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ABSTRACT

Seven experiments examined phonological word-f@anring (i.e., the learning
of novel wordlike sound patterns) after differiypés of training. In each case, learning
at the end of training was assessed via stem camplgbility. Experiment 1 presented
participants with eleven epochs of listening anuketing (incidental phonological
learning) and found significant stem completionigbiThe results of Experiment 2
showed greater stem completion ability after elemeochs of listening and repeating
along with repeated stem completion testing (dediteephonological learning).
Experiment 3 replicated results from Experimengnd 2 in a within-subject design and
demonstrated that deliberate phonological learmgngm-specific and not merely the
result of generalized task facilitation. Experiménmheasured stem completion ability
after one hundred epochs of incidental phonolodeaining and found that it remained
lower than after only eleven blocks of deliberate@mological learning in Experiments 2
and 3. Experiments 5, 6, and 7 utilized monosidlalbbnword stimuli, in contrast to the
disyllabic nonword stimuli utilized in the first o experiments, and replicated the
overall results from Experiments 1, 2, and 3, respely. Taken together, these results
suggest that incidental phonological learning dossyield full mastery of phonological

word-forms.
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INTRODUCTION

The ability to use language is widely regardedhasmost uniquely defining
aspect of human cognition. However, the developratl@anguage usage is critically
dependent on the ability to learn new words. Ewesyd we currently know was at one
time unfamiliar or novel to us, and hence likeoaword — a possibly, but non-occurring
word-like sound pattern, avord-form, of the language (Gathercole, 2006). This link
provides motivation for studying nonword processangl learning as an entry point into
studying our ability as humans to learn words.

In the process of learning a new word, the langsygeem must form an internal
representation of the sequence of sounds that ceeniie word (itghonology), an
internal representation of the meaning ¢gsantics), and a link between the two
representations (e.g., Saussure, 1916; DesrocheéBexg, 1987). It is important to note
here that a phonological word-form representat@m exist independent of semantic
information just as a semantic representation g&t mdependent of phonological
information. However, a link between the two repraations allows one to activate the
other. The ability for information to flow from thghonological word-form
representation to the semantic representatiomnseid receptive. In contrast, the ability
for information to flow from the semantic repressian to the phonological word-form
representation is termed expressive. These twetdires of information flow are doubly
dissociable, such that exposure to phonologicaikedge facilitates expressive learning,
but not receptive learning, and exposure to sem&nbwledge facilitates receptive
learning, but not expressive learning (Gupta, 2005)

Creating the phonological word-form representationstitutegphonological
learning. There are a number of ways in which one can agdemological learning in
an experimental task. One way is to use a recept@gnition task in which participants

learn nonword-picture pairs and subsequently atedeon their ability to choose the



appropriate picture that was previously paired aithiven nonword. Another way to
assess phonological learning experimentally isstoan expressive recall task in which
participants learn nonword-picture pairs and subsetly are tested on their ability to
produce the appropriate nonword that was previopaised with a given picture.
However, neither of these tasks is a purely phagios learning assessment in that both
require learning the word-form as well as the petand the link between the two (at
least to some extent).

Fortunately, phonological learning can be indepahdéany semantic
information, as various researchers have discugssuas, Gupta, and Khetarpal, 2008;
Dell, et al., 2000; Gupta and Cohen, 2002; and &apt Dell, 1999). Again, there are a
number of ways in which on can train and assesagdbgical learning in an
experimental task. One such training task thatleas extensively used is phoneme
monitoring (Davis, et al., 2009; Gaskell and Dunm303; Leach and Samuel, 2007;
Lindsey and Gaskell, 2009; and Tamminen and Gaskali8), during which participants
indicate whether a target phoneme is present @analis each nonword they hear. A
second training task is to merely have participéistesn and immediately repeat each
nonword they hear (Abbs, Gupta, and Khetarpal, 2@a8hercole, 2006; Gupta and
Cohen, 2002; Gupta and Dell, 1999; and TamminenGaskell, 2008).

In addition, there are a number of ways in whicdeegchers have assessed
phonological learning after training. For examppeg-alternative forced choice
recognition memory tests have been used to shavatte training participants are
accurate at remembering which nonwords they wereigusly exposed to (Davis, et al.,
2009; Gaskell and Dumay, 2003; Lindsey and GasRe09; and Tamminen and
Gaskell, 2008). A second popular assessment isitiepdatency, which is a measure of
the duration of time it takes the participant toniediately repeat the nonword they just
heard. As a stimulus is learned, not only does ithate repetition accuracy improve, but

repetition latency decreases (Dauvis, et al., 2@fta & Cohen, 2002; and Gupta &



Dell, 1999). The third assessment that is widebdus lexical competition (Davis, et al.,
2009; Gaskell and Dumay, 2003; Lindsey and GasReé09; and Tamminen and
Gaskell, 2008). In this case, each trained nonwopthonologically similar to a known,
real word (e.g.cathedruke andcathedral). Evidence of lexical competition is in the form
of slowed lexical decision latencies to the prese®g words compared to a baseline.

Despite the substantive research utilizing thesthoa®logies, both of the
training tasks are by design limited to incidemgalning (i.e., learning from mere
exposure) and all of the assessments are weaklioeehtests of phonological learning.
First, research has shown that the effortful re&ienvolved in testing enhances memory
(Carrier and Pashler, 1992; and Karpicke and RodRf¥08). Thus, a training task that
includes repeated testing of some sort would niksityllead to better phonological
learning than mere exposure. Second, it is notqudaitly clear how well the nonwords
have been learned in order to support performantees assessments utilized in previous
research. In other words, how robust does the newiged phonological word-form
need to be to support recognition, faster procgssinlexical competition?

The current research takes the first step towasdanng this question by
comparing phonological learning resulting from demtal learning to that from
deliberate learning. It is important to clarify Behat incidental learning and deliberate
learning are not necessarily two opposing entibescan be though of along a single
continuum of factors that make learning more os #sliberate. In order to compare
phonological learning across the two types of trgrairly, the same assessment will be
used to measure learning achieved by the end bfteaiaing task.

Stem completion ability is the measure of phonaabiearning utilized in the
current research for a number of reasons. First well established that when given the
beginning of a real word (i.e., a stem), languaggrsican retrieve the entire word from
long-term memory to complete the stem. Second, stanpletion ability is a direct

measure of expressive, rather than receptive, pbgital learning. Third, it is a purely



phonological measure (i.e., it does not requirdehening of addition semantic
information). Lastly, it does not limit nonwordmsitli to those that are phonological
neighbors of known, real words.

The goal of this research project is to investigdtenological word-form
learning, independent of semantics, after diffetyyges of training. Experiment 1
examines incidental phonological learning, whilgEsment 2 examines deliberate
phonological learning. Experiment 3 examines botidental and deliberate
phonological learning in a within-subject desigraddition to investigating whether
deliberate phonological learning is item-specifici ot merely the result of generalized
task facilitation. Experiment 4 examines extensnggdental phonological learning.
Experiments 5, 6, and 7 are direct replicationgxgeriments 1, 2, and 3, respectively,

utilizing nonwords of a different syllable length.



LEARNING DISYLLABIC NONWORDS

Experiment 1

The purpose of this experiment is to establish idreincidental phonological
learning supports stem completion ability. Inciggmthonological learning is
operationalized as “listen and repeat” in the eixpental task. Phonological learning is
assessed with respect to stem completion accutdhg and of the task. Thus,
assessment is of the learning achieved by the etk dask (i.e., after multiple

exposures) and not the process of learning ovex (ira., across multiple exposures).

Method

Participants

Twelve members of the University of lowa commumggeived credit toward
their Elementary Psychology course for their pgoéiton. All were native speakers of

English and reported having normal hearing and aboncorrected-to-normal vision.

Experimental Task

The experimental task consisted of eleven epodhes fifst ten epochs were
comprised of an exposure phase, while the finatlkepeas comprised of an exposure
phase followed by a test phase. During the expqsuases, the participant’s task was to
listen and then repeat each nonword aloud immddiateer its presentationrfimediate
repetition). During the test phase, the participant’s task teasay the entire nonword
aloud when given only the beginning of the nonw@tdm completion). Thus, immediate
repetition accuracy was assessed across epoche,stdm completion accuracy was
assessed only in the final epoch. In additionstathuli occurred in each of the eleven

epochs K(epeating items).



