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ABSTRACT

THE EXPERIENCE OF NOVELTY: ANOTHER DIMENSION TO SUECTIVE MEMORY
EXPERIENCES?

Subjective experiences of memory (e.g., feelifgamiliarity) have been a topic of
much research. Though novelty might be considemedmifestation of memory (insofar as some
form of memory for the past is required in ordarriovelty recognition or detection to occur),
subjective experiences of novelty have largely hgeared in the current memory literature.
The present study used a rating scale to measeisuthjective feeling of novelty. One goal was
to investigate potential mechanisms of feelinga@felty. Another was to determine how
feelings of novelty relate to feelings of familigrifor example, many models assume that
novelty is simply the inverse of familiarity. Twa@eriments reported here examined if this
presumed relationship between familiarity and nigviel an accurate assumption. In one
experiment, subjects viewed words in a study hst then were tested on cues that potentially
shared orthographic features with the study wordgevduration of cue-prime exposure and cue-
match-priming effects were observed. In anothdrjesits were tested after having repeated the
test cues aloud either once or 30 times. Both éxaits compared a familiarity rating scale
with a novelty rating scale. No effects of duratadrexposure (either through priming in
Experiments 1 and 2 or repetitions in Experiment/&)e observed, helping to rule out several
potential mechanisms of feelings of novelty. Diffleces in how familiarity ratings and novelty
ratings responded to the experimental manipulatieer® found in both experiments, suggesting

that the sense of novelty is not simply the inverfsmiliarity.
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INTRODUCTION

Throughout the span of human history our abilitgairvive has been dependent upon our
capacity to adapt to our environment and responehatever situation we may be faced with.
This ability translates into our ability to learnda in order to do this, we must be able to
discriminate between those situations in which ineaaly have a pattern to drive our response
and those situations which may be new, where nenpa¢xists. When we are faced with a
situation that we have been in before, we canaelgur experiences of that past event to predict
what that situation will entail and to employ th@peopriate response patterns (See Glenberg,
1997). We are motivated to learn in order to imgrapon these predictions so that we can
become more efficient and effective in our enviremt We seek out novel experiences to
facilitate this learning. Though much researchtexs the importance of novelty in learning and
memory processes, little is known about the sulwe&xperience of novelty itself. A great deal
of research exists on other subjective experieatagemory, such as tip-of-the-tongue-
experiences (e.g., see Schwartz, 2002, for a r@yieelings of familiarity (e.g., Mandler, 2008;
Yonelinas, 2002), feelings of knowing (e.g., Kogat eiblich, 1977), and even déja vu
experiences (e.g., Brown & Marsh, 2010; Cleary,@@leary, Ryals & Nomi, 2009; Cleary et
al., 2012), but little is known about the subjeetaxperience of novelty. The purpose of the
present study is to examine several hypothesetedela the subjective experience of novelty.

What is Novelty?

There is variability within the literature as to athactually constitutes novelty. While the

most common use of the term may apply it to itemsitoations that are completely new or

never before seen, other definitions exist withffedent research paradigms. Four types of



novelty will be discussed below: stimulus novetigntextual novelty, associative novelty and
novelty as lack of earlier occurrence in a list. &lthese types of novelty will be discussed in
relation to the literature and throughout this pape
Novelty as Stimuli Never Before Seen

Stimulus novelty refers to enhanced processingéor items compared to that elicited
upon repetition of a stimulus. This is analogouth®idea of priming, where the presentation of
a stimulus, such as a word, elicits different res@s upon multiple presentations. Novelty can
be thought of here as a characteristic of the stisiself by which there are differing degrees of
novelty depending on the amount of prior exposarat stimulus. This definition of novelty
would encompass items or stimuli that have nevenlseen before as well as those that have
been seen but are relatively rare or uncommon ocecces (Ranganath & Rainer, 2003).
Novelty as Stimuli Unexpected in a Given Context

Contextual novelty refers to an event or stimulosuoring out of context or out of place
(Ranganath & Rainer, 2003). An example of this ddag¢ a naked guy walking into a lecture hall
for a class (this is an example from RanganathRaider (2003) from UC Berkeley). This type
of novelty would also include an item being moveaht its original location — a manipulation
which is often used in eye-tracking research. Cdote novelty spurs an orienting response by
which attentional resources are automatically deceto the unexpected or out-of-place stimulus
(Ranganath & Rainer, 2003).
Novelty as a Reconfiguration of Familiar Elements

Associative novelty, as it is referred to, is tigee of novelty that is induced when
individual aspects of a scenario are familiar, hosvethe arrangement or relationship of them

within a situation is new (Kumaran & Maguire, 20@¥Keefe & Nadel, 1978). For instance,



O'Keefe and Nadel (1978) give the example: “theetigrof the wife in the best friend's
bed lies neither in the wife, nor the friend, noe bed, but in the unfamiliar conjunction of the
three” (p. 241). The novel arrangement of famiilEments can present as a rearrangement in
time (Honey et al., 1998; Kumaran & Maguire, 2007 as a rearrangement in space (Kumaran
& Maguire, 2007; O'Keefe & Nadel, 1978). Both ofialn in animal work have shown to
provoke an orienting response (Honey et al., 18@8naran & Maguire, 2007; O'Keefe &
Nadel, 1978).

Novelty as Known Stimuli Unfamiliar From Lack of Presentation on an Earlier Study List

An additional way to view novelty arises from memogsearch; particularly, as the
inverse of familiarity when a task involves ideitifg items from a test list that had previously
been presented on a study list (distinguishingr@oh new). Some stimuli are considered novel
because their initial presentation is in a tesspland they were not present on a prior study list
(although these stimuli may very well be known olithe experimental environment). This type
of novelty is highly related to the others discasabove and may actually fit in to the
associative novelty category; however, it is sefjgaraere due to its specific applicability in list-
learning paradigms.

Special Treatment of Novel Stimuli

Novel stimuli never before seen from the environtrar processed differently than
stimuli one has already come in contact with. Enaefor this can be seen at a basic physical
level as well as at broader, more cognitive levktsa very basic, neuronal level, findings have
revealed that neurons in the hippocampal and gagwabampal regions, regions important for
memory, show an increase in firing patterns foreietimuli as opposed to stimuli that have

previously been encountered (Kumaran & Maguire,7280skontas, Knowlton, Steinmetz, &



Fried, 2006). These neurons decrease firing (oactexd upon by inhibitory neurons) as early as
the second exposure to the stimulus (ViskontasyHion, Steinmetz, & Fried, 2006). It is this
difference in response even at this basic levéieaepetition of stimuli that is integral in the
explanation of stimulus novelty explained abovelavelty as stimuli never before seen'
section) (Ranganath & Rainer, 2003). The diffeadriiehavior of these neurons in response to
novelty implicates the hippocampus and parahipppehmnegions as taking on a role of novelty
detector, comparing present experience to mema@ngsentations to detect if something is new
(Gray, 2000; Kumaran & Maguire, 2007). This is astent with animal studies that have looked
into the brain regions involved in maintenanceashiliar and novel stimuli and suggestions that
prefrontal regions may be important for handling amatching familiar stimuli while medial
temporal regions may be responsible for handliegitbvel stimuli (Stern, Sherman, Kirchoff, &
Hasselmo, 2001).

In addition, research investigating neurochehresponses to novel stimuli during
learning has shown that dopaminergic circuitryniived in attendance to and processing of
novel stimuli. Dopamine cells have been foundl&y a large role in motivation and reward
and, accordingly, are implicated in learning. Whitg@amine cells have been observed to fire in
response to stimuli where reward is expected, dopacells have also been observed to fire in
response to novel stimuli. These novel stimuli maybe, and most often are not, predictive of
reward (Bunzeck et al., 2009; Kakade & Dayan, 208Zew theories for why the dopaminergic
system would attend to novelty have been propdsadone, novelty may be rewarding in itself.
If we think back to an adaptive strategy, this nsagense; finding and exploring novel
information allows us the opportunity to learn. Alternate idea is that this system is involved in

novelty detection because its job is to evaludteasbns for potential reward. If a situation is



novel, its possible pairing with reward is stillkinown, in which case it would be maintained in
working memory until evaluation of this relationgltan take place (Bunzeck, et al., 2009;
Kakade & Dayan, 2002).

Overall, the dopaminergic system may be involvedrienting us to novel stimuli and, in
turn, in motivating behavior in response to thahstus. For instance, the dopamine system of a
rat may be involved in detecting a novel environtreard, upon this detection, the rat may then
be oriented to that environment (via dopamine ssea the striatum) and then engage in
exploratory behavior (Bunzeck, et al., 2009; Kak&d@ayan, 2002). These responses are
assumed to be automatic or mechanical. In the saammer that the dopaminergic system would
respond to reward, dopamine is released in thatsin, which is then able to initiate a course of
action as a response. Therefore, novel stimulable to capture our attention and influence the
way we make decisions (Bunzeck, et al., 2009; Kakadayan, 2002).

Further research into the neurotransmitter caelaf memory paradigms concerned
with familiar and novel stimuli has found a difface in hippocampal glutamate efflux for the
two types of stimuli as well (Ranganath & RaindlQ2; Stanley, Wilson, & Fadel, 2012). In
particular, glutamate efflux is heightened duricg@sure to novel stimuli whereas this is not
above baseline during exposure to familiar stimualthis research, rats were presented with both
familiar and novel objects in an exploratory enmireent while hippocampal acetylcholine
(ACh), glutamate, and GABA efflux were measuredtiyh in vivo microdialysis. According to
behavioral observations, the animals more ofteented toward the novel object in their
exploratory behavior over the familiar object. myaase of exploration (familiar object or novel
object), this exploration was paired with an insea hippocampal ACh efflux, and no changes

in GABA efflux. This research implicates glutamatehaving particular involvement in novelty



recognition (Stanley, Wilson, & Fadel, 2012). Howgwther studies have found indications that
Ach as well can have a differential reaction toel@timuli and have suggested that it may be
instrumental in the encoding process via its ingatent with NMDA receptors during long term
potentiation and its role in elevating neuronawatst in response to stimuli in various regions of
the brain (Ranganath & Rainer, 2003; Stanley, Wil Fadel, 2012). All of these studies
suggest different mechanisms involved in processowgl and familiar stimuli.

Associative novelty detection has also been moeeiBpally linked to the hippocampus.
Hippocampal neurons are said to be integral in flegna cognitive map, where associations
between activity of these neurons concerned wisttsgplace cells, head direction cells, grid
cells, etc.) are integrated with proprioceptive anglironmental cues (Buzsaki, 2006). To form a
cognitive map, associations must be made betw@enlsand context (O'Keefe & Nadel, 1978).
Cues present in the environment that are contcaayntestablished association will result in
association novelty and a novelty response. Tmsbeaobserved in studies of rats in a Morris
water maze. When the escape platform is movechewalocation after past trials of the platform
in one location, the firing rate of hippocampal ras increases (O'Keefe & Nadel, 1978).

Similarly, a study that explored these conceptassbciative novelty in humans using
fMRI discovered a novelty response demonstratedhdrgased activity in the parahippocampal
region during an associative recognition memork {&sizel et al., 2003). The researchers had
participants engage in a task that involved theamiag associations between pairs of stimuli
presented on a screen. They were then tested sa lig@rned associations in a recognition
memory test either based on the spatial arrangeof¢né items presented or the identity of the
items presented. Brain activity within parahippopahregions was dissociated between these

different types of recognition judgments. Specificgparahippocampal cortices were more active



for both types of recognition judgments when thegli were recognized as an old pair (versus a
new pair of items). More activity was observedha hippocampal formation, however, when
novel pairs of stimuli were recognized. More atjiwwas also observed in this area when the
recognition judgment had to be made based on $patemgement (Duzel et al., 2003). These
findings support a neural basis for novelty encgdind suggest that different types of novelty
might have different neural substrates.
Novel Stimuli Capture Attention

One might be able to deduce from the neurologiealence that novel stimuli are
processed differently cognitively as well. Indebdhavioral paradigms have revealed that novel
stimuli capture attention. One finding that hassistently been observed through eye-tracking
experiments is that we tend to be drawn to nowelwdt and focus our gaze on these stimuli
longer than familiar stimuli. This effect is seestr@s modalities or different types of stimuli.
Althoff and Cohen (1999) reported it when they ket the eye movements of subjects presented
with famous and non-famous faces over the coursemEessions two weeks apart. They
observed different patterns of eye movements depengon whether the face was famous
(familiar) or non-famous (never before seen). SpEly, eye movements for non-famous faces
had a more predictable and stable pattern thame ttteogamous faces. This occurred regardless
of the task that the participant was asked to cautywhether it was to attend to ‘famousness' of
these faces or to the emotion expressed in thess)féAlthoff & Cohen, 1999).

An earlier study showed the same effect with fasesbuildings. These researchers
referred to this effect as the “eye-movement-basenhory effect” (Althoff & Cohen, 1999;
Cohen et al., 1998). This effect is likely the desfian unconscious process since manipulation

of the judgments to be made did not change whéitieee was this difference in pattern of eye



movements and fixations between faces the parhtspgaad previously been exposed to
(famous) and those which were new or novel (nonefagh This effect occurred independently
of recognition decisions. The eye-tracking ressiétsm to result from a top-down process by
which prior experience with stimuli shape the wafprmation is processed (Althoff & Cohen,
1999).

In an additional study investigating the eye-mogatrmemory effect and unconscious
processing of novel stimuli, Ryan, Althoff, Whitlpnd Cohen (2000) presented subjects with
pictures of scenes. These scenes were presenta@endifferent manners over the course of the
experiment: once within the three blocks (novehges, once in each block of the experiment
(repeated scenes), or once in each of the firstolavcks in an original form and then presented
again in the third block in an altered form, wharan object was added to the photo, taken out,
or shifted (these were referred to as 'manipulatethes’ in the original paper). Subjects' eye
movements were measured and compared across tretigans. The researchers were
particularly interested in observing the numbefixadtions and the number of regions of the
photograph sampled when photographs had been ntateigas opposed to those when
photographs belonged to the repeated or novel tondi Consistent with their earlier work
(showing more eye movement and fixations to iteemantically incongruent with their
embedded scene), they observed a repetition dffewhich fewer regions of the photograph
were sampled and fewer fixations occurred whermpti®ograph was repeated or manipulated as
opposed to when the photograph was novel. Jusiegdiad found with their face research,
stimuli that were novel (both never before seen@mdextual) received more sampling and

more fixations from viewers (Ryan et al., 2000).



Enhanced Memory for Novel Stimuli

Behavioral studies also suggest that novel stiamglibetter remembered. Similar to the
Von Restorff effect (also referred to as the isolaeffect), which shows better memory for
items that are unusual or stand out in some wayiHI995; Von Restorff, 1933), a general
consensus is that, not only do we attend to ndiral at a higher degree, but that we also tend
to have better memory for these novel stimuli wtested on them later (Lubow & Moore, 1959;
Wang & Mitchell, 2011). Various theories have set t explain why this is. Two of these
theories that predominate the literature are: ttemtion-likelihood theory and the
novelty/encoding hypothesis, both of which incogierattention and memory (Diana & Reder,
2006; Kim, Yi, Raye, & Johnson, 2012; Tulving & Klirdl995).

The attention-likelihood theory holds that nowehas, or those that occur infrequently,
and the features related to them receive moretatteim the encoding process and therefore
have stronger tags in the memory trace that latange an ease at retrieval. Basically, because
of the attentional focus on novel items, they amesolidated more strongly (Diana & Reder,
2006; Kim et al., 2012). Support for this theorysexin research that shows that source
judgments for low frequency (novel) items are maceurate than those for high-frequency
(familiar) items. This aligns with the idea thag tleatures associated with novel stimuli,
including context or source information will be radikely to be remembered than those
associated with familiar items. This can also pdewsupport for recognition research that shows
that items presented more frequently coincide witbwer hit rate and a higher false alarm rate
than novel items (Diana & Reder, 2006; Kim et2012).

These research findings can also be examinedghrihe similar perspective of a

novelty/encoding explanation as put forth by Tuyand Kroll (1995). The idea behind this



theory is that neural networks assess incomingmmétion for 'worthiness' for long-term storage
whereby encoding depends upon the novelty of tfeenmation. This, again, can account for the
finding that better memory is observed for noveins (and the context that enshrouds them)
than items that have been repeated (Kim et al2;20dlving & Kroll, 1995). Because the
hippocampus is a key player in memory encodinggssees, this explanation also pairs nicely
with the idea of novelty detection within our higaonpal circuitry (Gray, 2000; Viskontas et al.,
2006).

