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ABSTRACT

ISOLATING PARTIAL RECOLLECTION AS A DISTINCT ENTITY IN REO©OGNITION MEMORY

USING A MODIFIED RECOGNITION WITHOUT IDENTIFICATION (RWI)PARADIGM

In dual-process recognition memory research, recollection is believed tearralging to

mind a specific prior occurrence, a target item, or the contextual detadsrsging a past
experience. Prior research has suggested that when recollection fails, indiv@tusiil rely on
a sense of familiarity to judge whether something has been experiericez] had the two
processes may be dissociable. However, many recognition memory method® oudextion

in a binary fashion such that it is treated as an all-or none occurrence. botiaey; some
research suggests that recollection may actually be a variabla (‘seme-or-none”) process. In
the present study, three experiments were conducted to explore the naturalofegattection
using a variation of the recognition without identification procedure (RW&af§, 2006; Cleary
& Greene, 2000; Peynircioglu, 1990). In Experiment 1, | explored the hypothesis that
manipulating the amount of perceptual information present at encoding in a recogsk can
modulate the likelihood of partial recollection (Parks et al., 2011). In Experimeakamined
whether partial recollection responds to word frequency in a manner similifieoent than full
target recollection or familiarity. In Experiment 3, | explored whethergdaecollection, like
full target recollection, could also be affected by manipulating degreegefttemotionality. In
this work, | demonstrate that partial recollection is a distinct, talbes, factor in studies of

human recognition memory
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“Abruptly the poker of memory stirs the ashes of recollection and uncovers a forgokten em
still smoldering down there, still hot, still glowing, still red as red.”
~William Manchester~ (1922-2004)

| solating Partial Recollection as a Distinct Entity in Recognition Memory using a Modified

Recognition without I dentification (RW1) paradigm.

Chapter |

I ntroduction

It is likely that every individual has experienced the uncomfortable semsxtio
attempting to retrieve an item from memory only to find the target isaitde. For example,
perhaps an individual is unable to retrieve the naNadlie Portmaitwhen describing her role
in the film “Black Swah Perhaps it is a failure to conjure up the name of the composer
“Barber’ when hearing his songAtagio for Stringsbeing played in a restaurant. Maybe it is
the inability to retrieve the identity of a bird as anferican Goldfinchwhen watching it eat
from your birdfeeder. In each of these scenarios, it is possible that tire faireach a target in
memory results in a mere feeling of familiarity in the targeb'semce. However, it seems that
the ability to retrieve partial details in such a case is substantivedyatiffthan a feeling of
familiarity with no contextual information. For instance, is it still possibleemember that
Natalie Portman’s character played the role of Princess Odette inligteSvean Lake? Is it still
possible to remember thadagio for Stringswas used in the soundtrack tBlatoon”? And
might it be possible to remember that the species of bird eating from ydigeier can sing
quite well? In each of these cases, it is possible to retrieve partial aifomabout an intended
target in memory while still failing to reach the target itself.

The underpinning of the ability to retrieve partial information remailagively

unknown in experimental cognitive psychology. In the domain of recognition memugh i8



the study of the ability to realize that something has occurred previoushprdgaks theories
have begun to acknowledge the possibility that partial retrieval exists drnidntizgy be an
important factor. The current study attempted to provide evidence in support df partia
recollection as a distinct entity in recognition memory using a novel exgetal paradigm.
Partial recollection may be distinct from full recollection. In a seoiethree experiments, |
sought to use a relatively new method to offer empirical evidence that pactoééction is
distinct from recollection (i.e., full target identification) as welfrasn familiarity-based

recognition that occurs when identification fails.



Chapter ||

Traditional Dual Process Theory: Recollection, Familiarity and the Original Debate

One of the most tenuous debates in the last two decades of recognition menawchrese
concerns whether familiarity-based recognition is distinct from lexxt@dn. According to dual-
process theories of recognition memory, recollection involves retrievingragperience
through a binding of contextual information to item information in order to createcaeth
experience in time. In comparison, familiarity involves a feeling of haexpgrienced
something coupled with the inability to bring to mind the item or event itself oassociated
contextual details (e.g., Diana, Reder, Arndt, & Park, 2006; Mandler, 1980; Mandles{d?exgr]
& Koopmans, 1969; Yonelinas, 2002; 2010). Using a previous example, recollection would be
the ability to retrieve the nam&amuel Barbérupon hearing his song. In contrast, familiarity
would involve a striking sense of having heard the song before accompanied widiiity ito

retrieve any details about it.

One of the more widely-endorsed dual-process models, the dual-process sigtiaindete
model (DPSD), combines a strength-based familiarity process modelesigmmabdetection
distribution and a high threshold process to explain recollection. That is, a naostrgxceed
a criterion in order to trigger recollection, otherwise it remains fantyidevoid of context (e.qg.,
Yonelinas, 1997; 2002; Parks and Yonelinas, 2007). While recollection in this
threshold/detection model is typically associated with the high confidatings, subthreshold

activation is associated with lower confidence ratings.

At least four experimental methods have traditionally been used to segatection

from familiarity. One of the most frequently used methods is the Remember/IRigv (



procedure (Tulving, 1985). In a typical R/K experiment, participants stueyes ©f items (e.g.,
words, pictures). At test, participants view both studied and nonstudied items. Foesgch it
they must judge whether it was studied or nonstudied. For “studied” responsefgrdstic
indicate whether they “remember”(R) or “know” (K) that the item was stud\n “R” response
indicates they can recall seeing an item before within the context ofpgbaraent. A “K”
response indicates they merely feel they have experienced an iteaniaahe experiment but
cannot recollect its prior occurrence. “R” responses are interpretedradex of recollection,
and “K” responses are interpreted as an index of familiarity. Additioetiods used to study
recognition memory include the process dissociation procedure (Jacoby, 1991),dhtagign
procedure (Hintzman & Curran, 1994), and receiver operating characteridiGCs
(Yonelinas, 1994); though each method has its own set of controversial problems (se&¥onel
2002; but see Wixted & Stretch, 2004).

Research in the last two decades has provided convergent support for dushaather
single processes in recognition. One line of evidence from experimentalivegsychology
includes functional dissociations such as those involving levels of processing&Qi@ckhart,
1972; Rajaram, 1993) and divided attention (Gardiner & Parkin, 1990; Jacoby, 1991). A second
line of evidence comes from neuropsychological dissociations in anterogradg@amne
populations (e.g., Scoville & Milner, 1957; Milner, 2005) and in neurological cases of medial
temporal lobe lesions that spare the hippocampus (Bowles et al., 2007; 2010). A third line of
evidence comes from neuropharmacological manipulations that impair régell@ading but
spare familiarity-based discrimination (e.g., Reder, 2009; Reder et al, 2@@joAal evidence
also comes from cognitive neuroscience. For instance, magnetoencegplalogMEG) and

event-related potential (ERP) data have suggested that familiagthent@mporally distinct



from recollection (e.g., Rugg & Curran, 2007; Curran & Cleary, 2003; Ryals, Yadon, Nomi, &
Cleary, 2011; Voss & Paller, 2006; 2009). Functional neuroimaging (fMRI) suggesgste
processes may be spatially distinct as well (e.g., Carr, Rissmaraghék, 2010; Diana,

Yonelinas, Raganath, 2010).

In contrast to traditional dual-process theories, single-processsisduaive contended
that recollection and familiarity can both be explained by a singlegstrdrased continuum of
familiarity using a signal detection distribution (e.g., Dunn, 2004; Macmillanei@ran, 2005;
Shiffrin & Steyvers, 1997; Slotnick & Dodson, 2005; Wixted, 2007a, 2007b; Wixted & Stretch,
2004). The single-process argument is largely based on parsimony, suckdkatribt demand
the amount of theoretical complexity necessary in the DPSD. Given that tjie wkihe
evidence has tended to favor dual process over single process theory inastretiegnition
memory, the focus of theriginal debate has shifted somewhat. That is, the nature of the
recognition debate is no longer truly about single versus dual approachesitihdadeen
stated that most researchers now accept one form or another of a dual pamtsge .. Rugg
& Curran, 2007). The current debate in the field of recognition memory literatur&argesly
concernavhat kindof dual process model can serve to best explain the data. Moreover, some
theorists have proposed models suggesting that recollection may be morexctiraplhas
traditionally been thought.

One example is the “some or none” variable-recollection dual process (VRR) m
(e.g., Macho, 2004; Onyper, Zhang, & Howard, 2010; Sherman, Atri, Hasselmo, Stern, &
Howard, 2003). Like DPSD models, the VRDP model allows for a strength-basiidrigy
dimension; however, the VRDP model assumes that recollection is based omaurordf

activation rather than a threshold. Onyper et al. argue that althoughctanollia their model is



continuous, it can still fail, and when it completely fails, familiarity canded to discriminate
old from new items. Thus, although the VRDP model suggests that, when full targetctenol|
fails, partial information can be retrieved in varying degrees, retioltecan still altogether fail
so that nothing at all is recollected, and in those cases, familiarity tal®tv recognition to

take place.

While it is argued that the unequal variance signal detection model (UVSDipmady
provides a better fit for words, the DPSD has traditionally provided a betfer $itenes
(Onyper, Zhang, & Howard, 2010). In reconciliation of these two views, the \R&fR! is
able to account for the full pattern of results in the literature better ttnem the UVSD or
DPSD. New models such as the VRDP that extend traditional understanding meggbed in
advancing the understanding of recognition memory. Though somewhat new to renognit
memory models, the hypothesis that graded (i.e., partial) recollectimccanwhen full target

recollection fails is not without precedent however.



Chapter 111

Partial Recollection: Evidence from Studies of Recognition Memory

One of the first experiments to address partial recollection was coddwyc¥onelinas
and Jacoby (1996). Using the process dissociation procedure (PDP) developeibipy12@1),
Yonelinas and Jacoby sought to determine if non-criterial recollection €icellaction not
central to the task) operated independently from recollection. Their findiggested
noncriterial recollection influenced familiaribut notcriterial recollectionAlthough they
acknowledge the existence of partial recollection, Yonelinas and Jacoby &1896uggested
that it is an automatic occurrence that is inconsequential to full tetgeweal. Furthermore, they
suggested there is no evidence that partial recollection is functionaihctisitus it is best
treated as familiarity.

Hicks, Marsh, and Ritschel (2002) provided some evidence that partial recollection may
be similar to the recollective details necessary for accurate soernemnmonitoring. Hicks
and colleagues hypothesized that partial recollection should lead to acauate monitoring
performance independent Rfjludgments in the R/K procedure (Gardiner, 1988; Gardiner,
Gawlik, & Richardson-Klavehn, 1994; Tulving, 1985). In Experiment 1, Hicks, Marsh, and
Ritschel (2002) presented participants with seen or spoken words at study, and stdmadt te
them make source judgments about each word (i.e., was the word seen, spoken, or new?). If the
participant chose seen or spoken, they were then asked to make an R or a K judgmésnt. Resul
indicated no reliable differences between R or K responses for accurate jsogments in both
the seen and heard conditions, thus the researchers concluded that accurate sdoraggmoni

may occur outside of full recollection in the R/K paradigm.



In Experiment 2, Hicks et al. (2002) had participants solve anagrams duringrelsdy t
and then determine if test items were generated, seen, or new. As in Erpérimégenerated”
or “seen” answer initiated an R/K judgment. Correctly attributed gesteitaims led to higher R
than K responses, but a crossover interaction appeared, such that corrduikgdtseen items
led to higher K than R responses. Hicks et al. proposed that decisions based on patrtial
information can “use a variety of information that varies in its degree ofy¢lguit506). They
also suggested that accurate source monitoring can occur based on partial wricootatde of
full recollection as defined by the R/K paradigm. Given that K judgments & iaterpreted to
reflect pure familiarity, Hicks et al. also suggested that the K dimemdiR/K may need to be
reconsidered because partial recollection can differ substant@ihyfémiliarity. The binary
nature of the R/K procedure may require that partial recollection fall int¢ taegory despite
that the experience of partial recollection may be quite unique from both the R and the K
categories.

Cook, Marsh, and Hicks (2006) conducted a series of five experiments which offered
additional evidence for the existence of partial recollection. In eachiergre, participants
paired visually presented words with auditorily presented words spoken in eitiade ar a
female voice. These associates were learned in either an intentionalrangentional manner.
At test, cue words were presented, and participants were asked to restititbe target
associate. For example, if the participant were asked to study thelpatorange perhaps
robin appeared on the computer screen and they then paired daraitgespoken by a male or
female voice. At test, they may have been presented with just tleanwgeand, they would
have been asked retrieve its associate. For recalled items, parsicizate a voice gender

source judgment and then advanced to the next trial. For items for which agsatiatl recall



failed, participants were asked to make an initial source judgment, choose #ut teoget out
of four possible choices, and then make a final source judgment. In Experimeok 2tGl.
demonstrated that partial contextual information is available at test, buwbefystudy items
are well encoded. This finding suggests that standard recognition taskd aptimally set up to
tap partial recollection and that special circumstances may be neededddh@@henomenon.
In summary, Cook et al. (2006) proposed that partial information can occur outside of ful
recollection and that such information may be an important mediator for sodgragnt
accuracy. Furthermore, Cook et al. suggest partial recollection may keyia feeling-of
knowing (FOK) and tip-of-the-tongue (TOT) states.

An additional piece of evidence in favor of the existence of partial estiolh comes
from an aging study conducted by Toth and Parks (2006). A common observation in healthy
aging is a decrease in recollection but preserved familiarity, (@oward, Bessette-Symons,
Zhang, & Hoyer, 2006; Parks, DeCarli, Jacoby, & Yonelinas, 2010). Toth and Parks
hypothesized that if noncriterial recollection is analogous to familiasityanelinas and Jacoby
(1996) suggested, then older adults should retain the ability to exhibit partialceonlighile
demonstrating decreases in full recollection. Toth and Parks utilized ther@Bdlure from
Yonelinas and Jacoby (1996) to compare performance in younger and older adults. Toth and
Parks replicated the finding of an increased influence of noncriterialeetofi on familiarity
estimates for younger adults, but this effect was not found for older adutst,| familiarity
estimates were reduced for older compared to younger adults using this methaghd Parks
suggest that partial recollection reflects contextual information thradépendent of full
recollection and familiarity. That partial recollection increased Ifarty estimates in younger

but not older adults suggests that the PDP procedure may be inherently limited irtytsabi



parse partial recollection from familiarity. If this is true, then famty and partial recollection
should not be treated as functionally equivalent. Toth and Parks (2006) proposed that partial
recollection is a real memory phenomenon that is “dissociable and measurablegyasubtiest
that common recognition paradigms (e.g. PDP, R/K) may not fully tap it. Inmplgrtioth and
Parks also suggested that only through the use of “richer and more compleX gtintab)
may we come to understand the role that partial recollection plays in true episodory.