Stimuli

Auditory stimuli were disyllabic nonwords recordeyl a female native speaker of
American English. Possible phonemes were restrict¢ldose used in the American
English language and the combination of phonentessyllables and syllables into
word-forms were limited to those that are legahi@ language. Thus, all nonwords were
possible, but non-occurring word-forms. In addititire vast majority of the nonwords
consisted of a CV CVC syllable structure. The aigyiation from this syllable structure
came in the form of r-colored vowels, resultingsome nonwords with a CVC CVC
syllable structure.

The resulting corpus of 200 nonwords was recoraelpaocessed — 8 of which
were designated to be practice items and 16 oflwivgre designated to be target or
repeating items for all subsequent experimentué\for the stem completion test was
also recorded and processed for each nonword. ddeansisted of the first syllable of
the nonword. For instance, if the nonword wasdbk/, the stem completion cue would
be /.

All stimuli were recorded within a carrier sentengceontrol for some of the
variations in natural speech. Multiple instancesaxh stimulus were recorded and the
clearest exemplar was chosen for processing. Osekeated stimulus was spliced out of

the carrier sentence, the average intensity wdsdsta 65dB.

Stimuli Lists

Stimuli lists for each of the eleven exposure phasel the single test phase were
generated by randomly ordering the sixteen repgatimwords and stem completion
cues, respectively. This randomization procedurg deme twice, resulting in two

versions of the task that differed only in the @ngewhich the stimuli were presented.



Procedure

Participants were seated a comfortable distanee &@computer monitor with the
keyboard and mouse off to the side for the expartereo use. Auditory stimuli were
presented over headphones and participants’ reepavere digitally recorded via a
desktop microphone.

Throughout the experiment, the appearance of aatembss on the computer
screen was used to cue the participant for theparse. The cross appeared immediately
after the offset of each nonword in the exposugEsph and each stem completion cue in
the test phases. During exposure phases, partisipaane given approximately 2500ms
for immediate repetition before the next nonword\weesented. During test phases,
participants were given unlimited time to make thesponse. This was implemented
with a key press or mouse click by the experimeta@nd a given test trial. Participants
were verbally encouraged by the experimenter toentla&ir best guess on any item for
which their response was initially “I don’t know.”

Participants were instructed at the beginning efakperiment that they will hear
a number of nonwords one at a time through theteates and each time the cross
appears on the computer screen, their task iptatehe nonword aloud as quickly and
accurately as possible. The experimenter provitefication as needed. In addition,
participants completed one epoch comprised of gitdattice trials (exposure phase only,
no test phase) for familiarization with the taskl avere provided with a second
opportunity to ask any questions. At the beginrohgach exposure phase, the following
instructions were displayed as a reminder: “pleapeat these nonwords as quickly and
as accurately as you can”.

Directly preceding the stem completion test ateheé of the task, participants
were instructed that they will hear the first pafrone of the nonwords they just repeated
and their task is to say the entire nonword aldméddition, participants were provided

with an example of a stem completion cue and apjai@presponse. Again, the



experimenter provided clarification as needed.h&tlheginning of the test phase, the
following instructions were displayed as a remindeow you will be tested on these
nonwords”. Furthermore, each stem completion tedtliegan with the following

prompt: “please say the nonword that begins with...”.

Scoring

Accuracy in immediate repetition and stem compflet@s scored by three
procedures. For all scoring procedures, any tnalvbich the participant self-corrected,
only the participants’ final response was scoradhe first scoring procedure, the
experimenter scored each item as correct or incoduing the experimental session
(online scoring). Online scoring was binary, such that for an iterbe scored as correct
it must contain all of the correct phonemes indbeect sequence, and thus represents
holistic accuracy. Since experimenters can diffigheir threshold for considering an
item holistically correct and scoring items durthg experimental session is constrained
(e.g., items must be scored immediately and cao@ogplayed), experimental sessions
were digitally recorded to enable more rigorougisgpat the level of individual
phonemes. In the second scoring procedure, eanhwtes transcribed from the digital
recording and subsequently each phoneme was sasm&atrect or incorrecplfoneme
scoring). Phoneme scoring was binary at the level of iindial phonemes, but represents
the proportion of correct phonemes in the correquence at the level of item (i.e.,
nonword). The third scoring procedure utilized tfaascriptions of each item, but was
binary, such that for an item to be scored as coirenust contain all of the correct
phonemes in the correct sequence, and thus repsdsaistic accuracyhplistic

scoring).



Results

Immediate Repetition Accuracy

Online scoring immediate repetition accuracy acegsschs was assessed with a
one-way repeated measures ANOVA, which revealegrafisant effect of epoch (F(10,
110) = 2.0755, p < .05). Across participants, ageranline scoring immediate repetition
accuracy was above 90% correct for each epochimgufigm approximately 90%
correct to approximately 93% correct, with the gt of the first epoch (M
86.97%). Furthermore, Tukey post-hoc tests reveakggnificant difference only
between the first epoch and the second epoch@p)<and the first epoch and the nineth
epoch (p < .05).

Phoneme scoring immediate repetition accuracy a@pechs was also assessed
with a one-way repeated measures ANOVA, which re¢ka significant effect of epoch
(F(10, 110) =1.9182, p < .05). Across participaaterage phoneme scoring immediate
repetition accuracy was above 90% correct for epdth, ranging from approximately
90% correct to approximately 92% correct. Furtheendukey post-hoc tests revealed
no significant differences between epochs (p >fo@®ach).

Holistic scoring immediate repetition accuracy asrepochs was assessed with a
one-way repeated measures ANOVA, which revealesigroficant effect (p > .05).
Across participants, average holistic scoring imiakedrepetition accuracy for each

epoch ranged from approximately 77% correct to @aprately 84% correct.

Stem Completion Accuracy

Online scoring stem completion accuracy in the ey epoch (Figure 1) was
assessed with a one sample t-test, which reveaaphdicant difference from zero (t(11)
= 3.0225, p < .05). However, across participantsrage online scoring stem completion

accuracy in the eleventh epoch was only approximagé correct.
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Phoneme scoring stem completion accuracy in theeeth epoch (Figure 2) was
assessed with a one sample t-test, which revealstgnificant difference from fifty
percent (p > .05). Furthermore, across participavsrage phoneme scoring stem
completion accuracy in the eleventh epoch was approximately 54% correct.

Holistic scoring stem completion accuracy in thevehth epoch (Figure 3) was
assessed with a one sample t-test, which reveaaphdicant difference from zero (t(11)
= 3.0844, p < .05). However, across participantsrage online scoring stem completion

accuracy in the eleventh epoch was only approxim&8é correct.

Discussion

The goal of this experiment is to establish whetheidental phonological
learning supports stem completion ability and ressimidicate that it does. Phoneme
scoring results in the final epoch indicate thaewlparticipants were given the stem,
they were able to produce the entire nonword wothes accuracy, on average correctly
producing 3 of the phonemes. However, this is agprately equivalent to correctly
reproducing only the stem for each nonword. Furtizee, holistic and online scoring
results in the final epoch indicate that when gitlestem, participants were able to
produce only a few of the nonwords without any esron average only 1-2 of the 16
nonwords.

In addition, immediate repetition accuracy acrgsscas was relatively high,
which is to be expected given that the task amdustiare not particularly difficult.
Phoneme scoring results indicate that participaet® able to reproduce stimuli with a
high degree of accuracy, on average erring on @iyphoneme in a given nonword.
Holistic scoring results indicate that participawesre able to reproduce the majority of
stimuli without any errors, on average erring oty@i4 of the 16 nonwords. Online
scoring results indicate an even lower error rapgroximately 1-2 of the nonwords. This

discrepancy is likely due to slight differencesach experimenter’s threshold for
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considering an item holistically correct and thet that scoring items during the
experimental session is constrained (e.g., items meiscored immediately and cannot

be replayed).