Diana and Reder (2006) investigated how the degfreevelty of an item could
influence familiarity-based judgments and sourcetextual information at both encoding and
retrieval through the use of low and high frequeweoyds (frequency determined by frequency
of use within the language; ex: low frequency wertdibunal or aberrant, high frequency word —
increased or earlier). They hypothesized that bezaovel information captures attention and
requires deeper processing at encoding, recogritionformation paired with the low
frequency words at a study phase would be impaueeh later tested on that information alone
compared to that of information that was pairechuiite high frequency words in the initial
phase. However, at the time of retrieval they scigakethat among those that have been
successfully encoded, low frequency words wouldgsociated with more accurate source
judgments or recollection of contextual detail®ytiprovided this by varying the background
color of the slides the words were presented omg. idlea here is that the low frequency words
are more novel, and therefore, initially requirerenattention but are better encoded, whereas the
high frequency words require fewer attentional ueses at encoding but are not encoded as

deeply. Their findings supported their predictiosisggesting increased processing of novel
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stimuli at encoding and a retrieval advantagelesé stimuli and contextual details associated
with them at test (Diana & Reder, 2006).

In a study that sought to explore this idea furdnel tease apart the degree of familiarity
or novelty and the methods by which the stimuligmresented in order to examine ability to
discriminate between stimuli, Mundy, Honey and DwgH07) presented subjects with four
pairs of yearbook-type photographs of faces anddtikem to make categorization decisions.
These photographs were morphed in order to presdpects with very similar portrait
photographs as a pair at different levels of dmstrability and the presentation of these
photographs was manipulated among these expodiyss of presentations included,
alternations of the photographs, interspersed arttgther presented photos, and blocks, in
which one photo was presented repeatedly, follobyetthe other. They found that preexposure
overall facilitated the ability to discriminate laten faces in the photographs. They also found
that the alternated presentation of the photogra@ssbeneficial to ability to discriminate
between them (Mundy, Honey, & Dwyer, 2007). Itheught that alternating presentation
between stimuli enhances attention to the uniqueowvel aspects of the photos, allowing better
discriminability. Again, similar findings have beebserved when stimuli are more abstract,
such as screens of colored squares (Wang & Mitch@ll1l). These findings, similar to those of
Ryan and colleagues (2000) and building upon woktiention, provide support again for a
system designed to detect novelty or differencésdrn incoming perceptual information and to
remember them better. We are rapidly comparingnmag stream of stimuli in our environment
to representations in our memory in order to disadd from new. From this derivative, we are

able to determine how to respond to those stimuli.
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Novelty in Recognition Memory Paradigms

Dual-process theories of recognition memory oattiwo distinct processes that are at
play in recognition: recollection and familiaritfecollection is defined as remembering or
calling to mind the details of an event or stimulkusd familiarity is defined as the feeling that
one has experienced something before (Cleary, 2@@4dler, 2008; Yonelinas, 2002). Various
dual process theories have been postulated siateriyinal distinction was made.

Most dual process theories agree that familiasign initial subjective experience upon
encountering some type of stimuli in which one des if he has experienced that stimulus
before. It is generally thought to be a fast, aln@gomatic response, with no requirements of
further retrieval or generation of contextual dstaRecollection, on the other hand, does require
this extended search (Mandler, 2008). This beiindy Haese two concepts or dimensions of
recognition are thought to occur in a time sequewtereby when encountering an event or
stimulus, first a familiarity process based on petaal input is instigated and then, if immediate
recognition does not take place based on the iyesisthe familiarity response, additional
information about the target stimuli is sought muprovide details and identification of that
target (Mandler, 2008). The second process woulthédslower process of recollection. For
instance, where subjects have been tasked withngalacisions about items that had been
previously studied and those that had not undex tionstraints, they were accurately able to
make these distinctions (based on familiarity)daghan they could recollect details about the
target stimuli or the context under which they weresented in (Hintzman & Curran, 1994;
Yonelinas, 2002). Although there is a differenc@ate of these processes, they are thought to

be parallel processes, occurring in tandem (Mand@08). In short, familiarity is the initial
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experience of knowing one has experienced some éeéore and recollection is actively
retrieving contextual details about that eventlgect (Mandler, 2008).

Many researchers who operate within the dual psofrasnework have examined issues
of subjective experience in recognition throughrtassessment of the familiarity response. The
distinction between familiarity and recollectiori@f entails a description of degree of access the
individual has to aspects of his or her own membBoy.example, in the remember-know
paradigm, subjects are presented with test iteomse f which appeared on an earlier study list.
For each test item, subjects are asked to maké&lameav recognition judgment followed by a
self-assessment of the basis of that judgment. ‘@eler’ responses mean the basis of that
judgment was recollection; “Know” responses meaniiasis was a mere feeling of familiarity
(Cleary, 2004; Mandler, 2008; Tulving & Kroll, 199%0nelinas, 2002).

Other evidencsupporting dual-process theory comes from resasiriyg what is called
the recognition without cued recall (RWCR) paradi@teary, 2004; Ryals & Cleary, 2012). In
the RWCR paradigm subjects are presented with studgs (ex: distraction) and are then
presented with non-word test cues. Half of the waoind test cues are graphemically similar to
study list items (ex: disfraption) and half are rords with no resemblance to study items (ex:
twilfight). At test, subjects are asked to rate fdmiliarity of the test cue or the likelihood treat
similar word to the test cue appeared on the slistlpn a 0 to 10 scale (O=not familiar or no
likelihood of previous presentation, and 10=venmyilaar or high likelihood of previous
presentation). Subjects are also asked to idetht#Efycorresponding word from the study list (that
resembles the test cue) if they are able to d&gals and Cleary (2012) examined the RWCR
effect and results of their study support the ithed overlap in specific features between the test

item and the studied items can activate a famijiagsponse and that the strength of this
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familiarity response can be mediated by the degféeature match; non-word test cues that
more closely resembled study words were assocwatechigher familiarity ratings than non-
words with low resemblance (Ryals & Cleary, 2012).

Additionally, the study showed that recognitiorthe presence of cued recall and
recognition without cued recall behave in veryeliéint ways. Factors that affect the presence
and strength of familiarity ratings with cued réalccess, such as the concreteness (vs.
abstractness) of the word's semantic meaning, ai@xhibit an effect on familiarity ratings in
instances of cued recall failure. In the preserigeaall, familiarity ratings are higher for
concrete words than they are for abstract wordswben recall fails, the concreteness of the
word makes relatively no difference on the famitiaratings for those words (Ryals & Cleary,
2012). This supports the dual process perspeatgesaggests that different mechanisms may be
at play in making the two different types of respes While the recognition response in the
presence of recall seems to be facilitated by (arhof) information that can be generated about
the test cue, the recognition response when risslsimay be driven by (amount of) similarity
of individual graphemic or orthographic featureydR & Cleary, 2012).

As discussed throughout this section, much resdhatthas supported dual process
theories in suggesting that there may be more @harmprocess occurring in the workings of
recognition memory. Others have examined how thgstive experiences of familiarity differ
from recollection (e.g., remember-know studiesjjustion then arises as to whether there are
only two processes involved in recognition. In #hést-learning paradigms, novelty is typically
thought of as the polar opposite or inverse of fiamily on a spectrum and this relationship is
represented in the literature as somewhat dichatsfrem item is either familiar or it is novel.

This approach to novelty revisits the definitiordlaut earlier as 'novelty as known stimuli
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unfamiliar due to lack of presentation on an eadtady list.' This concept of novelty permeates
within the typical remember/know recognition pagadj one must be able to distinguish
between old and new in order to learn informatind ane must also be able to tell what is 'old’
in order to make a 'new' judgment. Could noveltybether process at play in the mechanisms
of recognition memory? How does this translateenmis of novel experiences?

Subjective Experiences of Memory

Interest in subjective experiences of memory antbw these experiences map onto
results of objective measures has begun to ematgehe research literature. Among some of
the subjective phenomena that are described ilitéhature are feelings of familiarity (described
in the previous section) (e.g., Mandler, 2008; Mmaes, 2002), feelings of knowing (e.g., Koriat
& Leiblich, 1977), tip-of-the-tongue-experiencesg(esee Schwartz, 2002, for a review), and
déja vu experiences (e.g., Brown & Marsh, 2010a64e2008; Cleary, Ryals & Nomi, 2009;
Cleary et al., 2012).

Feelings of knowing, or feelings about one's fetaibility to recognize an inaccessible
target item if tested on it later, have been shtaoe able to be influenced by manipulations of
fluency of the cue although outcomes of objecte@gnition measures remain unchanged
(Koriat, 2000; Koriat & Leiblich, 1977). The tip-¢he-tongue phenomenon, or the feeling that
recall is imminent and that the memory for an iiesran the verge of being accessed (although
not accessible at that moment), has been explamadmetacognitive phenomenon possibly
resulting from increased accessibility of infornoatiassociated to the target leading to a inflated
feeling of accessibility of the target itself (Sdmtz, 1999; 2002).

Deja vu has been defined as the experience ohaxperienced something before

while having a concurrent awareness that the smug new. Researchers attribute this

15



subjective feeling to a high feeling of familiarityr an event paired with a failure to retrieve any
contextual details of that event and evidencetti@event could not have been experienced
before (Brown, 2004; Cleary, 2008; Cleary, Ry&l$yomi, 2009). To investigate possible
mechanisms at play in the experience of deja veai@land colleagues (2012) used virtual
reality to manipulate scene presentations. At stadigjects were allowed to explore various
rooms, each accompanied by a room title. At tesgettypes of scenes were then presented: the
exact rooms that had been presented in the stuaephooms that were novel but configurally
similar to those presented in the study phaseeftample, a room titled 'bowling alley' that
would map on to a room that looked like a subwayiat in its configuration of elements in the
room), and rooms that were novel and shared nagioaf details to study rooms. Subjects were
asked to rate the familiarity of these test roomd t® also identify, if they could, a room from
the study phase that was similar to the test rommently being presented. A recognition without
cued recall effect was observed; subjects ratedottvas that were configurally similar to those
they had been presented with during the study passeore familiar even when they were
unable to explicitly identify a room from the stuplgase that the current room resembled
(Cleary et al., 2012).

Within the theory of familiarity, the more similarcue is to the original presentation of
the stimulus, the higher the familiarity signal ahd more likely one is to feel deja vu or a high
subjective feeling of familiarity (Cleary et alQ22). Along these lines, the greater degree of
configural similarity, the higher the familiaritatings should be and the higher the likelihood of
reporting deja vu. Speaking to this, the resultthisf experiment showed that when participants
were exposed a second time to the exact roomhbgtitad seen in the study phase, yet failed to

identify the room as 'old’, the familiarity ratingad deja vu proportions were even higher than
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they were for configurally similar rooms (Clearyatt, 2012). This impels a question: why did
the subjects fail to recollect that they had ad¢yuaden in that room before? It seems that the
subjects are experiencing high familiarity for thesoms, due to their reported familiarity
ratings, in tandem with a high sense that the r@onew, as evidenced by their reporting the
room as new in their recognition judgments. Cam dejthen be characterized by a high feeling
of familiarity occurring simultaneously with a hidgéeling of novelty? If this is the case, the
classic way of looking at novelty as on the oppositd of a familiarity spectrum may need to be
rethought. If feelings of familiarity and feelingé novelty can occur in unison, perhaps
familiarity and novelty are, rather, two separataehsions.

According to the studies discussed above and otisearch on the topic, one could
suppose that familiarity and recollection couldséxin separate continuums and various levels of
each could be experienced. However, with regarttelty, is novelty just low on the
continuum of each of these forms of recognitiomsarovelty on a continuum of its own?

The Subjective Experience of Novelty
The present study is concerned with how novsligxiperienced at a subjective level.
Perhaps the best example of a subjective exper@noavelty is what is known as the “jamais
vu” experience. Jamais vu may be thought of asgip®site of deja vu, described as a jarring
feeling of novelty in a situation that one knowsusll be familiar (Brown, 2004; Brown &
Marsh, 2010; Cleary, 2008; Read, Vokey, & Davidsi991). That is, while deja vu is the
subjective feeling of familiarity during expecteduelty, jamais vu is the subjective feeling of
novelty under circumstances of expected familigigsown, 2004; Brown & Marsh, 2010;
Cleary, 2008; Read, Vokey, & Davidson, 1991). Thmultaneous feeling of unfamiliarity and

familiarity is a relatively rare experience comghte that of some of the other phenomena
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discussed, yet it has been recorded with more &ecpuin a subset of individuals with temporal
lobe epilepsy just before the onset of an epilegieure (Lardreau, 2011; O'Connor et al., 2010;
O'Connor & Moulin, 2010). The mechanisms behind ghenomenon are unknown, however,
some have suspected that the same factors invoivadating some of the other subjective
memory experiences are the root cause here agBveln, 2004; Brown & Marsh, 2010;
Cleary, 2008; Read, Vokey, & Davidson, 1991).

The Capgras delusion may be another example ubjadive experience of novelty. This
is a delusion that has been observed among pedbl@rganic brain disorders in which a
person will be able to recognize people close ¢mtlisuch as friends or family members or even
pets) as looking like those people (and havingsdrae mannerisms, etc.), but will be convinced
that these people are impostors. Interestinglydtiaesion does not arise if the person is
presented with only auditory information, such dsewtalking to their loved one on the phone
(Brown, 2004; Ellis, Young, Quayle, & de Pauw, 18950ome theories as to the etiology of this
disorder have proposed that the limbic centershiimat emotion to memories (or emotion
evaluation areas; amygdala) have been detacheuia way from the visual representations of
the memories (or visual recognition areas; fusifgyrus) in these cases (Ellis, Young, Quayle,
& de Pauw, 1997; Ramachandran, 2004). This exptanhtis been supported by research that
has shown no difference in autonomic responsendifa versus unfamiliar faces among those
diagnosed with Capgras, whereas a more pronounttedanmic orienting response is observed
for familiar faces than for unfamiliar faces witrargroup of healthy controls and when auditory
stimuli is used (familiar vs unfamiliar voices) angpthose diagnosed with the disorder (Ellis,

Young, Quayle, & de Pauw, 1997; Ramachandran, 2004)
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A more common experience of novelty may be founcelationship to reading language. A
Google search of “staring at a word too long” tuout numerous results (Google responds
“about 50,400,000"). Many of these describe thesaBon of having a word lose its meaning or
feel foreign, or even of the word no longer seentilkg a word after it is repeated somehow
(usually read over and over or written over and pvihey also usually include inquiries as to
what this experience is called and whether other®®periencing it as well. Here are a couple
examples from the first few search results:

(Perhaps this only happens to me, but | doubt it.)

Sometimes after looking at a word for a while, td@e convinced that it can't

possibly be spelled correctly. Even after lookihgp, sounding it out, and

realizing that there's simply no other way to sged word, it still looks wrong.

Is there a shorthand way to describe this feelnthat people will know what |

mean without the long explanation?

(http://english.stackexchange.com/questions/61-7bése-a-word-or-phrase-for-

the-feeling-you-get-after-looking-at-a-word-for-to)

If you say a certain word enough times, it stastsdund/feel different. | had this

today with the word patio, and in the end | fdtelil barely know the word

anymore.

| am not sure how else to describe this, but thaesty much the reason I'm

asking — what is this phenomenon called

(http://english.stackexchange.com/questions/46@0Gts-the-term-for-when-a-

word-is-said-so-many-times-it-sounds-weird)

Can these case study and anecdotal reports ofiempes described above be attributed
to merely a very low subjective feeling of familtgror is the feeling of a 'novel' experience
important and separate? Is it possible to simuttasky have both the subjective feeling of
familiarity and the subjective feeling of novelty m deja vu? While these examples of
subjective experiences of novelty exist anecdqtédhy studies have actually DIRECTLY

examined the subjective experience of novelty. H@resome literatures may be particularly

relevant to the question of how novelty is subjeti experienced.
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Potential M echanisms of the Subjective Experience of Novelty
Semantic Satiation as a Potential M echanism of Subjective Experiences of Novelty

The experience of novelty alongside the experi@idamiliarity has been likened to
descriptions of “word blindness” and semantic sata(See Brown, 2004, p. 109). Semantic
satiation is one term that has been used to desttrébhabituation that can occur from repeated
exposure to the same stimuli. Neely (1977a; 1948b)l a standard semantic priming procedure
to examine satiation. What is observed in thisddah paradigm is that the speed of lexical
decisions (deciding whether the word presentedamasrd or a non-word) is modulated by the
semantic relatedness of words presented duringmginwhen a prime word has semantic
association to the target, the decision is maderfaBriming is therefore effective not just for
visual features of words, but for semantic assmriatas well. The presentation of a prime word
activates memory representations of that word alaitly sources and associations related to that
word, which, in turn, leads to a faster responsemthe prime is semantically related to the
target word. Whereas some activation of the reptatien from priming should lead to
increased accessibility, Neely was interested intivr there could be too much activation,
leading to over-saturation of the representatiah@decreased accessibility of the target.