To explore additional hypotheses created by the findings from Toth and Parks (2006),
Parks (2007) used the R/K procedure to examine younger adults under full attentidions,
younger adults under divided attention conditions, and older adults. Parks createdthree te
conditions (easy, difficult, and broad) which manipulated task demands, and she hypbthesize
that effects of noncriterial recollection should be reduced for younger adultsdivmided
attention and older adults relative to the full-attention younger adults. Theaadition
entailed identifying the voice a word was spoken in. The difficult condition eshtagleing to
recollect whether a word was spoken into the left or the right ear. The lmoaitian required
participants to retrievany detail about the studied word. Findings suggested an overall reduced
effect on familiarity for the young divided attention and older adult groups cechpathe full
attention young adults. In Experiment 2, Parks modified the method used in Expédrivwéht
just the broad and hard conditions) to accommodate the DPSD model. Recollection and
familiarity estimates were computed in accordance with DPSD and alsedplising receiver-
operating characteristics (ROC) curves. Results suggested thafiukadce of noncriterial
recollection was larger for the younger adults than the older adults ambiizziterial

recollection operates in a manner similar to criterial recollection withfiuencing familiarity.
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Partial Recollection and Source Memory Judgments

Partial recollection is notably similar to source memory judgments. So@cery
tasks are those in which an individual is required to correctly identify the sofuaa@emory
such as the location of a previously seen object, the background color of a previewsky vi
item, or the gender of a speaker (e.g., Johnson, 1997; Johnson & Mitchell, 2002, Johnson &
Raye, 1981; Mitchell & Johnson, 2009). Source memory tasks are largely believedatio rel
recollection, whereas item recognition tasks are believed to rely onafatyi{e.g. Johnson,
Hashtroudi, & Lindsay, 1993; Yonelinas, 2002). The source memory literature offers some
evidence suggesting that individuals are able to recall variable degreexrwfandn (Dodson,
Holland, & Shimamura, 1998). In Experiment 1, Dodson et al., had participants study words
spoken by either two different males or two different females. Even wheaipants failed to
retrieve the name of a given speaker on a later source memory test, te@jftesm able to
correctly recollect the gender of the speaker. In a subsequent experimgsunizt al. found
that dividing attention at encoding disrupted later target recollection but ndection of
gender identification. In a later study, Slotnick (2010) provided evidence suggdstindVSD
models provided a better fit for source-memory ROCs than threshold DPSD models using
combination of R/K and source-memory confidence judgments. Slotnick suggested that

recollection, like familiarity, is best explained by a continuous process.
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Chapter |V

Evidence from Metacognition Research

Support for the existence of partial recollection also comes from the nmetayne
literature. Koriat, Levy-Sadot, Edry, and de Marcas (2003) proposed that padtakyed
information can be structural, phonological, or semantic in nature. An example tirstroc
phonological partial information might be failing to recollect the namebifdasitting at your
birdfeeder but knowing that its name starts with a “g”. Semantic pagtiallection might
involve failing to retrieve its name but knowing that it is a species espeftiatlyof sunflower
seeds. Koriat and colleagues argue that partial recollection can occurentarwbde, whereby
an active search for partial clues in memory occurs. Such access toipfmmation manifests
through demonstrations of partial information such as the first letter tdrpet: (“. . . itis a
grouse . .. no, a goldfinch . . ."”).

In Experiment 1, Koriat et al. (2003), had participants study Hebrew wordh whie
paired with nonsense (pseudo-Somali) letter strings. At test, just theopSenwhli cues were
shown, and participants had to recall each Hebrew associate. In the ewpatttbi@ants failed
to recall a given word, they were asked to rate its semantic polgritsitog good-bad, strong-
weak, and passive-active judgments. Koriat et al. found that even when unableve eetri
desired target word, participants were able to reliably judge its correahsie polarity.
Experiment 2 used a similar procedure with the addition of R/K judgments (wiéssgand
“don’t know” options added). In replication of Experiment 1, participants made accurate
semantic judgments of partial information in the absence of target recétiefroore, partial
information was associated with fewer overall R responses and more K ans! ‘igasgonses

than actual recall. Even so, the fact that partial informati@ssometimes associated with R

12



responses suggests that recall can be variable. In sum, Koriat et al. (2008)epredriguing
data suggesting the characteristics of partial recollection can beldigatent from full

recollection as well as feelings of familiarity in the absence @flestion.
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Chapter V

Evidence from Anomic Aphasia
Anomic aphasia is a language disorder defined by a disruption in the production or
comprehension of meaningful speech not caused by sensory or motor deficits (NIH, 2011). A
unique first-person account of anomia is presented by cognitive psychologisAbtecraft
(1993). After experiencing a seizure while working at Cleveland State Uityyéxshcraft
documented his 45-minute episode and published it in the jdBra@ and LanguageDue to a
malformation in brain vasculature in his left hemisphere, Ashcraft’'s sesaused what is
known as transient (temporary) anomia. After his anomia, Ashcraft wrote alkddigsociation
between a thought and the word or phrase that expresses the thought” duringthe epis
Ashcratft illustrated his awareness of an intention to communicate déspitebility to do so in
the passage below:
The subjective experience consisted of knowing with complete certainty thefidea
concept that | was trying to express and being completely unable to find arttieitte
word that expressed the idea or concept. The thoughts can only be described in
sentence-like form, because they were as complex, detailed, and lengthpiaala ty
sentence. They were not sentences, however. The experience was not oneyof merel
being unable to articulate a word currently held in consciousness. Insteadoitavas
of being fully aware of the targeteayet being totally unable to accomplish what
normally feels like the single act of finding-and-saying-the-word (p. 49).
Anomia such as that described by Ashcraft (1993) results in impairment ofindirty while
sparing comprehension. It is possible that, in the absence of being able to fiodebetarget
word, anomics are still able to access and retrieve partial informationaesgoeith an
irretrievable targetFurthermore, some theorists believe that anomia need not result in an
absolute blockage of phonological information accompanied by spared semaietial;diut

that partial phonological blockage is also possible (Kay & Ellis, 1987, Asht@#8). One view

is that anomia may result from an interruption in the connectivity betweerxibal le
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(conceptual) and phonological levels involved in language production (e.gn&zna, 1997,
Levelt, Roelofs, & Meyer, 1999; Roelofs, 1997a, 1997b; Harley, 2008; Turken & Dronkers,
2011).

The fact that anomic aphasics are able to remember details assodiatedanget word
even when they are unable to recollect the target word itself suggeststhiattion may be
variable. The hallmark frustration that is exhibited by anomic aphasics ssitfggtsa signal
indicating awareness of a target can occur despite an inability to canvedga in verbal terms.
This signal of awareness may represent a feeling of knowing (FOK3 theget is present
despite being able to reach it. This may also be similar to a “feeling ofthWaexperienced
when an answer is impending (e.g., Metcalfe, 1986; Metcalfe & Wiebeb, 1983 )jsThlso akin
to the feeling experienced in tip-of-the-tongue states (see Schwartz, 2@0&{oew). A tip-of-
the-tongue state (TOT) is classically defined as an experiencelwh®&ne cannot quite recall a
familiar word but can recall words of similar form or meaning” (Brown &\dil, 1966). A
more modern definition of TOT offered by Schwartz (2002) is a “strong feelih@ tlaaget
word, although currently unrecallable, is known and will (imminently) be extall
Interestingly, anomic aphasics are a population with a very high ratparted TOT
experiences (Brown, 2012, Schwartz, 2010). Partial recollection, such as thatnic aphasia,
may serve to inform theories of the TOT phenomenon. Yet the theoreticalnetap between

partial recollection and TOT states is not well understood.
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Chapter VI

Evidence from Tip-of-the-tongue States

A common occurrence associated with a TOT is retrieval and reportabgityreaspect
of a target in memory even when target retrieval fails. For instance, EnogvivicNeill (1966)
had participants study lists of 49 multisyllabic words of low frequency. Atjtestthe definition
of each word was read. If the participants were unable to retrieve a studbuwt felt as if
they would eventually retrieve the answer (i.e., a TOT state) they weze @sindicate if they
could retrieve the number of syllables, the initial letter, words of a sisolamd, words of a
similar meaning, or an alternative word that came to mind. Participarésies read the
correct answer and asked to indicate whether it was their target woveh Bnal McNeill found
that TOT states were significantly correlated with the ability tonteqmorect partial information
associated with a desired target (e.g., phonologically and semantinalbr svords). TOT states
have since been shown to be positively related to the retrieval of targrite#t (e.g., the
number of syllables, syllabic stress, the first letter, phonologicallyasintems, and
semantically similar items) (see Brown, 1991; Schwartz, 2002 for reviewshermore, some
research has suggested that when phonological information is not available in ®&fEQT s
syntactic information may be available (Lopez-Cutrin & Vigliocco, 204@liocco, Antonini,

& Garrett, 1997; Vigliocco, Vinson, Martin, & Garrett, 1999).

In studies designed to elicit TOT states, partial retrieval is a comnoomrence
(Schwartz, 2002). One theoretical view is that TOTs arise from weaksdoct® actual
representation of an item in memory resulting in recollection failureorarg to this direct-
access theory, activation of an item representation is below the thresholdnetmssill

retrieval but strong enough to elicit a subjective feeling that the itestrisvable (a TOT)

16



(Brown & McNeill, 1966, Perfect & Hanley, 1992; Schwartz, 1999). Although Brown &
McNeill's original interpretation did not address the possibility of plamtieollection in the
absence of retrieval, more modern views do. Some have theorized that lecesal iavolves a
two-step process whereby semantic representations are accessemirarological
representations (e.g., Bock, 1982; Gollan & Brown, 2006; Levelt, 1989; Miozzo & Caragmazza
1997a, 1997b). TOTs may result from semantic (i.e., partial) access to an ikenabsénce of
phonological access (see also Levelt, Roelofs, & Meyer, 1999; Rapp & Goldrick, @0@0).
form of the direct-access theory, known as the Transmission Deficit (6D¢lrsuggests that
TOTs may result from a disruption in a relay of information from the levelkafde(semantic)
representation to the level of phonological representation necessarycidatan (Burke,
MacKay, Worthley, & Wade, 1991; James & Burke, 2000; Rastle & Burke, 1996; see &chwar
2002 for a review).

However, other research has suggested that the direct-access approachlbeay not
enough to explain the subjective feeling associated with TOT states (eagy,2006;
Schwartz, 2008). Schwartz & Metcalfe (2011) have recently suggested thatm&yTalso
involve a “heuristic-metacognitive” component that integrates multiple fofrmgormation
including partial semantic, perceptual, phonemic, and syntactic informatiogate e summary
signal of availability in memory. It is this summary availabilitgral that may give rise to the
subjective feeling associated with a TOT, thus TOTs may serve an adaptiveeparpmsnory

to spur further retrieval efforts if enough information is available (SaawaMetcalfe, 2011).
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Chapter VI

Creating the Potential for Partial Recollection: Complexity

In the present study, | sought to understand what forms of information matfacilit
partial retrieval. One possible form of information is the perceptual comptExo-be-
remembered targets. In a study designed to explore the degree to whidhnbammeation is
recalled during TOT states, Schwartz & Smith (1997, Experiment 1) incrallgentreased the
complexity of information at study in an attempt to increase the likelihood tHafavbuld
occur. Participants studied lists of fictitious creatures accompanitggbipycountry of origin (the
minimume- information condition), their country of origin plus a picture of the greafthe
medium-information condition), or their country of origin plus a picture and a gasarof the
creature (the maximume-information condition). At test, participants aeed with just the
country name of a creature and asked to recall its name. If unable to do sipguastivere
asked to indicate whether or not they were in a TOT state, and then they were prompted t
provide the first letter of the name or any other information that came to mimda&z and
Smith found that the likelihood of reporting a TOT state significantly ise@detween the low-
information, the medium-information, and the maximume-information conditions. Addiipna
the rate of retrieved partial recollection increased as a function of exitypbut recall rates and
recognition performance did not increase. Schwartz and Smith’s (1997) study a$ the first
to explore the link between perceptual and semantic complexity of to-be-rereerntbers,
TOT states, and partial recollection.

One of the keys to successfully isolating partial recollection may inwatveasing the
likelihood that it will occur (Parks, 2007; Parks et al., 2011). That is, it may lessey to

create complex information-rich episodes in order to increase thddkeliof partial
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recollection. Additionally, simple word lists and source judgments involving libkeation or
voice manipulations may not allow for high enough instances of partial recollectiansecthey
are not rich enough.

Parks, Murray, Elfman, & Yonelinas (2011) recently manipulated complexitywva
source memory task in two different ways. Participants were required tmb&neither words
(simple) or sentences (complex) that were either presented audgoripl€) or audiovisually
(complex). Participants also provided confidence ratings based on how likelhdogyt it was
that they had made the correct source memory decision. Parks et al. founcbthatration of
simple source and simple item complexity led to the highest rate of re¢iwoiland the least
reliance on familiarity. In a subsequent experiment, Parks et al. usededdattention
manipulation in healthy adults by having them perform the aforementioned samskaehile
simultaneously performing a digit-monitoring task. Divided attention has been shoedute
recollection while sparing familiarity (e.g., Gruppuso, Lindsay, & &gl1997). Parks et al.
hypothesized that if recollection contributed to both estimates in the simple anegxompl
conditions, then divided attention should lead to a decrement in recollection perfororance f
both. Indeed, such a decrement was seen. In a subsequent manipulation, amnesicatsinonst
a similar decrement in the task. Parks et al. (2011) suggested that as stonyblesxity
increases, the threshold for recollection breaks down. This breakdown resultairga o the
nature of recollection such that it shifts from a threshold process to a more graged (i
continuous) process. This finding is important, because it suggests that the dedpiet to w
recognition memory depends on either recollection or familiarity nfésr diased on the
complexity of a given task. Skinner and Fernandez (2010) also provided data sudbestimg

complexity of contextual information at study can affect lateslection of target information
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even when no contextual information is present at test. Skinner and Fernandehatrgueh
contextual information is bound to a target at study to create a rich “enSe@milemory. This
binding process in turn enhances memory by increasing the amount of informatiablea\atil

retrieval.
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Chapter VII|I

Additional Factors: Word Freguency and Emotionality

Word Frequency There may be other stimulus manipulations that could increase the
amount of partial information available at retrieval. Such manipulations would atcawyay to
observe changes in the behavior of partial recollection that may not occuoniliariy-based
recognition. The first such manipulation is word frequency. Standard studies ofegogpition
are those in which studied items are repeated again during the test phseldrdsstudies of
word recognition, the word frequency effect (WFE) is the finding that low freyugse.,
uncommon) words lead to higher hit rates and lower false alarms than high &eguen
common) words (Brown, Lewis, & Monk, 1977; Gregg, 1976; Glanzer & Adams, 1985, Glanzer
& Bowles 1976; Gorman 1961; Underwood & Freund, 1970). A likely reason for the WFE is
that low frequency (LF) words are more distinct than high frequency (HE)swand this leads
to higher levels of recollection (e.g., Gardiner & Java, 1990 ; Guttentag & IC&89¥). In tests
of recall however, previous research has shown a benefit for HF words over d$-(eq. Clark
& Burchett, 1994; DeLosh & McDaniel, 1996; Duncan, 1974; Gregg, 1976; MacLeod & Kampe,;
1996, Mandler, 1980). One caveat to the HF advantage in recall is known as the mixed-list
paradox. This paradox states that the benefit for HF over LF is eliminatedhoreseesed when
low and high frequency items are intermixed within a list (e.g.,WatkirSptmpte, & Kim,
2000; Morin et al., 2006). The mixed list paradox has typically been found in rekall tas
demanding retrieval of order information (i.e., serial-recall).

