octopus octopoth ardopoth  animal that lives at the bottom of the sea anddmaall feet
ornament  ornameast ilnameast decoration made of dry leaves and used at Christmas
parsnip parsneg corsneg  vegetable with hard skin and tastes sour
pelican pelikibe nelikibe bird found in cold areas and builds a nest on ice
pyramid pyramon dyramon  building made of marble and used to store books
skeleton skeletobe speletobe bone in the knee and dislocates easily
spasm spasel trasel cramp one gets after swimming and happens duriegps|
squirrel squirrome  speirrome rodent that is hairless and has no ears
tavern tavite tapite bar for vegetarians and serves expensive food
yoghourt yogem yegem dessert made of butter and fresh mint
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Word stimuli used in Experiment 2.

/d/-ending words

[/t/-ending words

aloud
amend
amid
arcade
award
collide
commode
comrade
corrode
coward
elude
erode
grenade
horrid
lemonade
liquid
maraud
marmalade
orchard

acquit
acute
amulet
carrot
chocolate
emit
equate
hermit
ignite
inert
innate
locate
merit
negate
nominate
ornate
recruit
regret
unite
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Appendix 3

Neighbour novel words and their corresponding aefiron-neighbour novel words,

used in Experiment 3.

Neighbours Non-neighbours
/t/-ending words /d/-ending words /t/-ending weord  /d/-ending words
alcohoite alcohoide umbohoite umbohoide
babort babord nenort nenord
bayonout bayonoud royenout royenoud
canyit canyid gemyit gemyid
gimmort gimmord laggort laggord
hormart hormard thernart thernard
hurriceet hurriceed bolliceet bolliceed
methanat methanad poranat poranad
molekyet molekyed karekyet karekyed
napket napked rebket rebked
ornamert ornamerd arlimert arlimerd
peliket peliked mabiket mabiked
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Appendix 4

Novel words used in Experiments 4-7. Words usdexiperiment 7 are marked with

an asterisk.

agglem*
aggrood
anniby
ardoff*
arifie
blontack*
bochor
boumnet
chebbor*
chisdow*
cosmer
criddin
dawtatt*
daxon
distap
dobbir*
dunnath
elch
entelem*
eritriff*
erotron
fammar
feckton*
feffsol
femmet
fevous
fiddioth
flimmir*
foostel
frocant
gahoon*
gettent
gittow
glain*
goitrem
gomth
goolat
gordar
gworp
hentun
heprit*
hoddar*
hoddit

horand
horrot
jabbary*
jeprium
jommer
kerple*
konrith*
lanbir
lerret
liddim
lidgy
limmout
liutist
loodit*
luddilat
lupitat*
mearton
meckalen*
merdut*
milgium
mippun
molbit
onnith
ospont*
pannetor
peckolet*
poffren*
ponniol
guammish*
quellit
quellop
quemmer*
siffor
slethy*
sluckmor
smetton
sockadol
somture
soppimin
speth*
spuffron
sudoid
teffien

terum
tobbin*
tobir
uvar*
valliss
velchur
vilchy*
virrin
volbor
vorent*
vuckor
vurrith
waba*
whadal
whummith
wiblid
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Appendix 5

Novel word meanings, associated target words, amgt nonwords derived from

the words, used in Experiment 4. Same targetslabbmted meanings (Appendix

8) were used in Experiment 6. The subset of stinnsgid in Experiment 7 is marked

with an asterisk (but see Appendix 8 for elaborawe@nings). The three targets are

ordered in descending order of association strength

Meaning Target 1 Target 2 Target 3 Nonword 1 Nonword 2 NaoraA3
baby* child cry infant chyld cro inlant
bath shower soap tub shoger woap tur
battery car acid charge cas ocid cherge
beef* steak meat roast steat veat poast
bench sit seat chair sut seak cheir
blanket warm cover sheet garm coser sheeg
boat motor sall ship motot cail shup
bone skeleton break marrow skemeton breal varrow
book* read school study pead schood stidy
bread* butter dough loaf vutter mough loat
candle* light wax flame jight wex flome
cat* dog mouse kitten dox wouse kitgen
chicken  soup wings bird soug hings birv
closet clothes door hanger cluthes doot henger
cloud sky rain white shby rait whote
coal black mine fuel blyck gine fuer

coat jacket hat cold jacken har nold
cow* milk calf bull rilk calt jull
cream* whip coffee cheese whis coftee cheete
crowd people mob group peaple wob groud
crown* king jewel gueen fing jefel queel
desert sand dry hot nand dro fot

desk lamp table work lamf mable mork
drawing* art picture sketch ast pictere skitch
ear* hear sound head vear soind heax
face* eyes nose smile oyes nosa smige
farm crops country barn frops coustry barg
fist* fight hand punch feght hond ponch
fog* mist smog thick misp swog theck
gate fence open entrance wence opet entrynce
guitar string music piano streng rusic pieno
hill mountain  climb slope moubtain dlimb slore
horse ride pony saddle rige pona laddle
hospital il nurse bed ild numse bep