Neely (1977a; 1977b) posited that extended repetdf the prime should result in
semantic satiation, similar to a habituation resgdior the prime. That is, he expected to reverse
the effects seen in the lexical decision task abwords presented with prolonged repetition of a
prime would actually result in a longer time to raakdecision than words which had been
primed with fewer repetitions. His observationglo$ task when manipulating duration of
repetitions of the prime word did not match his@otations in this lexical task (Neely 1977a,

1977b). However, this predicted reversal of primafiigcts was observed in an alternate
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experiment carried out by Smith and Klein (1990ewisubjects were tasked with making a
semantic decision. This consisted of subjects bpiagented with a category title that they either
had to say aloud three times or thirty times. Tiveye then presented with a target word and
asked to make a decision about whether the target was a member of the category that they
had just been repeating. Decision times were sggmfly longer when the target word was
actually a member of that category than when tigeetavord did not belong to the category that
had been repeated. Decision times were also slimwéne category titles that the participants
repeated thirty times versus those they repeateé times. This suggests that extended
repetition of a prime can decrease access to semmaformation related to that prime, consistent
with the semantic satiation hypothesis (Smith &iK|€.990).

Smith and Klein (1990) refer to semantic satiadsrithesubjective experience of loss of
meaning of a word as a result of prolonged inspadand repetition of that word” (p. 852) and
note what it is like to experience this effecttfinand. They describe accounts of feelings that the
stimuli have lost meaning and familiarity as wedlthe inability to recognize the stimulus for
what it is from physical or phonetic features. Fmtance, if the stimulus is a word, the word no
longer looks like or sounds like a word (althougbgording to Neely's research, the knowledge
that the stimulus is actually a word does not dighih(Smith & Klein, 1990).

A further study that attempted to explore semasditationas a potential mechanism
involved in jamais vu was carried out by Chris Mnoisl group at the University of Leeds and
was described in a presentation at the Fourthratemal Conference on Memory held in
Sydney, Australia in 2006 (as described in ABC &o#eOnline; Skatssoon, 2006). Ninety-two
subjects were asked to write out frequently usedis;such as “door,” 30 times each for 60

seconds and were then asked to describe theirierpes of this task. Sixty-eight percent of
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these subjects wrote descriptions that were catsgbas mirroring the jamais vu phenomenon.
For example, some subjects gave accounts likigdikted like |1 was spelling something else”, it
“sounded like a made-up word” or “I began to dotlhiait | was writing the correct word for the
meaning” after repeatedly writing these words (S$@on, 2006). These responses to this task
are similar to what people describe experiencitgy ataring to a word too long with both lexical
and semantic associations more difficult to acedtss repeated exposure to the word and hints
at how the subjective experience of novelty maynaaipulated.
Semantic Satiation and the Jacoby-Whitehouse Effect

In research that investigated conscious awarerfggaming and the effect of priming on
recognition and familiarity, Jacoby and Whiteho(5@89) found that priming, or providing a
matching 'context’ word, below the level of conssiawareness (flashed for only 50ms) just
prior to a test word led to an increased leveltdd recognition for the test word (claiming that
this word had been on an initial phase study st words were medium-frequency five-letter
nouns and the conditions of context words in thsk twere context words that matched the test
word that would follow, context words that did moatch the test word, and no context words.
As in other priming and recognition memory paradgfor the test list Jacoby and Whitehouse
also used both old words, or words that had appearean earlier study list, and new words, or
words that had not been presented earlier witterestperiment. Their findings that the matching
prime increased false alarms in recognition judgenexplained by the authors as being due to
an increased familiarity signal as a direct effd#dhe flashing of the context word which is
misattributed to the likelihood that the word haskb presented on the study list. Interestingly,
this effect is reversed when the subjects were raagee of the context words, or when the

presence of these words was brought to consciterstian through a longer prime duration
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(e.g., 200ms); less false recognition takes pladhis circumstance. This also adheres to the
authors' theory in that, once subjects are madeesathat these context words are flashing prior
to the presentation of the test words, they arlonger prone to falsely attribute the increased
feeling of familiarity to the word having been peaged on the study list. Instead, they realize
that the feeling of familiarity may arise due te fhresentation of the context word at test. Jacoby
and Whitehouse (1989) hold that these effects aegalthe differences in familiarity and
recollection and the degree of reliance on thelfarty signal rather than priming and an
increase in perceptual fluency.

More recent work by Huber and colleagues (2008yssts that the Jacoby-Whitehouse
paradigm can be used to induce something similaeteantic satiation, and that this in turn,
may relate to experiences of novelty (defined damiiarity). In the model suggested by this
group, the perceptual fluency-disfluency modelpng and perceptual fluency have a bell-
shaped relationship such that short duration ehimg will increase perceptual fluency (as is
suggested in the Jacoby-Whitehouse effect) to sangxrom which point, longer durations of
priming will create disfluency. Perceptual fluensyhe idea that previous experience or
knowledge of a stimulus increases ease and, coestguspeed of processing. The model
includes a structure that includes a perceptualJen orthographic level, a lexical/semantic
level, and a familiarity level, each previous lefedding into the next and can affect processing
of the stimuli (See Figure 1). According to Hubeak's model, both perceptual fluency and
familiarity for primed targets are amplified thrdughort prime durations, whereas habituation is
facilitated through long prime durations, resultingperceptual disfluency and depressed
familiarity. They also propose variability in thegtee of priming it would take to result in

disfluency. Negative priming or disfluency is aagai more rapidly for more familiar items; they
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activate more quickly and, in turn, habituate mgqueckly. Therefore, difference in length of
prime duration required to reach a point of digficyediffers according to initial familiarity of
the material (Huber, 2008; Huber, Clark, CurranMnkielman, 2008).

Huber and colleagues (2008) observed supporhéset fluency effects through a series
of experiments in which prime duration was manipdaand tests of recognition were
employed. Experiment three as outlined in theirgpap particularly relevant to the issues
discussed here. In this experiment, subjects dldits of (36) random 5-letter word pairs. Each
study list was followed by a forced-choice recogmittest which included (24) pairs of target
and foil words (the targets were words that hadhlresented in the study list and the foils were
words that had not been presented in the stugyaligt a prime was flashed before each test pair.
The subject was instructed to identify which of wi@rds had been presented at study. There
were three prime types: neither target nor foil dvprimed, target word primed, or foil word
primed, and two prime durations: 100ms for a sharhe or 1000ms for a long prime.

Following the recognition response, participantsenmovided with feedback about which of the
words was the correct (target) word that had beesgmted in the study phase and were then
asked to identify the word that it was paired vatrstudy if they were able to do so. This
methodology was brought on by the prediction teablection should not be affected by the
manipulation of perceptual fluency or pre-activat{gince recollecting involves generation of
missing information as opposed to strength of @ésponse) but that recognition judgments of
past experiments may have been diluted by relianaecollection when making
remember/know or old/new responses. In this wag/ etkperimenters were able to look at
recognition with and without cued recall to isol&eiliarity within the recognition judgment

(Huber, Clark, Curran, & Winkielman, 2008).
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In general, Huber and colleagues (2008) foundrg@ignition was enhanced through
short duration primes whereas long duration priseesned to have the opposite effect, with
primed words lessening likelihood of recognition flee related target. This effect was observed
even when subjects were explicitly asked aboutlthration of primes and were able to identify
the shorter primes and it persisted, manifestingmfamiliarity-based recognition decisions
were made apparent by cued-recall failure. Theltestitheir manipulations suggest that
priming can have a unique effect on familiarity ilgHeaving recollection virtually unaffected
(Huber, Clark, Curran, & Winkielman, 2008).

Inhibition/Interference as an Alter native M echanism Underlying Subjective Novelty
Experiences

Despite the promising findings emerging in the satmasatiation and priming literature,
other mechanisms may underlie novelty experier@@as.such possibility can be seen in data
collected by Neely (1976; 1977b) in an experimemtea to uncover mechanisms of semantic
facilitation in lexical decision tasks or fasteaction times when primes are related to the target
word. In this experiment, reaction times were rdedrduring a lexical decision task for which
the subject would have to decide whether the target presented on screen was a word or a
nonword. Each of these items were primed prior&s@ntation in one of three prime conditions:
the prime was a related word, the prime was anlatee word, or the prime was a neutral
nonword (such as, XXX). Three prime durations (AS) were used as well: 360ms, 600ms,
2000ms.

What Neely termed as 'inhibition' referred to &myg that might show an inflated
reaction time for the target word (or nonword) aspared to the reaction time when the neutral

prime was exhibited (used as the baseline). Inrasptfacilitation’ is used to refer to when a
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factor is able to decrease reaction time for tek.tAn 'inhibition effect’' was observed for target
words accompanied by longer prime durations wherptime was an unrelated word; unrelated
word primes at longer durations led to increasegdtren times for the lexical decision task of the
target word than did related primes or neutral parat the long duration and reaction time
decreased as prime duration got shorter (Neely61®Neely proposed, in lines with other
research at the time, that these results may hkextige of an attentional strategy used by the
participants in that they are misdirecting theieation to the primes and the shift in limited
attention when the target word is not related eoghme creates a disadvantage for processing of
the target word. In this way, the prime may be oapan interference when the prime and the
target are dissimilar by activating associatiohateg to the prime and making it harder or
slower to activate associations related to thestangprd when it appears (Neely, 1976; 1977b).
Unlike the implications of the fluency-disfluencyodel and the satiation effect, this alternative
inhibition/interference approach would predict degsed abilities in processing of a target
following prolonged exposure to an unrelated priitas depressed ability may create a

reduction in familiarity for a target, and in tuemhance subjective novelty.
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EXPERIMENT 1: A PILOT INVESTIGATION

A pilot study was carried out in order to test &y of the Huber (2008) fluency-
disfluency paradigm (a variant of the Jacoby-W'otede paradigm), using the recognition
without cued recall paradigm of Cleary and collesgy(Cleary, 2004; Ryals & Cleary, 2012) and
to further prod the characteristics that may belved in creating ‘unfamiliarity’. The
recognition without cued recall paradigm was usedt was by Ryals and Cleary (2012), as it
allows an isolation of familiarity through invesgigpn of recognition in the absence of recall.
More specifically, by removing instances in whielall succeeded, the method allows an
examination of judgments that are based on otlargsses than recollection, such as familiarity,
or in the case of the present proposal, novelty.

As in Ryals and Cleary (2012), this pilot studyjized study words (ex: distraction,
tribute, elbow) and nonword test cues, of whichf resembled studied items in terms of
graphemic features (ex: disfraption for the stuaydwdistraction) and half did not (ex: dovil).
The pilot employed the methods and materials ofefirpent 1 (Ryals & Cleary, 2012), with
additional examination of different durations opesure to primes. More specifically, prior to
the test cues we incorporated Huber et al.'s viaoiatine Jacoby-Whitehouse paradigm. In the
hybrid paradigm used for the pilot, nonword prinaese used in addition to nonword test cues
and subjects made recognition judgments about whagimilar word appeared on the study
list.

Hypotheses
While this pilot was largely exploratory, to detenen if unfamiliarity could be

manipulated within the RWCR paradigm by manipulgtnprime duration, some hypotheses as to
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expected outcomes were formulated given the ptenakure. Overall, an RWCR effect
was expected whereby test cues resembling stuahg itlieat failed to be recalled would have
higher familiarity ratings than test cues not relskmg study itemsln addition,consistent with
the lines of Huber et al. (2008), test cues paivied long duration (1000ms), matching primes
were expected to be met with lower familiarity ng than those with the short duration (50ms),
matching primes, those with long duration, mismattprimes, and those with short duration,
mismatched primes (among test cues that do notitesiccessful recall of the corresponding
study item). Test cues paired with short duratie®n{s), matching primes were expected to be
met with higher familiarity ratings than those gaiwith all other prime conditions among test
cues that would not lead to successful recall efddrresponding study item. When the prime
does not match the test cue, prime duration shioave no effect on the familiarity ratings and the
RWCR effect should persist.

Method

Participants

Seventy Colorado State University undergraduateestis were recruited from the CSU
Psychology Department subject pool in the fall setereof 2012 and they were given course
credit as a part of their introductory Psychologurse requirements for participation in this
study. Informed consent was obtained from eachqgaatt.
Materials

This program consisted of 6 blocks of study-tests All stimuli were presented visually
on the screen. The stimuli consisted of 192 patéstudy words and the corresponding
graphemically similar test cues (e.qg., disfrapfionthe study word distraction, and foneheed for

the study word forehead) that had been used iRYa¢s and Cleary (2012) experiment that
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investigated RWCR. Consistent with the paradigndusehat study, each study-test block
consisted of 16 study words followed by 32 testscuenerein half (16) of the test cues resembled
study items and half (16) did not. Block order wasdomized as was the order of presentation of
study and test stimuli within each block.

All instructions for the task were presentedthi@ E-Prime program and the participants
were able to self-progress through the study byguie keyboard. Each study word was
presented in the upper left corner of the compsdezen in lower-case letters for 2 switha 1 s
inter-stimulus interval. Each study list was imnadly followed by the corresponding test list.
Each item in the test list included a prime thasffled prior to the presentation of the non-word
test cue. These primes varied in whether they nedttiie non-word test cue that immediately
followed (e.qg., for the test cue of foneheed, thme is foneheed) or whether the prime was a
mismatching nonword that did not resemble a wanchfthe study list (e.g., for the test cue
foneheed, the prime is crawfed). The primes alseeaan duration. Half of the trials had a 50ms
prime and the remaining half of the trials had @Qkfis prime (16; 8 with matching primes). Thus,
there were four types of prime type, prime duratrals: a) matching, 50ms primes (8 items), b)
matching, 1000ms primes (8 items), ¢c) mismatch@dybprimes (8 items), d) mismatched,
1000ms primes (8 items). Prime durations were ahbssed on the research by Huber and
colleagues (2008) suggesting that 50ms prime dura&nhanced recognition ratings while
1000ms prime durations provided enough overexpdsureverse the effect. Fifty millisecond
primes flashed only once before the test cue. Gmestand millisecond primes flashed in 20-
50ms intervals with 50ms between each flash bdfwdest cue. A pre- and post-prime mask was

used ($$$$553$$$%) and was presented 500ms befdrafir the presentation of each prime (as
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per Huber et al., 2008). The test cue appeared datsty after presentation of the mask. Prime
duration and matching context of the primes wersmterbalanced among item assignment.
Procedure

All stimuli were presented via individual Dell cputers in individual rooms. They were
presented on E-Prime 2.0. Once participants hatltreaugh and signed the consent forms, and
were led to the individual experiment booth, thegpam was started for them and they were able
to self-progress through the experiment. Partidgparere instructed that they would be viewing
words in a study list and that their memory forg@aevords would later be tested in a following
test list consisting of non-words. They were tdldtf at test, they would be asked to rate the
likelihood that a similar word appeared in the gtlist and to give a rating of likelihood on a
scale of 0-10, a rating of O indicating that theg sure a similar word did not appear in the study
list and a rating of 10 meaning that they are susemilar word did appear in the study list. They
were asked to use the whole scale of ratings. @heylso asked to try to identify a word that they
studied that resembled the non-word and to typewoird in when prompted if they are able to do
s0. The six study-test sessions would then begin.