If full and partial recollection respond similarly to manipulations in frequethen that
should provide important evidence that for a functional relationship between the twevétow

the opposite pattern is also possible. That is, partial recollection mayastaedase for LF
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versus HF items. Previous research has suggested that LF words et&kahpthan HF words
to produce TOT states (e.g., Burke, MacKay, Worthley, & Wade, 1991). If ttoadec
possibility holds true, then manipulation of word frequency as an independent variable should
affect full recollection differently than partial recollection. In tlexinsection | discuss
manipulation of another variable, emotionality, which may also modulatelpadadection.
Emotionality The relationship between emotion and memory is an old yet poorly
understood one. A great deal of data suggests that emotion can alter and evenrechirie.g.
Christiansen 1992; Heuer & Reisberg, 1990; Reisberg & Hertel, 2004). Howe\essf&s
known about how emotion impacts recognition memory. When we retrieve a remote memory
from the past, we bring to mind not just one aspect of the event, but we retrieveaale ejwh
in contextual detail (Sharot & Yonelinas, 2008; Tulving, 1985). Kensinger (2009) argued that
both cue familiarity (e.g., Metcalfe, 1993; Metcalfe, Schwartz, & Joaquim, 1883)axtially
retrieved information (e.g., Koriat & Levy-Sadot, 2003; Schwartz & Smith, 1€&7 impact
judgments of emotional memory. Importantly, she argued that fanyilemd partial retrieval are
separate entities, and that emotion can have an impact on each. She hypotegtseredtion
should enhance both cue familiarity and partial information, but that the source of thi
enhancement is different. In particular, Kensinger proposed that “becsgete/a emotion
enhances memory for some details, participants should be more likely to rensemieaietails
of an emotional item’s presentation than of a neutral item’s presentation.”(hk4also argues
that “this partial recollection may lead participants to believe that thépevable to remember
other details of an emotional item’s presentation” (p. 14). According to thtlgsis, enhanced
cue familiarity, which is a reliance on inherent familiarity of a tesh to predict later memory

performance, should manifest as a bias for emotional versus nonemotional eventsisence
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of being able to generate any information about the event. That is, ifcagestemotional in
nature, an individual may be prone to rate their confidence that related informéitio& w
remembered higher than if a test cue is emotionally neutral. In contrafecmeemotion on
partial information should lead to both a quantifiable increase in generated getdibs as well
as a bias in confidence for those events.

Some studies have indicated that in the absence of being able to recall a womdljatslivi
are still able to access partial information such as the affective mdtatarget (Koriat, Levy-
Sadot, Eyal, & de Marcas, 2003). One such study links emotion and partial reaoltedtie
TOT literature. Schwartz (2010) had participants study lists of neutral ortetarget answers
interleaved with emotional target words answers. Participants then vgmmedal knowledge
guestions pertaining to neutral or emotional targets. They were given théiaef a TOT as
“the feeling that you know the target and will recall it soon” (p. 83) and they evtrer
encouraged to answer the question or respond “don’t know”. In the event they responded “don’t
know”, participants were asked to indicate whether they were in a TOT stateamdnibien they
rated the emotionality and degree of frustration they had with the answely,Fpadicipants
were given a four-alternative forced choice recognition test foméwexs. Schwartz found that
individuals experienced a higher rate of TOTs for unanswered emotional veraswered
neutral questions. He also found that the emotional ratings of the TOT experienedsgher
for questions pertaining to emotional questions than for answers pertaining & ares.
Schwartz concluded that manipulation of emotion significantly impacted thintikel of TOTSs.
One possibility is that partial emotional details retrieved in the absenargef retrieval serve

as a basis for higher TOTs than partial neutral details. Therefore, if Isighetus emotionality
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leads to higher TOTs, and if TOTs are highly associated with retoéyartial details, then
stimulus emotionality should also lead to higher objective levels of part@laeton.

In studies of emotion, stimuli can differ on two primary emotional dimensionsiceale
and arousal (Lang, Bradley, & Cuthbert, 1990). Valence is the degree to whichulastis
positive or negative in nature, and arousal is the degree to which a stimulus ingexciti
calming. Though it is important to determine the individual contributions of any vattable
process in memory, it may actually be an interaction between valence and taLisapacts
memory the most. Mickley-Steinmetz, Addis, and Kensinger (2010) found that re@ogni
memory performance was enhanced for negative arousing pictures comparedve gaBising
pictures. There is growing consensus in the recognition memory literature¢jadive valence
and high arousal both lead to increased recollection (e.g. Dewhurst & Ba00; Ochsner,
2000; Sharot, Delgado & Phelps, 2004; Sharot, Verfeille, & Yonelinas, 2007; Kensinger &
Corkin, 2003; but see Dougal & Rotello, 2007).

Some research from our laboratory indicates that both valence and arous#kegstay a
recollection but not familiarity in the absence of recollection when emotipmalot inherently
present in the test cues (i.e, the wagditide is inherently emotional, but the similar nonword
cue ‘surctitide” is not). Using the recognition without cued-recall method, or RWCR, Ryals and
Cleary (2012, Experiment 2) had participants study lists of highly-arousingjuedgaalenced,
or neutral words. At test, participants then viewed twice as many non-word cties wiach
were created to orthographically and phonologically resemble studied itearisalé of which
were new. Participants indicated whether or not they could identify a sttehedhiat resembled
a given test cue, and then they rated the likelihood that the cue resembledditsndan a O-

10 scale. Ryals and Cleary found that non-word cues corresponding to both highardusa
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negatively-valenced words elicited significantly higher cued reatds than non-word cues
corresponding to neutral words. Arousal (but not valence) was also found to bgstreno
ratings given in the presence of cued recall, such that participants rated bettycogcalled
and correctly guessed items as higher if the generated informatiomouagg in nature. Ryals
and Cleary found no effect of emotion on familiarity-based recognition ratirthe iabsence of
cued recall, yet participants could still reliably discriminate casembling old from new items
even when they couldn’t recall them. Their finding suggests that emotiona&#gried at study
but not reinstated at test is a variable that differentially affectdlegtion and familiarity in the
absence of recollection.

Manipulating the effects of valence and arousal as separate dimensionstrhaythe
best approach to understanding how emotion operates in memory. Rather, it may be that
capitalizing on an interaction of the two dimensions of emotion may maximize thieddab of
its effects. Prior research from our laboratory (Ryals & Cleary, 2012)ests both valence and
arousal impact recollection, and that when test cues themselves are nohehiothature, no

effect of emotion on familiarity is found.
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Chapter | X

The Recognition without I dentification (RWI) Method

Recognition without Identification (RWI is the finding that, even in the absence of
successful identification (i.e., recollection), individuals can still demaiesthe ability to
distinguish studied from nonstudied items through ratings of familiarity. nstarice, using the
recognition without identification paradigm (RWI), Cleary and Greene (2000)dawwevidence
that even when recollection of a studied item fails, subjects were stilicathistinguish studied
from nonstudied fragments at test by using familiarity ratings. Thi$ iRE¥thod and the related
recognition without cued-recall method (RWCR) have been replicated usingausne
manipulations and extended across multiple stimulus domains in separate lad®(atgr]
Arndt, Lee, & Flora, 2008; Cleary, 2004; Cleary & Greene, 2000; 2005; Clearylelyagg
Seiler, 2004; Cleary, Ryals, & Nomi, 2009; Cleary & Specker, 2007; Cleary, Winfigfahséic,
2007; Cotel, Gallo, & Seamon, 2008; Kostic & Cleary, 2009; Peyitgid 990).

One modified form of the RWI, used by Cleary (2006), provides an intersection betwee
experimental frameworks used in TOT research with those used in studiemobgngion and
recognition memory. This particular variant of RWI may prove especialfylyséor separating
full target recollection from partial recollection and instances of restmlefailure. Cleary
(2006) had participants study lists of answers to general knowledge questioMERCURY.
At test, they were presented with twice as many questions. Half of theranewiee test
guestions had been studied (ewghat is the only metal that is a liquid at room temperature?),
and half of the answers had not been studied. Participants were asked to traktiteraaswer
to a given question and then to rate the likelihood that they had studied the answer tlding a 0

scale. In Experiment 1, Cleary found that having studied an answer increaskédlith@old of
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correctly answering it. Even when they could not provide the answer to a test question,
participants were able to reliably discriminate between questions wheserarhad been
studied from those whose answers had not been studied (the RWI effect). In Erp2riiha
participant failed to correctly identify an answer, he or she was askeddatenathether they
were in a TOT state. Cleary once again found an RWI effect when idatiafi failed.
Additionally, she found that individuals gave higher ratings of familiarity whenTOT state
than not in a TOT state. Perhaps most interesting, old-new discrimination in ¢éne&lb$
identification was significantly better when individuals were in a T@leghan when they were
not in a TOT state. In Experiment 3, participants were asked to provide &y ipé&rmation in
the event that they could not identify the answer to a question (i.e., the firdtletteasa

similar sounding word or phrase, the number of syllables, or any other informaticary Cle
found that, once instances of partial recollection were removed from the data pool, the RWI
effect persisted, and she found that being in a TOT state is not a necessary cardh@iRRIVI
effect to occur. Rather than relying on perceptual hindrance from stuelstt&teary (2006)
capitalized on existing semantic representations in memory.

In a study using a similar method with scene stimuli, Cleary & R@9) first
presented participants with lists of names of famous locationstfed.puvrg. At test,
participants viewed lists of color scenes, half of which corresponded to studiesl axaginealf of
which did not. In Experiment 1, participants were first asked to identify the naagivén test
scene and then to rate the likelihood that they had studied the scene’s name i$ing a 0
confidence scale. For Experiment 2, in the event that a participant was unabieitp &given
scene, Cleary & Reyes had participants indicate if they could retrigyeaatmal information

about a scene’s name. Finally participants were asked whether they weér®instate for each
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test scene that failed to elicit identification. An RWI effect was found, swatletven when
unable to recall the name of a famous scene, participants could still relistiyndhate studied
from nonstudied scene names through ratings of familiarity. This effest{gel even after
instances of partial recollection had been removed from the pool of data. When iakamtific
failed, participants also gave higher ratings when in a TOT state than whémhi¢ Cleary &
Specker (2007) however, the RWI effect remained even in non-TOT states.

All three of the studies using this particular version of the RWI paradijeaiy, 2006;
Cleary & Specker, 2007; Cleary & Reyes, 2009) capitalized on existing knowledge
representations in memory. The fact that a participant was able toareeahe in response to a
famous face suggested that a preexperimental association existedrbdte/ two (Cleary &
Reyes, 2009). Though being able to correctly articulate the information ngdessacorrect
identification of a test cue involves both lexical and phonological representatieradility to
discriminate old from new answers in the absence of identification is believabted only
information on the lexical level. Cleary (2006) and Cleary & Reyes (2009) proposdidetha
RWI effect may be due an ability to detect either the level of baselivatat of a
representation or its recency in memory. That is, the more recently anatebeen experienced
(i.e., primed), the more likely it is to be detected in contrast to other items w&ithi
representational network, even when the item cannot be recollected.

This particular variant of the RWI paradigm offers several advantagstuttying the
underlying mechanisms of recognition memory. First, this method allows fasjactive index
of full target recollection, partial recollection, recognition thaioamepanies such types of
recollection (full vs. partial), as well as familiarity that occurshim absence of any recollection.

Perhaps most importantly, the method provides a means of eliciting pacbiection that
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occurs when full target recollection fails. In Cleary (2006) and Cleary agdsR2009),
instances of partial recollection did indeed occur. Interestingly, both of thesesstudicated
that partial recollection is more likely in response to nonstudied items than tedsitedns.
That is, even when unable to provide the answer to a general knowledge question, participant
were sometimes able to provide partial information occurring below the thiesfitakget
identification, and these instances were more likely in response to nonstudiedhathstudied
target answers. One potential explanation for this is that the more regeitdynehas been
experienced, the higher its level of activation is, and subsequently its likelihood@f be
retrieved is also higher. Conversely, nonstudied answers which have not bedyg recent
experienced may lead to an increased likelihood of partial recollection. €niss/consistent
with the TD model in TOT research (Burke et al., 1991; Rastle & Burke, 1996).e¥¢her
instances of partial recollection were ultimately separated andaisciom the analyses in
Cleary (2006) and Cleary & Reyes (2009), retaining and capitalizing on thesecasiay

provide important insights into the nature of partial recollection.
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Chapter X

The Present Study

The present study contains three experiments in which | manipulated perceptual
complexity, word frequency, and word emotionality of target words. The purpdsesef t
manipulations was to gauge whether or not stimulus manipulations that have beenoshown t
modulate recollection would also modulate partial recollection differerdly tecognition
occurring in the absence of recollection. Whereas many of the pretinlisssconcerning
partial information in memory have used source memory tasks, the paradigm in &m giedy
offers a more practical approach than both source memory tasks andredditethods such as
PDP and RK. If partial recollection is fundamentally different thanlfanty, it should respond
to experimental manipulations that affect recollection itself and retogmiith recollection but
these manipulations should have a different effect on recognition that occurabsémee of
recollection (RWI). The primary purpose of Experiment 1 was to explore thehegmt
proposed by Parks’ (2007) and Parks et al. (2011) that systematically incrbasiegdeptual
complexity of a target at encoding increases the likelihood that pacmdle@tion of that target
would occur at retrieval. Also, of interest in Experiment 1 was the degrdadb imcreased
complexity through presentation of additional information at encoding can incatasgull or
partial recollection when that information is not presented at test (e.g., S&if@eEnandez,
2010).

The primary purpose of Experiment 2 was to manipulate target word frequenicier
to examine whether partial recollection is more likely in high or low frequehgstigins. Given
that prior research suggests partial recollection may be distinct frbtarfygt recollection,

Experiment 2 examined whether full and partial recollection differs porese to a word
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frequency manipulation. Though full target retrieval should benefit from high wegddncy of
the target word, it was unclear whether partial recollection would shosathe benefit. For
example, TOT experiences are more likely for low than high frequency wordsssngdbat
partial retrieval may actually be more likely for low frequency wdedg. Cleary, 2006). A
secondary purpose of Experiment 2 was to manipulate list type to detérthimenixed list
paradox for word frequency impacts levels of full and partial recollection ivensson of the
RWI paradigm (e.g., Morin et al., 2006). Specifically, | sought to understandi¥ex or
blocked study list differentially affects retrieval (both full and paxtidlhe primary purpose of
Experiment 3 was to manipulate the emotionality of studied items to tdsggbéhesis that
combining negative valence with high arousal leads to a greater likelihood of pentidéction
than emotionally neutral items as Kensinger (2009) and Mickley-Steinmetz asthger

(2010) have suggested.
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Chapter XI|

Experiment 1

Experiment 1 examined the degree to which increased stimulus complexity #ifec
likelihood of full target recollection, the likelihood of retrieving partial infotiowa that
accompanies full target recollection, and the likelihood of partial recollectien ¥ull target
recollection fails. By systematically manipulating the number of percegiunéextual details at
encoding, | sought to manipulate the likelihood that partial recollection would od¢wne Were
five primary hypotheses in this experiment. The first hypothesis was thait¢hef full target
recollection would differ as a function of stimulus complexity such that the hilgber
complexity at encoding the higher the proportion of full target recollectio® s€cond
hypothesis was that the rate of partially-recollected items would alsmasewith the degree of
increased stimulus complexity. Next, | hypothesized that when individuald faitetrieve any
information about targets, they would still be able to discriminate betweenomsastiated to
targets that did appear at study from those that did not (the RWI effect). Ttrelfgpothesis
was that ratings in the presence of partial recollection would follow dzattern; the highest
ratings will correspond to partially recollected items encoded with the hidbgste of
complexity, and the lowest ratings will correspond to items encoded with the khegrse of
complexity. The fifth hypothesis is that ratings given in the presencel tdfget recollection
would also follow a graded pattern based on the level of complexity, and that tivegewauld

differ from those given in the presence of partial recollection and RWI.
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Method

Participants Participants were 98 undergraduate students from Colorado State
University who participated for partial completion of a course requiremenin@uiduals were
excluded from data analysis due to a failure to follow instructions resultinfijnal @ample of
92.