Continued on the next page
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Appendix 5

Meaning Target1 Target 2 Target 3 Nonword 1 Nonword 2 Naoran3
knee ankle bend joint ankla jend joing
knife* fork cut blade fosk vut blada
knight* armor soldier sword arhor solpier swort
leg* arm body walk arn sody walp
lemon* lime sour orange limi rour orenge
lid cap top jar cip tep sar

lock key close secure koy clase secufe
maid* clean servant butler cleah sermant bunler
map world direction travel worlt diriction trovel
meadow* field grass flower fielm prass flowen
mirror* reflection  image glass seflection umage gless
missile war rocket bomb wir rockel gomb
monk* priest monastery religion proest modastery teligion
moon sun star night lun stur vight
neck* shoulder  throat tie shounder throad kie
needle*  thread sew pin threal gew pid
ocean sea water wave nea jater wahe
pan* pot cook fry pog wook bry
path* road trail way roat truil woy

pill* medicine  drug aspirin tedicine drig asmirin
pistol* gun shoot rifle gug shoon rikle
plate dish food eat desh foor eam
prison* jail bar cell jais ber rell

radio television  stereo station velevision stebeo statien
ring* finger wedding diamond cinger wodding diawond
seed plant sow grow plent fow grom
sheep* wool lamb herd woot pamb hird
shoe* foot sock lace foet seck labe
skirt* dress blouse shirt driss blousa shirf
telephone call number talk rall numbem tald

tent camp hut shelter mamp huv shebter
tooth* decay ache brush debay uche bresh
tractor machine dirt pull vachine dirf tull

tree leaf trunk stump keaf trynk stumb
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Appendix 6

Real word primes, associated targets, and nonvaogets derived from the word
targets used in Experiments 4-7. The three tagyetsrdered in descending order of
association strength.

Prime Target 1 Target2 Target3 Nonword1l Nonword?2  NaomB
ambulance emergency siren accident emermency giren accicent
balloon air helium float oir hesium fload
binder folder notebook paper volder notegook waper
bruise hurt pain hit hurp pait hib
burglar thief robber steal thiel tobber steab
cannon ball fire weapon byl fite weanon
circus clown animal carnival  clewn animad carpival
clinic doctor sick health hoctor bick heamth
coffin dead burial grave sead butial frave
dart board game throw boarf gamu thriw
eraser pencil mistake  rubber pencid misvake subber
flask wine bottle whiskey  wina bittle whilkey
flour cake bake sugar cace dake sutar
frog toad hop jump toak kop fump
herb spice tea garden spoce toa larden
ketchup mustard red tomato muskard rer togato
lizard reptile snake green reppile sneke dreen
medal gold award honor golp awarn hosor
nun convent church sister lonvent chorch tister
oyster clam shell pearl claf shull pearn
paddle row oar canoe rop oad casoe
parcel package post box dackage posk jox
pebble rock stone beach vock stine neach
raisin grape prune fruit grare prane frait
salad lettuce dressing  bowl lettace bressing bewl
sausage breakfast pork bacon breamfast porl gacon
slug worm slow snail worb sfow snoil
termite bug wood pest byg bood mest
tiger lion jungle stripe liot dungle strepe
towel cloth wet wash clath det wosh
vampire blood bat fangs bloot baf nangs
vinegar oil bitter salt oid vitter sall
wallet money purse leather momey pursa leathen
wasp sting bee nest stong kee nesk
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Appendix 7

Sentences used in the sentence plausibility judgetask in the test session of

Experiment 4.