For each study block, study items were presentedab a time for 2s with a 1s inter-
stimulus interval. Each test list was precededheydirections, “You will now begin the test
phase. You will be viewing a list of non-words pded by words or non-words that will be
flashed briefly. You will need to judge the likebbd that the final word is similar to a word that
appeared on the previous study list. You will ddecasked to identify the word on the study list
that this non-word resembles if you are able tealoPress 1 to begin.” Each mask, prime, and
test cue appeared in lower-case letters in therdpfiecorner of the screen. Congruous with the

Ryals and Cleary (2012) study paradigm, for eaehpresented on the test, participants were first
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asked to provide a familiarity rating for that augng a O (very unfamiliar) to 10 (very familiar)
scale to indicate the likelihood that the cue rddecha word from the previously studied list
(“Please rate the likelihood that a similar worgh@gred in the study list on a 0-10 scale;
0=Completely Unsure, 10=Completely Sure). They wieea asked if they could recall a word
from the study list that resembled the test iteih\@are prompted to type it into a dialogue box if
they were able to do so (“Do you recall a wordnfrthe study list that resembles this item? If so,
type it in.”). These measures allowed simultaneexamination of familiarity (ratings) and
recollection (target identification proportions aadhiliarity ratings given in the presence of
recall) across study status (test item associatédstudied word vs unstudied), prime status
(prime matching test cue vs mismatch), and prinratchn (50ms prime vs 1000ms prime).
Results

Data Analyses

Data were hand coded for correct identificatiotanfjet word. This was to ensure that
spelling mistakes did not result in erroneouslykimay an identified item as unidentified.
Successful Recall Proportions

A repeated measures 2 (Study Status: target studietget not studied) x 2 (Prime
Duration: 50ms prime vs 1000ms prime) x 2 (Primedieéstatus: matching prime vs mismatched
prime) analysis of variance (ANOVA) was conductedmnalyze the proportion of targets recalled
in response to the cues (correctly identified tefetal number of items) among the conditions
(See Figure 3 for distribution). Other than a mefliect of Study Status, no effects were predicted
since the work of Huber and colleagues (2008) sueid that the prime duration manipulations
should have virtually no effect on recollectionfpemance. However, some research has

suggested that part of what is observed in thehjaddhitehouse effect may be due to a
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contribution of recollection. This is primarily gieaded by studies that have shown that the
standard remember-know procedure itself may beoresple for the lack of observed effects of
priming on recollection and that recollection toayrhave an inferential component (See Kurilla
& Westerman, 2008). Kurilla and Westerman (2008)enable to replicate the Jacoby-
Whitehouse effect when they used this procedu@ysty an isolated effect of prime duration
(subliminal vs supraliminal primes) on familiariggnd no effect on recollection). However, when
they instead applied an independent ratings regpmeshod (e.g., the subject was asked to
provide a 1-4 rating of familiarity and a separkt rating of recollection for each test item),
increasing both perceptual and conceptual fluehiyuigh the use of a brief prime led to both
heightened familiarity ratings and recollectiorings.

In the present analysis, both the main effecttofl§ Status [higher proportions of correct
target identifications were observed when test ceassmbled studied itemBl€.676) than when
test cues did not resemble items from the studyMs.21),F(1,69)=523.96p<.001,,°=.884]
and the main effect of Prime Duration were sigaific[test cues following 50ms primes gave rise
to significantly higher proportions of identificatis than did test cues following 1000ms primes,
F(1,69)=5.83p=.018,4°=.078]. The latter of these results suggests #ideast in this particular
case, manipulating the duration of the prime didehan effect on recollection (See Table 1 and
Figure 2). Since this occurred regardless of whetheprime matched the test cue, it could be an
attentional effect. A significant study Status xfr Match Status interaction occurred,
F(1,69)=4.603p=.035,,%=.063. All other main effects and interactions daf reach a level of
significance [Prime Match Status(1,69)=2.98p=.089,4°=.041; Prime Duration x Prime Match
StatusF(1,69)=.897p=.347,47°=.013; Study Status x Prime Duratid¥(1,69)=.237 p=.628,

n?=.003; Study Status x Prime Duration x Prime Matétus(1,69)=.008p=.929,5°<.001
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(See Figure 2)]. Again, these results may be pigreaplained by the idea that recollection
contributes to the Jacoby-Whitehouse effect.
Cue Familiarity Ratings During Recall Success

Familiarity ratings were analyzed among test chasdid lead to successful retrieval of a
similar study item via a repeated measures 2 (SBidius: studied target vs. unstudied target) x 2
(Prime Duration: 50ms vs 1000ms) x 2 (Prime Mattdtus: matching prime vs mismatched
prime) analysis of variance (ANOVA). This analysesealed a significant effect of Study Status,
whereby test cues that resembled study items reddilgher familiarity ratingd{=8.67) than did
test cues that did not resemble studied itevts5(16),F(1,69)=225.18p<.001,4°=.765. No
other main effects reached significance [Prime [DumaF(l,69):.425p:.52,;12:.006; Prime
Match StatusF(1,69)=.20p=.65,5°=.003]. A significant interaction was observed besw
Prime Duration and Prime Match StatB$],69)=5.00p=.03,,°=.068. When test cues and
primes matched, familiarity ratings were higher%0ms prime duration$=7.09) than for
1000ms prime duration$4£6.80). However, a much smaller difference showiegopposite
trend was found among prime durations when thegsicid not match the test cues (50ms:
M=6.81; 1000msM=6.97) (See Table 2, Figure 4).
Cue Familiarity Ratings During Recall Failure and the Recognition without Cued Recall
(RWCR) Effect

An initial general analysis was performed to assiesslata for the recognition without
cued-recall (RWCR) effect that had been found evjmus research, without considering the
effects of prime match and prime duration. Thigetffivas in fact apparent in the overall data with
test cues that were graphemically and orthographisanilar to items that had been on the study

list eliciting significantly higher familiarity ratgs M=3.44,3D=1.57) than test cues that did not
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resemble studied items (unstudiellli=2.02,SD=1.19) among test cues for which no similar
study items could be identifiet{69)=10.02 p<.001 (See Figure 2).

To examine the RWCR effect in more detail, famityaratings for test items that
resembled study items but were unable to be idedtifere compared across Match Status and
Prime Duration. A 2 (Study Status: target studisdarget not studied) x 2 (Prime Match Status:
match vs. mismatch) x 2 (Prime Duration: 50ms @€0ms) repeated measures ANOVA was
performed examining familiarity ratings for tesiesuthat did not lead to successful retrieval of a
similar study item across the independent varial@e®grall, a significant three-way interaction
was observed between these variables (Study St&ume Match Status x Prime Duration),
F(1,69)=8.74p=.004,7°=.112. This pattern can be observed in Figure Sispdescriptive of
long-duration mismatched primes lessening or weiakgethe effect of familiarity that is seen in
all other conditions in which test cues resembleecalled studied items (See Table 3, Figure 5).
Further analyses were carried out to isolate antbtunderstand the individual components that
contributed to this interaction.

A significant main effect of Study Status emergethese data; test cues that resembled
study items elicited higher familiarity ratingsl€3.00,3D=1.57) than test cues that had no
studied word counterpartME1.99,5D=1.19),F(1,69)=104.06p<.001,4°=.601. A main effect of
Prime Match Status was observed such that fanyliestings were higher overall for items that
matched M=2.73) than for those that did not matMI:Q.26),F(l,69):30.08p<.001,;12:.304.
Significantly higher familiarity ratings were alseen for the short duration primé4<2.63)
versus the long duration primé\ﬂ:éZ.SG),F(1,69):1l.11p:.001,;72=.139.

A significant interaction was observed betweenShely Status and Prime Match Status

variables; test cues that resembled studied iterdgalowed a matching primé=3.44,
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SD=1.69) had higher familiarity ratings assignedhienh than test cues that resembled studied
items but followed mismatched priméd<2.56,3D=1.65), whereas the relationship was not so
distinguishable between prime match conditions agriest cues that did not resemble items from
study [matching primeM=2.03; mismatched prim&i=1.96],F(1,69)=26.48p<.001,;°=.277.
The Study Status by Prime Duration interaction alsowed a significant relationship,
F(1,69)=11.06p=.001,7%=.138. Among test cues that resembled studied jtdrose with a 50ms
prime received higher familiarity rating®1€3.29,3D=1.61) than those with 1000ms primes
(M=2.71,SD=1.77). Of test cues that did not resemble studiésds, those with 50m$4=1.98)
were met with only slightly lower familiarity ratgs than those with 1000ms primé&4=2.01). To
sum up, the RWCR effect was diminished in mismatgtrane conditions as well as in 1000ms
prime conditions. An interaction between Prime Ma$tatus and Prime Duration came forth in
the data as well; whereas the familiarity ratingbribt change in the matching prime condition
depending on duration (50ms prin=2.71; 1000ms primév1=2.76), when the primes did not
match the test cues, familiarity ratings were higbetest items that had a 50ms duration prime
(M=2.56) as opposed to the 1000ms duration priiwel(96),F(1,69)=26.40p<.001,,°=.277
(See Table 3, Figure 6). Taken together, this agetentuates the pattern that the RWCR effect
of higher familiarity ratings for test cues thaseenble studied items is attenuated or impeded in
the mismatched long duration (1000ms) prime coowliti
Summary and Statement of the Problem

Considering the literature outlined above, novetgms to be important for learning and
memory. We see evidence for this through the waiile neurologically deal with novel
information from our environments and then read¢taveorally. Dual process models provide us

with an account of recognition memory that is notlimensional and possibilities of other
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processes involved in recognition have stemmed fieswarch in this field. Occurrences of
experience of familiarity coinciding with experienof novelty (such as in the experience of déja
vu) insinuate that different processes may be waain these two types of experience. In
addition, experiments that have investigated edfe€priming and have tested models of semantic
satiation, habituation, and fluency have provideohs insight in to how we might observe and
manipulate the subjective experience of noveltypdfinent 1 was designed to induce
‘unfamiliarity’ by creating overexposure to a tese resembling a studied item. By first
investigating whether these manipulations of flyeoould alter the degree of the sense of
familiarity (using the established rating scaletfte RWCR paradigm), we could then attempt to
approach novelty more directly to then investigabether it is synonymous with unfamiliarity.
Thus, this first study provided a start into thee@rch, suggesting that the inhibition/interference
mechanism explained by Neely (1976; 1977b) coutémtally be an explanation for the results.
However, measures of feelings of familiarity wdne bnly measures used in Experiment 1 and in
the previous literature investigating these effeift$ is possible that novelty, or a feelings of
newness, is aeparate subjective experience, perhaps the goneshat are asked need to be
framed differently to truly tap the target expedensuch as by asking for feelings of novelty,
rather than feelings of familiarity. Asking peojite feelings of novelty, rather than familiaritg, i
important because an assumption inherent in mardelade.g., Rinkus, 2010) is that novelty is
simply the inverse of familiarity (and not a separar independent subjective experience).
Additionally, findings from Experiment 1 did natjgport the hypotheses and did not quite
fit with the existing theories and models. There sgveral possible reasons for this. First, this
study uses cues at the orthographic level of rekarob (or feature overlap from study to test),

which, although included in Huber's (2008) modek hot previously been investigated to explore
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issues of habituation from cue repetition primi8gcond, it is possible that the prime durations
used in Experiment 1 were not long enough to di@thabituation effect. In fact, the 50ms
primes did not show the facilitation to familiaritgtings that would be expected based on the
Jacoby-Whitehouse literature either, suggestingditiaer the prime durations selected may not
have been optimal to exhibit the fluency-disflueedfects on recognition judgments, or these
effects do not occur in situations of resemblamdegre there is feature-overlap but the test items
are not identical matches to studied items. Indtter case, it could mean that orthographic
feature-overlap from study to test does not coatalas much to the fluency-disfluency process as
lexical or semantic features. In any case, recmcthese findings and revealing the interplay
between feelings of familiarity, feelings of noweland actual objective measures of recognition
may provide additional insight into mechanisms eihmory.

The pilot experiment (Experiment 1) gave somegimisinto whether mechanisms of
saturation might reduce feelings of familiarity shgy retrieval failure; however, the experiment
did not directly examine feelings of novelty. Thexhtwo experiments were aimed at addressing
this, as well as to more closely inspect througftication the previous manipulations of prime
match and duration. One major question investigat&tkperiments 2 and 3 was whether novelty
ratings exhibit the pattern that would be predictede sense of novelty is simply the inverse of
familiarity. If novelty is the inverse of familiayi, then ratings of cue novelty during retrieval
failure should show the inverse pattern of thatwnghwith cue familiarity ratings. Also, although
the opposite ratings pattern should emerge (wighdri cue familiarity ratings for cues resembling
than not resembling studied targets &wkr cue novelty ratings for cues resembling than not
resembling studied targets), the magnitude of tfeeteof cue resemblance to studied items

should not depend on whether cue familiarity or caeelty ratings are given. If the type of rating
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matters to the magnitude of the cue resemblaneetethis would suggest that there is more to
the sense of novelty than it being the simple isgeaf familiarity.

Another question examined in Experiment 2 was héremanipulation of prime duration
and match to a test cue that potentially sharémgraphic features with a study item reliably
alters subjective experience for that study itehre ain question was whether the prime match
and duration pattern shown in Experiment 1 willliegie in Experiment 2, and if so, will this
pattern extend to novelty ratings as well? If thé&grn extends to novelty ratings, another
guestion concerns whether the novelty ratings pattél be the inverse of that shown with
familiarity ratings. Based on the findings of Expeent 1, if novelty ratings manifest as the
inverse of familiarity ratings, then we would expkmg duration mismatched primes to be met
with higher novelty ratings of the test cue tharewimo primes are present, whereas lower
novelty ratings would be expected in responsedbdiges preceded by short primes as opposed
to a condition with no primes. However, it is pddsithat the use of the novelty rating scale
itself could result in a satiation effect, andhifstis the case, it will be the matching long diarat

primes that will lead to an increased feeling o¥elty and higher novelty ratings.
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EXPERIMENT 2

The primary purpose of Experiment 2 was to repii¢aperiment 1 with the addition of a
new rating scale, novelty ratings (or feeling olvness ratings) in order to determine if judging
the familiarity versus the novelty of the test cogkes a difference to the pattern of results.
Toward this end, some participants were askeddwighe ratings of feeling of newness (novelty
ratings) rather than ratings of feeling of familiwar A between-subject rating type condition was
utilized, whereby half of the participants wereesko respond with familiarity ratings, as was the
case in Experiment 1, and half were asked to rebpath novelty ratings to test whether the type
of ratings requested tap different processesfeeiings of novelty are the inverse of feelings of
familiarity.

Method
Participants

One hundred seven@olorado State University undergraduate students vezruited
from the CSU Psychology Department subject poolgwen course credit as a part of their
introductory Psychology course requirements fotigigation in this study. Six subjects were
dropped due to not completing the experiment (istnesases this was due to the computer
crashing mid experiment, in one case the partitiptanted the experiment late and was not able
to complete the experiment in the alloted timeclEsubject identified as fluent in English.
Informed consent was obtained from each particigambjects were divided into the rating type
between-subject groupings by random assignmens. fésulted in 164 participants, 78 in the
familiarity rating scale group and 86 in the noyetting scale group. The uneven number of

participants in the two rating conditions was tesult of: 1) a disproportionate number of
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dropped subjects coming from the familiarity comht and 2) Two subjects mistakenly being
run through a version of the Novelty rating expennrather than the intended Familiarity rating
experiment. Each subject was run through the study individual room.
Materials

All stimuli were presented visually on a compuiBne stimuli used for the behavioral task
were drawn from the same pool of 192 potentialstudrds and the corresponding graphemically
similar test cues (e.g., disfraption for the stuayd distraction, and foneheed for the study word
forehead) that was used in Ryals and Cleary (2aa@)Experiment 1. The stimuli were
assembled in an E-Prime program that was presénigatticipants. Study and test stimuli were
separated into six study-test blocks for each @agent, each containing 16 study words followed
by 32 test cues. Half (16) of the test cues resedh&iiudy items and half (16) did not. Order of
presentation of study and test stimuli was randechizithin each block and block presentation
was also randomized.

Each study word was presented in the upper éefter of the computer screen for 2 s with
a 1 s inter-stimulus interval. Each study list wamediately followed by its corresponding test
list. Each non-word test cue was presented in lmase letters in the upper left corner of the
screen. Test cues were each preceded by a primiéetdteed in varying durations; a 50ms prime
was presented in half of the primed trials (16) arid00ms prime occurred in the other half of
trials (16). Fifty millisecond primes flashed ordgice before the test cue. 1000 millisecond primes
flashed in 20 50ms intervals with 50ms between éash before the test cue. A 500ms mask
($$$55$$55$%) was used before and after the pondeter “visual persistence,” and presentation

of the test cue immediately followed the post-primask. Additionally, half of these primes
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matched the non-word test cue that followed it @& half did not (16). Prime duration and
match conditions were counterbalanced among itengasent.
Procedure

Participants were greeted and given a consent forrompete before beginning the
experiment. Upon completion, each was escorted tadividual booth in which the E-Prime
program was set up on the computer for the paantipo begin. Instructions were given on the
screen and participants progressed through thegrolyy pressing ‘enter'. Instructions were
given within the program. Then the participantsgoessed through six blocks of study-test pairs.
During study, participants were instructed to pagraion to the words presented in the upper left
corner of the screen and that a test would follesvstudy phase. Participants were randomly
assigned to one of two ratings conditions: The kanitly rating condition and the novelty rating
condition. These two conditions are described below

Familiarity Rating Condition. Congruous with the procedures of the pilot, farteeue
presented on the test, participants were firstaagik@rovide a familiarity rating for that cue ugin
a 0 (very unfamiliar) to 10 (very familiar) scateitdicate the likelihood that the cue resembled a
word from the previously studied list. They werenhasked if they could recall a word from the
study list that resembled the test cue and wemapted to type their response into a dialogue box
if able to do so. The box prompted them with: “Diuyrecall a word from the study list that
resembles this item? If so, type itin.”