Experiment 2

The purpose of this experiment is to establish hwredleliberate phonological
learning supports stem completion ability and whethleads to greater stem completion
ability than incidental phonological learning. Dxdrate phonological learning is
operationalized as a combination of “listen anceegpand repeatedly testing stem
completion ability in the experimental task. Instisease, phonological learning is assessed
with respect to stem completion accuracy throughioeitask. Thus, assessment is both
of the learning achieved by the end of the task, (after multiple exposures) and the

process of learning over time (i.e., across mudtgtposures).

Method

Participants

Twelve members of the University of lowa commumggeived credit toward
their Elementary Psychology course for their pgoéiton. All were native speakers of

English and reported having normal hearing and aboncorrected-to-normal vision.

Experimental Task

As in Experiment 1, the experimental task consisfegleven epochs; however,
in the current experiment each epoch was compatad exposure phase followed by a
test phase. Thus, both immediate repetition acguaad stem completion accuracy were
assessed across epochs. As in Experiment 1,rallistvere repeating items that

occurred in each of the eleven epochs.
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Stimuli
The auditory stimuli were identical to those uglizin Experiment 1. More

specifically, the same exact practice items anda#pg items were utilized.

Stimuli Lists

Stimuli lists for all of the exposure phases areltést phase in the eleventh epoch
were identical to those in Experiment 1. More sfieddly, the order in which the stimuli
were presented was exactly the same for both ditberersions. Stimuli lists for the test
phases in the first ten epochs were generatednupnaly ordering the stem completion

cues. This randomization procedure was done onceafth of the two versions.

Procedure

The procedure was identical to that of Experimewith the following few
exceptions. First, participants received all instians at the beginning of the experiment,
including that presentation and testing procedui#sepeat. Second, the practice epoch
was comprised of an exposure phase followed bgtaptease. Third, to account for the
time-delay in Experiment 1 during which particip;néad the instructions for the stem
completion test, participants were instructed tra short passage about Herman

Ebbinghaus and answer a question about its content.

Scoring

The scoring procedures were identical to thosexpeEment 1. In short, online
scoring represents holistic accuracy scored duhagxperimental session, phoneme
scoring represents the proportion of correct phaseim the correct sequence, and
holistic scoring represents holistic accuracy basethe transcriptions of individual

phonemes.
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Results

Immediate Repetition Accuracy

Online scoring immediate repetition accuracy acegsschs was assessed with a
one-way repeated measures ANOVA, which revealesigroficant effect (p > .05).
Across participants, average online scoring imntedi@petition accuracy was above
90% correct for each epoch, ranging from approxaiye@0% correct to approximately
95% correct.

Phoneme scoring immediate repetition accuracy a@pechs was also assessed
with a one-way repeated measures ANOVA, which redeao significant effect (p >
.05). Across patrticipants, average phoneme scamniediate repetition accuracy was
above 95% correct for each epoch, ranging fromapprately 97% correct to
approximately 99% correct.

Holistic scoring immediate repetition accuracy asrepochs was assessed with a
one-way repeated measures ANOVA, which revealesigroficant effect (p > .05).
Across participants, average holistic scoring imiaedrepetition accuracy was above
90% correct for each epoch, ranging from approxaéiye@2% correct to approximately

96% correct.

Stem Completion Accuracy

Online scoring stem completion accuracy acrosshep@égure 4) was assessed
with a one-way repeated measures ANOVA, which re¢ka significant effect (F(10,
110) = 12.324, p < .05). Across patrticipants, ageranline scoring stem completion
accuracy increased from approximately 3% correthénfirst epoch to approximately
28% correct in the eleventh epoch.

Phoneme scoring stem completion accuracy acroshsgbigure 5) was
assessed with a one-way repeated measures ANOMah wdvealed a significant effect

(F(10, 110) = 15.419, p < .05). Across participaaterage phoneme scoring stem
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completion accuracy increased from approximatebp &brrect in the first epoch to
approximately 67% correct in the eleventh epoch.

Holistic scoring stem completion accuracy acrosxhp (Figure 6) was assessed
with a one-way repeated measures ANOVA, which redka significant effect (F(10,
110) = 11.974, p < .05). Across patrticipants, agefaolistic scoring stem completion
accuracy increased from approximately 3% correthénfirst epoch to approximately

28% correct in the eleventh epoch.

Discussion

The goal of this experiment is to establish whettediberate phonological
learning supports stem completion ability and whethleads to greater stem completion
ability than incidental phonological learning, aegdults indicate that it does. Phoneme
scoring results indicate that when participantsengven the stem, they were able to
produce the entire nonword with some accuracyvenage correctly producing 3 of the
phonemes in the first epoch and 4 of the phonem#weifinal epcoh. However, this is
only slightly better than correctly reproducing wtthe stem for each nonword. Perhaps
more informative, holistic and online scoring résuhdicate that when given the stem,
participants were able to produce very few, if afythe nonwords without any errors in
the first epoch, on average only 0-1 of the 16 nmals; however, they were able to
produce on average 4-5 of the 16 nonwords withoytearors in the final epoch.

In addition, immediate repetition accuracy acrgsscas was relatively high,
which is to be expected given that the task amdustiare not particularly difficult.
Phoneme scoring results indicate that participaset® able to reproduce stimuli with a
high degree of accuracy, on average erring on @iyphoneme in a given nonword.
Holistic and online scoring results indicate thattgipants were able to reproduce the

majority of stimuli without any errors, on averageing on only 1-2 of the 16 nonwords.
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Experiment 3
The purpose of this experiment is two-fold: 1) stablish that deliberate

phonological learning leads to greater stem conguiegbility than incidental
phonological learning in a within subjects designd 2) to establish whether such
phonological learning is item-specific or refletask facilitation of general stem
completion ability. As in Experiment 1, incidenpdonological learning is
operationalized as “listen and repeat” in the eixpental task and phonological learning
is assessed with respect to stem completion altlitie end of the task. As in
Experiment 2, deliberate phonological learningpsrationalized as a combination of
“listen and repeat” and repeatedly testing stempietion ability in the experimental task
and phonological learning is assessed with respestem completion accuracy

throughout the task.

Method

Participants

Twelve members of the University of lowa commumggeived credit toward
their Elementary Psychology course for their pgoéiton. All were native speakers of

English and reported having normal hearing and aboncorrected-to-normal vision.

Experimental Task

As in Experiment 2, the experimental task consisfegleven epochs, which were
each comprised of an exposure phase followed bgtgphase. However, whether stimuli
occurred in each epoch was crossed with whethauBtwere cued and subsequently
tested, resulting in four stimuli conditions: {Epeating cued, (2) repeating uncued, (3)
unigue cued, and (4)unique uncued. More specifically, stimuli in the repeating
conditions were items that occurred in the expoptigse of every epoch (a total of

eleven times across the entire experiment); whestiasuli in the unique conditions
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were items that occurred in the exposure phasgauftly one epoch (a total of one time
across the entire experiment). Stimuli in the c{agdl subsequently tested) conditions
were items that were tested in the same epoch ichvthey were included in the
exposure phase; whereas, stimuli in the uncuedgabsequently not tested) conditions
were items that were never tested. In the testgpbbthe final epoch, all stimuli were

tested, regardless of stimuli condition.

Stimuli

The auditory stimuli were identical to those uglizin Experiments 1 and 2 with a
single exception. The same exact practice itemggmehting items were utilized;
however, the previously unutilized 176 nonwordshi& corpus were designated to be

unique items.

Stimuli Lists

Prior to creating stimuli lists, half of the sixtegepeating items were randomly
assigned to the repeating cued condition, whileother half were assigned to the
repeating uncued condition. This assignment praeedas done three times, resulting in
three versions of item assignment. An additionadehversions were created by simply
flipping the condition assignments. Thus, acrosssiik versions, each item occurred in
the repeating cued condition three times and in&peating uncued condition three
times. In addition, sixteen of the unique itemsevemdomly assigned to each of the
eleven epochs. Within each epoch, half of the sixienique items were randomly
assigned to the unique cued condition, while themohalf were assigned to the unique
uncued condition. This assignment procedure was dontimes, resulting in six
versions of item assignment. Overall, this resuited total of thirty-two stimuli per
epoch: eight repeating cued, eight repeating unaigtt unique cued, and eight unique

uncued.
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Stimuli lists for each of the eleven exposure phasel the test phase in the
eleventh epoch were generated by randomly ordénmghirty-two nonwords and stem
completion cues, respectively. Stimuli lists foe tiest phases in the first ten epochs were
generated by randomly ordering the stem completigs for the eight repeating cued
and eight unique cued stimuli. This randomizatioocpdure was done once for each of

the six versions.