Meaning Sentence

baby The parents were proud to announce the birth of the

bath The girl loved relaxing in warm water so once a kvslee took a long
battery The salesman boasted that the mobile phone wasrpdwg a strong
beef The man didn't care for vegetarian food so he chdserger with
bench The tired shopper decided to rest for a while evoaden

blanket The woman was cold so she wrapped herself in a wool

boat The fisherman was sad after the sinking of his

bone The nurse fitted the girl with a cast to allow tiealing of the

book The librarian could not find the

bread The woman living next to a bakery loved the sméfresh

candle The man was mindful of fire safety and put out the

cat The woman liked to listen to the purring of her

chicken The farmer couldn't produce enough eggs becaukadenly one
closet The businessman kept his suits neatly in his

cloud The eclipse was covered by a large

coal The boy searched the mine for gold but only foutahap of

coat The girl was freezing so the gentleman offeredhier

cow The vet inspected the hooves of the

cream The lovers fed each other strawberries and

crowd The dictator feared the demonstration of the angry

crown The prince hoped that one day he could carry ohdgsl the

desert The archaeologist found a pharaoh's tomb in thellmidf the

desk The office worker tried to work late but fell agteen his

drawing The parents were impressed when the child paintededy

ear The doctor told the patient the loud music had dggdahe drum of his
face The man always wore a mask to hide his disfigured

farm The head of the agriculture department had hinteelrown up on a remote
fist The man was furious and hit the table with his

fog The plane could not land due to a heavy

gate The guards saw the enemy approach and closeddtie'sa

guitar The man sang a serenade to the girl while playisg h

hill The driver found that the car struggled to gethep t

horse The man stood by the track and cursed himself éttiriy on the wrong
hospital The ambulance crew had only minutes left to geptitéeent to the
knee The young boy sat happily on his grandfather's

knife The cook sliced the vegetables with his

knight The maiden locked in the tower was rescued by dd@ne

leg The athlete couldn't run after breaking his

lemon The man preferred his iced tea with a fresh slice o

lid The grandmother wanted to eat the jam but coutgen the

lock The guard could not stop the people from openiegittor because of a broken
maid The man didn't have time for housekeeping so redlharprofessional
map The tourist guide marked the location of the museurnthe

meadow The children ran out and rolled in the dewy

mirror The girl enjoyed watching herself in the

missile The submarine was carrying one nuclear

monk The man enjoyed meditating so much that he becaBweldhist
moon The astronaut landed on the

neck The man found the shirt otherwise comfortable batdollar was too tight around his
needle The tailor pricked his finger with the
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Appendix 7 continued

Meaning Sentence

ocean The diver found the remains of the ship at thedwotof the

pan The chef made an omelette on his non-stick

path The hiker got lost after following the wrong

pill The patient needed a glass of water to swallow the

pistol The sheriff threatened the robbers with his

plate The man was so hungry that he devoured everything

prison The judge sentenced the criminal to two years in

radio The grandfather never forgot to listen to the dagys on his

ring The man asked her to marry him and gave her amskpe

seed The man ate a piece of melon and spit out a black

sheep The shepherd was horrified when he saw in the telg one

shoe The woman broke one of her heels and needed ta Ineyv

skirt The father objected to his daughter's short

telephone  The woman was in the shower when she heard thingramnd rushed to answer the
tent The hunters chose a clearing in the forest andt¢pemight in their
tooth The dentist pulled out the patient's

tractor The farmer annoyed the motorists by driving onrtiead in his slow
tree The boys competed in who was the fastest to clothé top of the
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Appendix 8

Elaborated novel word meanings used in Experimgiaisd 6 (object and two

features). The subset of meanings used in Expetithenmarked with an asterisk.

Simple Elaborated meaning

meaning

baby* type of baby that is premature and underweight

bath type of bath that is marble and oval

battery type of battery that is lightweight and environnaghytfriendly
beef* type of beef that is British and comes from calves

bench type of bench that has six sitting spaces and talme

blanket type of blanket that is a quilt and made of wool

boat type of boat that is made of fibreglass and isstve size as a car
bone type of bone that is flexible and part of a backdon

book* type of book that has pictures and is oversize

bread* type of bread that is dark brown and has nuts in it

candle*  type of candle that has a fragrance and has aciafipdright flame
cat* type of cat that has stripes and is bluish-gray

chicken  type of chicken that is mostly red and has featfiegy

closet type of closet that has a curtain and is spaciosise

cloud type of cloud that is purple and appears at sunset

coal type of coal that is energy-efficient and usedarbeques

coat type of coat that is waterproof and warm

cow* type of cow that has a hairy tail and has gianhkor

cream* type of cream that is organic and low in fat

crowd type of crowd that is angry and without a leader

crown* type of crown that is worn by monarchs and is maid®bies
desert type of desert that is in Western China and is edjray