Novelty Rating Condition. For each cue presented on the test, participasts fivst
asked to provide a novelty rating of the test ¢self. They were told that all of the test cues are
non-words, so all are new, but that we would ltken to indicate how foreign that cue seems at

presentation. They were asked to rate the 'feelimgpwness' using the scale of 0 (does not feel
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new) to 10 (feels very new). Following the ratipgsticipants were asked, “Do you recall a word
from the study list that resembles this item? |ftgpe it in.” Participants were prompted to type
the studied word into a dialog box.
Results

Data Analyses

Data were sorted and coded for identification statiuthe test stimuli. This was done by
hand to ensure that any misspellings were correctiggorized. One dependent measure was the
proportion of targets correctly identified from tbehographic cues for studied and non-studied
items across conditions. The other was the ratimggsure (either mean familiarity ratings or
mean novelty ratings) across conditions. The ratimgre examined across the conditions of
Rating Type (familiarity vs. novelty ratings), Stu8tatus (target studied vs. unstudied), Prime
Duration (50 ms vs. 1000 ms), Prime Match (matchmismatch to the test cue), and Retrieval
Status (target identification success vs. failure).
The Recognition without Cued Recall (RWCR) Effect

As one of the key interests in the study was theepaof ratings in instances of recall
failure, an initial analysis was conducted to as$ks data for the recognition without cued-recall
(RWCR) effect across both rating conditions (faamity ratings and novelty ratings). The RWCR
effect is the finding of higher cue familiarity irags for cues resembling studied items than for
cues not resembling studied items during retriéaiire. The RWCR effect is thought to reflect
cue familiarity-detection brought on by cue reseambk to (or feature overlap with) a studied
item during the studied item'’s retrieval failuréni3 effect had been demonstrated in previous
research and in the pilot study through the obsienvdhat test cues resembling unidentified study

items were rated as significantly more familiarmthest cues that do not resemble study items. A 2
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(Rating Type: familiarity ratings vs novelty ratsjgx 2 (Study Status: target studied vs target
unstudied) repeated measures analysis of vari®&i©YA) was performed with Rating Type as
the between-subject factor, Study Status as tHamwstubject variable and ratings as the
dependent variable. This analysis revealed a nféenteof Rating Type; familiarity ratings
(M=2.88,5D=1.40) were lower in general than novelty ratings-6.80,SD=1.57),
F(1,162)=305.61p<.001,,°=.65.

The main effect of Study Status was also foungetgignificant. Overall, ratings were
higher across both rating types for test cuesrdsmbled study item#ES.02,SE=.12) than for
test cues that did nowic4.67,SE=.11), F(1,162)=25.70p<.001,/°=.25. However, this was
carried largely by the familiarity rating conditioms the main effect of Study Status was qualified
by a significant Rating Type x Study Status intaoag F(l,162):165.30p<.001,;12:.51. Within
the familiarity rating condition, test cues thatreverthographically similar to study items gave
rise to significantly higher familiarity ratingME3.45,SD=1.54) than did test cues that did not
resemble studied items (unstudielll=2.25,SD=1.33) among test items for which no similar
study items could be identified. Within the noveit§ing condition, orthographically similar test
cues brought forth lower novelty ratindd£6.46,9D=1.73) than did dissimilar test cues
(unstudied) M=6.98,3D=1.72) among test cues for which no similar studgns could be
identified (See Figure 7).

To assess whether the magnitude of the differbat®een ratings for cues of studied and
of unstudied target words differed across ratingditions, difference values were calculated in
each rating condition between ratings assignetutiiesd cues and those assigned to unstudied
cues. The absolute value was taken of each of th#feeence values to account for the

interaction effect described above (e.g., in tmeiliarity rating condition, studied cues correspond
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with high ratings and unstudied cues with low rgéinand vice versa in the novelty rating
condition) (See Figure 8 for a distribution of taemlues). A one-way ANOVA was performed to
investigate the difference between the familiaraiing absolute difference values and the novelty
rating absolute difference values, revealing thatdifference in ratings for cues of studied items
and cues of unstudied items in the familiaritymgtcondition 1=1.28,SD=.95) was significantly
larger than the difference in ratings for cuestofied items and cues of unstudied items in the
novelty rating conditionNl=.68,SD=.58),F(1, 162)=24.15p<.001,;72=.13. Thus, the study-
status of the unidentified target had a largerotfbe judgments of familiarity than on judgments
of novelty. This suggests that novelty judgmenésrast simply the inverse of familiarity
judgments.

The Effects of Prime Match and Duration

The next sections separately examine how the fantyliand novelty ratings were affected
by the conditions of Prime Match and Prime Durateamiliarity and novelty ratings will be
examined separately, starting with familiarity ngs given during recall success then turning to
familiarity ratings given during recall failure,lfowed by novelty ratings given during recall
success then turning to novelty ratings given durecall failure.

Cue Familiarity Ratings During Recall Success. Familiarity ratings were analyzed
among test cues that did lead to successful ralraha similar study item via a repeated
measures 2 (Study Status: studied target vs. uesttarget) x 2 (Prime Duration: 50ms vs
1000ms) x 2 (Prime Match Status: matching primeni@natched prime) analysis of variance
(ANOVA). This analysis revealed a significant effe€ Study Status, whereby test cues that
resembled study items received higher familiargiyngs M= 8.83,SD= 0.88) than did test cues

that did not resemble studied item$:(5.21,5D=2.62),F(l,78):245.20p<.001,;72=.759. No
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other main effects reached significance [Prime BomaF(1,78)=2.59p=.11,5°=.032; Prime
Match StatusE(1,78)=.008p=.93,5°=<.001] nor did any interactions among variables d$tu
Status x Prime Match StatU§(1,78)2.003p:.96,;72<.001; Prime Duration x Prime Match
StatusF(1,78)=.112p=.74,4°=.001; Study Status x Prime Duratid¥(1,78)=.18p=.67,
5n?=.002; Study Status x Prime Duration x Prime MatitusF(1,78)=.122p=.73,7°=.002] (See
Table 4, Figure 9).

Cue Familiarity Ratings During Recall Failure. To examine whether and how the Prime
Duration and Prime Match conditions affected the GR\effect, cue familiarity ratings for test
cues that resembled unidentified study items wenepared across Prime Match and Prime
Duration. A 2 (Study Status: target studied vseartmstudied) x 2 (Prime Match Status: match
vs. mismatch) x 2 (Prime Duration: 50ms vs. 1000mepgated measures ANOVA was performed
on cue familiarity ratings for test cues that dad lead to successful retrieval of a similar study
item. The data exhibiteal significant main effect of Study Status, such test cues that
resembled unidentified study items elicited higtaeniliarity ratings M=3.45,3D=1.54) than test
cues that had no studied word counterpdits225,5D=1.33),F(1,77)=111.44p<.001,,°=.591.

No other main effects reached significance [PrDueation:F(1,77):.18,p=.68,;72:.002;
Prime Match Status®(1,77)=1.21p=.28,4°=.015] nor did any interactions among variables
[Study Status x Prime Match Stat|E$1,77):1.68p:.20,;12:.021; Prime Duration x Prime Match
StatusF(1,77)=1.07p=.30,4°=.014; Study Status x Prime Duratid¥(1,77)=.162p=.69,
n?=.002; Study Status x Prime Duration x Prime Ma&tatus+(1,77)=.831p=.365,7°=.011]

(See Table 5, Figure 10).
Cue Novelty Ratings During Recall Success. Cue novelty ratings given in the presence

of cued recall and novelty ratings given to tesiscthat did not lead to successful cued recall were
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analyzed separately to examine how the noveltypgatdiffuse into the RWCR effect (or if they
do). Novelty ratings were analyzed among test thasled to successful retrieval of a similar
study item via a repeated measures 2 (Study Sstuudied target vs. unstudied target) x 2 (Prime
Duration: 50ms vs 1000ms) x 2 (Prime Match Statuestching prime vs mismatched prime)
analysis of variance (ANOVA). This analysis reveldesignificant effect of Study Status,
whereby test cues that resembled study items red¢éower cue novelty ratingME2.23,
SD=1.60) than test cues that did not resemble stuthets M=3.61, SD=2.20)F(1,85)=47.06,
p<.001,7°=.356. The difference between Prime Match conditiapproached significance,
F(1,85)=3.30p=.07,%°=.037, with matching primes resulting in lower nityeatings (M=2.85,
SD=1.83) than mismatched prime conditio=3.00,SD=1.98) regardless of Study Status or
Prime Duration condition. No significant differene@s observed between short and long
durations (main effect of Prime Duratioﬁx,1,85):.039p=.84,;72<.001. None of the interactions
reached significance [Study Status x Prime MatetuStF(1,85)=.451p=.50,,°=.005; Study
Status x Prime DuratiorE(1,85):.242p:.62,;72=.003; Prime Match Status x Prime Duration:
F(1,85)=.56p=.46,,°=.007; Study Status x Prime Match Status x Primeafien: F(1,85)=1.86,
p=.18,7%=.021] (See Table 6, Figure 11).

Cue Novelty Ratings During Recall Failure. Cue novelty ratings for cues that resembled
unrecalled study items and unidentified unstudiechs were compared across Prime Match status
and Prime Duration. A 2 (Study Status: studieddabwg. unstudied target) x 2 (Prime Duration:
50ms vs 1000ms) x 2 (Prime Match Status: matchiimgeovs mismatched prime) repeated
measures ANOVA was performed on cue novelty ratgigsn during target retrieval failure.

A significant main effect of Study Status was shptest cues that resembled study items

elicited lower novelty ratingdf=6.53,9D=1.85) than test cues that had no studied word
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counterpartsNI=7.05,SD=1.65),F(1,85)=42.07p<.001,5°=.331. No other main effects reached
significance [Prime Duratior(1,85)=2.24p=.14,5°=.026; Prime Match Statub{1,85)=.59,
p=.45,7%=.007]. None of the interactions between variabéeshed significance [Study Status x
Prime Match Statuf(1,85):.439p:.51,;72:.005; Study Status x Prime Duratid#(1,85)=1.07,
p=.30,7%=.012; Prime Match Status x Prime Duratifiil,85)=.032p=.86,7°<.001; Study Status
x Prime Match Status x Prime Duratid?(1,85):.161p:.69,;72=.002] (See Table 7, Figure 12).
Successful Recall Proportions

Identification proportions within each independeatiable condition were calculated. A 2
(Rating Type: Familiarity ratings vs. Novelty raig) x 2 (Study Status: target studied vs. target
unstudied) x 2 (Prime Duration: 50ms prime vs. 18@rime) x 2 (Prime Match Staus: Match
vs. Mismatch) repeated measures ANOVA was conduotadalyze the proportion of study
items the participants were able to identify acreesh of these conditions.

A main effect of Study Status was observed by Wwhigher proportions of correct target
identifications were observed when test cues rekhdtudied itemsM=.67,3D=.15) than when
test cues did not resemble items from the studyMs.24,9D=.16),F(1,164)=1340.33p<.001,
n°=.891. A significant interaction between Study Gsaand Rating Type was also observed,
F(1,164)=10.14p=.002,5°=.058; mean recall proportions for unstudied itémihe novelty
rating condition 1=.27,3D=.17) is higher than those in the familiarity raticondition 1=.20,
SD=.14).

Contrary to the results observed in Experimentolydver, the present analysis did not
reveal a main effect of Prime Duratidf(1,164)=1.17p=.28,4°=.007, nor a significant Study
Status x Prime Match Status interactib(il,164)=.96 p=.33,,°=.006. All other main effects and

interactions also did not reach a level of sigaifice [Rating Type=(1,164)=2.14p=.15,
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n?=.013; Prime Match Statub{1,164)=1.56p=.21,5°=.009; Rating Type x Prime Match Status:
F(1,164)=.368p=.55,4°=.002;Rating Type x Prime Duratiof(1,164)=.737p=.39,7°=.004;
Prime Duration x Prime Match Stat&(1,164)=1.77p=.19,5#°=.011; Study Status x Prime
Duration:F(1,164)=1.03p=.31,7%=.006; Study Status x Rating Type x Prime MatchBta
F(1,164)=.355p=.552,,7%=.002; Study Status x Prime Duration x Rating Typ@:;164)=1.33,
p=.25,7%=1.33; Rating Type x Prime Duration x Prime Matc¢htGs:F(1,164)=.396p=.53,
n?=.002; Study Status x Prime Duration x Prime MathtusF(1,164)=.011p=.918,7°<.001;
Rating Type x Study Status x Prime Duration x Privtech StatusF(1,164)=.611p=.434,
n?=.002 (See Tables 8 & 9, Figures 13 & 14)].
Discussion

The Recognition without Cued Recall (RWCR) Effect

The standard recognition without cued recall (RWERect was observed by which test
cues that resembled study items were given higimailifirity ratings than test cues that did not
resemble study items. As expected, an inversei®effect was observed in the novelty rating
condition; test cues that resembled study item®weren lower novelty ratings than test cues that
did not resemble study items. However, the degféiei®effect differed between the two rating
types. The RWCR effect was significantly smalletha novelty rating condition, meaning that
the difference in the novelty ratings assignedess tues that resembled study items and test cues
that did not resemble study items was not as lasgeis when a subject is asked to give
familiarity ratings.

Two factors might be considered in deciding whettwelty ratings are the inverse of
familiarity ratings, basically representing unfaiamity: 1) One may be that the relationship

between ratings given to studied items and unstiutkens is reversed. This is very much the
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case. The pattern of higher ratings assigned thextutems and lower ratings given to unstudied
items in the familiarity rating condition is revetsin the novelty rating condition where lower
ratings are ascribed to studied items and highergsto unstudied items. 2) The other is that the
magnitude of that relationship is consistent acragag conditions or the degree of difference is
mirrored in the conditions. Our analysis of thedbte differences of ratings between study status
in both rating conditions reveals that this patt@oes not occur in the data.

Taken together, the results regarding these tetofs could suggest that familiarity
ratings and novelty ratings have some common basibaps some sense of prior experience.
However, in considering subjective experiencesaafifiarity and novelty, the difference in the
relationship between previously experienced and iteaws among the rating scales suggests that
one is not simply the inverse of the other. It rhaythat the factors that contribute to these
experiences and lead to these judgments vary bett@ealiarity and novelty.

The Effects of Prime Match and Prime Duration on Cue Familiarity and Novelty Ratings

Familiarity Ratings. The duration of the prime presented before thedodi@ot seem to
have an effect on the ratings given; nor did whethe prime matched the test cue or was a new
nonword. These results were inconsistent with ¢iselts of Experiment 1 which suggested a
unique effect in that the mismatched long (1000pnshes produced lower familiarity ratings
than the matching primes (both short and long)rarsinatched short primes for test cues that
resembled studied words while leaving ratings o test cues relatively unaffected. The current
data did not support the semantic satiation hymishéhe interference or inhibition hypothesis,
nor did it support Huber's fluency-disfluency modelfact, no significant differences existed
among these conditions, which suggests that famtylieatings for test cues can not be

manipulated through duration of exposure to thass @nd that prolonged exposure to a test cue
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does not disrupt the recognition rating benefit thee gets when it resembles a word from a
previously studied list.

The fact that the classic Jacoby-Whitehouse effast not observed in this data nor the
pilot data (Experiment 1) is puzzling. To observis effect, we would have seen the test cues for
which there was a matching 50ms prime exhibitifmggaer familiarity rating than that of all other
conditions. These findings can be added to thodigeohture that have found instances in which
the Jacoby-Whitehouse effect is reduced or elimohafor instance Gallo, Perimutter, Moore, and
Schacter (2008) found that conditions presentuatystan reduce the effect. In their experiment,
subjects were presented with the word followedibyee a picture of the word or an auditory
presentation of the word at study and, at testchiag) primes produced higher hit and false alarm
rates in the auditory condition, displaying theseff but matching primes produced similar
recognition rates as the mismatched primes in ittene condition and false alarm rates were
reduced in this condition overall. The authorsilatitie this to a postretrieval monitoring view of
the distinctiveness heuristic — recognition judgtadallow attempts to retrieve the picture
recollections. When subjects fail to recollect etymie, they judge the cue as new, but when they
are able to recollect a picture, that cue is giaerold' judgment (Gallo, Perimutter, Moore, &
Schacter, 2008).

The present experiment varied from previous ssuthat used a paradigm similar to the
Jacoby-Whitehouse paradigm in that orthographitufea were the only attribute maintained
from study to test; test cues did not replicatelgtwords. This may be an explanation for why we
did not observe these classic effects in the cudata. Similarly, it may be considered a factor
that weakens the effects and future experimentshrayseful in investigating this orthographic

level further.
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Novelty Ratings. Novelty ratings were generally lower for test ctlest resembled study
items and higher for test cues that did not reseraby words previously studied. This pattern
persisted when identification of study items wassuzcessful as well. Novelty ratings were also
lower for test cues for which corresponding stuayds were identified than for those for which
the similar study words were not identified. Thesgults are not surprising and support the
reverse relationship to familiarity ratings thatsaiscussed earlier.