Procedure
The procedure was identical to that of ExperimewitR a single exception. The
instructions at the beginning of the experimenbinfed participants that nonwords

presented with a green-colored screen would bedestthe following test phase.

Scoring

The scoring procedures were identical to thosexpeEments 1 and 2. In short,
online scoring represents holistic accuracy scdrgthg the experimental session,
phoneme scoring represents the proportion of copte@anemes in the correct sequence,
and holistic scoring represents holistic accuraaseld on the transcriptions of individual

phonemes.

Results

Immediate Repetition Accuracy

Online scoring immediate repetition accuracy fartestimulus condition across
epochs was assessed with a two-way repeated mea@s@\VA, which revealed no
significant main effect of epoch (p > .05), no sigant main effect of stimulus condition
(p > .05), and no significant interaction effectp05). Across participants, average
online scoring immediate repetition accuracy fbsamuli conditions ranged from

approximately 88% correct to approximately 99% ecir
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Phoneme scoring immediate repetition accuracydohetimulus condition
across epochs was also assessed with a two-wagteepmeasures ANOVA, which
revealed no significant main effect of epoch (®%), no significant main effect of
stimulus condition (p > .05), and no significanteraction effect (p > .05).Across
participants, average phoneme scoring immediattitegm accuracy for all stimuli
conditions was above 95% correct for each epocigimg from approximately 97%
correct to approximately 99% correct.

Holistic scoring immediate repetition accuracydach stimulus condition across
epochs was assessed with a two-way repeated mea@gi@\VA, which revealed no
significant main effect of epoch (p > .05), no sigant effect of stimulus condition (p >
.05), and no significant interaction effect (p ).0Across participants, average holistic
scoring immediate repetition accuracy for all stinconditions ranged from

approximately 84% correct to approximately 97% ecir

Stem Completion Accuracy

Online scoring stem completion accuracy for theeatimg cued and unique cued
stimuli conditions across epochs (Figure 7) wasssesd with a two-way repeated
measures ANOVA, which revealed a significant mdfaat of epoch (F(10, 216) =
17.660, p < .05), a significant main effect of stlos condition (F(1, 216) = 21.389, p <
.05), and a significant interaction effect (F(1162= 22.073, p < .05). Across
participants, average online scoring stem compiedicuracy for the repeating cued
stimulus condition increased from approximately &#rect in the first epoch to
approximately 29% correct in the eleventh epocltamtrast, across participants, average
online scoring stem completion accuracy for thejuaicued stimulus condition ranged
from approximately 0% correct to approximately 88frect across epochs.

Online scoring stem completion accuracy for eachiudtis condition in the

eleventh epoch was assessed with a one-way repeatslires ANOVA, which revealed
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a significant effect (F(3, 33) = 16.0821, p < .0&3ross participants, average online
scoring stem completion accuracy in the eleventtlepvas approximately 29% correct
for the repeating cued condition, approximately @8&@ect for the repeating uncued
condition, approximately 3% correct for the unigqued condition, and approximately
0% correct for the unique uncued condition. HoweVekey post-hoc tests revealed a
significant difference only between the repeatingdcondition and each of the
remaining three conditions (p < .05 for each).

Phoneme scoring stem completion accuracy for theating cued and unique
cued stimuli conditions across epochs (Figure & assessed with a two-way repeated
measures ANOVA, which revealed a significant mdfaat of epoch (F(10, 216) =
16.684, p < .05), a significant main effect of stlos condition (F(1, 216) = 33.285, p <
.05), and a significant interaction effect (F(1162= 24.665, p < .05). Across
participants, average phoneme scoring stem coroplaticuracy for the repeating cued
stimulus condition increased from approximately 5&8#rect in the first epoch to
approximately 72% correct in the eleventh epocltadmtrast, across participants, average
phoneme scoring stem completion accuracy for thguencued stimulus condition
ranged from approximately 49% correct to approxetyab5% correct across epochs.

Phoneme scoring stem completion accuracy for e@clilsis condition in the
eleventh epoch was assessed with a one-way repeatslires ANOVA, which revealed
a significant effect (F(3, 33) = 21.806, p < .0&gross participants, average phoneme
scoring stem completion accuracy in the eleventtlepvas approximately 72% correct
for the repeating cued condition, approximately 53%ect for the repeating uncued
condition, approximately 52% correct for the uniqued condition, and approximately
51% correct for the unique uncued condition. Furtiteee, Tukey post-hoc tests revealed
a significant difference only between the repeatingd condition and each of the

remaining three conditions (p < .05 for each).
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Holistic scoring stem completion accuracy for thpeating cued and unique cued
stimuli conditions across epochs (Figure 9) wasssesd with a two-way repeated
measures ANOVA, which revealed a significant mdfaat of epoch (F(10, 216) =
16.364, p < .05), a significant main effect of stlas condition (F(1, 216) = 21.243, p <
.05), and a significant interaction effect (F(1162= 22.799, p < .05). Across
participants, average holistic scoring stem conmutedccuracy for the repeating cued
stimulus condition increased from approximately &#rect in the first epoch to
approximately 29% correct in the eleventh epocltamtrast, across participants, average
holistic scoring stem completion accuracy for theque cued stimulus condition ranged
from approximately 0% correct to approximately 68frect across epochs.

Holistic scoring stem completion accuracy for estimulus condition in the
eleventh epoch was assessed with a one-way repeatslires ANOVA, which revealed
a significant effect (F(3, 33) = 14.813, p < .0A¢ross participants, average holistic
scoring stem completion accuracy in the eleventtlepvas approximately 29% correct
for the repeating cued condition, approximately &igect for the repeating uncued
condition, approximately 1% correct for the unigqued condition, and approximately
0% correct for the unique uncued condition. HoweVekey post-hoc tests revealed a
significant difference only between the repeatingdcondition and each of the

remaining three conditions (p < .05 for each).

Discussion
One goal of this experiment is to establish théibdeate phonological learning
leads to greater stem completion ability than iantdl phonological learning in a within
subjects design and results indicate that it d®keneme scoring results indicate that
when participants were given the stem of a nonwlatl occurred in each exposure and
test phase (i.e., repeating cued), they were alppeaduce the entire nonword with

increasing accuracy across epochs, on averagecttpqpeoducing 3 of the phonemes in
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the first epoch and 4-5 of the phonemes in thd &paoh. In contrast, when participants
were given the stem of a nonword in any of the iotheee stimulus conditions (i.e.,
unique cued, repeating uncued, and unique uncuoddgifinal epoch, they were able to
produce the entire nonword with some accuracyvenage correctly producing 3 of the
phonemes, which is approximately equivalent toadpcing only the stem. Holistic and
online scoring results indicate that when givendteen of a nonword that occurred in
each exposure and test phase (i.e., repeating, quaatitipants were able to produce very
few, if any, of the nonwords without any errorghie first epoch, on average only 0-1 of
the 8 nonwords; however, they were able to producaverage 2-3 of the 8 nonwords
without any errors in the final epoch. In contragben given the stem of a nonword in
any of the other three stimulus conditions (i.eique cued, repeating uncued, and
unique uncued) in the final epoch, participantsensdsle to produce very few, if any, of
the nonwords without any errors, on average onlyddthe 8 nonwords per condition.

The second goal of this experiment is to establisbther such phonological
learning is item-specific or reflects task factite of general stem completion ability
and results indicate that deliberate phonologeaitiing is item-specific and does not
reflect a general increase in stem completiontgbilihe results in each of the scoring
procedures indicate that stem completion accumaagased across epochs for nonwords
that occurred in each exposure and test phaser@peating cued), but not nonwords that
occurred in a single exposure and test phaseungue cued). Therefore, it cannot be
the case that participants are merely getting battstem completion in general, but
rather that they are getting better at stem conguietf a particular set of nonwords (i.e.,
the ones on which they are being repeatedly tested)

In addition, immediate repetition accuracy for eattmulus condition across
epochs was relatively high, which is to be expedigdn that the task and stimuli are not
particularly difficult. Phoneme scoring resultsicete that participants were able to

reproduce stimuli with a high degree of accuracyaeerage erring on only 0-1 phoneme
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in a given nonword. Holistic and online scoringuiesindicate that participants were
able to reproduce the majority of stimuli withoutyaerrors, on average erring on only O-

1 of the nonwords.