Materials. Materials were 120 general knowledge questions and one-word target
answers taken from the Nelson & Narens (1980) norms (see Appentikha)lexical
characteristics for word target stimuli, as determined by the Brigiisicon Project (Balota et
al., 2007) are listed in Table 1. The order of study-test presentation and complegetyparing
was counterbalanced across six experiment versions. Iltem orderoseleithin-participant was
fully randomized.

Table 1.
Lexical Characteristics of Target Words from Experiment 1.

Mean (SD

Log HAL Frequency 7.01 1.52

Length (number letters) 6.80 1.57

Syllables 233 0.71
Orthographic_N 142 2.68
Phonographic_N 3.09 5.59

A separate norming experiment was conducted to determine the correcicagonif
rate of the general knowledge questions used in Experiment 1 and Experiment 2. 8ixty-eig
participants viewed all 112 general knowledge questions from the Nelson amdg Ki880)
norms in four separate blocks. Order of item presentation was randomized withinoech bl
Participants were asked to answer the question when it appeared on the screen,thag the
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were asked to rate the difficulty of the question on a scale of 1-10 (1= eltreasyg, 10=
extremely difficult). Participants answered an average of 40% of the questivestly (M=.40,
SD=.12). Participants also rated the difficulty of the questions that werecttplicentified at a
level of 5.26/10$%D=2.70), and they rated the difficulty of those that they did not identify at a
level Qf 5.60/10%$D=2.29). At least one correct response was recorded for each of the 112
questions.

Procedure. All stimuli were presented visually using E-Prime software (Ralpgy Software
Tools, Pittsburgh, PA) on Dell PCs in our laboratory. After signing consent fitetaging the
nature of the experiment, participants were read instructions on the compexer [zGor to
beginning the experiment. During the study phase, each participant \waastpcewith an initial
fixation cross for 1 sec. Next they viewed one-word target answers pkgeBtepoint Arial
Font in the center of the screen for 2 sec each with an interstimulus intervacoEhske study
word fell into one of three possible complexity conditions. In the first conditiosl(l§ the

study word target was presented alone in black 30 pt. font on a plain white screen. ¢onle se
condition (level 2) the study word target appeared in black font on a colored backgrgund (e.
red, green, blue, yellow, orange). For the third condition, (level 3) the studiytarget appeared
in black font on a colored background (e.g., red, green, blue, yellow, orange) withircalgarti
color-filled shape (e.g. a circle, triangle, diamond, pentagon, or an octagdijip@nts were
simply told that they were to remember the words for a later memory testwEneyalso told
that one strategy to help remember the words is to associate any avafl@iphaiion with the
target. For each study block, participants viewed 15 target words (five froni|dixed from

level 2, and five from level 3). The order of presentation within each block was resedom
Following from Cleary (2006), after viewing each study list, participaet®yiven the

following instructions for the test phase:

Now you will be presented with a list of general knowledge questions. For each

item on the test, you will first be presented with a question and asked if you can
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answer it. If you can answer it, simply type the answer. Next, you wakked to
decide if you think that the answer to the question appeared in the study list or
not. You will do this by providing a rating on a scale of 0-10 (O=sure the word
was notstudied, 10=sure the word wstsidied). Next you will be asked to
provide any partial information about the answer from the study phase. If you
were unable to identify the answer, please typepamiral information that comes
to mind (e.g., a similar sounding word, the first letter of the answer, the number of
syllables, background color, or background shape). If you were initally able to
identify the answer to the test question, simply press ENTER to move on to the
next test item. Even if you cannot identify an answer, we want you to provide a
rating of the likelihood that you studied an answer for @&ch prior to providing
any partial information that may come to mind.
Each trial automatically advanced after 10 sec. Each test block consistes gquidistions
corresponding to level 1 targets, five questions corresponding to level 2 targets, five
guestions corresponding to level 3 targets, and 15 new questions. This procedure was
repeated across four study-test blocks Spelling of responses was chelokecod
items were coded by hand to determine category membership (i.e., full target
recollection, partial target recollection, failed recollection, or new).
Results and Discussion
Full Target Retrieval
For this experiment, an alpha significance criteriop €f05 was set and effect sizes are
reported. The first analysis addresses the likelihood of full targetvaitias a function of

stimulus complexity. That is, how often did participants actually retrieveathet answer in

35



response to the question in each condition? These data are displayed in Table 2 ardd Figure
Because the test items consisted of general semantic knowledge questiosipassiale that
participants could successfully retrieve a non-studied target in additicmi¢virey studied
targets. For example, if “Toto” was not a studied word, some participants stilgtdtrieve

“Toto” in response to the question, “What was the name of the dog in the Wizard of Oz?” A one-
way repeated-measures ANOVA was conducted on the proportions of full tangjétatons
across levels of stimulus complexity (new, Level 1, Level 2, and Lev&li3¢ffect of stimulus
complexity was foundH(3,273)= 45.27MSE=.01,p<.001, p? =.33]. Bonferroni post-hoc
comparisons indicated that questions corresponding to Level 1 targeesiditiigher level of

full target retrieval than those corresponding to Level 2 target®Q1). Questions
corresponding to Level 1 targets were also retrieved at a higher nateete 3 targets

(p=.001). Ratings did not differ between Level 2 and Levgd31{4). Finally questions
corresponding to Levels 1, 2, and 3 all elicited a higher degree of full réthevathose
corresponding to unstudied targets fall<.001).

Table 2. Mean Proportion of Full Retrieval for Studied Targets By Complesitgl for
Experiment 1.

(Complexity Level) Mean (SD)

Nonstudied 37 (.14
Level 1 .58 (.17)
Level 2 .50 (.20)
Level 3 .50 (.17)
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The finding that full retrieval was reliably highter Level 1 targets than for both Leve
and Level 3 targets is inconsistent with my firgpbthesis. This suests thatcontrary to my
predictionsjncreasing target complexity at encoding in thespne study does not increase
likelihood of later full target recollection incremtally. One potential reason for this is t
pairing contextual information wi targets (i.e., colors and shapes) drew attenticaydmm the
encoding of the target itself. That is, retrievBlLevel 1 targets may have been higher bec.
participants were able to devote attention to #éingdts themselves rather than having tide
finite visual attention resources between the taagd additional information (e.g., Wickel
2002).

Mean Proportion of Full Retrieval for Studied

1.00 Targets by Complexity Condition for
90 Experiment 1

80

70

.60

.50
40
30
20
10
.00

Level 1 Level 2 Level 3

Mean Proportion

Figure 1. The mean proportion of full target réection per complxity condition in
Experiment 1.
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Partial Target Recollection when Full Target Retrieval Failed

For this experiment, partial target recollection was operationally defisany instance
of correct identification of target-related information (the firgeletlast letter, number of
syllables, a similar-sounding word, a rhyming word) that occurred 1) upon beingtprbfar
partial information and 2) when full target recollection fafléthese data are presented in Table
3 and in Figure 2 as a function of context complexity level. A one-way repeatsdre®ea
ANOVA did not reveal a significant effect of Complexity Level (noneséd, Level 1, Level 2,
Level 3), F=1, p=.40). No significant differences were found between the level of partial
retrieval of target-related information for questions corresponding tel [1e8 targets or those
corresponding to nonstudied targets. In short, not only did context complexity levelenbtladf
likelihood of partial target recollection, but neither did merely studying am &8 nonstudied
items were no more or less likely to be partially recollected than studrad.iThis suggests that
partial target recollection may not be influenced by external manipulaiticontextual
complexity. This is counter to my hypothesis and the complexity hypothesis propdBatkby
(2007) and Parks et al., (2011).
2 In addition to correct partial information that occurred upon prompting after thefiicheitn
attempt, incorrect identifications provided on the identification attempt geeietimes
contained correct partial information. For example, if the to-be-rettilove frequency target
was ‘Euclid”, a participant may have provided the ansviginstein” instead. Although the two
are notably different historical figures, their names possess the sahtetfar ‘E” and the same
number of syllables (two). Because such information was provided on the ideptifistiémpt
itself rather than upon being explicitly prompted for partial information, ppaints may not
have been aware that their identification attempts in these instances @eeredanor that they
contained correct partial information. Thus, such instances might be labeledtalcpetial
retrieval. Although not central to the study at hand, such incidental panieVatinstances may

be theoretically interesting in and of themselves. Retrieval rates amgphitemo ratings for such
instances of incidental retrieval in Experiment 1 can be found in Appendix B.
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Table 3. Mean Proportion of Partial Target-Related
Retrieval by Complexity when Full Retrieval
Fails in Experiment 1.

(Complexity Leve) Mean (SD)

New (nonstudied) 003 (.01)

Level 1 .005 (.02)
Level 2 .002 (.01)
Level 3 .004 (.01)

It is noteworthy that the partial target recollection rates are aquit@tross all
conditions. This suggests that partial recollection of unretrieved studied wordshation in
list-learning paradigms may actually be quite rare. It may be #wditiemal list-learning
paradigms with word stimuli are not the best means for tapping targetdrptateal information.
This is potentially theoretically important because a current controiretSg recognition
memory literature concerns whether measures of familiarity &ctagl partial recollection
instead of familiarity (e.g., Mickes, Wixted, & Wais, 2007). If indeed listrezm paradigms are
not an effective means of tapping partial recollection, then an implication beghat partial
recollection contributes minimally in these paradigms, in which case, duasgrotwdels that
assume that recognition decisions come about primarily through eitherdell é&pisode
recollection or familiarity may be reasonably adequate for desgrdata from these paradigms.
This does raise the question, to what degree does patrtial recollection ocgutardda life, and

what laboratory paradigm might best probe such experiences?
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Figure 2. Mean Proportion of PartTargetRelated Retrieval by Complexity when F
Retrieval Fails in Experiment 1.

Context Recollection

Another type of partial retrieval to consider isitextual information (i.e., perceptt
information that was paired with a target at enngdsuch abackground color, or tr
background shape) for both studied tar which were fully retrieve@dnd studied targets fi
which retrieval failedlt is important to note that in this experim context information can k
retrieved in the presence of succul target recollection and in the absence of te
recollection. These data are displayed in TablediFagure 3To examine whetheretrieval of
context information was more likely when the tanggelf was retrieved than when it was, a
2 x 2 Retreval Status (Full Retrieval, Partial Retrieval) Xr@plexity Level (Level 1, Level -
Level 3) repeated measures ANO was conducted. dNRetrieval X Complexity interactic
emergedF(2,182)=.08MSE=.02,p=.92, ;2 =.001]. However, a significamt main effct of
Retrieval Status was found;(fL,91)=117.0( MSE=.02,p<.001, p\?2 =.56] such that mor

context recollection occurred for retrieved thanudaretrieved targel As can be seen in Table
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and Figure3, the amount of contextual information available at encoding had vemrfiatt on
the ability to retrieve context information; no main effect of Complexéydl was found
[F(2,182)=.19MSE=.01,p=.82, m? =.002 ].

These results suggest that, like partial target recollection, systaltyananipulating
stimulus complexity at encoding had little if any effect on the likelihood of garakpartial
retrieval when full retrieval of a studied target failed. Perhaps the coatéxtormation
accompanying fully retrieved targets was encoded to a higher degraanftized) than that for
targets whictwere not fully retrievedltems were only presented once at encoding in
Experiment 1.

Table 4. Mean Proportion of Contextual Retrieval for Studied Targets by ReBiavas
and Complexity in Experiment 1.

Studied Retrieved Studied Unretrieved

(Complexity Leve) Mean (SD) Mean (SD)
Level 1 14 (.15) 01 (.02
Level 2 14 (.16) 01 (.02)
Level 3 15 (.16) 01 (.03)
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Figure 3. Mean Proportion of Contextual Retriewal $tudied Targets by Retrieval Status
Complexity in Experiment 1.

It is possible that multiple encocg sessions are required to bind contextual infaiom:
to targets as Cook, Marsh, and Hicks (2006) sugde Interestingly it wasnainly when
individuals wee able to fully retrieve a studied target thatytwere able to generate associa
contextual detailsThis suggests that perhaps context recollectiorcaily only occurs whethe
target item itself is recollected; that is, perhppeple tend to recall an entire episode a
ensemble more often than they recall only bits@edes of an episo.

Even wherfull target recollectio occurred, the likelihood of partial contextual ieval
did not differ as a function of stimulus complexifhis is also in opposition to the complex
hypothesis (Parks, 2007; Parks et al., 2( This may mean that the hypothesis is
empirically supported; perhaps the likelihood oftigd contextual retrieval simply does r

differ as a function of stimulus complexity. Altetnvely, perhapghe simple type of perceptu
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information used in Experiment 1 (colors and shapes) may have not been substantiatenoug
create a “rich ensemble” in memory that reflects the complexity biwvedd memories.

Another noteworthy aspect of these results concerns the very low levels oft conadix
that occurred when target retrieval failed. This suggests that perhaps wiesalref a studied
word fails, recollection of the context in which that word was presented is exyranilikely.
This has implications for current debates in the recognition memory litenatthr regard to
whether recollection is an all-or-none process or a variable (some-or-nooe$$rThe current
results are somewhat consistent with a threshold account of recollectio el &
Yonelinas, 2007). In the complexity hypothesis, Parks et al. (2011) proposed that as the
complexity of a stimulus increases, the threshold for recollection breaks dowpreBeat
results suggest that this may not be true. Another possibility is that theusticomhplexity in
Experiment 1 was not great enough to cause the threshold of recollection to weaklen faror
recollection to become variable.
Recognition Ratings Given in the Presence of Full Target Retrieval

To examine recognition ratings given in the presence of full target réfrzeone-way
repeated measures ANOVA was conducted across levels of stimulus comiNexityLevel 1,
Level 2, Level 3). These data are displayed in Table 5 and in Figure 4. A neainodff
Complexity Level was foundFH3,270)=491.22MSE=1.34,p<.001, m? =.85]. Bonferroni post-
hoc tests confirmed that ratings given to Level 1 targets were higher than nexhstngets
(p<.001), that Level 2 targets were higher than nonstudied target63{, and that Level 3
targets were higher than nonstudied targets(2). Bonferroni post-hoc tests also confirmed
that ratings did not differ between Level 1 and Levgd232), between Level 2 and Level 3

(p=.91), or between Level 1 and Level 3 (p=.25).
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Table 5.Mean Recognition Ratings F Fully Retrieved
Targets by Complexity Level in Experimen

(Complexity Level) Mean §D)
New (Nonstudied)  3.08(1.84)

Level 1 8.581.65)
Level 2 8.4(1.67)
Level 3 8.64.59)

Mean Recognition Ratings for Fully Retrieved
Targets by Complexity Levelin Experiment 1
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Figure 4. Mean Recognition Ratings for Fully Retei@ Targes by Complexity in Experiment
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Recognition Ratings Given When All Forms of Retrieval Failed

Recognition ratings given when all forms of retrieval failed are display@&dble 6 and
in Figure 5. These are ratings for trials on which no recollection (e.qg., udtfgrartial target, or
context information) occurred. A one-way repeated measures ANOVA wasdirducted to
compare ratings given to questions corresponding to studied targets acrsssflegmplexity.
This test did not reveal a significant main effect of Complexity Leével]. Next, a series of
three planned paired-samples t-tests were run to compare recognitigs catiresponding to
studied targets in the absence of any retrieval to recognition ratingspmordéng to nonstudied
targets. The first test revealed that, in the absence of any retrievas rgitven to questions
corresponding to Level 1 studied targets were significantly higher thangiveseto questions
corresponding to nonstudied targe{91)=14.30p<.001, Cohen’sl=2.81]. Similarly, ratings
given to questions corresponding to Level 2 studied targets were higher than those given to
guestions corresponding to nonstudied targ€®4 )=2.30,p=.03, Cohen’'sl=.40]. Finally,
ratings given to questions corresponding to Level 3 targets were also highgrdaba given to
guestions corresponding to nonstudied targ€®4 J=2.23,p=.03, Cohen’'sl=.37].
Table 6. Mean Recognition Ratings when all

Retrieval Fails (The RWI Effect)
for Experiment 1.