Of some interest is that in the instances in wiiatcessful recall of similar study words
occurred, the prime match condition had some inftegalthough not statistically significant) on
the rating given to the test cue. A slightly lowating was given when the primes matched than
when the primes did not match the test cue. Thig Iesa variant manifestation of the Jacoby-
Whitehouse effect. Perhaps the matching prime ga@articipant a head start to retrieve that
target word from study, thus resulting in that loweging. It is possible that this was not the case
in the conditions when the subject was not abldeatify the study word that looked similar to
the nonword presented at test because the cuetigliocessfully activate any memory
representations corresponding to studied words.

Successful Recall Proportions

In examining proportions of successful recall, agae find an effect of whether a test cue
resembled a study word or not. A higher proporobstudy words were recalled when the test
cue was orthographically similar to a studied wakthile the identification proportions of study
words remain relatively similar among those that Agresented similar test cue across rating
conditions, correct guesses (by which subjects wable to identify correct study words after
presented with the test cue even though they didtndy that word) were slightly more frequent

(~.07) in the novelty rating condition. It may batlsomething about the framing of the rating
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request allows for a different experience of the and an openness to assess the cue by similar
features to all words (not just those presentaterstudy phase of the experiment).

These results did not mimic those of Experimeriitie experiment 1 data suggested an
effect of prime duration that manifested in promortof study words recalled. However, no effect
of prime duration or prime match status was obskmehe data of the present study.
Limitations

One limitationfor this study was that the number of items thatlleo mean ratings is
highly dependent upon the number in each estalblisaggory that are identified (See Table 10),
which often leads to a low number of items in dertanditions providing the basis for the mean
ratings. Additionally, it is unclear what led tceethifferences in results between Experiment 1 and
Experiment 2. Very few changes were made in prae=sdioetween the two. This discrepancy in
the data should be explored further in additioxglegiments as should the failure again in

Experiment 2 to find the Jacoby-Whitehouse effect
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EXPERIMENT 3

Experiment 3 addressed the general research qoestiglined in the introduction while
incorporating a new component, verbal pronunciaéiod repetition. Research addressing early
language acquisition suggests that phonologicalrapaniment to orthographic cues facilitates
learning the orthographic features of new wordsa(8h2004). Orthographic representations are
said to be initially acquired or learned by 'sowmgdout’ the unfamiliar formation of letters (or
phonologically decoding) (Share, 2004). Conseqyeittinay be that if exposure to shared
orthographic features between study words andctesst are not salient enough to lead to any
facilitation or hampering of recognition processagyis observed in the Jacoby-Whitehouse effect
and the disfluency effect in habituation, additajra phonological component, highly linked to
orthographic and semantic information, may capteitzese effects.

Evidence for this can be seen in the findings @zlM's (1977a) work that had subjects in
two conditions: one group exposedvisual satiation of a word that either matched or did not
match the prime that appeared before the targeterical decision task, and the other group
subjected tdoth visual satiation and verbal satiation. Verbal satiation of the primes significantly
increased reaction times in the lexical decisichk far the target words that followed (Neely,
1977a, p. 455). This implies that addition of védatiation of the primes further interrupted
recognition processing and, consequently, amplifiedsatiation effect.

This is echoed in James' original work on semas#i@mtion (1962). In this work, subjects
were presented with a word for one second and thereasked to verbally repeat that word for
15 seconds thereafter. They were also instrucizctiie rate of repetition should be about 2-3

repetitions per second and then rate the word andex of meaningfulness. In contrast, one
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control condition involved the initial word presation and then 15 seconds they were instructed
to wait to make a rating. The other control comaditinvolved the subjects repeating a word for
15 seconds and then judging an alternate word ukangcale. Results exhibited ratings closer to
'meaningless’ point on the scale when the subiectdo repeat the same word aloud that they
would be judging (James, 1962).

The above studies support the idea that verbatitegms can alter semantic accessibility.
Having verbal regurgitation of the test cues mayp &ad to differential outcomes on an
orthographic level due to the process engagingalgrneration rather than solely passive
viewing to produce the exposure to the test cueer@hat Experiment 2 failed to find any effect
of primes on familiarity or novelty ratings, thegagement of deeper cue processing in
Experiment 3 might encourage semantic-level procgss the cue and thus increase the
likelihood of finding an effect of the primes, suab the Jacoby-Whitehouse effect. Also, because
other research has suggested that processing ylneay be driven or enhanced by the motor
processes involved in overt pronunciation (e.gpdlimski, 2012), there is additional reason to
suspect that overt repetition might increase tkedihood of an over-saturation effect.
Accordingly, the focused research questions thgeEment 3 was designed to address are: How
will verbal repetition of nonword test cues afféstlings of novelty for those cues? In other
words, will an oversaturation effect occur for teges that are repeated thirty times versus only
once? In addition, how will recollection for theaghemically similar study word be affected?

The paradigm employed in Experiment 3 was refor@dairom that of Experiment 2 to
include verbal repetition of test nonwords to see his difference in task and modality would
affect novelty ratings for nonword test cues arabgaition of similar study items. Expectations

were that incorporations of a phonological compom&io the experimental paradigm would lead
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to different mechanisms employed within the tast, @onsequently, different patterns of data or
would exacerbate existing patterns that were toakvie come through in the first experiment.
Novelty ratings were expected to be higher for tests which graphemically resembled study
items but were verbally repeated multiple timesusronly one time.
Method

Participants

Twelve Colorado State University undergraduate students wdially recruited from a
Psy 459 Cognitive Neuroscience Laboratory and effexxtra credit for the course to participate
in a pilotintended to test the whether the nonwords usedeiexperiment for the test cues were
pronounceable. For the main study, eighty five Gado State University undergraduate students
were recruited from the CSU Psychology Departmehjest pool and given course credit as a
part of their introductory Psychology course regoients for participation in this study. Thirteen
subjects were dropped due to incompletion of theearment or program malfunctions during
the course of the experiment, leaving 72 partidipa®6 in the familiarity rating condition and
36 in the novelty rating condition. Each participanboth the pilot and Experiment 3 identified
as fluent in English and gave informed consenthEabject ran through the study in an
individual room with a researcher present.
Materials

Pilot. The pilot materials were assembled with the sastectees that were used in
Experiment 1 and that were consequently used irefix@nt 2. These test cues were collected in
an E-Prime program, which presented the cues ocadigie in the upper left corner of the screen.
Order of presentation was randomized. The durdhianthe cue was presented was controlled by

the participant by pressing 'Enter' to move orhtoriext cue.
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Experiment 3. All stimuli were the same as that described in Expent 2 (the 192
potential study words and graphemically similat ®ies used in Ryals and Cleary (2012)).
Again, the stimuli were put together in an E-Pripnegram that was presented to participants.
Study and test stimuli were separated into sixystadt blocks for each participant, each
containing 16 study words followed by 32 test cutef (16) of the test cues resembled study
items and half (16) did not. Order of presentatbstudy and test stimuli were randomized
within each block and block presentation was randech

Each study word was presented in the upper éefter of the computer screen for 2 s with
a 1 s inter-stimulus interval. Each study list wamediately followed by the corresponding test
list. Test nonwords appeared in the upper left @oaf the computer screen and a repetition cue
was presented in the center of the screen. Halfeofest cues were accompanied by repetition
cues that were the number 30, indicating that tigest should verbally say the nonword 30
times. The remaining half of test cues were paivid the number 1 as the cue, indicating the
subject should repeat the test nonword out loug onte. The test cue remained on the screen for
the duration of the verbal repetitions.

Procedure

Pilot. An initial pilot was carried out before Experiméhto ensure that subjects would be
able to say the nonwords aloud. For this pilotheaanword was presented in the top left corner
of the screen and the participant was instructeshyothe nonword aloud when it appeared. The
pilot was paced by the participant; the cue woeldain on the screen until the participant pressed
the 'Enter' key, at which point the next cue wapgpear. No judgments were made in the pilot,

nor was there a study phase.
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Experiment 3. Participants were greeted and given a consent torcomplete before
beginning the experiment. Upon completion, eachegasrted to an individual booth in which
the E-Prime program was set up on the computahéparticipant to begin. Experimenters were
present in the room with the participant to enghas the participant was making verbal
responses. Responses were also recorded. Instraigtgre given on the screen and participants
were to progress through the program by pressimgrie During study, the participants were
instructed to pay attention to the words preseirtede upper left corner of the screen and that a
test would follow the study phase.

Familiarity rating condition. For each cue presented on the test, participagrts fivst
asked to use the repetition cue and to say thavoahtest cue out loud for the number of times
that the repetition cue indicated. Participantsenastructed to press enter upon completion of the
verbal repetitions of the nonword and, when thelysdi, a dialogue box appeared asking them
first to provide a rating for 'feeling of familiayl of the test cue itself. They were told that we
would like them to indicate how familiar the tesiedeels to them at the time of presentation.
They were asked to rate the 'feeling of familianitying the scale of 0 (does not feel familiar) to
10 (feels very familiar). Following the rating, paipants were asked, “Do you recall a word
from the study list that resembles this item? |ftgpe it in.” Participants were prompted to type
the studied word into a dialog box.

Novelty rating condition. For each cue presented on the test, participagrs fivst asked
to use the repetition cue and to say that nonwestidue out loud for the number of times that the
repetition cue indicated. Upon completion of thebat repetitions of the test cue, participants
were to press enter. A dialogue box would appetredr key press asking them first to provide a

rating for 'feeling of newness' of the test cuelitsThey were told that all of the test items are
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non-words, so all are new, but that we would ltkenh to indicate how foreign that cue feels to
them at the time of presentation. They were as@edte the 'feeling of newness' using the scale
of 0 (does not feel new) to 10 (feels very new)ldwang the rating, participants were asked, “Do
you recall a word from the study list that resemliles item? If so, type it in.” Participants were
prompted to type the studied word into a dialog.box
Results

Pilot Assessment

The verbal responses obtained from the 15 pilojestdbwere observed at the time of
collection by the researcher. If there were anthefnonword cues that a subject was not able to
say out loud, the researcher would take note @y nonwords that were particularly difficult
for the subject to say were also recorded withchesaubjects' data. There were no cues among all
15 pilot subjects which were unable to be vocaliZdwre were nonword cues that seemed to take
longer than others, but the particular items vaaetng the subjects.
Data Analyses

Typed identification responses were sorted andddoleidentification status of the test
stimuli. This was done by hand to ensure that arsgpellings were correctly categorized. The
mean number of items correctly identified for sadland non-studied items across all conditions
and the mean familiarity and novelty ratings givenest cues for studied and non-studied items
were calculated.

The recordings of verbal responses were listen¢d tmake sure the participants were
correctly following the instructions. They were @ssed for any instances in which the participant
may not have said the cue aloud the correct nuoifidénes. Any other verbal discrepancies from

the intended cue to be repeated or times thaesgearcher had to intervene to correct or ensure
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that the participants were saying the words andviehg direction were counted for each
participant.
The Recognition without Cued Recall (RWCR) Effect

Again for Experiment 3, we were primarily interebsta ratings when recall failed. The
recognition without cued-recall effect across hattng conditions (familiarity ratings and
novelty ratings) was investigated through the use 2 (Rating Type: familiarity ratings vs
novelty ratings) x 2 (Study Status: studied vs wdigid) repeated measures analysis of variance
(ANOVA). The effect of Rating Type was observedvetn subjects, Study Status was the
within-subject variable and ratings were the dependariable. This analysis revealed a main
effect of Rating Type; familiarity ratingd4=2.51,9D=1.64) were lower in general than novelty
ratings M=7.08,9D=1.89),F(1,70)=127.14p<.001,,°=.62.

The main effect of Study Status was not significanth ratings across both rating types
for test cues that resembled study items only 8lidhigher M=4.82,9D=2.78) than for test cues
that did not k1=4.70,SD=3.01),F(1,71)=1.26 p=.266,5°=.25. However, this lack of main effect
was likely due to the fact that the Rating Typetxdy Status interaction was significant such that
the effect of Study Status depended on the typatofg being givenk-(1,69)=10.81p=.002,
n°=.48. As in Experiment 2, test cues that were gaphically similar to study items elicited
significantly higher familiarity ratingd=2.75,SD=1.68) than did test cues that did not resemble
studied items (unstudiedylE2.27,SD=1.58) among test cues for which no similar stuegns
could be identified. As expected, the relationshitiin the novelty rating condition showed an
effect of Study-Status in the opposite directiothographically similar test cues led to lower
novelty ratings =6.96,SD=1.94) than did dissimilar test cues (unstudi®ti7.20,3D=1.85)

among test items for which no similar study iteragld be identified (See Figure 15).
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The difference between ratings for studied andudisd items were explored between
rating conditions to further investigate the effedescribed above. The significant main effect of
Rating Type along with the interaction suggest thate may be a difference in the magnitude of
the RWCR effect. Difference values were calculateglach rating condition between ratings
assigned to studied cues and those assigned tadigtues and the absolute value was taken of
each of these difference values (see Figure 18isbributions). A t-test revealed that the
difference in ratings of studied items and unstdidiems in the familiarity rating condition
(M=.62,9D=.50) was significantly larger than the differemeceatings of studied items and
unstudied items in the novelty rating conditidt=40, SD=.35),t(69)=2.18 p=.03.

The Effects of Verbal Repetition

The next sections separately examine how the fantyliand novelty ratings were affected
by the conditions of Repetition (repeated one N80 times). Familiarity and novelty ratings
will be examined separately, starting with famitiratings given during recall success then
turning to familiarity ratings given during recé#dlilure, followed by novelty ratings given during
recall success then turning to novelty ratings igaring recall failure.

Cue Familiarity Ratings During Recall Success. Familiarity ratings were analyzed
among test cues that did lead to successful rairaha similar study item via a repeated
measures 2 (Study Status: studied target vs. uesttarget) x 2 (Repetition Condition: one time
vs 30 times) analysis of variance (ANOVA). This lgss yielded a significant effect of Study
Status, whereby test cues that resembled study iteceived higher familiarity ratingMgE8.48,
SD=.89) than did test cues that did not resembleatitems {1=5.55, SD=2.03)F(1,35)=85.32,

p<.001,7°=.71. No effect of Repetition Condition was obsenf1,35)=.39,p=.54,7°=.011. The
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interaction between Study Status and Repetitiond@ion also did not prove to be significant,
F(1,35)=2.60p=.12,/°=.068 (See Table 11, Figure 17).

Cue Familiarity Ratings During Recall Failure. To investigate how the number of times
a subject said the test cue would factor in toRMECR effect, familiarity ratings for test cues that
resembled study items but were unable to be idedtiere compared across Repetition
Condition. A 2 (Study Status: target studied vgeainot studied) x 2 (Repetition Condition: 1
time vs. 30 times) repeated measures ANOVA waopadd examining familiarity ratings for
test cues that did not lead to successful retrieivalsimilar study item. The effect of Study Statu
was significant with test cues resembling studymgeshowing higher familiarity ratingME2.75,
SD=1.82) than test cues that were not orthograpicathylar to a studied word=2.27,
SD=1.61),F(1,35)=19.22p<.001,5°=.354.

Similar to the findings of Experiment 2, no maifeet of Repetition Condition was
observedF(1,35)=.87 p=.36, °=.024, nor was an interaction between Study Statdsnumber
of repetitionsF(1,35)=0,p=.99,,°=0 (See Table 11, Figure 18).

Cue Novelty Ratings During Recall Success. Novelty ratings were analyzed among test
cues that did lead to successful retrieval of alammstudy item in a repeated measures 2 (Study
Status: studied target vs. unstudied target) xep@Rtion Condition: 1 time vs 30 times) analysis
of variance (ANOVA). From this, a significant efteaf Study Status was observed, by which test
cues that resembled study items received lowerltyoratings M=4.25,3D=2.53) than did test
cues that did not resemble studied iteMs4.99, SD=2.50)F(1,35)=12.77p=.001,7%=.267.

The effect of Repetition Condition was not founde significantF(1,35)=.84 p=.37,
;72:.023, although, in each study condition, the meear® slightly higher when the cues were

repeated 30 times (Studidd=4.33,3D=2.56; UnstudiedM=5.09,SD=2.60) versus only once
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(Studied:M=4.18,9D=2.50; UnstudiedM=4.88,5D=2.40). Finally, no interaction effect was
observed between Study Status and Repetition Gongit(1,35)=.06p=.82,7°=.002 (See Table
12, Figure 19).