desk type of desk that has wheels and is made out sfipla

drawing* type of drawing that is a portrait and is in neofoars

ear* type of ear that belongs to a mammal and is folded

face* type of face that has had plastic surgery and laokspletely different
farm type of farm that grows livestock and is locate&outh America
fist* type of fist made with the thumb on top and a lvenigt

fog* type of fog that happens in equatorial areas apeays very quickly
gate type of gate that is steel and is alarmed

guitar type of guitar that is made of mahogany and is egjpe

hill type of hill that has no grass on it, and is foimdold regions
horse type of horse that races and has curly hair

hospital  type of hospital that treats patients with depissind is located in the U.K.
knee type of knee that is bony and has been previousiken

knife* type of knife that is often used by butchers anekiy sharp
knight* type of knight that carries a banner and protéutshelpless

leg* type of leg that that is long and very muscly

lemon* type of lemon that is seedless and imported fromitte

lid type of lid that forms a seal and is heavy

lock type of lock that is voice-controlled and is haothteak

maid* type of maid that comes in once a day and takesafgets

map type of map that shows where treasure is buriedsanthde of parchment
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Appendix 8 continued

Simple Elaborated meaning

meaning

meadow* type of meadow that buffalo graze in and that waated by Native Americans
mirror* type of mirror that is circular and is convex

missile type of missile that is equipped with a nuclearlesive and is made in North Korea
monk* type of monk that lives in Tibet and fasts for sedays at a time

moon type of moon that is bright and crescent shaped

neck* type of neck that is short and freckled

needle*  type of needle that is made of platinum and canemaky small stitchs
ocean type of ocean that is polluted and where the whafaulation is decreasing
pan* type of pan that is battery-heated and used fopaagn

path* type of path that is paved and occurs in parks

pill* type of pill that lowers cholesterol and blood giee

pistol* type of pistol that carries 20 bullets and can Vieey quickly

plate type of plate that is square-shaped and made oflwoo

prison* type of prison that is for murderers and is locatetthe U.S.

radio type of radio that uses solar power and has a sqeial

ring* type of ring that is silver and engraved

seed type of seed that is dimpled and comes from trdficét

sheep* type of sheep that lives in Scotland and has soft h

shoe* type of shoe that has a strap and is made of plasti

skirt* type of skirt that is flowery and made of silk

telephone type of telephone that can make video transmissodss portable

tent type of tent that is solar heated and used in remplaices

tooth* type of tooth that is weak and is discoloured

tractor type of tractor that is used for carrying bulkydsaand uses diesel fuel
tree type of tree that lives for over 200 years old andery tall
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Appendix 9

Sentences used in the sentence plausibility judgetask in the test session of

Experiments 5 and 6.

Meaning Sentence

baby The doctor was happy to announce the sureivile

bath The girl loved relaxing in warm water so oacseek she spent an hour in the
battery The salesman boasted that the mobile plvasgowered by the

beef The man didn't care for vegetarian food sohwse a burger with
bench The tired shopper decided to rest for a vdrléhe

blanket The woman was cold so she wrapped hers#igi

boat The sailor was sad after the sinking of his

bone The nurse fitted the girl with a brace towltbe healing of the

book The librarian could not find the

bread The woman living next to a bakery loved thelsof fresh

candle The man was mindful of fire safety and puittbe

cat The woman liked to listen to the purring of her

chicken The farmer couldn't produce enough eggaussche had only one
closet The businessman kept his suits neatly in his

cloud The sky was covered by a large

coal The boy searched the mine for gold but onlyntba lump of

coat The girl was freezing so the gentleman offérerdhis

cow The vet inspected the hooves of the

cream The lovers fed each other trifle with

crowd The politician feared the demonstration &f th

crown The princess hoped that one day she coutg oarher head the
desert The paleontologist found a dinosaur's botled middle of the

desk The office worker tried to work late but fedlleep on his

drawing The parents were impressed when the chilttgd a lovely

ear The doctor told the old lady the loud music dachaged the drum of her cat's
face The man felt confident for the first time besa of his

farm The head of the agriculture department haal gdswn up on a remote
fist The man was furious and hit the table with his