(Complexity Level) Mean ED)
New (Nonstudied) 3.14(1.23)

Level 1 3.681.49)
Level 2 3.50.71)
Level 3 3.4@.65)
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Figure 5. Mean Recognition Ratings when all Retrieval Fails (The R¥&tt:for Experiment 1

These findings reveal the presence of an RWI effect: participants coulidhiliste
between questions related to studied targets from those related to nonstudieydemsthe
absence of being able to retrieve any information about the targets. Holegekof stimulus
complexity did not significantly impact the magnitude of the RWI effect.

Recognition Ratings Given In the Presence of Only Partial Recollection

While it might be of interest to examine ratings in the presence of onlylpartia
recollection (i.e., correct partial target information or correct comtéstmation), the low
number of instances of partial retrieval make it difficult to meaningfotigrpret these data.
Many subjects did not have even one instance of partial recollection for a gimalustievel in
the studied category for contextual partial information (55 subjects in Level 4 g6l 2, and
51 in Level 3 had no instances). Even more participants had no instances of pgetial tar

recollection (83 subjects in Level 1, 88 in Level 2, and 86 in Level 3 had no instaregmdB
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the extreme loss of subjects in trying to compare ratings in this categengyjgtihe concern that
very few such instances occurred even among those subjects who had at leettnoe of
partial recollection in each category, thus leading to a low number of itemdatingito each
mean. For these reasons, these data have been relegated to Appendix C forrtheafeamderce.

The low occurrence of partial recollection may in itself be theoreticadlaningful. If
many individuals experience very few instances of partial retrieval egudar basis, comparing
this to rates of full recollection suggests that the two may be distincttyehtf. If every
participant is able to demonstrate full retrieval, then why do so few demorsirase retrieval
in the same experiment if recollection is all one continuous process? Onekm#yitas
evidence that recollection really is governed by an all-or-none threshold mesohes some
theorists claim. However, this does not account for the fact that individoatemetimes have
partial information available to them.

If partial retrieval did not respond to a systematic manipulation in percepiualexity,
then what other factors might be used to manipulate it? One possibility is factaked in
conceptual (i.e., semantic) complexity of the stimuli themselves. For exapanling a target
answer with a colored shape at encoding necessitated binding of contextistal¢tai target,
but perhaps manipulating stimulus characteristics that are presumababygiresent in memory
will tap partial recollection in a more direct way. Word frequency is onalpesonceptual
factor. The next experiment will examine whether manipulating word freguerarget answer

will affect partial recollection.
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Chapter X1

Experiment 2

The purpose of Experiment 2 was to determine whether word frequency is dffattor
would affect full target recollection in a manner similar to partial rectn but differently than
recognition that occurs in the absence of recollection. Previous research hesgesliftat high
frequency (HF) words offer an advantage over low frequency (LF) wordsait-based
memory by increasing retrieval accessibility (e.g. Gregg, 1976). CohydrBewvords have
been shown to induce higher rates of TOT states compared to HF words (e.g., Burke et al
1991). If word frequency affects full target recollection in a manner sitoilpartial target
recollection, then manipulating word frequency should provide evidence that the two are
functionally similar. However, the opposite pattern is possible. If HF asexefull target
recollection, and TOT states are more likely for LF words, then LF magase the likelihood
of partial recollection, thus providing evidence for a functional dissociatiorebattie two.

There were four primary hypotheses in the present experiment. The firshésisovas
that HF words will lead to an increase in the proportion of full target recoltesctiompared to
LF words. The second hypothesis was that LF words would increase the proportidrabf par
retrieval compared to HF words, assuming that word frequency has opposing @fiféa
versus partial target recollection. The third hypothesis was that list @gsenype would affect
the likelihood that HF words would actually increase the magnitude of the R&W ebmpared
to LF words. Given the mixed list paradox for word frequency in standard listrlga
paradigms (e.g., Morin et al., 2006), it is possible that HF words would lead to er great
effect compared to LF words when a pure list format is used, but that this tremtdivourdish

(or possibly even reverse) when a mixed list format is used. The fourth hypothegisaivthe
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effect of the mixed list versus pure list manipulation on partial restmlewould differ
compared to the effect of the mixed list versus pure list manipulation on fulleretcarl.
Method

Participants Participants were 100 undergraduate students from Colorado State
University who participated for partial completion of a course requiremergxpglained below,
the first version of the experiment (Mixed list) had 47 participants. The secomnuhvefrshe
experiment (Pure list) had 53 participants.

Materials Materials were 112 general knowledge questions and one-word target
answers taken from the Nelson & Narens (1980) norms. Half of the target waveramgere
grouped into a HF list, and half were grouped into a LF list. All item chaistatsrwere taken
from the English Lexicon Project (Balota et al., 2007), and they can be found in Table 7.

Table 7. Lexical Characteristics of High and Low Frequency Targeti$\fosm Experiment 2.

High Frequency List Low Frequency List

Mean §D) Mean (SD)
Log HAL Frequency *8.02 0.70 *5.75 0.99
Length (number letters) 6.68 1.60 7.00 1.58
Syllables 243 0.73 225 0.72
Orthographic_N 1.59 2.59 1.41 2.95
Phonographic_N 3.50 5.99 295 5.56

* Denotes a significant difference between high and low frequengyx@f01. All otherps =ns

Log-transformed HAL frequency varies between these lists as cexfioynan independent-

samples t-testi(118)=13.96, SE=.16, p<.001]. These lists are also equated for word length,
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number of syllables, orthographic neighborhood, and phonological neighborhood. The order of
study-test presentation was counterbalanced, such that the 56 study itemsahibsefir §t
participant were used as the 56 nonstudied items for the next participant. ltersetedeon
within-participant was randomized. The full list of question and answer stineybrasented in
Appendix D.

Procedure After signing consent forms detailing the nature of the experiment,
participants read instructions similar to those used in Experiment 1 on the compeéarsor
to beginning. Participants were simply told that they were to remembstutheword targets for
a later memory test. During the study phase, each participant was pregmizad initial
fixation cross for duration of 1 sec. They then viewed a one-word answer presented in 30 point
Arial Font in the center of the screen for 2 sec each with an interstimulnalrgél sec. List
type was manipulated between-subjects by creating two list typgedMst, Pure list). In the
mixed list version of the experiment, frequency within each study block waleaved, such
that they consisted of 7 HF targets and seven LF targets. In the puresish\adrthe
Experiment, each study list was blocked by frequency, such that block 1 was ekcldBive
words, and block 2 was exclusively LF words, etc. All stimuli were presentedlyigsiag E-
Prime software (PST Inc.) on Dell PCs in our laboratory. After viewaath study list in the
mixed list version, participants viewed seven general knowledge questiongmtesswith HF
targets, seven guestions associated with LF targets, and 14 new questions. In tbie pure |
versions, participants viewed 14 general knowledge questions pertaining t@dithar a LF
block and 14 new questions. Participants were first asked to provide a rating @rfgntiased
on the likelihood that the answer to the test question was studied. Next, particiganpdeattto

retrieve the correct answer to the test question. Finally, they were prompiedide any
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partial information that came to mind if they could not identify the answer thaauésy., a
similar sounding or rhyming word, the first or last letter, or the number lab$s$) in line with
the instructions used in Cleary (2006). Each trial automatically advanced@#gec. This
procedure was repeated across four study-test blocks. Spelling of responsksckead offline
and coded by hand to determine category membership (i.e., full target recollectiahtqrget
recollection, failed recollection, or new).
Results and Discussion

Full Target Retrieval

For this experiment, an alpha criterionpo.05 was set, and effect sizes are reported.
The probabilities of full target retrieval in each condition are displayedhbieBaand in Figure
6. A2 X 2 X 2 Study Status (Studied, Nonstudied) X Frequency (HF, LF) X List-TypedM
list, Pure list) mixed repeated-measures ANOVA was conducted ts agsether the retrieval
advantage for HF over LF targets differed as a function of Study StatqsghRoy, or List-type.
This analysis revealed no two-way or three-way interactions. As @dy¢bis analysis revealed
a main effect of Study Status(fL,98)=294.61MSE=.013,p<.001, p? =.75] such that the rate
of full target retrieval was higher for studied targets than for nonstudiedstaryenain effect of
Frequency was also founH(fL,98)=103.80MSE=.005,p<.001, m? =.51] such that HF studied
and non-studied answers were retrieved at a higher rate than LF studied ataidienh-
answers. The finding that a higher degree of full retrieval was seen fstudied and

nonstudied targets provided support for my first hypothesis in Experiment 2.
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Table 8. Mean Proportion of Full Retrieval Based on Studst&t, List-Type, and Frequency
Targets for Experiment 2.

Studied Nonstudied

(List-Type) (Freq Mean §D) Mean D)

Mixed  HF 6118)  .41(.20)
LF 54.18) 33(.15)
Pure HF 6016) 40(.17)
LF 51.14) :34(.15)

Viean Proportion of Fuii Retrievai by Study 5tatus, Version, and Frequency

far Evnarimant 2
Tor tXperiment 2,

1.00 B Mixed-list
.90 O Pure-list
.80
.70
=
2
£ .60
<}
j=1
2 .50
a
5 .40
Q
= .30
.20
.10
.00
Studied Retrieved HF Studied Retrieved LF Nonstudied Retrieved HF Nonstudied RetrievedLF

Figure 6 . Mean Proportion of Full Retrieval by@®y StatusList-Type, and Frequncy for
Experiment 2

This finding is in accordance with previous resbaitowing a HF advantage in rec
(e.g. Clark & Burchett, 1994; DeLosh & McDaniel, 89®uncan, 1974; Gregg, 1976; MacLe
& Kampe; 1996, Mandler, 198(The lack of an interactiosuggests that the HF advantage

the Study Status advantage for full retrieval did niffied based on Li-Type (allFs <1). This
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suggests that the mixed-list paradox did not affect full target retrievajeneral-knowledge
paradigm.
Partial Target Recollection when Full Target Retrieval Failed

For the next analyses, partial recollection was operationally definet asstances of
correct identification of a similar sounding word, first letter, last lettethe number of syllables
associated with a target in the absence of being able to fully identifygje¢ itaelf* The
following data can be found in Table 9 and in Figure 7. To assess whether thesépatgal
retrieval differed based on study-status, list-type and word frequency, a 2 X Budy2S3atus
(Studied vs. Nonstudied) X List-Type (Mixed list vs. Pure list) X Frequ@d&yvs. LF) mixed
repeated-measures ANOVA was conducted. This test revealed that &ttudbydsd not
significantly interact with List-TypeH<1) or FrequencyR<1), and that List-Type did not
interact with Frequency=< 1). However a significant main effect of Study Status was found,
[F(1,49)=21.77MSE=.001,p<.001, ;m? =.31] such that partial retrieval was higher for questions
corresponding to nonstudied targets compared to those corresponding to studied tasgets. T
effect was in the opposite direction of that shown for full retrieval. A mainteffas also found
for List-Type, F(1,49)=6.00MSE=.001,p=.02, m? =.12] such that the overall rate of partial
retrieval was higher for targets in the Mixed list version of the exgertithan in the Pure list
version. No main effect was found for FrequerfeyX().
3 As in Experiment 1 (see Footnote 2), incidental partial retrieval also sneseticcurred in

Experiment 2 on the identification attempt itself. Although not central to the psdseyt these
data may be of interest, and they are reported in Appendix E.
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Questions corresponding to LF targets did nottedidiigher degree of partial retrieval compe
to questions corresponding to HF targets. Thisifigavas contrary to the second hypothesi
Experiment 2. In fact, there was no evidence forféaceof frequency on partial recollection
all. The study status advantage shown for fulieetd reverses for partial retrieval, such t
nonstudied items elicited significantly more ingtes of prtial retrieval than studied items. Tt
finding is in accordance with the predictions ire&@ty (2006) and Cleary and Reyes (20

Table 9. Mean Proportion of Partial Retrieval hydy Status, Listype, and Frequency
Targets for Experiment 2.

Studied Nonstudied

(List-Type) (Freq Mean §D) Mean SD)

Mixed HF .01.02)  .03(.04)

LF .01.02) .03(.04)

Pure  HF .01.02) .02(.03)
LF .01.01) .02(.03)
Mean Proportion of Partial Retrieval by Study Status, Version, and
Frequency for Experiment 2
10 7 B Mixed-List
09 O Pure-list
.08 -
e .07 -
k)
5 .06 -
o
e .05 -
a.
S .04 -
QL
2 03 -
.02 -
.OO T T
Studied Partially Retrieved Studied Partially Retrieved Nonstudied Partially Nonstudied Partially
HF LF Retrieved HF Retrieved LF

Figure 7. Mean Proportion of Partial Retrieval$®tydy Status, Li-Type, and Frequency fi
Experiment 2.
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This finding is also consistent with the Transmission Deficit (TD) model af 3i@ates
which describes a disruption in the flow of information between the lexical level and
phonological level in the brain (Burke, MacKay, Worthley, & Wade, 1991; James & Burke
2000; Rastle & Burke, 1996; see Schwartz 2002 for a review). Such disruption may be due to
below-threshold activation of a representation in semantic memory. In thatgiuey,
nonstudied targets would have presumably had lower baseline levels of activaticndieth s
targets. While studied targets more frequently reached a threshold levevati@ctor full
retrieval, nonstudied targets may have remained below this threshold wherecasly @cpartial
target information was available. This finding is also consistent with thewrpegtial retrieval
in anomic aphasia due to a similar disruption in a relay of information from the |deaic#l
(semantic) representation to the level of phonological representation mgdessaticulation
(e.g. Caramazza, 1997, Levelt, Roelofs, & Meyer, 1999; Roelofs, 1997a, 1997b; Harley, 2008;
Turken & Dronkers, 2011).