Experiment 4

The purpose of this experiment is to establish idre¢xtensive incidental
phonological learning leads to greater stem conguietbility than the incidental
phonological learning in Experiments 1 and 3. Apri@vious experiments, incidental
phonological learning is operationalized as “listenl repeat” in the experimental task
and phonological learning is assessed with regpestem completion ability at the end

of the task.

Method

Participants

Five members of the University of lowa communitgeiwed payment of $8.00
per hour (a total of $40) for their participatigxl were native speakers of English and

reported having normal hearing and normal or céectto-normal vision.

Experimental Task

The experimental task consisted of two sessiongtEied on consecutive days.
The first session consisted of a total of one hed@pochs that were presented in ten
groups of ten epochs, with a short break betweeh gaup. The first ninety-nine epochs
were comprised of an exposure phase, while therledtidepoch was comprised of an
exposure phase followed by a test phase. The sesa®stbn consisted of two additional
epochs. The first epoch (i.e., epoch 101) was cm@giof a test phase, while the second
epoch (i.e., epoch 102) was comprised of an expgshase followed by a test phase.

Thus, immediate repetition accuracy was assessedsaall except one epoch, while
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stem completion accuracy was assessed acrosa#th¢hiiee epochs. In addition, all

stimuli occurred in each of the hundred and twocepo

Stimuli
The auditory stimuli were identical to those uglizin Experiments 1 and 2. More

specifically, the same exact practice items anda#pg items were utilized.

Stimuli Lists

Stimuli lists for each of the hundred and one expeghases and the three test
phases were generated by randomly ordering theesixepeating nonwords and stem
completion cues, respectively. This randomizatimtedure was done once for each of
the five participants, resulting in five versiorfeloe task that differed only in the order in

which the stimuli were presented.

Procedure

The procedural details were identical to that op&xment 1 with the following
two exceptions. First, the experimenter was nasgaein the room with the participant
during the sessions. Second, the participantsnetuthe following day to complete the

second session.

Scoring

The scoring procedures were identical to thosexpeEments 1, 2 and 3 with a
single exception. Since the experimenter was rexgept in the room with the participant
during the sessions, there is no online scoringtliie experiment, only phoneme
scoring, representing the proportion of correctrmes in the correct sequence, and
holistic scoring, representing holistic accuracgdzhon the transcriptions of individual

phonemes, were utilized.



24

Results

Immediate Repetition Accuracy

Phoneme scoring immediate repetition accuracy a@pechs was assessed with
a one-way repeated measures ANOVA, which reveatsgmoficant effect (p > .05).
Across participants, average phoneme scoring imasbedepetition accuracy is above
95% correct for each epoch, ranging from approxaéiyed5% correct to approximately
99% correct.

Holistic scoring immediate repetition accuracy asrepochs was assessed with a
one-way repeated measures ANOVA, which revealsgmfsant effect (p > .05).
Across participants, average holistic scoring imiakedrepetition accuracy for each

epoch ranges from approximately 78% correct to@pprately 96% correct.

Stem Completion Accuracy

Phoneme scoring stem completion accuracy acrodaghthree epochs (Figure
10) was assessed with a one-way repeated measN@¥ /A which reveals a significant
effect (F(2, 8) = 7.6182, p < .05). Across partifs, average phoneme scoring stem
completion accuracy is approximately 53% corretgradne hundred epochs of
immediate repetition, increases to approximateBt@brrect at the beginning of the
second session (i.e., epoch 101), and increas®fuo approximately 70% correct
following an additional exposure phase. Howevekelyupost-hoc tests reveal a
significant difference only between the last epicthe first session (i.e., epoch 100) and
the last epoch in the second session (i.e., epd2h(p < .05).

Holistic scoring stem completion accuracy acrossast three epochs (Figure 11)
was assessed with a one-way repeated measures AN@eh reveals a significant
effect (F(2, 8) = 6.7563, p < .05). Across partifs, average holistic scoring stem
completion accuracy is approximately 8% correatraiine hundred epochs of immediate

repetition, increases to approximately 14% cora¢the beginning of the second session
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(i.e., epoch 101), and increases further to apprately 28% correct following an
additional exposure phase. However, Tukey posttésts reveal a significant difference
only between the last epoch in the first sessi@n, @poch 100) and the last epoch in the
second session (i.e., epoch 102) (p < .05). Althotltere is a marginally significant
difference between the first epoch in the secosdisg (i.e., epoch 101) and the last

epoch in the second session (i.e., epoch 102).0883).

Discussion

The goal of this experiment is to establish whetheéensive incidental
phonological learning leads to greater stem conguiegbility than the incidental
phonological learning in Experiments 1 and 3, asilits indicate that it does not. After
100 epochs of immediate repetition, phoneme scadaglts indicate that when
participants were given the stem, they were abfgaduce the entire nonword with some
accuracy, on average correctly producing 3 of thenpmes. However, this is
approximately equivalent to correctly reproducimdyahe stem for each nonword.
Furthermore, holistic scoring results in epoch @bcate that when given the stem,
participants were able to produce only a few ofrtbewords without any errors, on
average only 1-2 of the 16 nonwords.

However, stem completion ability improves slightlfzen participants returned
for the second session (i.e., epoch 101 stem caoimplest and epoch 102 immediate
repetition and stem completion test). Phoneme sgaasults indicate that when
participants were given the stem, they were abfgaduce the entire nonword with some
accuracy, on average correctly producing 3-4 opthenemes in epoch 101 and 4 of the
phonemes in the final epoch (i.e., epoch 102).d#iolscoring results indicate that when
given the stem, participants were able to prodecyg few of the nonwords without any

errors in epoch 101, on average 2-3 of the 16 nodsydowever, they were able to
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produce on average 4-5 of the 16 nonwords withoytearors in the final epoch (i.e.,
epoch 102).

In addition, immediate repetition accuracy acrgsscés was relatively high,
which is to be expected given that the task amdustiare not particularly difficult.
Phoneme scoring results indicate that participaet® able to reproduce stimuli with a
high degree of accuracy, on average erring on @iyphoneme in a given nonword.
Holistic scoring results indicate that participawesre able to reproduce the majority of

stimuli without any errors, on average erring o8 df the 16 nonwords.

Interim Discussion

Taken together, the results of these four experisngunggest that incidental
learning does not yield full mastery of phonolo¢ward-forms. For all three scoring
procedures, immediate repetition accuracy wasivelgthigh across all four
experiments, indicating that this measure was adiqularly affected by any differences
between incidental and deliberate learning. Howestern completion accuracy was
differentially affected by incidental and delibexdarning. The pattern of results across
these four experiments indicates that repeatedsexp@nd testing improve stem
completion ability above baseline performance wiejgeated exposure alone does not.
Even after 100 epochs of immediate repetition expgsstem completion ability is no
different from that of a single immediate repetitexposure. Further research is needed
to determine what factors in particular accounttfios benefit from deliberate learning.
The current experiments cannot distinguish betveefaw possible factors, including
knowing which items are to be learned and whetheistem completion testing affects
learning directly and/or whether it affects protegsiuring subsequent exposure.

Stem completion ability does improve above basetirtbe second session after
intensive training (i.e., the next day); howevaertlier research is needed to determine

what factor(s) account for this improvement. The@ot experiment confounds a number
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of possible factors, such as the passage of tiossilple consolidation during sleep, and

potential effects of the single stem completion &$he end of the first session.
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LEARNING MONOSYLLABIC NONWORDS

Experiment 5
The purpose of this experiment is to replicate Expent 1 utilizing

monosyllabic nonwords. More specifically, the gisato establish whether incidental
phonological learning supports stem completioniigbiAs in the previous experiments,
incidental phonological learning is operationalized‘listen and repeat” in the
experimental task and phonological learning is ss=@ with respect to stem completion

ability at the end of the task.