Cue Novelty Rating During Recall Failure. A 2 (Study Status: target studied vs target
unstudied) x 2 (Repetition Condition: one time3@.times) repeated measures ANOVA was
performed to explore novelty ratings for test ctregt did not lead to successful retrieval of a
similar study item. The effect of Study Status ¥@amd to be significant; test cues that resembled
study items elicited lower novelty ratindd£6.96,95=1.94) than did dissimilar test cues
(unstudied) M=7.20,SD=1.85).

No significant effect was found for Repetition @tion, F(1,35)=0,p=.99,#°=0;
however, the interaction between Study Status apkfion Condition approached significance,
F(1,35)=3.34p=.076,4°=.087. This interaction can be observed in the me@st cues that
resembled studied items and were said aloud ordg §n=6.97,9D=1.95) had lower novelty
ratings assigned to them than test cues that rdedmstudied items and were repeated 30 times
(M=7.09,SD=2.11), whereas test cues that did not resembtesifeom study said oncéE7.34,
SD=1.82) had slightly higher novelty ratings assigteethem than test cues in this condition that
were repeated 30 timeBI€7.21,5D=2.08) (See Table 12, Figure 20).

Successful Recall Proportions

Identification proportions within each independeatiable condition were calculated. A 2
(Rating Type: familiarity ratings vs. novelty rags) x 2 (Study Status: target studied vs. target
unstudied) x 2 (Repetition Condition: one time3@.times) repeated measures ANOVA was
conducted to analyze the proportion of study itémesparticipants were able to identify across

each of these conditions. The effect of Rating Twgs significant; higher proportions of correct
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target identifications were observed in the familyarating scalef1=.42,3D=.22) than in the
novelty rating scale conditio.39,SD=.22),F(1,70)=5.00p=.03, 4°=.722. Additionally, there
was an effect of Study Status whereby higher pitogos of correct target identifications were
observed when test cues resembled studied it®m$H{7,SD=.16) than when test cues did not
resemble items from the study IiM:é.24,SD:.14),F(1,7O):376.00p<.001,;72:.801.

No significant differences in identification prapions were found between repetition
conditions (one time vs 30 times) over&l1,70)=0,p=.99,5#°=0, and no interactions among any
of the variables were found in this global analyBiating Condition x Study Status(1,70)=1.01
p:.32,;72:.002;Rating Type x Repetition Conditioﬁ(l,70):.50,p:.48,;72:.004; Study Status x
Repetition ConditionF(l,70):0,p:.99,;72=O; Study Status x Rating Type x Repetition Cooditi
F(1,7O):O,p:.99,;72:O]. However, to explore the main effect of Ratingpe in more depth, the
proportions of correct identifications were analyze each of the rating scales separately.

Analysis of the identification proportions withiine familiarity rating condition revealed
only a main effect of Study Statug(1,35)=229.45p<.001,,°=.87. Test cues that resembled
words from the study list more often led to cornéentifications of the study wordMg.59,
SD=.14) than did test cues unlike any study woMs.@5,9D=.14). No effects were observed for
the repetition variables(1,35)=.87 p=.36,,°=.024, nor the interaction between Study Status and
Repetition ConditionF(l,164):10.14p:.002,;12:.058 (See Table 13, Figure 21).

Different patterns of results were observed winenidentification proportions were
analyzed among conditions within the novelty ratogdition. Overall, test cues which were said
aloud only once less often led to identificatiofshe@ corresponding study wordgl£€.39,

SD=.16) than did test cues that were repeated alOudries M=.50,5D=.17),F(1,35)=19.89,

p<.001,5°=.37. Likewise, test cues that were orthographjcsithilar to a presented study word

63



led to significantly more identification proporti®ifM=.54,SD=.17) than did test cues with no
study word similaritiesM=.35,SD:.16),F(1,35):24.49p<.001,;72:.42. The interaction between
study status and repetition condition was alsoifiegmt, F(1,35)=21.22p<.001,7°=.38, showing
that identification proportions across conditiofisepetition were similar when test cues
resembled studied words (IM=.54,3D=.18; 30x:M=.54,9D=.17), but conversely, differed
when test cues did not resemble any studied wdsdd=.24,3D=.15; 30x:M=.45,SD=.17).
Identification proportions were higher within tldsndition when the subjects repeated the test
cues thirty times (See Table 13, Figure 22).
Discussion

The Recognition without Cued Recall (RWCR) Effect

Again for Experiment 3, the standard recognitiatheut cued recall effect emerges in the
familiarity rating condition, showing that test suthat resembled study items were given higher
familiarity ratings than test cues that did noerable study items. With novelty ratings, the
reverse of this relationship was found; test chas tesembled study items were given lower
novelty ratings than test cues that did not resemstldy items. When analysis was done into the
magnitude of the effect in each rating conditioowbver, again we found that the (reverse?)
RWCR effect was significantly smaller in the noyetiting condition than in the familiarity
rating condition. Novelty ratings do not displaymasch of a distinction between studied and
unstudied items as familiarity ratings do.

These findings match those in the second expetimdrch suggests that these effects
persist across modalities of test cue presentatlomever, both experiments included visual
presentation and for Experiment 3, verbal repetgiovere only a secondary form of test cue

presentation, so it is possible that the obserifedts were due solely to the visual presentation o
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those test cues. Despite the inability to bridgeséhfindings to other sensory modalities, the
findings do provide further support for the relasbip between novelty ratings and familiarity
ratings. The pattern of higher ratings assignestudied items and lower ratings given to
unstudied items in the familiarity rating conditimreversed in the novelty rating condition where
lower ratings are ascribed to studied items anbdrigatings to unstudied items, however, the
degree of the difference between ratings assignstutiied items and those assigned to unstudied
items is different between the two rating condision
The Effect of Verbal Repetition on Cue Familiarity and Novelty Ratings

Familiarity Ratings. In the presence of recall we only see an effestudy status; test
cues that resembled studied items were given higintiarity ratings than test cues that did not
resemble any words presented at study. The nunilbepetitions of the nonword test cues had
relatively no effect when cues gave rise to congentifications of the study words. This same
pattern of results is observed when subjects arable to correctly identify a study word that
corresponds to the test cue presented; test caesefembled study words were still given higher
familiarity ratings than test cues that had no Einstudy word presented. This, again, is the
standard RWCR effect that we had expected to observ

Of interest here is that the number of times thgect was instructed to repeat the
nonword test cues seemingly had no effect on tmdifity of those cues. This would suggest
that the number of verbal repetitions does not teaalhabituation effect as is described in the
semantic satiation literature as well as is progoseéHuber's and colleagues (2008) fluency-
disfluency model. To see this, the data would lehawvn lower familiarity ratings to test cues
that had been repeated 30 times and familiaritpgathigher, similar to those when the subject

just views the cues, in the conditions in which plaeticipants had to only say the test cue aloud
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once. It is possible, like in Experiment 2, thas thabituation can not be reached driven by
orthographic features alone. This thought will Bplered further in the general discussion that
follows.

Novelty Ratings. In all identification conditions, test cues thadembled studied items led
to lower novelty ratings than did test cues thdtribt share orthographic features with a word that
had been presented at study. This could be comrsigereversed RWCR effect and had been
expected considering the reliable effect that gesswithin familiarity ratings. These findings, and
those that show no difference among the numbemafstthe cue is repeated, are consistent with
the results of the second experiment.

The interaction that is observed between StudiwStnd Repetition Condition when
study items resembling test cues are not identifedteresting (although it did not reach
statistical significance). It could be that whea thst cue does not resemble a word from the study
list, the repetitions allow the subjects to gereeaher words from their general knowledge that
do share features with the test cue, leading tlogondge that cue as less new. Alternately, when a
similar word had been presented in the study phmsbaps the increased repetitions of the cue do
lead to a saturation effect of those features whashilts in a higher novelty rating. A different
trend was found when the corresponding study it@ere recalled from the test cue; whether the
cue resembled a study item or not, the noveltygativere higher for cues repeated 30 times. The
effect size in both conditions was relatively smiadiwever. It would be interesting to explore this
in a follow up experiment with more participantdriorease power.

Successful Recall Proportions
Overall, the rating scale used to make judgmeatsi(farity or novelty) affected the

proportion of study items that were correctly rémdl A deeper inspection exposed that the
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difference driving the effect was primarily duegi@portions within the familiarity rating

condition being relatively stable across the rejeticonditions while a difference emerged in the
proportions within the novelty rating condition. ther a test cue corresponded with a study
word was not affected by the number of study wadnds$ were successfully recalled no matter the
rating scale utilized; when test cues orthograplyicaatched a study word, they were more likely
to be correctly identified. However, subjects werare likely to identify the study word that
orthographically matched the presented test ctiepw@gh the study word was not included in their
study list (correct guesses), after repeating tlee30 times. Fewer correct guesses were made
when the test cue was only said aloud once. Thestelvas also observed in Experiment 2,
although to a lesser degree.

Because this phenomenon is observed in both expetanit seems that it is an effect of
the rating scale (as it is not observed in the lianty rating scale condition), but it also seems
that verbal repetition may exacerbate the efféchdy be related to the finding discussed above,
in the 'Novelty Ratings' section, of novelty rasngeing lower for cues that do not resemble a
word from the study list repeated 30 times, vermuyg once, when study items resembling test
cues are not identified. It is possible that tlnadition (novelty ratings given to cues repeated 30
times) provokes lower ratings because the abiityame up with or internally generate a similar
word to the test cue makes the test cue seemé®ss n
Limitations

One major limitation in this experiment was thet pace of the repetitions was not
dictated by the experiment instructions. This reglin a high degree of variability of pace across
participants. It was observed in the audio dathgbme participants were much faster at saying

the cues and some were much slower. This was widerg in the time it took participants to
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complete the experiment; some were complete inoain &dnd 15 minutes, while others struggled
to complete within the 2 hour allotment. This vaiiigy could affect the way that each individual
processed the stimuli and could have altered tteetefThis also led to having to drop a number
of subjects that were not able to complete the ex@at.

Additionally, as in the previous experiments,ig were driven by a low number of items
in some of the experimental conditions. This octayrsature of the paradigm used because one
of the variables (identification status) can onéydetermined after the experiment is ran through
coding of each participants data. This can leacety few items actually leading to the mean

rating in one particular condition (See Table 14).
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GENERAL DISCUSSION

This study sought to address two general questitthsrespect to the sense of novelty.
The first question was: How will novelty ratingsnspare to familiarity ratings? Much research
has considered novelty only as the inverse of fanty (Rinkus, 2010). This view suggests that,
in the case of subjective ratings, a cue that fesig familiar would not feel very new and vice
versa, and if asked to give the two different typksatings (cue familiarity vs. cue novelty
ratings), the patterns should be the inverse ofammm¢her. Specifically, théegree of familiarity
elicited by a stimulus should be the inverse ofdégree of novelty felt upon presentation of that
same stimulus and that any factors that would @rfbe one would similarly influence the other.
The second general question that was asked wakrafydtition priming of the test cue itself
change how that cue is experienced in terms @itged level of familiarity and novelty?

To address the first question (that of whetherettgnis the inverse of familiarity), the
results suggest that it is not. Although both Expents 2 and 3 demonstrate that cues resembling
studied items were rated higher in familiarity doder in novelty than cues not resembling
studied items, the magnitude of the resemblaneetediiffered depending on the type of rating
being given. The magnitude of the cue resemblafieetavas smaller when cue novelty ratings
were given than when cue familiarity ratings weikeeg. This pattern suggests that cue novelty
ratings are not simply the inverse of cue famifyaratings. There appears to be something
different being invoked for judgments of noveltythfor judgments of familiarity.

Further evidence for the idea that novelty ratimyoke other processes than do
familiarity ratings is the finding that correct ¢t guessing rates were higher among participants

assigned to the novelty rating condition than amaeugicipants assigned to the familiarity rating
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condition. This pattern was shown in both Experitaéhand 3 and was not predicted. However,
the pattern suggests that orienting participantsitd cue novelty judgments may prompt them to
search harder for the target word in memory. Whoughparticipants be more compelled to
search memory for potential targets when oriemp@datd cue novelty than when oriented toward
cue familiarity? One possibility is that being oried toward novelty increases guessing attempts.
However, a close examination of the response mtiesth experiments did not consistently
support this hypothesis. Participants in ExperinZemdeed responded more often in the novelty
ratings condition than in the familiarity ratingsnalition ¢(163)=-1.99p=.048), however, the
opposite was found in Experiment 3 (See Table This variability in response rates between
experiments could be related to the trend for atiepn effect in Experiment 3 that is absent in
Experiment 2.

Alternatively, the differences we see in ratingsdrthographically similar cues across
rating type might be explained by research thatimasstigated associative novelty in more depth.
Kumaran and Maguire (2007) suggest that stimulvglitypand associative novelty may rely on
different neural subsystems. While past studiegesigthat stimulus novelty is detected and
processed by the perirhinal cortex via a familjantechanism (Aggleton & Brown, 2006; Brown
& Bashir, 2002; Viskontas et al., 2006), it is Ik¢hat associative novelty is detected and
processed via a comparator mechanism taking phaiteeihippocampus (Kumaran & Maguire,
2007; Viskontas et al., 2006).

The distinction between these two computationathraaisms is as follows: Familiarity
mechanisms operate by a familiarity/novelty disanigion system. When a stimulus is presented,
a global matching process ensues and degree ohrbetween it and other representations stored

in memory creates a familiarity signal; the higtlex degree of match, the higher the familiarity
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signal (Kumaran & Maguire, 2007; Norman & O'ReilB903). This is the mechanism that is
largely agreed to be the mechanism of novelty diete the perirhinal cortex. The perirhinal
cortex is also thought to work on a response reéoluchodel; with each subsequent stimulus
exposure, less perirhinal activation occurs antiédndgamiliarity (Kumaran & Maguire, 2007).

The comparative model, on the other hand, suggiestshe hippocampus (and
specifically, the CAL region) operates by meansamhparing sensory information coming from
the entorhinal cortex with information about prexperience (from CA3), coding mismatches
between the two sources of input. In this perspecthe hippocampus is not involved directly in
coding for novelty (this is handled upstream inpleerhinal cortex) but is primarily concerned
with the context of a presented stimulus (Honegl €t1998; Kumaran & Maguire, 2007). The
increased activity in the hippocampus, then, ipoese to novel stimuli is a reflection of the
bonding of stimulus to context in formation of nevemory representations (Honey et al., 1998;
Kumaran & Maguire, 2007).

A major difference between these two models isdeollection is not called upon or
needed to make a familiarity/novelty distinctiortle familiarity mechanism but is in the
comparator mechanism in order to retrieve storégepes (Kumaran & Maguire, 2007). This
means that associative novelty decisions rely oalref contextual details of a representation.
Consequently, the difference in degree of ratiriipdince between studied and unstudied items in
novelty ratings compared to this difference in figanity ratings may be due to the contribution of
recollection processes in making the rating judgnrethe case of novelty ratings. It may be the
nature of novelty judgments themselves that thelependent upon some degree of recollection

as well as familiarity.
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Regarding the second aforementioned question (@pktition priming of the test cue itself
change how that cue is experienced in terms @litged level of familiarity and novelty?),
results of both the second and third experimerggest that amount of exposure to the test cue
itself (through prime duration in Experiment 2 @htbugh overt repetitions in Experiment 3) did
not significantly affect the ratings for those cuasither in the familiarity rating condition, nthre
novelty rating condition. However, a trend did egeem Experiment 3, hinting at an interaction
between study status and repetition condition wierelty ratings were used. As | discuss above,
this trend may be related to the phenomenon oflaghinumber of correct guesses in the novelty
rating condition, especially in Experiment 3 whiba tues were repeated 30 times. The ideas here
are that use of the novelty rating scale encouragesrieval process, whereby any words that
share orthographic features with the test cue ememgqted. This hypothesis is consistent with that
put forth above that this paradigm has tapped &tboe novelty and that this type of novelty
requires the input of recollection in that storedt@ns must be retrieved for comparison.

An alternative explanation for the amount of thpa@sure to the cues having no to little
effect on the ratings assigned to them could betheashared orthographic features are not salient
enough to produce the types of effects we seeseithantic, lexical, and perceptual stimuli
(James, 1962; Jacoby & Whitehouse, 1989; Moulkeely, 1976, 1977a, 1977b). Not only were
no habituation-type responses observed followigd leixposure to the cues, but no facilitative
memory effects were observed either after brie$g@néation of the test cues. Evidence of the
uniqueness of this paradigm is demonstrated iml&t@. For instance, overall, novelty ratings
were higher than familiarity ratings, meaning tthegt scales were used slightly different

depending on the rating type. This could be ancefféthe cues used, as none were actually
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studied (and only shared orthographic features thighwords that were), they may always feel
more novel.