An important observation is that full target retrieval and partial ketrieehaved in a
different manner. That is, the rate of full retrieval was highest @iolied targets of high
frequency, and the effect of list type had little if any impact on thigqmatThe rate of partial
retrieval was highest for nonstudied targets of both high and low frequency, bypdistid
impact this pattern such that nonstudied targets of both frequencies were higkenirdd-list
version than in the pure-list version. It may be that viewing mixed lists of bdtrahidjlow
frequency items served to facilitate higher subthreshold priming ofsesgegions than pure
lists. This priming would have been below the level necessary for the fudMvadtaf a target but

above the level of priming that would have prevented retrieval of any details.
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Recognition Ratings Given in the Presence of Full Target Retrieval

To assess whether recognition ratings given to questions corresponding tetfigdiyed
targets differed as a function of Study Status, Frequency, or List-type,2aX 2Study Status
(Studied, Nonstudied) X Frequency (HF, LF) X List-Type (Mixed list, Pisterixed repeated
measures ANOVA was performed on these ratings. These data can be foune ihOTatdl in
Figure 8. A three-way Study Status X Frequency X List-Type inferaetas not found,
[F(1,46)=1.67 MSE=1.01,p=.20, m? =.24], nor was a two-way Frequency X List-type
interaction E=1) or a two-way Study Status X List-Type interactib(l(46)=1.24 MSE=4.01,
p=.27, m? =.19]. However, a significant two-way Study Status X Frequency ini@naamerged
[F(1,46)=14.43MSE=.60,p<.001, m? =.24], such that ratings given to questions corresponding
to studied LF targets were higher than ratings given to questions correspanstindjed HF
targets. This pattern reversed for retrieval of nonstudied targets suchitigg gaven to
guestions corresponding to nonstudied HF targets were higher than those given to mbbBtudie
targets. This pattern may relate to the word frequency mirror effect.

Table 10. Mean Recognition Ratings Given to test Questions Based on Study StaeislRe
Status, List-Type, and Frequency of Targets for Experiment 2.

Studied Nonstudied
Retrieved Not Retrieved Retrieved Not Retrieved
(List-Type)  (Frey MeanSD) Mean ED ) Mean{D) Mean &D)
Mixed-List HF 8.561.40) 4.09(1.55) 3.752.43) 3.78(1.45)
LF 8.86(1.76) 3.80(1.49) 3.182.32) 3.50(1.29)
Pure-List HF 8.861.02) 4.29(1.40) 3.292.11) 3.36(1.16)
LF 9.07(1.00) 4.06(1.54) 3.10(1.98) 3.44(1.36)
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Mean Recognition Rating
v

Studied Retrieved HF Studied Retrieved LF Nonstudied Retrieved HF  Nonstudied Retrieved LF

Figure 8.Mean Recognition Ratings for Test Questi®nrresponding to Retrieved &
Unretrieved Targets by Study Status, -Type, and~requency for Experiment

The word frequency mirror effect is the findingtth& items lead to a higher hit rate
a lower false alarm rate in traditional recognitraemory tests, whereas HF items lead
higher rate of false alarms and a lower hit rate,(the pattern for LF is a mirror reversal ofti
for HF) (Glanzer & Adams, 1985ee Park, Reder, & Dickison, 200&r a review).
Posthoc tests adjusted for multiple comparisons rewktilat this interaction was drive
primarily by a significant difference between named HF and nonstudied LF targets in
Mixed list condition, {(46)=3.07 p=.004, Cohen’sl=.64]. The difference between Studied
and Studied HF in the mixed condition did not resigimificance, t(46)=1.43,p=.16, Cohen’s
d=.31] nor did the difference between Studied LF Shadied HF in the pu-list version
[t(52)=1.53,p=.13, Cohen’'sl=.34] or the difference between Nonstudied LF andstiadiec
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HF in the pure-list versiort(62)=1.13,p=.26, Cohen’'sl=.23]. A significant main effect of
Study Status was founé(1,46)=351.42MSE=8.02,p<.001, m? =.88], such that ratings given
to questions corresponding to studied targets were higher than ratings given to nonstudied
targets. Finally, the ANOVA revealed no main effect of List-type, (F<B miain effect of
Frequency (F<1).

Recognition ratings given in the presence of full retrieval, revealed a comifmloin late
advantage such that recognition ratings given to retrieved targets tieadtwaied were higher if
the target was LF than if it was HF (e.g., Gardiner & Java, 1990; Shiffritre@wé&rs, 1997).
Interestingly, this pattern reversed for retrieval of nonstudied &rg@th that HF targets show
an advantage versus LF targets. This may relate to dual-process explarfatiensord
frequency mirror effect, as will be discussed below in the section ‘gaitmthe Presence of
Target Retrieval versus the Absence of Any Retrieval”.

Recognition Ratings Given when All Forms of Retrieval Failed

To examine the RWI effect, a 2 X 2 X 2 Study Status (Studied vs. Nonstudied) X
Frequency (HF vs. LF) X List-Type (Mixed list vs. Pure list) mixed a¢pe measures ANOVA
was conducted on ratings conditionalized on lack of any kind of retrieval. A magnifsadrnvef
these effects can be seen in Figure 9. A significant three-way Studg Xt&trequency X List-
Type interaction was not foun&<€1). However a significant two-way Study Status X List-Type
Status interaction was foundk([L,46)=3.70MSE=.96,p=.05, ;2 =.07] such that in the absence
of any retrieval, participants could reliably discriminate between questioosenarget answers
had been studied and questions whose targets had not been studied, but this RWI effdgt was
found in the pure list version for HF target&pP)=5.67 p<.001, Cohen’sl=1.12] and LF targets

[t(52)=3.62,p=.001, Cohen'sl=.70].
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For the mixed list version of the experiment, no Réfect was found for HF targe
[t(46)=1.20,p=.12, Cohen'sl=.32] or LF argets {(46)=1.59,p=.23, Cohen’sl=.22]. No other
interactions reached significantFs<1). An expected main effect of Study Status was
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found, [F(1,46)=35.64MSE=.68,p<.001, m? =.48], such that ratings in the absence of any
retrieval were significantly higher when a question corresponded to a studiedttan when it
corresponded to a nonstudied target. A significant main effect of freques@lswafound
[F(1,46)=4.83MSE=.84,p=.03, m? =.10] such that, in the absence of retrieval, ratings given to
guestions corresponding to HF targets were higher than those given to questiamoding

to LF targets. Finally, no main effect of List-Type was fourdl().

Importantly, in Experiment 2, when complete target retrieval failuraroed, individuals
were still able to rate questions corresponding to studied targets higher treaodfresponding
to nonstudied targets. This is the RWI effect. The magnitude of this effect chasgedobdist-
type, such that it was significant for the pure-list version of the experimeittdissppeared for
the mixed list version. This suggests that old/new discrimination in the absearceretrieval
can be influenced by study list-type. The particular influence ofylst-shown here is the
opposite of a typical list-strength effect

In recognition memory, a traditional list strength effect is the findirgdécrease in the
likelihood of a hit for particular items in a list when the strength of other iterniilist is
increased, or an increase in the likelihood of a hit of particular items in a listtivastrength of
other items is reduced (Shiffrin, Ratcliff, & Clark, 1990; Cleary, 2005). ln@dysxamining z-
ROCs using the RWI paradigm, Cleary (2005) found a list-strength effectridiaiay such
that old/new discrimination of unidentified items was worse in a pure list fdt ivegas than in
a mixed list for weak items. Although the manipulation in the present study (fl@gus
different from that used by Cleary (exposure duration), the finding that oldfiserimination in
the absence of retrieval is diminished in the mixed-list version of Experimenh@ present

study is the reverse of what she found.
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It is also opposite the predictions made by global-matching models of f@yileg.,
Clark & Gronlund, 1996; Hintzman, 1988; see Ryals & Cleary, 2012). It is not immediately
apparent why the opposite of the list-strength effect was found in Experiment go€xilele
explanation is that incidental access to partial information in the mixegfision for
nonstudied unretrieved items reduced the RWI effect. As can be seen in Appendix E, the
proportion of incidental partial recollections was higher for nonstudied iterhe miked list
than it was in the pure list. It is possible that this increase in incidential pemtieval served to
increase the ratings given to nonstudied items for which full retrievedifaihis would reduce
the index of old/new discrimination that serves as the basis for the RWI éffexther
interesting possibility is that mixed-frequency lists may lead tagreariance (i.e., a wider
distribution) in familiarity for studied items. This greater varianeg therefore reduce old/new
discriminability overall compared to that for pure frequency lists. Thaui® lists may lead to
increased old/new discriminability because familiarity levels inettiets are roughly equivalent.

My third hypothesis, that frequency would interact with list-type to diminish ¥Wé R
effect was not directly supported. Rather, the RWI effect was diminishaddwerse list
strength effect; a finding that is interesting with regard to recdognibemory theory. Just as the
behavior of full retrieval differed from that of partial retrieval, itngortant to note that the
behavior of partial retrieval also differed from that of RWI. Whereasgbaetirieval was highest
for nonstudied targets in the mixed-list version of the experiment, RWIloumasl only in the
pure-list version of the experiment. This pattern alone suggested that gdrigziat may be

fundamentally different than recognition that occurs in the absence of aeyaketr
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Ratingsin the Presence of Target Retrieval versusthe Absence of any Retrieval

To compare how frequency and list-type affected recognition ratinga githe
presence of full target retrieval vs. the absence of any retrieval, a 2 X2 XStudy Status
(studied, Nonstudied) X Retrieval Status (target retrieved, no retrievig¢qlency (HF vs. LF)
X List-Type (Mixed list vs. Pure list) mixed repeated measures AN@¥s conducted. These
data can be found in Table 10 as well. A four-way Study Status X Retrievas St&requency
X List-Type interaction did not reach significanée<(). A three-way Retrieval Status X
Frequency X List-Type interaction also did not reach significafeé ), nor did a three-way
Study Status X Retrieval Status X List-Type interactiérl). However, a three-way Study
Status X Retrieval Status X Frequency interaction did emdf¢k9B8)=8.74 MSE=.86,p=.004,
pn? =.08] which suggests that, when full retrieval succeeded for studied targets ratgtys
were given to questions corresponding to LF targets than to questions corresponding to H
targets. However when all recall failed for studied or unstudied targets, orantenstudied
target was retrieved, higher ratings were given to questions corresptméifgargets than to
those corresponding to LF targets. A two-way Retrieval Status X ks¢-interaction did not
reach significanceF<1), nor did a two-way Retrieval Status X Frequency Status interaction
(F<1), or a two-way Frequency X List-Type interactiéifl,98)=1.61MSE=.90,p=.21, py?
=.02]. A two-way Study Status X List-Type interaction also failed tolreggnificance
[F(1,98)=2.93MSE=4.19,p=.09, m? =.03]. A significant two-way Study Status X Retrieval
Status interaction did emergé&(1,98)=453.99MSE=.07,p<.001, m? =.82] such that ratings
given to fully retrieved studied targets were higher than those given to studiets theg were
not retrieved, yet the ratings given to nonstudied retrieved targets werdhhanweatings given

to nonstudied targets for which any retrieval failed. An expected main effStidy Status was
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also found, IF(1,98)=435.6 1MSE=4.19,p<.001, m? =.82] such that overall ratings
corresponding to studied targets were higher than overall ratings codegptmunstudied
targets. A main effect of Retrieval Status was also fo&(t,$8)=250.90MSE=4.20,p<.001,
pn? =.72] suggesting that overall ratings corresponding to retrieved targethiigber than
ratings given to targets for which retrieval failed. Lastly, a malgnaan effect of Frequency
was found F(1,98)=2.92 MSE=.90,p=.07, m? =.03] which suggested that overall ratings
corresponding to HF targets were marginally higher than those correspondigaigéts.

That a LF advantage was shown for studied targets that were fully retrieved but a H
advantage was shown for all other targets (per the three-way irdarabtbve) may be viewed
as consistent with the Source-of-Activation-Confusion (SAC) dual-progptanation of the
word frequency mirror effect (e.g. Cary & Reder, 2003; Diana, Reder, Arndt;k& ZG06,
Reder et al., 2000). According to this model, a LF word is associated withgesver
experimental contexts (i.e., have a smaller fan) than a HF word; anthiis, more likely to be
recognized as being presented within the experimental context (when studied)agtientieg
because there is less interference coming from occurrences of thatesarreprior contexts.
Thus, LF words receive higher hit rates than HF words. In contrast, high frequertts/are
encountered so often in daily life (i.e., have a larger fan) that they arekkdggdi be recollected
as specifically appearing in the experimental context due to the ieteréeof prior contexts.
However, HF words, due to their frequency of occurrence, tend to seem morerfamilia
average than LF words, and thus tend to receive higher false alarms than LFRadkd&ndt
& Reder, 2006).

Applied to the present pattern of results, perhaps LF targets, when retrievedyare

likely to be recognized (via higher recognition ratings) because they beweed in fewer pre-
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experimental contexts than HF targets. When the target was not studied betrisasd, it
seems more familiar when it is a HF than when it is a LF word, due to the frequent pre
experimental exposure. Thus, the familiarity of these retrieved HF ndredttargets results in
higher recognition ratings than those given to retrieved non-studied LF t&ktess.retrieval
fails, perhaps high frequency targets, due to their frequent prior pre+vagpéal occurrence, are
still more inherently familiar as well as their corresponding questidmshwnay contain
semantic feature-overlap with those targets (e.g., Ryals & Cl2aiy). Thus, in the absence of
target retrieval, the greater familiarity of the questions correspomalinigh frequency words
leads to higher ratings for questions corresponding to HF targets, regardiesty ctatus.
Recognition Ratingsfor Partial Retrieval

While it might be of interest to examine ratings in the presence of onlylpattiaval,
as in Experiment 1, the low number of instances of partial retrieval in Expe2meade it
difficult to meaningfully interpret these data. Many subjects did not have evensbaece of
partial recollection for the mixed-list version (Studied HF= 33, Nonstudieelr, Studied
LF=34, Nonstudied LF=28 had no instances), and slightly more had no such instances of partial
target recollection in the pure-list version (Studied HF= 39, Nonstudied HF=33, bhhd3,
Nonstudied LF=34 had no instances). Beyond the extreme loss of subjectsgndrgompare
ratings in this category, there is also the concern that very few such isstacoered even
among those subjects who had at least one instance of partial recollectiongategohy, thus
leading to a low number of items contributing to each mean. For these reasons,tthbagala
been placed in Appendix F for the reader’s reference.