Method

Participants

Twelve members of the University of lowa commumggeived either payment
of $8.00 or credit toward their Elementary Psychgloourse for their participation. All
were native speakers of English and reported havangal hearing and normal or

corrected-to-normal vision.

Experimental Task

The experimental task was identical to that of Expent 1. In short, the first ten
epochs were comprised of an exposure phase, vialgnal epoch was comprised of an
exposure phase followed by a test phase. Thus, thateerepetition accuracy was
assessed across epochs, while stem completionaagonas assessed only in the final
epoch. In addition, all stimuli were repeating itethat occurred in each of the eleven

epochs.

Stimuli
Auditory stimuli were monosyllabic nonwords recaitdey a male native speaker

of American English. Possible phonemes were résttito those used in the American
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English language and the combination of phonentesword-forms was limited to those
that are legal in the language. Thus, all nonwarése possible, but non-occurring word-
forms. In addition, the vast majority of the nond®iconsisted of a CVC syllable
structure in which the phoneme in the word-finasipon was a stop consonant (i.e., /p/,
/bl, 1d/, g/, It/, or /K/). The two deviations fnothis syllable structure came in the form of
r-colored vowels and in the form of pluralized namds, both resulting in some
nonwords with a CVCC syllable structure.

The resulting corpus of 346 nonwords was recoraheldpaocessed — 10 of which
were designated to be practice items and 16 oflwivere designated to be target or
repeating items for all subsequent experimentué\for the stem completion test was
also recorded and processed for each nonword. Udheansisted of the beginning of the
nonword, specifically until the onset of the st@msonant. For instance, if the nonword
was /rep/, the stem completion cue would be//n

All stimuli were recorded within a carrier sentengceontrol for some of the
variations in natural speech. Multiple instancesaxh stimulus were recorded and the
clearest exemplar was chosen for processing. Osekeated stimulus was spliced out of

the carrier sentence, the average intensity wdsdsta 65dB.

Stimuli Lists

Stimuli lists were generated in an identical martoghose in Experiment 1.

Procedure

The procedure was identical to that of Experiment 1

Scoring

The scoring procedures were identical to thosexpeEments 1, 2 and 3. In
short, online scoring represents holistic accusaoyed during the experimental session,

phoneme scoring represents the proportion of copte@anemes in the correct sequence,
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and holistic scoring represents holistic accuraaseld on the transcriptions of individual

phonemes.

Results

Immediate Repetition Accuracy

Online scoring immediate repetition accuracy acegsschs was assessed with a
one-way repeated measures ANOVA, which revealesigroficant effect (p > .05).
Across participants, average online scoring imntedi@petition accuracy was above
95% correct for each epoch, ranging from approxa@iye@6% correct to approximately
98% correct.

Phoneme scoring immediate repetition accuracy a@pechs was also assessed
with a one-way repeated measures ANOVA, which redeao significant effect (p >
.05). Across participants, average phoneme scanngediate repetition accuracy was
above 95% correct for each epoch, ranging fromapprately 96% correct to
approximately 98% correct.

Holistic scoring immediate repetition accuracy asrepochs was assessed with a
one-way repeated measures ANOVA, which revealesigroficant effect (p > .05).
Across participants, average holistic scoring imiakedrepetition accuracy for each

epoch ranged from approximately 95% correct to @xaprately 98% correct.

Stem Completion Accuracy

Online scoring stem completion accuracy in theahv epoch (Figure 12) was
assessed with a one sample t-test, which reveaaphdicant difference from zero (t(11)
= 8.685, p <.05). Across participants, averag@ersgcoring stem completion accuracy
in the eleventh epoch was approximately 50% carrect

Phoneme scoring stem completion accuracy in theeth epoch (Figure 13) was

assessed with a one sample t-test, which reveaaghidicant difference from fifty
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percent (t(11) = 3.6855, p < .05). Across partinisaaverage phoneme scoring stem
completion accuracy in the eleventh epoch was apidely 65% correct.

Holistic scoring stem completion accuracy in thevehth epoch (Figure 14) was
assessed with a one sample t-test, which reveaaphdicant difference from zero (t(11)
=8.3302, p < .05). Across participants, averadmerscoring stem completion accuracy

in the eleventh epoch was 47% correct.

Discussion

The goal of this experiment is to replicate Expemtnl by establishing that
incidental phonological learning supports stem cletgm ability utilizing monosyllabic
nonwords and results indicate that it does. Phorsamoeng results in the final epoch
indicate that when participants are given the staey were able to produce the entire
nonword with some accuracy, on average correctigycing 2 of the phonemes.
However, this is approximately equivalent to cotliseeproducing only the stem for
each nonword. Furthermore, holistic and onlineisgoresults in the final epoch indicate
that when given the stem, participants were abf@gdduce many of the nonwords
without any errors, on average7- 8 of the 16 non&or

In addition, immediate repetition accuracy acrgsscés was relatively high,
which is to be expected given that the task amdustiare not particularly difficult.
Phoneme scoring results indicate that participaet® able to reproduce stimuli with a
high degree of accuracy, on average erring on @iyphoneme in a given nonword.
Holistic and online scoring results indicate thattgipants were able to reproduce the

majority of stimuli without any errors, on averageing on only 0-1 of the 16 nonwords.

Experiment 6
The purpose of this experiment is to replicate Expent 2 utilizing

monosyllabic nonwords. More specifically, the gaatls to establish whether deliberate

phonological learning supports stem completionitgtaind whether it leads to greater
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stem completion ability than incidental phonologjiearning. As in the previous
experiments, deliberate phonological learning israponalized as a combination of
“listen and repeat” and repeatedly testing stempatetion ability in the experimental

task.

Method

Participants

Twelve members of the University of lowa commumggeived either payment
of $8.00 or credit toward their Elementary Psychgloourse for their participation. All
were native speakers of English and reported havangnal hearing and normal or

corrected-to-normal vision.

Experimental Task

The experimental task was identical to that of Expent 2. In short, each epoch
was comprised of an exposure phase followed bgtgptease. Thus, both immediate
repetition accuracy and stem completion accuraage wsesessed across epochs. In

addition, all stimuli were repeating items thatweed in each of the eleven epochs.

Stimuli
The auditory stimuli were identical to those uglizin Experiment 5. More

specifically, the same exact practice items anda#pg items were utilized.

Stimuli Lists

The stimuli lists were generated in an identicahnex to that of Experiment 2.

Procedure

The procedure was identical to that of Experiment 2
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Scoring

The scoring procedures were identical to thosexpeEments 1, 2, 3, and 5. In
short, online scoring represents holistic accusaoyed during the experimental session,
phoneme scoring represents the proportion of copte@nemes in the correct sequence,
and holistic scoring represents holistic accuraaseld on the transcriptions of individual

phonemes.

Results

Immediate Repetition Accuracy

Online scoring immediate repetition accuracy acegsschs was assessed with a
one-way repeated measures ANOVA, which revealesigroficant effect (p > .05).
Across participants, average online scoring imntedi@petition accuracy was above
90% correct for each epoch, ranging from approxa@iye@4% correct to approximately
96% correct.

Phoneme scoring immediate repetition accuracy a@pechs was also assessed
with a one-way repeated measures ANOVA, which redeao significant effect (p >
.05). Across patrticipants, average phoneme scamniediate repetition accuracy was
above 95% correct for each epoch, ranging fromapprately 97% correct to
approximately 99% correct.

Holistic scoring immediate repetition accuracy asrepochs was assessed with a
one-way repeated measures ANOVA, which revealesigroficant effect (p >. 05).
Across participants, average holistic scoring imiaedrepetition accuracy was above
95% correct for each epoch, ranging from approxa@iyed5% correct to approximately

97% correct.
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Stem Completion Accuracy

Online scoring stem completion accuracy acrosshep@&gure 15) was assessed
with a one-way repeated measures ANOVA, which re¢ka significant effect (F(10,
110) = 17.9401, p < .05). Across participants, ageronline scoring stem completion
accuracy increased from approximately 29% correthe first epoch to approximately
72% correct in the eleventh epoch.

Phoneme scoring stem completion accuracy acroshsgbigure 16) was
assessed with a one-way repeated measures ANOMah wdvealed a significant effect
(F(10, 110) = 16.540, p < .05). Across participaaterage phoneme scoring stem
completion accuracy increased from approximatebp @@rrect in the first epoch to
approximately 85% correct in the eleventh epoch.