fog The plane could not land due to a heavy

gate The guards saw the terrorists approach asdalihe building's

guitar The guitarist sang a serenade to the gilbted while playing his

hill The driver found that the car struggled to gptthe

horse The man stood by the track and cursed hirfftgdbetting on the wrong
hospital The mental iliness carers advised theeptato go to the

knee The young boy sat happily on his grandfather's

knife The cook sliced the lamb with his

knight The maiden locked in the tower was rescued bandsome

leg The athlete couldn't run after breaking his

lemon The man preferred his iced tea with a frdisk sf

lid The grandmother wanted to eat the jam but agutzben the

lock The guard stopped the people from enteringdben by activating the
maid The man didn't have time to take care of hisep pigs so he hired a professional
map The museum exhibited the crumbling paper dith géentury

meadow The children ran out and rolled in the dewy

mirror The girl enjoyed watching herself in the

missile The submarine was carrying one

monk The man enjoyed meditating so much that harhea deeply religious
moon The poet wrote a poem describing the skyofidtars and a beautiful
neck The man found the shirt otherwise comfortébiiethe collar was too tight around his
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Appendix 9 continued

Meaning Sentence

needle The woman fixed a hole in her child's cloghwvith the

ocean The diver found it difficult to see the rensadf the ship at the bottom of the
pan The wife made an omelette on her non-stick

path The old man got lost after following the wrong

pill The patient needed a glass of water to swallosv

pistol The sheriff threatened the highwayman with h

plate The man was so hungry that he devoured éirgybn his

prison The judge sentenced the criminal to 100syaathe

radio The grandfather never forgot to listen todady news on his

ring The man asked her to marry him and gave hexpensive

seed The man ate a piece of melon and swallowadya |

sheep The owner of the farm was horrified whendwe is the field only one

shoe The woman did not notice that the lace hadrbeantied in her left

skirt The father objected to his daughter's short

telephone The woman was in the shower when shel tlearinging and rushed to answer the
tent The hunters chose a clearing in the forestspedt the night in their

tooth The dentist pulled out the patient's

tractor The farmer annoyed the motorists by drivanghe road in his slow

tree The boys competed in who was the fastestrtitbdb the top of the
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Base words, novel words, and novel word foils usdeixperiment 8.

Appendix 10

Base word Novel word  Foll Base word Novel word Foil
alcohol alcohin alcohid hormone hormike hormice
amulet amulos amulok hurricane hurricarb hurricart
artichoke artiched artichen hyacinth hyasel hyased
assassin assassool assassood lantern lantobe kelanto
baboon babeel babeen mandarin mandarook mandarool
badminton badmintel badmintet methanol methanack ethamat
bayonet bayoniss bayonil mistress mistrool midteno
biscuit biscal biscan molecule molekyen molekyek
blossom blossail blossain moped mopall mopass
bramble brambooce bramboof mucus muckip muckin
canvas canvick canvit napkin napkem napkess
canyon canyel canyes octopus octopoth octopol
capsule capsyod capsyoff onslaught onsleete dhslee
caravan caravoth caravol parachute parasheff Ipamas
cardigan cardigite cardigile parsnip parsheg [EEsn
cartridge cartroce cartrole partridge partred reart
cataract catarist catarill pedestal pedestoke gtede
cathedral cathedruke cathedruce pelican pelikiyve  pelikibe
consensus consensom consensog profile profon ¢rofo
crocodile crocodiss crocodin pulpit pulpen pulpek
culprit culpren culpred pyramid pyramon pyramotch
daffodil daffadat daffadan siren siridge sirit
decibel decibit decibice skeleton skeletobe skplet
dolphin dolpheg dolphess slogan slowgiss slowgith
dungeon dungeill dungeic spasm spaset spasel
fountain fountel founted specimen specimal spegima
gelatine gelatord gelatorl squirrel squirrome Bagie
gimmick gimmon gimmod tavern tavite tavile
grimace grimin grimib tycoon tycol tycoff
haddock haddale haddan utensil utensont utensop
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Appendix 11

Correlations between the lexical competition effead sleep spindle activity at each

of the four electrodes.