The manipulation of word frequency in Experiment 2 produced a pattern indicative of a

functional dissociation between full recollection, partial recollection, andidary that occurs
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in the absence of any recollection. A central goal of Experiment 2 was tputadaia stimulus
characteristic that was more inherent to the stimuli themselves than thmulaton used in
Experiment 1. Word frequency is primarily a lexical characteristic, swathttrefers to the direct
meaning of a given word within a language. It is believed that accessdal lgharacteristics of
a target word represents one step of processing along with access to pleahgibgnetic, and
articulatory characteristics in the multi-stage theory of word prtiaiu (e.g., Levelt, 1994,
1996). However, inherent characteristics of target words can take other fonm such
characteristic is emotionality. While word frequency capitalizehercommonality of a target
word, these targets can also vary in the degree to which they are inherenithe @osiegative
or whether they are exciting or calming. It could be argued that emotyoisatitore of a true
conceptual (semantic) characteristic than is word frequency. If so, theputasing
emotionality may offer additional insight into the nature of partial recadiect his was the

primary goal of Experiment 3 that follows.
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Chapter X111

Experiment 3

Previous research has shown that emotionality is a manipulation that has défezetst
on recollection and familiarity (e.g., Ochsner, 2000; Kensinger & Corkin, 2003, &yzlsary,
2012). Ryals & Cleary (2012) demonstrated that whereas negative valencglaadhisal
affected cued recall itself and recognitieith cued recall, these emotional characteristics did not
affect recognitiorwithoutcued recall Other research has indicated that when full target
recollection fails, emotional items elicit higher levels of TOT stdtas nonemotional items
(Schwartz, 2010). If this assumption holds, then emotional items should also elicitlbighe
of partial recollection than nonemotional items. The ability to recollect pdetiails should be
enhanced for negatively-valenced events that are also arousing in natuiad&er2909;
Mickley-Steinmetz et al., 2010). The purpose of Experiment 3 is to demonstratettat w
emotionality (i.e., negative valence coupled with high arousal) should increase lihedit®f
partial recollection as well as full recollection. The first hypothiesisxperiment 3 was that the
rate of full retrieval would be higher for emotional targets than for neutgdt& The second
hypothesis was that the rate of partial retrieval would also be highen&diomal targets
compared to neutral targets. The third prediction was that, in the absence ohbletogetrieve
a target word, participants would be able to discriminate between test questasestarget
answers had been studied from those whose answers had not been studied (The RWI effect)
Next, it was predicted that a bias would emerge for emotional items in the abfange
retrieval due to the fact that the cues are themselves emotional in natut@a$mss predicted
to manifest as an overall increase in recognition ratings for emotionabvezstral targets;

however, it was not expected that the magnitude of the RWI effect (old/new disdiam)
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would differ as a function of emotion. Finally, | predicted that a bias for ematiatrieval
may occur, such that ratings in the presence of full or partial recollectiodifferyas a function
of emotionality condition.
Method

Participants Participants were 118 undergraduate students from Colorado State
University who participated for partial completion of a course requiremerit gagticipants
were excluded from analyses due to noncompliance of instructions resultingahsample of
110.
Materials. Materials were 112 general knowledge questions and one-word target answers
created in our laboratory similar to those used by Schwartz (2060)en that Schwartz did not
control for dimensions of valence, arousal, word frequency, orthography, phonology, word
length, or number of syllables using preexisting norms, new stimuli controllingefse
dimensions were created for this Experiment. Emotional and neutral target vevedsaxmed
using the ANEW affective word database (Bradley & Lang, 1999). Emotional andllex
characteristics of these stimuli are presented in Table 11.
* A separate norming experiment was conducted to determine the corrediciakgmni rate of
the general knowledge questions used in Experiment 3. Fifty-two participanesivadivi 12
general questions created in our laboratory in four separate blocks. Oreéen pfésentation
was randomized within each block. Participants were asked to answer the questiain whe
appeared on the screen, and then they were asked to rate the difficulty of the questicale®n a
of 1-10 (1= extremely easy, 10= extremely difficult). Participantsa&red an average of 41%
of the questions correcthi=.41,SD=.07). Participants also rated the difficulty of the questions
that were correctly identified at a level of 2.23/8ID¢1.34), and they rated the difficulty of

those that they did not identify at a level of 4.40/20%2.44). At least one correct response was
recorded for each of the 112 questions.
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Valence ratings significantly differed between emotional and neutma$itg110)=30.76,
SE=.11p<.001], as did arousal rating$(110)=11.82, SE=.11<.001]. These lists were also
equated for word length, word frequency, number of syllables, orthographic neighborhood, and
phonological neighborhood. General knowledge questions were created by usomgudict
definitions for each target word (Merriam-Webster's Collegiate @iatly, 2005). The order of
study-test presentation was counterbalanced across two experimentais/essch that the 56
study words chosen for the first participant were used as the 56 nonstudied itdrasmxt
participant. Item order selection within-participant was randomized.ulhiest of question and
answer stimuli are presented in Appendix G.

Table 11. Lexical Characteristics of Emotional and Neutral Words from ifxger 3.

Emotional List Neutral List
Mean §ED) Mean (SD)

Mean Arousal Rating *6.60 0.52 *5.30 0.63
Mean Valence Rating *1.99 0.23 *5.47 0.81
Log HAL Frequency 8.13 1.55 8.63 1.31
Length (number letters) 6.60 1.62 6.30 1.61
Syllables 2.09 0.69 2.04 0.76
Orthographic_N 216 3.99 210 3.26
Phonographic_N 5.14 5.99 5.66 10.48

* Denotes a significant difference between emotional and neutral lipts.001. All otherps =ns
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Procedure. After signing consent forms detailing the nature of the experiment,
participants read instructions similar to those used in Experiment 1 and 2 on the coonpater s
prior to beginning. Participants were simply told that they are to remembstutheword
targets for a later memory test. During the study phase, each pattiwgspresented with an
initial fixation cross for 1 sec. They then viewed a one-word answer préserg@ point Arial
Font in the center of the screen for 2 sec each with an interstimulus intervacoEhske study
block consisted of seven emotional targets and seven neutral targets randomd; ohtlere
stimuli were presented visually using E-Prime software (Psychologw&ef Tools, Pittsburgh,
PA) on Dell PCs in our laboratory. After viewing each study list, participaetged seven
guestion associated with emotional targets, seven questions associated wallargets, and
14 new questions. Participants were then asked to provide a rating of fam#iar#itempt at
identification, and then to provide any partial information that came to mind if theyumable
to identify the answer (e.g., a similar sounding word, first or last letterbauof syllables).

Each trial automatically advanced after 10 sec. This procedure was tepeaiss four study-
test blocks. Spelling of responses was checked offline and items were coded liy hand t
determine category membership (i.e., full target recollection, partial teg#lection, failed
recollection, or new).

Results and Discussion
Full Target Retrieval

For this experiment, an alpha criterionpof.05 was set, and effect sizes are reported. A
2 X 2 Study Status (Studied, Nonstudied) X Emotion Condition (Emotional, Neutral) Ripeate
Measures ANOVA was conducted to assess rates of full retrieval pgr Statds and Emotion

category. The following results are presented in Table 12 and Figure 10. ThEsarelgaled a
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two-way Study Status X Emotion Interactidf(1,109)=4.72MSE=.008,p<.03, m? =.04], such
that the difference between the retrievability of neutral and emotionakengwas greater when
the answers were studied than when they were not studied. Pairwise t-tastsecbtifat the

rate of full retrieval was significantly higher for studied neutral tsrgean for studied emotional
targets {(109)=4.62p<.001, Cohen’'sl=.68], yet the rate of full retrieval was only marginally
higher for nonstudied neutral targets compared to nonstudied emotional tideErs=[l.90,
p=.06, Cohen’sl=.25]. This analysis also revealed a main effect of Study Status,
[F(1,109)=416.46MSE=.009,p<.001, p? =.80], such that questions whose answers were
studied were more likely to be answered than questions whose answers were not stadligd. F
a main effect of Emotion Condition was also fourk{1[109)=25.25MSE=.006,p<.001, p?
=.20], such that neutral answers were more likely to be retrieved than emotiamaisans

Table 12. Mean Proportion of Full Retrieval Based on
Study Status, and Emotion for Experiment 3.

Studied Nonstudied

(Emotion) Mean SD) Mean §D)
Neutral .60.13) .39(.11)
Emotional .5%.11) .38(.10)
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Figure 10. Mean Proportion of Full Retrieval by @tistatus and Emotion for Experimen

The finding that full target retrieval was higher fjuestions corsponding to neutr
studied targets compared to those correspondistutiled emotional targets v the opposite of
my first hypothesis in Experiment There are at least two possible explanations fergattern
The first is that thgeneral knowled¢ questions in the emotionabndition weresimply harder-
to-answer questions thémose in theneutral condition. Indeedxamination of the normir data
for the stimuli used in Experiment 3 confirmed theahong questions that were successt
answered, emotional questions were rated hilM=2.72,SD=1.20)than neutral questior
(M=2.30,SD=.94) on a difficulty sca [t(55)=1.93,p=.06, Cohen’sl=.46], but this effect onl’
approached significancédoweve, the norming data suggedbkat the rate of correct answe
given to emotion questions (40%) was actually shghigher than the rate of correct answ

given to neutral questions (37%), althh this difference was not statistically signific; this
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suggests that the general knowledge questions in the emotional condition were nobharder t
answer than those in the neutral condition.

The second explanation is that, rather than leading to an enhancement in recollection,
negative valence combined with high arousal may serve to harm recollectioninding fay
reflect the use of a within-subjects design whereby participants weosexkto both emotional
and neutral items in the same lists. It is possible that the combination of lowevatehbigh
arousal in this circumstance served to blur the ability to discriminateebetitems within the
same list.

This finding is not without precedent in the recognition memory literature. Fanoest
Kensinger, Piguet, Krendl, and Corkin (2005) proposed that trade-offs are possibtgionam
memory whereby retrieval of some details of an event is enhanced whileryniemother
details is diminished. One form of this is known as the gist/detail trade-gff Buchanan,
Tranel, & Adolphs, 2005). In the gist/detail trade-off, negative arousalievbd to lead to an
enhanced memory for gist (i.e., the general essence of an experience) buhdohmmesnory for
specific details of an experience. This is in contrast to a central/pediptaete-off whereby
central details of an emotional experience are enhanced while memory éomslimg
peripheral details is diminished (e.g., Loftus, 1979). Kensinger,GarahE&tShacter (2008)
proposed that both types of trade-offs are possible in emotional memory. lalpgré@nsinger
et al. propose that the gist/detail trade-off may be more likely to occum‘warticipants are
asked to focus on the verbal descriptions of scenes or to follow a storyline rggardin
emotional event” (page 576). In Experiment 3, the general knowledge questiornsestee

using verbal descriptions of negative arousing words based on dictionary definitiais. Thi
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notably different than the type of stimuli that typically elicit a cafgesipheral tradeoff (i.e.,
visual scenes with a central emotional element).
Partial Target Retrieval When Full Target Retrieval Failed

Partial retrieval was operationally defined as any instance of cadtesttfication of a
similar sounding word, first letter, last letter, or the number of syllassesciated with a target
in the absence of being able to fully identify the target ifséif2 X 2 Study Status (Studied,
Nonstudied) by Emotion Condition (Emotional, Neutral) repeated measures analaignce
(ANOVA) was conducted to examine rates of partial retrieval when fuiéved failed based on
study status and emotion. These results are displayed in Table 13 and in Figure Xay two
Study Status X Emotion interaction did not reach significak¢¥, 109)=2.54MSE=.001,
p=.11, ;m? =.10]. Additionally, a main effect of Study Status did not reach significd&c®.(
This analysis did however reveal a main effect of Emotion Condi(in109)=12.34,
MSE=.001,p=.001, m? =.10] such that a higher rate of partial target recollection occurred for
unretrieved emotional targets than for unretrieved neutral targets. $&gagarnparisons
confirmed that questions corresponding to studied emotional targets elicieadiaaty higher
degree of partial recollection than those corresponding to studied neutral f{id&s=1.77,
p=.08, Cohen’sl=.24]. Additionally, questions corresponding to nonstudied emotional targets
elicited a significantly higher level of partial retrieval than thoseesponding to nonstudied
neutral targetst(109)=3.61p<.001, Cohen’'sl=.61].

®Incidental partial retrieval (see Footnotes 2 and 4) also occurred in ErpeSmAlthough not
central to the present study, these data may be of interest, and theyoaedrin Appendix H.

73



Table 13 Mean Proportion of Partial Retrieval
Study Status and Emotion for Experimen

Studied Nonstudie:

(Emotion) Mean D) Mean D)

Neutral .03.04) .02(.04)

Emotional .04.04) .04 (.05)
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Mean Proportion of Partial Retrieval Attempt by
Study Status and Emotion for Experiment 3
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Figure 11. Mean Proportion of Partial Retrieval3iydy Status and Emotion for Experimen

The finding that the proportion of partial retriévaas higher for emotional iten
compared to neutral items directly supports thesedypothesis in Experiment 3. This v

reflected in both purposeful and incidental pantgfieval. This finding sucests that negativ

arousal may have a differential effect on full ietal than it does on partial retrieve
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Recognition Ratings Given in the Presence of Full Target Retrieval

To examine recognition ratings given in the presence of full targetvadirgata were
conditionalized on recalled status. These data are presented in Table 14 andiZFigueex 2
Study Status (Studied, Nonstudied) X Emotion Condition (Emotional, Neutral) repeated
measures analysis of variance (ANOVA) did not reveal a two-way StutlyisS¢€Emotion
Interaction F<1). However, an expected main effect of Study Status was found,
[F(1,109)=350.75MSE=6.42,p<.001, p)? =.76]. Ratings were significantly higher for fully
retrieved studied answers than for fully retrieved non-studied answers.gialanain effect of
Emotion Condition was also founB(fL,109)=3.64MSE=.51,p=.06, ;? =.03], which suggests
that recognition ratings for questions corresponding to fully retrieved emotawgats were
marginally higher than those corresponding to fully retrieved neutratsarge

There was some evidence for a bias due to emotion corresponding to fully retrieved
targets. This is consistent with the findings of Ryals & Cleary (2012) who demtealsér similar
bias for high arousal associated with recalled targets in an RWCR paradigisiaRg Cleary
proposed that individuals may be biased to rate emotional items higher than nonentetimal i
once they are generated at test. A bias also appeared for nonstudied emogetsaiar were
fully retrieved. This is also consistent with Ryals & Cleary (2012) who praojpibse, when a
nonstudied target is retrieved, individuals attribute the emotionality of that tgmhéaeget to

having studied it in the context of the experiment.
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Table 14 Mean Recognition Ratings by Study Status, Retri®&atus, and Emotion f
Experiment 3.

Studied Nonstudied

Retrieved Not Retrieve Retrieved Not Retrieved
(Emotion) Mean D) Mean SD) Mean§D) Mean§D)

Neutral 7.891.82) 3.22(1.65) 3.34(1.60) 3.15(1.44)

Emotional  8.001.68) 3.66(1.52) 3.50(1.59) 3.14(1.44)
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Eliciting Fuil Target Retrievai Dy Study Status
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Figure 12. Mean Recognition Ratings Given to QueastiEliciting Full Target Retrieval t
Study Status and Emotion for Experimen
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Recognition Ratings Given When All Forms of Retrieval Failed

To examine ratings given in the absence of anjeretl data were conditionalized «
lack of ability to identify any information abouté target. These data can also be found in 1
14 and in Figure 13. A 2 X 2 Study Status (Studidahstudied) X Emotion (Emotionz
Neutral) repeated measures analysivariance (ANOVA) did not reveal a tweay Study
Status X Emotion Condition interactioF(1,109)=2.52MSE=.52,p=.12, m? =.02]. Howeve
this analysis did revealraain effect of Study StatuF(1,109)=MSE=.62,p=.02, pn? =.05] such
that, in the absenad any retrieval, ratings were higher for questiamose targets were studi

than for those whose targets were not stu

Mean Recognition Ratings Given to Questions
When Full Target Retrieval Fails by Study Status and
Emotion for Experiment 3 (The RWI Effect).
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Figure 13. Mean Recognition Ratings for QuestiorteeWTarget Retrieval Failed by Stu
Status and Emotion for Experimen (The RWI Effect).
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This pattern indicates the presence of the RWI effect and the lack offecaigrinteraction
suggests that its magnitude did not differ significantly as a function of Emodiodit©n.
However, paired samples t-tests suggest that, when all retrieval falddipants were still able
to discriminate between test questions corresponding to studied emotional targetsoke
corresponding to nonstudied emotional targets [t(109)=2.81, p=.006 Cohen’s d=.38], but were
unable to discriminate between test questions that corresponded to studied nesticalqaed
those corresponding to nonstudied neutral questions when retrieval failed [t(109)=.70, p=.48 ,
Cohen’s d=.08]. In short, the RWI effect only appeared in the emotion condition, ancktbé lac
a significant interaction may have been an issue of insufficient power to tihet@ateraction (p
=.12). It is possible that with more participants, that interaction would approadicaigce.