Holistic scoring stem completion accuracy acrosxhpg (Figure 17) was
assessed with a one-way repeated measures ANOMah wdvealed a significant effect
(F(10 110) = 18.7541, p < .05). Across participaaterage holistic scoring stem
completion accuracy increased from approximatebp 2@rrect in the first epoch to

approximately 75% correct in the eleventh epoch.

Discussion

The goal of this experiment is to replicate Expemtn2 by establishing that
deliberate phonological learning supports stem detigm ability and that it leads to
greater stem completion ability than incidental pblogical learning utilizing
monosyllabic nonwords, and results indicate thedb#s. Phoneme scoring results
indicate that when participants were given the stley were able to produce the entire
nonword with some accuracy, on average correctigyeing 2 of the phonemes in the
first epoch and 2-3 of the phonemes in the finalchp However, this is only slightly
better than correctly reproducting only the stemeiach nonword. Perhaps more

informative, holistic and online scoring resultdicate that when given the stem,
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participants were able to produce some of the notsvavithout any errors in the first
epoch, on average 4-5 of the 16 nonwords; howévey, were able to produce on
average 11-12 of the 16 nonwords without any eiirotBe final epoch.

In addition, immediate repetition accuracy acrqgsscas was relatively high,
which is to be expected given that the task amdustiare not particularly difficult.
Phoneme scoring results indicate that participaet® able to reproduce stimuli with a
high degree of accuracy, on average erring on @iyphoneme in a given nonword.
Holistic and online scoring results indicate thattgipants were able to reproduce the

majority of stimuli without any errors, on averageing on only 0-1 of the 16 nonwords.

Experiment 7
The purpose of this experiment is to replicate Expent 3 utilizing

monosyllabic nonwords. More specifically, the gaale to establish that deliberate
phonological learning leads to greater stem conguiegbility than incidental
phonological learning in a within subjects desigd ¢ establish whether such
phonological learning is item-specific or refletask facilitation of general stem
completion ability. As in the previous experimenmtgjdental phonological learning is
operationalized as “listen and repeat” in the eixpental task and phonological learning
is assessed with respect to stem completion abilitie end of the task. And, deliberate
phonological learning is operationalized as a coration of “listen and repeat” and
repeatedly testing stem completion ability in tkpeximental task and phonological

learning is assessed with respect to stem complatiouracy throughout the task.
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Method

Participants

Twelve members of the University of lowa commumggeived credit toward
their Elementary Psychology course for their pgoéiton. All were native speakers of

English and reported having normal hearing and aboncorrected-to-normal vision.

Experimental Task

The experimental task was identical to that of Expent 3. In short, the
experimental task consisted of eleven epochs, wiere each comprised of an exposure
phase followed by a test phase. Stimuli were ptesein one of the following four
conditions: repeating cued, repeating uncued, @nayied, unique uncued. However, in

the test phase of the final epoch, all stimuli wested, regardless of stimuli condition.

Stimuli

The auditory stimuli were identical to those uglizin Experiments 5 and 6 with a
single exception. The same exact practice itemggmehting items were utilized;
however, the previously unutilized 320 nonwordshi& corpus were designated to be

unique items.

Stimuli Lists

The stimuli lists were generated in an identicahnex to that of Experiment 3.

Procedure

The procedure was identical to that of Experiment 3

Scoring

The scoring procedures were identical to thosexpeEments 1, 2, 3, 5, and 6. In
short, online scoring represents holistic accusaoyed during the experimental session,

phoneme scoring represents the proportion of copte@nemes in the correct sequence,
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and holistic scoring represents holistic accuraaseld on the transcriptions of individual

phonemes.

Results

Immediate Repetition Accuracy

Online scoring immediate repetition accuracy farrestimulus condition across
epochs was assessed with a two-way repeated mea@sd@VA, which revealed a
significant main effect of epoch (F(10, 473) = B81p < .05), a significant main effect
of stimulus condition (F(3, 473) = 7.3068, p < ,0&d no significant interaction effect
(p > .05). However, across participants, averadg@®scoring immediate repetition
accuracy for all stimuli conditions is above 95%reot, ranging from approximately
95% correct to approximately 99% correct.

Phoneme scoring immediate repetition accuracydohetimulus condition
across epochs was also assessed with a two-wagteepmeasures ANOVA, which
revealed a significant main effect of epoch (FA®) = 2.1827, p< .05), a significant
main effect of stimulus condition (F(3, 461) = 863p < .05), and no significant
interaction effect (p > .05). However, across pgrants, average phoneme scoring
immediate repetition accuracy for all stimuli cainzhs was above 90% correct for each
epoch, ranging from approximately 91% correct tpragimately 99% correct.

Holistic scoring immediate repetition accuracydach stimulus condition across
epochs was assessed with a two-way repeated mea#gd@\VA, which reveled a
significant man effect of epoch (F(10, 461) = 2429 < .05), a significant main effect of
stimulus condition (F(3, 461) = 6.4360, p < .0%)dao significant interaction effect (p >
.05). Across patrticipants, average holistic sconmmediate repetition accuracy for all

stimuli conditions ranged from approximately 84%reot to approximately 99% correct.
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Stem Completion Accuracy

Online scoring stem completion accuracy for theeatimg cued and unique cued
stimuli conditions across epochs (Figure 18) wasssed with a two-way repeated
measures ANOVA, which revealed a significant mdfaat of epoch (F(10, 216) =
5.0002, p < .05), a significant main effect of stlos condition (F(1, 216) = 60.375, p <
.05), and a significant interaction effect (F(1162= 7.8727, p < .05). Across
participants, average online scoring stem compiediccuracy for the repeating cued
stimulus condition increased from approximately 3&8#rect in the first epoch to
approximately 68% correct in the eleventh epocltamtrast, across participants, average
online scoring stem completion accuracy for thejuaicued stimulus condition ranged
from approximately 20% correct to approximately 386frect across epochs.

Online scoring stem completion accuracy for eachudtis condition in the
eleventh epoch was assessed with a one-way repeatslires ANOVA, which revealed
a significant effect (F(3, 33) = 20.824, p < .0&gross participants, average online
scoring stem completion accuracy in the eleventtlepvas approximately 68% correct
for the repeating cued condition, approximately 4&9ect for the repeating uncued
condition, approximately 23% correct for the uniqued condition, and approximately
24% correct for the unique uncued condition. Furtteee, Tukey post-hoc tests revealed
a significant difference between the repeating aedlition and each of the remaining
three conditions (p < .05 for each) and betweendpeating uncued condition and each
of the remaining two conditions (p < .05 for each).

Phoneme scoring stem completion accuracy for theating cued and unique
cued stimuli conditions across epochs (Figure 1£5 assessed with a two-way repeated
measures ANOVA, which revealed a significant mdfact of epoch (F(10, 216) =
2.1593, p < .05), a significant main effect of stlos condition (F(1, 216) = 66.8315, p <
.05), and a significant interaction effect (F(1162= 2.4880, p < .05).Across

participants, average phoneme scoring stem coroplaticuracy for the repeating cued
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stimulus condition increased from approximately 6&8#rect in the first epoch to
approximately 83% correct in the eleventh epocltadmtrast, across participants, average
phoneme scoring stem completion accuracy for thguencued stimulus condition

ranged from approximately 56% correct to approxetya4% correct across epochs.

Phoneme scoring stem completion accuracy for e@clilsis condition in the
eleventh epoch was assessed with a one-way repeatslires ANOVA, which revealed
a significant effect (F(3, 33) = 14.3720, p < .083ross participants, average phoneme
scoring stem completion accuracy in the eleventtlepvas approximately 83% correct
for the repeating cued condition, approximately 7@%sect for the repeating uncued
condition, approximately 60% correct for the uniqued condition, and approximately
58% correct for the unique uncued condition. Furtiere, Tukey post-hoc tests revealed
a significant difference between the repeating aedlition and each of the remaining
three conditions (p < .05 for each) and betweendpeating uncued condition and the
unique uncued condition (p < .05).