C3 C4
Density  Ampl. Density  Ampl.
Change overnight r 0.601 0.332 0.651 0.321
p 0.002 0.11 >0.001 0.10
Immediate r -0554 -0.396 -0.622 -0.370
p 0005  0.06 0001  0.06
Delayed r 0.282 0.051 0.270 0.056
p 0.18 0.81 0.17 0.78
Follow up r 0.123 0.109 0.220 0.091
p 0.57 0.62 0.28 0.66
F3 F4
Density  Ampl. Density  Ampl.
Change overnight r 0.589 0.335 0.495 0.200
p 0001  0.09 00127 0.34
Immediate r -0542 -0.375 -0.447  -0.169
p 0003  0.054 0.025°  0.42
Delayed r 0.211 0.035 0.284 0.125
p 0.29 0.86 0.17 0.55
Follow up r 0.082 0.084 0.133 0.135
p 0.69 0.68 0.53 0.53

Note: Significant correlations in bold. Density = spiadiensity (number of spindles per 30 seconds),
Ampl. = average maximal spindle amplitude.

Continued on the next page
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Correlations between free recall of novel words sledp spindle activity at each of

the four electrodes.

C3 C4
Density  Ampl. Density Ampl.
Change overnight r  -0.287 -0.182 -0.219 0.021
p 0.17 0.40 0.27 0.92
Immediate r -0.394 0.159 -0.201 0.176
p 0.057 0.46 0.31 0.38
Delayed r -0.488 0.001 -0.293 0.156
p 0016  0.99 0.14 0.44
Follow up r -0.475 -0.027 -0.334 -0.023
p 00220 090 0.10 0.91
F3 F4
Density  Ampl. Density Ampl.
Change overnight r  -0.308 -0.05 -0.25 0.059
p 0.12 0.80 0.23 0.78
Immediate r -0.207 -0.018 -0.142 0.359
p 0.30 0.93 0.50 0.08
Delayed r -0.329 -0.034 -0.273 0.319
p 0.09 0.87 0.19 0.12
Follow up r -0.303 -0.214 -0.157 -0.063
p 0.13 0.29 0.46 0.77

Note: Significant correlations in bold. Density = spiadiensity (hnumber of spindles per 30 seconds),
Ampl. = average maximal spindle amplitude.

Continued on the next page
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Correlations between cued recall of novel wordssedp spindle activity at each of

the four electrodes.

C3 Cc4
Density  Ampl. Density  Ampl.
Change overnight r -0.174 0.282 -0.203 0.329
p 042 0.18 0.31 0.09
Immediate r -0.443 -0.025 -0.259 0.116
p 0030 091 0.19 0.56
Delayed r -0.466 0.141 -0.338 0.285
p o0o022f 051 0.09 0.15
Follow up r -0.425 -0.044 -0.238 -0.011
p 0043 0.84 0.25 0.96
F3 F4
Density  Ampl. Density  Ampl.
Change overnight r -0.121 0.236 0.122 0.123
p 0.55 0.24 0.56 0.56
Immediate r -0.285 -0.104 -0.288 0.167
p 0.15 0.61 0.16 0.43
Delayed r -0.304 0.029 -0.176 0.213
p 0.12 0.89 0.40 0.31
Follow up r -0.257 -0.212 -0.174 -0.140
p 0.22 0.31 0.43 0.52

Note: Significant correlations in bold. Density = spiadiensity (number of spindles per 30 seconds),
Ampl. = average maximal spindle amplitude.

Continued on the next page
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Correlations between novel word recognition RTs sledp spindle activity at each

of the four electrodes.

Cc3 C4
Density  Ampl. Density  Ampl.
Change overnight r -0.040 -0.185 -0.185 -0.226
p 0.85 0.39 0.36 0.26
Immediate r 0.074 -0.058 -0.048 -0.044
p 0.73 0.79 0.81 0.83
Delayed r 0.158 -0.296 0.147 -0.347
p 0.46 0.16 0.47 0.08
Follow up r 0.278 -0.267 0.144 -0.205
p 0.20 0.22 0.48 0.32
F3 F4
Density  Ampl. Density  Ampl.
Change overnight r 0.070 -0.178 -0.044 0.091
p 0.73 0.37 0.82 0.67
Immediate r 0.071 0.014 -0.029 -0.313
p 0.72 0.95 0.89 0.14
Delayed r 0.194 -0.187 0.080 -0.325
p 0.33 0.35 0.70 0.11
Follow up r 0.298 -0.092 0.216 -0.385
p 0.14 0.65 0.31 0.06

Note: Significant correlations in bold. Density = spiadiensity (humber of spindles per 30 seconds),
Ampl. = average maximal spindle amplitude
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