Additionally, the fact that the Jacoby-Whitehoe$kect was consistently absent in the
RWCR paradigm is possibly a theoretically interggfinding in and of itself. This is because one
potential explanation for what drives cue familadetection during recall failure (i.e., the
RWCR effect) is the fluency with which the cue regessed. It is conceivable that a non-word
cue that overlaps in orthographic features wittudied item is processed more fluently than a
non-word cue that does not overlap in features amstudied item. If such cue fluency drives
the discrimination between cues resembling andes#ambling studied words that characterizes
RWCR, then one would expect the type of priminghef cue that was performed in the present
study to exert an effect. Specifically, the biaet ttharacterizes the Jacoby-Whitehouse effect
should emerge. The fact that this bias does notgarsiggests that perhaps the fluency of the test
cue is not what drives the RWCR effect. Specificdilecause participants are not relying on cue
fluency, they discard or ignore the increase inftwency that is presumably brought on by the
immediate priming of the cue.

A reexamination of the relationship of orthograptuies within existing models of
knowledge representation may be needed. A stéiniganay, in fact, already have been done. A
recent study by Tian and Huber (2013) examined sémsatiation through a connectivity
reduction perspective. This is a neural networkreagh that suggests that neural responses to
repeated items are reduced to focus on processmgyel items. Magnetoencephalography
(MEG) responses were measured and connectionegf@gibetween cortical regions was assessed
during a category matching task that involved category header repeating numerous times

while the others presented were each only presemeel They ultimately observed reduced
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connectivity between the visual word form areaated to processing of orthography, and the left
middle temporal lobe, related to lexical and semgmbcessing, when category headers were
repeated. They concluded that semantic satiatidneso connectivity reduction between
semantic and orthographic levels. If it is thiscdisnect that leads to a semantic habituation effect
how might overexposure to orthographic featurestegio semantic satiation? Perceptual
habituation? Perhaps these problems too can bghhotfiin a connectivity reduction view and
future studies may provide answers as to the cordtgpn and strength of relationships between
these factors.
Overall Limitations

The major source of limitations from the two expeents is the uncertainty regarding why
there was a failure to find the Jacoby-Whitehoutecein this paradigm (whereby test items
primed with rapid-duration matching primes tendéojudged as more likely to have been
studied). It is possible that those types of teshipriming effects are simply too weak to detact i
this paradigm because those processes are ovevgldby the processes that drive the
recognition without cued recall effect. It is a|sossible that when all of the test items are known
to be novel, the attribution from priming is notdea Additionally, because of the complexity of
the design, the variable of amount of exposuréeéaest cue (prime duration in Experiment 1 and
2, and repetition condition in Experiment 3) waptkat two conditions, short duration (or 1
repetition in Experiment 3) and long duration (8@etitions). With more levels of this variable, it
is possible that a different relationship would &&een revealed in the data and we would have
seen the degree to which exposure can affect ditggadgments. A limitation is that
explanations for the failure to find the Jacoby-Whouse effect in the RWCR paradigm are only

speculative at this time.
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The effect observed in the pilot study (ExperimBnof lower familiarity ratings for test
cues paired with mismatched long duration primesgared to those of all other prime conditions
was also not observed in either of the following tsxperiments; in short, that pattern did not
replicate and thus was unreliable. While it is gadsghat unknown differences between the
procedures may have led to these very differentlitsebetween Experiments 1 and 2, it is also
possible that the priming pattern found in Expeninewas simply a fluke and that is why it did
not replicate in Experiment 2.

Future Directions

This set of experiments set the groundwork foureitstudies with hopes of using novelty
ratings. Using novelty ratings to explore amoungxgbosure to features on various levels of
memory representations (perceptual, orthographeakal, semantic) may provide insight into
how these are all related and as to how noveltgiBpally is affected. It is also possible that
different representation levels tap different typéaovelty that might function in different ways
than what we have observed in these experimentiseoorthographic level.

Attempts to induce fluency and disfluency whilengsnovelty ratings should also be made
attempting to reconcile past literatures with thgults found here. It is possible that amount of
exposure is not the only factor that can influeadeeling of novelty. Perhaps oversaturation to
feature or concept representations can be causetheyfactors. One possible factor may be
depth of processing or quality. Also, what typayges of novelty are working in experiences of
jamais vu and deja vu? Follow up experiments sheetk to address these issues and inquiries

erected by these results should be met with fuitiggrection.
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Table 1. Experiment 1 — Mean identification proportion aidy targets as a function of Study
Status, Prime Match Status, and Prime Duration

Studied Unstudied
Prime Duration Matching Primes Mismatched Matching Primes Mismatched
Primes Primes
50ms .66 (.16) .70 (.20) .23 (.14) 21 (.13)
1000ms .65 (.18) .61 (.22) .20 (.13) 20 (.12)

Note. Numbers in parentheses are standard deviatidestified unstudied items are unstudied
targets that were identified from their cues.
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Table 2. Experiment 1 — Identified Targetdtean familiarity ratings for test items as a fuoati
of Study Status, Prime Match Status, and Prime fura

Studied Unstudied
Prime Matching Primes  Mismatched Matching Primes Mismatched
Duration Primes Primes
50ms 8.75 (1.08) 8.65 (1.17) 5.66 (1.89) 5.53711L.9
1000ms 8.59 (1.15) 8.69 (.97) 5.59 (2.18) 5.6a9p.

Note. Numbers in parentheses are standard deviations.
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Table 3. Experiment 1 — Unidentified Targetdtean familiarity ratings for test items as a
function of Study Status, Prime Match Status, ameh® Duration

Studied Unstudied
Prime Duration Matching Primes  Mismatched Matching Primes  Mismatched
Primes Primes
50ms 3.44 (2.01) 3.14 (1.83) 1.98 (1.35) 1.98Q1L.4
1000ms 3.45 (1.99) 1.98 (1.40) 2.07 (1.42) 1.9841

Note. Numbers in parentheses are standard deviations.
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Table 4. Experiment 2identified Targets Mean familiarity ratings for test items as a fuoati
of Study Status, Prime Match Status, and Prime fura

Studied Unstudied
Prime Duration Matching Primes Mismatched Matching Primes Mismatched
Primes Primes
50ms 8.87 (.86) 8.97 (.81) 5.26 (2.90) 5.26 (2.63)
1000ms 8.77 (.84) 8.71 (1.02) 5.15 (2.48) 5.163p.

Note. Numbers in parentheses are standard deviations.
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Table 5. Experiment 2Unidentified Targets Mean familiarity ratings for test items as a

function of Study Status, Prime Match Status, ameh® Duration

Studied Unstudied
Prime Duration Matching Primes Mismatched Matching Primes Mismatched
Primes Primes
50ms 3.34 (1.77) 3.73 (2.11) 2.28 (1.35) 2.28Q)L.4
1000ms 3.45 (1.75) 3.50 (1.99) 2.30 (1.40) 2.263)L

Note. Numbers in parentheses are standard deviations.
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Table 6. Experiment 2identified Targets - Mean novelty ratings for tésins as a function of

Study Status, Prime Match Status, and Prime Duratio

Studied Unstudied
Prime Duration Matching Primes Mismatched Matching Primes  Mismatched
Primes Primes
50ms 2.18 (1.58) 2.24 (1.66) 3.45 (2.15) 3.795p.4
1000ms 2.19 (1.57) 2.33 (1.57) 3.57 (2.00) 3.632P

Note. Numbers in parentheses are standard deviations.
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Table 7. Experiment 2Unidentified Targets Mean novelty ratings for test items as a function

of Study Status, Prime Match Status, and Prime fura

Studied Unstudied
Prime Duration Matching Primes Mismatched Matching Primes  Mismatched
Primes Primes
50ms 6.42 (1.91) 6.45 (1.83) 7.00 (1.65) 7.0649)L.6
1000ms 6.62 (1.70) 6.62 (1.81) 7.00 (1.56) 7.1300L

Note. Numbers in parentheses are standard deviations.
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Table 8. Experiment 2Mean identification proportion of study targetsaalsinction of Study
Status, Prime Match Status, and Prime DuratioherRamiliarity Rating condition

Studied Unstudied
Prime Duration Matching Primes Mismatched Matching Primes Mismatched
Primes Primes
50ms .67 (.17) .67 (.18) .20 (.14) .21 (.15)
1000ms .68 (.16) .66 (.17) .20 (.14) .20 (.13)

Note. Numbers in parentheses are standard deviatidestified unstudied items are unstudied
targets that were identified from their cues.
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Table 9. Experiment 2Mean identification proportion of study targetsaalsinction of Study
Status, Prime Match Status, and Prime DuratioheNovelty Rating condition

Studied Unstudied
Prime Matching Primes Mismatched Matching Primes  Mismatched
Duration Primes Primes
50ms .68 (.16) .67 (.14) .26 (.16) .27 (.19)
1000ms .67 (.16) .65 (.16) .28 (.17) .26 (.17)

Note. Numbers in parentheses are standard deviatidestified unstudied items are unstudied
targets that were identified from their cues.
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Table 10. Experiment 2:Mean number of items across participants that darted to ratings in
each condition

Familiarity Novelty
Identified Mean Range Mean Range
Studied Match 50ms 16.34 6-28 16.33 7-28
Studied Match 1000ms 16.49 6-27 16.48 7-29
Studied Mismatch 50ms 16.56 5-27 16.41 8-28
Studied Mismatch 1000ms  16.11 8-26 15.87 7-26
Unstudied Match 50ms 5.00 0-13 6.41 0-15
Unstudied Match 1000ms 4.71 0-14 6.83 0-16
Unstudied Mismatch 50ms 5.03 0-13 6.33 0-19
Unstudied Mismatch 4.84 0-14 6.41 0-17
1000ms
Unidentified
Studied Match 50ms 7.47 0-16 7.47 1-17
Studied Match 1000ms 7.46 1-18 7.53 2-16
Studied Mismatch 50ms 7.49 1-18 7.76 2-16
Studied Mismatch 1000ms 8.08 1-20 8.17 2-16
Unstudied Match 50ms 19.19 11-30 17.80 8-31
Unstudied Match 1000ms 19.34 9-30 17.16 8-29
Unstudied Mismatch 50ms ~ 18.92 7-29 17.51 5-29
Unstudied Mismatch 18.96 8-28 17.55 10-27
1000ms
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Table 11. Experiment 3Mean familiarity ratings for test items as a fuootof Identification
Status, Study Status, and Repetition Condition

Identified Unidentified
Repetitions Studied Unstudied Studied Unstudied
1x 8.52 (.89) 5.43 (2.03) 2.68 (1.75) 2.21 (1.62)
30x 8.43 (.90) 5.67 (2.03) 2.82 (1.88) 2.34 (1.61)

Note. Numbers in parentheses are standard deviations.
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Table 12. Experiment 3Mean novelty ratings for test items as a functibidentification
Status, Study Status, and Repetition Condition

Identified Unidentified
Repetitions Studied Unstudied Studied Unstudied
1x 4.01 (2.32) 4.74 (2.26) 6.87 (1.91) 7.26 (1.79)
30x 4.18 (2.43) 4.95 (2.50) 7.02 (2.10) 7.13 (2.05

Note. Numbers in parentheses are standard deviations.
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Table 13. Experiment 3Mean identification proportion of study targetsaafsinction of Rating

Type, Study Status, and Repetition Condition
Familiarity Novelty
Repetitions Studied Unstudied Studied Unstudied
1x .59 (.14) 24 (.14) .54 (.18) .24 (.15)
.59 (.15) .26 (.14) 54 (.17) 46 (.17)

30x
Note. Numbers in parentheses are standard deviatiomstifiéd unstudied items are unstudied

targets that were identified from their cues.
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Table 14. Experiment 3:Mean number of items across participants that darted to ratings in
each condition

Familiarity Novelty

Identified Mean Range Mean Range

Studied Repeated 1x 16.34 6-28 16.33 7-28

Studied Repeated 30x 16.49 6-27 16.48 7-29

Unstudied Repeated 1x 5.00 0-13 6.41 0-15

Unstudied Repeated 30x 4.71 0-14 6.83 0-16

Unidentified

Studied Repeated 1x 19.39 9-37 22.34 9-44

Studied Repeated 30x 19.33 8-31 21.60 10-46
Unstudied Repeated 1x 36.33 17-49 35.63 22-48
Unstudied Repeated 30x 34.89 18-48 38.09 24-53
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Table 15. Mean number of identification responses made adRasisig Type in Experiments 2
and 3

Experiment 2 Experiment 3
Familiarity Novelty Familiarity Novelty
101.18 (23.59) 109.74 (30.82) 101.26 (30.51) 9(33655)

Note. Numbers in parentheses are standard deviations.
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Experiment 1
Study Word Identification Proportion
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Figure 2. Experiment 1 — Study word identification proportcacross all conditions of Study
Status, Prime Duration, and Prime Match Status.
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Propartion of ltems ldentified

Figure 3. Distribution of mean identification proportionsrass subjects.
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Experiment 1
Recognition Without Cued Recall Effect
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Figure 4. Experiment 1 Familiarity ratings for test cues among items fdviah a similar study
item was not identified, showing the RWCR effechafher familiarity ratings for items that had
a graphemically similar word presented at study.

94



Experiment 1
Cue Familiarity Ratings During Recall Success
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Figure5. Experiment 1 Familiarity ratings for test cues for which corresding study items
were successfully recalled.
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Experiment 1
Cue Familiarity Ratings During Recall Failure
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Figure 6. Experiment 1 - Familiarity ratings for test cuesyidhich corresponding study items
failed to be successfully recalled.

96



Experiment 2
Cue Ratings During Recall Failure
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Figure 7. Experiment 2 - Familiarity ratings for test cuesoam items for which a similar study
item was not identified, showing the RWCR effechafher familiarity ratings for items that had

a graphemically similar word presented at studyelly ratings show a reversed RWCR effect of
lower novelty ratings for items that had a simiard presented at study.
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Figure 8. Experiment 2 Mean distribution of difference values (ratings test cues resembling
studied items - ratings for test cues that didrasémble studied items) across rating type.
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Experiment 2

Cue Familiarity Ratings During Recall Success
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Figure 9. Experiment 2 Familiarity ratings for test cues for which corresding study items
were successfully recalled.
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Experiment 2

Cue Familiarity Ratings During Recall Failure
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Figure 10. Experiment 2 - Familiarity ratings for test cues\idhich corresponding study items
failed to be successfully recalled.
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Experiment 2

Cue Novelty Ratings During Recall Success
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Figure 11. Experiment 2 Novelty ratings for test cues for which correspogdstudy items were
successfully recalled.
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Experiment 2

Cue Novelty Ratings During Recall Failure
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Figure 12. Experiment 2 - Novelty ratings for test cues forieihcorresponding study items
failed to be successfully recalled.
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Experiment 2

Familiarity Scale Study Word Identification Proportions
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Figure 13. Experiment 2 — Study word identification proporsascross all conditions of Study
Status, Prime Duration, and Prime Match StatubkerRamiliarity Rating condition.
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Experiment 2

Novelty Scale Study Word Identification Proportions
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Figure 14. Experiment 2 — Study word identification proporsascross all conditions of Study
Status, Prime Duration, and Prime Match StatubenNovelty Rating condition.
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Experiment 3

Cue Ratings During Recall Failure
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Figure 15. Experiment 3 - Familiarity ratings for test cuesaag items for which a similar study
item was not identified, showing the RWCR effechafher familiarity ratings for items that had
a graphemically similar word presented at studyelly ratings show lower novelty ratings for
items that had a similar word presented at study.
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Figure 16. Experiment 3 Mean distribution of difference values across atype.
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Experiment 3

Cue Familiarity Ratings During Recall Success
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Figure 17. Experiment 3 Familiarity ratings for test cues for which corresding study items
were successfully recalled.
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Experiment 3

Cue Familiarity RatingsDuring Recall Failure
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Figure 18. Experiment 3 - Familiarity ratings for test cues\idhich corresponding study items
failed to be successfully recalled.
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Experiment 3

Cue Novelty RatingsDuring Recall Success
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Figure 19. Experiment 3 Novelty ratings for test cues for which correspogdstudy items were

successfully recalled.
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Experiment 3

Cue Novelty RatingsDuring Recall Failure
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Figure 20. Experiment 3 - Novelty ratings for test cues forieihcorresponding study items

failed to be successfully recalled.
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Experiment 3

Familiarity Scale Study Word Identification Proportions
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Figure 21. Experiment 3 — Study word identification proporsascross all conditions of Study
Status and Repetition Condition in the FamiliaRigting condition.
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Experiment 3

Novelty Scale Study Word Identification Proportions
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Figure 22. Experiment 3 — Study word identification proporsascross all conditions of Study
Status, and Repetition Condition in the NoveltyiRatondition.
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