Holistic scoring stem completion accuracy for tepeaating cued and unique cued
stimuli conditions across epoch (Figure 20) wagss=d with a two-way repeated
measures ANOVA, which revealed a significant mdfact of epoch (F(10, 216) =
2.6784, p < .05), a significant main effect of stlos condition (F(1, 216) = 78.7885, p <
.05), and a significant interaction effect (F(1162= 3.2093). Across participants,
average holistic scoring stem completion accuracytfe repeating cued stimulus
condition increased from approximately 39% cormedhe first epoch to approximately
70% correct in the final epoch. In contrast, acqsicipants, average phoneme scoring
stem completion accuracy for the unique cued stisiabndition ranged from
approximately 25% correct to approximately 39% edriacross epochs.

Holistic scoring stem completion accuracy for estimulus condition in the
eleventh epoch was assessed with a one-way repeatslires ANOVA, which revealed

a significant effect (F(3, 33) = 19.0584, p < .083ross participants, average holistic
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scoring stem completion accuracy in the eleventtlepvas approximately 70% correct
for the repeating cued condition, approximately 4x9ect for the repeating uncued
condition, approximately 28% correct for the uniqued condition, and approximarely
27% correct for the unique uncued condition. Furtiteee, Tukey post-hoc tests revealed
a significant difference between the repeating aedlition and each of the remaining
three conditions (p < .05 for each) and betweendpeating uncued condition and each

of the remaining two conditions (p < .05 for each).

Discussion

One goal of this experiment is to replicate Expent3 by establishing that
deliberate phonological learning leads to grea@nscompletion ability than incidental
phonological learning in a within subjects desigihaing monosyllabic nonwords and
results indicate that it does. Phoneme scoringtesudicate that when participants were
given the stem of a nonword that occurred in exgogure and test phase (i.e., repeating
cued), they were able to produce the entire nonwattdincreasing accuracy across
epochs, on average correctly producing 2 of thenphnes in the first epoch and 2-3 of
the phonemes in the final epcoh. In contrast, wiaticipants were given the stem of a
nonword in any of the other three stimulus condgi@.e., unique cued, repeating
uncued, and unique uncued) in the final epoch, theng able to produce the entire
nonword with some accuracy, on average correctigycing 1-2 of the phonemes,
which is approximately equivalent to reproducindydhe stem. Holistic and online
scoring results indicate that when given the stémrmonword that occurred in each
exposure and test phase (i.e., repeating cuedicipants were able to produce some of
the nonwords without any errors in the first epanhaverage 3 of the 8 nonwords;
however, they were able to produce on average fated nonwords without any errors
in the final epoch. When participants were givem stem of a nonword that occurred in

each exposure phase, but only the final test pfi@sgerepeating uncued), they were able
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to produce some of the nonwords without any erirotke final epoch, on average 3-4 of
the 8 nonwords. In contrast, when given the stemmdnword in either of unique
stimulus conditions (i.e., unique cued and uniqoueued) in the final epoch, participants
were able to produce very few of the nonwords withemy errors, on average only 2 of
the 8 nonwords per condition.

The second goal of this experiment is to repliéatperiment 3 by establishing
that such phonological learning is item-specifidizing monosyllabic nonwords and
results indicate that it is. The results in eacthefscoring procedures indicate that stem
completion accuracy increased across epochs favorols that occurred in each
exposure and test phase (i.e., repeating cuedpdbutonwords that occurred in a single
exposure and test phase (i.e., unique cued). Tdreref cannot be the case that
participants are merely getting better at stem detigm in general, but rather that they
are getting better at stem completion of a pawicsét of nonwords (i.e., the ones on
which they are being repeatedly tested).

In addition, immediate repetition accuracy for eattmulus condition across
epochs was relatively high, which is to be expedigdn that the task and stimuli are not
particularly difficult. Phoneme scoring resultsicete that participants were able to
reproduce stimuli with a high degree of accuracyaeerage erring on only 0-1 phoneme
in a given nonword. Holistic and online scoringuiesindicate that participants were
able to reproduce the majority of stimuli withoutyaerrors, on average erring on only O-

1 of the nonwords.

Interim Discussion

Taken together, the results of these additionaletlexperiments support the
notion that incidental learning does not yield fukstery of phonological word-forms.
The pattern of results across these three expetsna@ectly replicates that across the

experiments from the previous section with a sirgleeption. Specifically, for all three
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scoring procedures, immediate repetition accuraay selatively high across all three
additional experiments, indicating again that thesasure was not particularly affected by
any differences between incidental and delibeedening. In addition, stem completion
accuracy was differentially affected by inciderdgat deliberate learning.

However, results from Experiment 3 indicate thaested exposure and testing
improve stem completion ability above baseline @antance while repeated exposure
alone does not. Recall that the repeating uncuedition yielded the same low level of
stem completion ability as the unique baseline t@re. In contrast, results from
Experiment 7 demonstrate that the repeating uncaedition yielded a greater level of
stem completion ability than the unique baselinedittons. This apparent discrepancy
can be explained on the basis of a differenceimmutis difficulty. Overall stem
completion performance is higher in the experimarnts monosyllabic nonwords than
that in the experiments with disyllabic nonwordsbbth sets of experiments, the task is
to produce the entire nonword given only the steawever, the stem consists of a
different proportion of the give nonword acrosdayle lengths. Specifically, the stem
consists of approximately 2/3 of the monosyllalmowords, whereas, the stem consists
of approximately 1/2 of the disyllabic nonwords.

Related to this difference in stimulus difficulgtem completion performance in
the unique baseline condition (i.e., unique cueith monosyllabic nonwords actually
trends downward across epochs, albeit non-signifigaHowever, in the final epoch,
stem completion performance in the repeating uncoedition remains at the level of
performance in the unique baseline condition infitts¢ epoch. Thus, the decreasing
trend in performance across epochs leads to aeliite in stem completion ability
between these conditions in the final epoch. Irtremh, stem completion performance in
the unique baseline condition (i.e., unique cueith disyllabic nonwords is at floor
across epochs, thus resulting in no differencéemsompletion ability between these

conditions in the final epoch.
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Again, further research is needed to determine ¥atabrs in particular account
for this benefit from deliberate learning. The emtrexperiments cannot distinguish
between a few possible factors, including knowirigoh items are to be learned and
whether the stem completion testing affects legrdinectly and/or whether it affects

processing during subsequent exposure.
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Figure 12. Experiment 5: Online scoring stem coftgheaccuracy across epochs.
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Figure 13. Experiment 5: Phoneme scoring stem cetiopl accuracy across epochs.
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Figure 16. Experiment 6: Phoneme scoring stem cetiopl accuracy across epochs.
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Figure 17. Experiment 6: Holistic scoring stem céetipn accuracy across epochs.
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Figure 19. Experiment 7: Phoneme scoring stem cetiopl accuracy across epochs.
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GENERAL DISCUSSION

The goal of this research project is to investigdtenological word-form
learning, independent of semantics, after diffetyyges of training. Overall, the current
results suggest that incidental learning does redd yull mastery of phonological word-
forms. It is surprising that extensive incideng&drning did not improve performance
given the vast amount of research on learning fooief exposure. For example, Saffran,
Aslin, and Newport (1996) provide strong eviderta infants as young as 8-months-old
can learn to segment words after only 2 minutesxpbsure. In addition, brief auditory
exposure is sufficient for learning phonotactic stoaints in both adults (Onishi,
Chambers, and Fisher, 2002) and infants (Cham®aishi, and Fisher, 2003). This
seems to suggest that although incidental learisisgfficient for many other types of
information, it is not sufficient for phonologicadord-form learning.

The finding that phonological learning resultingrfr deliberate learning is
greater than that from incidental learning has iogplons for accounts of phonological
learning as well as future research. For starteemyries of phonological learning need to
account for this difference. In addition, it seaim$e established that newly learned
word-forms do not engage in lexical competition iathately after training, but only
after sleep (presumably involving consolidationgasses) (Davis, et al., 2009; Gaskell
and Dumay, 2003; and Tamminen and Gaskell, 2008 eer, since training in these
experiments was limited to incidental learningsipossible that this only accounts for
half of the story. Furthermore, there is some eweeof newly learned word-forms
engaging in lexical competition after training tiatluded stem completion without

sleep (Lindsay and Gaskell, 2009).
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