As far as why the RWI effect should only emerge in the emotion condition and not the
neutral condition, it is possible that RWI is driven by feature overlap betweeudland items
in memory (e.g., Ryals & Cleary, 2012), and that there is a greater degref of/etdap when
both the cues (i.e., test questions) and items in memory (i.e., answers) contanamot
information in addition to regular semantic information. For example, the testaquashat is
another name for a sleep state described by a sense of oppression and hoElbssnesgeral
overlapping semantically-related emotional components with the targe¢rfmghtmare.”
Prior research suggests that semantic features lead to smaller B4 gfan other types of
features, such as orthographic features (Cleary, 2004). Increasing stiihatere-overlap by
adding emotional features to the study and test items may represent a mesdranoing
semantic-based RWI effects. Thus, it is possible that with a substaraigkyihcrease in

experimental power, an RWI effect for neutral targets would enzeygeell; it may just be a
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small effect, as Cleary (2004) showed to be the case with situations gbrdtidiced by
semantic feature overlap.

A main significant effect of emotion was also fouré(1,109)=12.58MSE=.83,p<.001,
pn? =.12], such that ratings were higher overall for questions corresponding to unretrieved
emotional targets than for questions corresponding to unretrieved neutral Q@rgets
explanation for this pattern might be that the questions themselves, in the casenobtibeal
condition, actually contain emotional information. For example, the question for gleé tar
“kamikaze” contains the word suicide, which is in itself a negatively-calgmvord. Thus, the
emotional nature of the questions in the emotional condition might have led to the bies to gi
higher ratings when retrieval failed in this condition than in the neutral eamdrrior work
suggests that arousal, in particular, may be attributed to study-statu&@dinger & Hansen,
2005; Ryals & Cleary, 2012). In addition, prior research has noted that old/new diatiomin
the absence of retrieval (familiarity) may involve having a gist-bafesdirig” of prior
experience when several items in a list share common features (erp, &Byainerd, 1995;
Schacter, Norman & Koustaal, 1998; Westerburg et al., 2006). If so, this is consitemnt
gist/detail trade-off for emotion in memory.

It is interesting to note that although full retrieval was worse for ndbtia for
emotional targets, recognition ratings for studied items that were neestnwere higher for
emotional items than for neutral items. It is possible that a trade-offredcsuch that negative
arousal served to hurt memory for details (full retrieval) but enhanced méongjist
(recognition in the absence of full retrieval). This finding is theoreti@alresting in light of
the prediction that an interaction between valence and arousal may betorucidérstanding

how emotion operates in memory (Mickley-Steinmetz et al., 2010).
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Ratingsin the Presence of target Retrieval versusthe Absence of any Retrieval

To compare recognition ratings given in the presence of full retrieval to ghasein the
absence of full retrieval, a 2 X 2 X 2 Retrieval Status (Full, None) X StuatysS{Studied,
Nonstudied) X Emotion (Emotional, Neutral) repeated measures ANOVA was cahdlicese
data can also be found in Table 14. A three-way Retrieval X Study Status X Emédi@ction
did not reach significanc&€1), nor did a two-way Study Status X Emotion interaction reach
significance F<1). However, significant two-way Retrieval X Study Status interactia wa
found [F(1,109)=309.03MSE=3.36,p<.001, p? =.74], such that the difference between ratings
given to studied identified targets and those given to studied unidentified targégasgeashan,
the difference between identified and unidentified nonstudied targets. A two-etagval X
Emotion Status interaction was marginally significaR{1[109)=3.70MSE=.65, p=.06, m?
=.06], such that the difference between neutral and emotional targets wasathaggeater for
retrieved than for unretrieved targets. A main effect of Study Status was found,
[F(1,109)=330.781SE=3.68,p<.001, p)? =.75] suggesting that overall ratings were higher for
studied than for nonstudied targets. A main effect of Retrieval was also fé({hd,J9)=282.05,
MSE=4.23,p<.001, py? =.72] which suggests that overall ratings were higher for fully retiev
targets than for targets for which all retrieval failed. Finally, anneffiect of Emotion was also
revealed, F(1,21)=17.43MSE=.69,p<.001, p\? =.14] which suggests that overall ratings given
to emotional targets were higher than those given to neutral targets.

An important aspect of this analysis is that recognition in the presencé retiieval
behaved in a characteristically different manner from RWI. That isageét retrieval was

higher for both studied and nonstudied emotional targets compared to studied and nonstudied
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neutral targets. On the other hand, old/new discrimination in the absence of retii@yitagget
information (RWI) was present for emotional cues but not for neutral cues.
Recognition Ratingsfor Partial Recollection

As in Experiments 1 and 2, due to the low number of instances of partial retrieval for
target-related information in Experiment 3, it is difficult to interpret #imgs in any
meaningful way. Many subjects did not have even one instance of partial recollectios f
studied targets (Emotional=58, Neutral=52) and slightly more had no such instanagislof pa
target recollection for nonstudied targets (Emotional=60, Neutral=68). Thedeaglatheen

placed in Appendix | for the reader’s reference.
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Chapter XIV

General Discussion

The present study contained a series of three experiments aimed at providingrbehavi
evidence that partial recollection is a distinct entity in recognitiomong. This was done by
examining perceptual complexity, word frequency, and emotionality withiadafied RWI
paradigm using general knowledge questions and answers.
Per ceptual Complexity

While there was an a priori reason to hypothesize that partial retrigvialangase with
increased stimulus complexity (e.g., Parks et al., 2011) the results of Espetimid not
support that hypothesis. Although the likelihood of retrieving an answer to a studeidtas
higher than that of retrieving an answer to an unstudied target, an incremergase in the
degree of perceptual information available at encoding (color and shapes) idgbacit full
target retrieval. Partial retrieval was separated into two distitegaaes; target-related
information (i.e., first letter, last letter, syllables, similar-soundiogdyand contextual
information (i.e., background color, background shape). Level of complexity did not impact the
likelihood of partial target retrieval. Surprisingly, nonstudied targets justas likely to
produce partial target recollection as studied targets. Partial contesttustal occurred more
often than partial target retrieval, though the results suggest that anargjdie fully retrieved
in order to also retrieve contextual information that was paired with it at encé@udlieg for fully
retrieved targets, the manipulation of stimulus complexity had no discerriégxt¢ @f the
amount of partial contextual retrieval available. Taken together, these asultsonsistent

with the complexity hypothesis proposed by Parks (2007) and Parks et al., (2011).
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Recognition ratings also did not reliably differ as a basis of complexity fewstudied
retrieved targets or studied unretrieved targets. An RWI effect indidaae when all forms of
retrieval failed, participants were able to distinguish between questidreothesponded to
studied targets from those that did not based on ratings of familiarity. Thisateplfrevious
work by Cleary (2006) using a similar method. Level of stimulus complexity hadexi eff
the magnitude of the RWI effect.

Although partial recollection did indeed occur for both target-related and cortextua
information, a striking finding from Experiment 1 was the relative rarith wihich either type
occurred. Many participants failed to have even one instance of pari@takwhich prevented
meaningful examination of recognition ratings for these items. This is gtfeéesdi than the
pattern of full retrieval and full retrieval failure which all participantpegienced to a certain
degree. This may be one form of evidence that full and partial retrieval@oidtinct states in
memory.

Word Frequency

The results of Experiment 2 suggested that factors other than perceptualxaymyudg
be important for studying partial retrieval empirically. In Experimeiat ®pical HF advantage
was shown for full retrieval (e.g., DeLosh & McDaniel, 1996) and full retriewal igher for
studied than nonstudied targets. This pattern was unaffected by the mixedatisbqdrior
work has shown that order information is critical to the paradox (e.g., Morin et al., 2006)
However, questions and answers in Experiment 2 did not involve order information. More
partial target retrievals occurred for nonstudied than studied targets inrkgpe2. This is

opposite the pattern shown for full retrieval. Additionally, more partial ketiseoccurred in the
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mixed list condition than in the pure list condition. This is also different than therpsitt@wn
for full retrieval.

The recognition ratings data for fully retrieved targets were consisith a word-
frequency mirror effect, such that full retrieval of studied targets showedeit for LF while
full retrieval of nonstudied targets showed a benefit for HF (e.g., Park, Redecki&dn,

2005). Ratings given in the absence of any sort of retrieval once again dese&¥V| effect,
such that participants could discriminate between questions correspondinged sugkets
from those corresponding to nonstudied targets, presumably based on familiarity. Haweve
reverse list-strength effect diminished RWI in the mixed list versioheoékxperiment (i.e., RWI
was only found in the pure-list version) (e.g., Cleary, 2005). Once again, theofgoéstial
target retrieval in Experiment 2 prohibited any meaningful interpretatiorcognéion ratings
given to partially retrieved targets. However, the finding that moreapagtrieval occurred in
the mixed-list version of the experiment than the pure-list version is différan the pattern
shown by the RWI effect (i.e., it was present in the pure-list version but absenmix#uklist
version).

Emotionality

The results of Experiment 3, which examined stimulus emotionality, also stgaiest
partial retrieval may be a distinct entity. The rate of full targetaval was higher for questions
corresponding to studied neutral targets than for questions corresponding to studiedatmot
(i.e., negatively arousing) targets. The opposite pattern was observed foe thiepaattial
retrieval, which was higher for questions corresponding to emotional targetsthhose

corresponding to neutral targets.
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When all retrieval failed, recognition ratings were higher for questomgsponding to
studied targets than those corresponding to neutral targets, but this RWI effectiywiound in
the emotional condition of the experiment (i.e., it disappeared in the neutral condition$. This
consistent with a gist/detail tradeoff in memory whereby negative vaieageerve to harm
retrieval but enhance gist familiarity (e.g., Westerburg et al., 200&iiger et al., 2008). It is
also consistent with the notion that feature-overlap between studied items axl tuetmay
drive the familiarity presumed to be responsible for the RWI effect (Ry&lteéry, 2012).
Semantic features tend to lead to smaller RWI effects than more peldeatuees (Cleary,
2004), and increasing the degree of feature overlap between a studied targetesidjtrestion
by including emotional features in both may increase the magnitude of theffe¢t] which
would explain why the effect was only found in the emotional condition of Experiment 3.

Finally, that participants were biased to give higher recognition satthgmotional
studied and nonstudied targets that were fully retrieved is in accordance withuprewairk
(e.g., Ryals & Cleary, 2012). Overall, the results of Experiment 3 suggestiib&ibnality in
recognition memory can influence not only the subjective confidence asdogiiteemotional
past episodes, but that it can influence full as well as partial veridical masorell
(Kensinger, 2009). Furthermore, the results of Experiment 3 may serve to thEwng
regarding the interaction of negative valence and high arousal in memo#kgy4g&teinmetz et
al., 2010).

Partial Retrieval: Purposeful or Incidental?

An interesting and unanticipated finding in the present study was partievabtr

occurringon the identification attempt itself in addition to occurring when participasts w

promptedafter the identification attempt. Although it was not central to the purpose of the
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present study, this type of incidental partial retrieval occurred quite fidgue Experiments 2

and 3.That is, when a participant provided the wrong answer to a question, their wrong answe
sometimes contained partial information from the correct target. Fonaestha participant
responded with the answdrdmbone”to the questionWhat is the name of the brass instrument
with a blaring tone and only three keys®en this was counted as a partial recollection due to
the answer having the same first two letters dnd the same third letteni”. This type of

partial retrieval may be fundamentally different than being able to inditate target had “two
syllables” when prompted to provide such information. It is quite possible thatghiyfie of

partial retrieval occurs outside of awareness (i.e., the participeggsed the wordlombone

without knowing it as reflected in partial information indicatedhe identification attempt).

There is precedence for this possibility in the memory literature. Onepéx@sin
studies of implicit memory using the word-stem completion task (WSC) Badgaiyan and
Posner, 1997; Graf & Schacter, 1985; Schacter et al., 1996; Squire et al., 1992). In this task,
participants first study a list of words and are later asked to complaisdastem using the first
word that comes to mind without being told that their memory is being tested. Even though the
participants complete the word-stems with studied words, they are unawaheyhartet doing
so (See Badgaiyan, 2005 for a review). This suggests that access to padmicseriormation
can occur below the threshold of conscious awareness.

A similar finding is shown in anterograde amnesics that demonstrate leafnvegpal
material over time despite having no explicit retrieval of having learnethaberial before (e.g.,
Warrington & Weiskrantz, 1970, 1974). In the recognition memory literature, it texstie
been proposed that memory tasks presumed to tap only explicit memory maly aefutaire

implicit memory as well (Voss, Lucas, & Paller, 2012). The tasks used prekent study may
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be capturing implicit access to semantic knowledge that occurs beloreshdld of conscious
awareness. As Dew and Cabeza (2011) have proposed, the border between explicii@and impl
memory may be far more porous than has traditionally been thought; thus futarehesill
help to better understand the relationship between implicit processing, fexlfiagsliarity, full
recollection and partial recollection (purposeful and incidental).
The Distinctiveness of Partial Recollection and Implicationsfor Theory

Current theories of recognition memory have been greatly influenced byysistst
which have provided evidence for functional dissociations between cognitive pro¢esses
instance, Rajaram (1993) provided evidence that “remember” and “know” responses operat
differently based on manipulating levels of processing, such that “remerebpohnses
increased for deep relative to shallow encoding whereas “know” responsssatfor shallow
relative to deep encoding. In another example, Gardiner and Parkin (1990) found thag dividi
attention during a recognition experiment by having individuals performingwdtaneous task
at study reduced “remember” but not “know” responses. In yet another examplangseld
Jacoby (1994) found that by increasing the length of a study list, recallectibd be disrupted
while familiarity remained intact. In order to understand the nature of ¢échanisms involved
in recognition, it is crucial to manipulate them experimentally to find fundeahdifferences
between them. The present study provides several forms of evidence thatquotiettion
may in fact be fundamentally different than full recollection as wellmadiaity that occurs in
the absence of any recollection.

The first form of evidence involves the apparent scarcity of partial retoteacross all
experiments reported here. All participants experience some degreetafdatirecollection as

well as instances of recollection failure in which no recollection of arbyalizable sort
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occurred. However, many individuals in the present study did not demonstrate aaly parti
recollection at all. If recollection and partial recollection weregliféering degrees of the same
process (i.e., strong vs. weak versions of the same continuous process), then pyesumabl
individuals who experienced full recollection would also experience part@leeion. This
presumption in itself is not a functional dissociation, but rather it was a stpkitgyn that was
consistent across all three experiments.

A functional dissociation was, however, demonstrated in Experiment 2. The behavior of
full recollection and RWI differed significantly from that of partial reeotlon. That is, full
recollection was greater for studied than nonstudied targets, and it was not thipyacte
manipulation of list type. RWI was affected by list-type (i.e., it wasgmefor pure lists but
absent for mixed lists). Partial recollection, on the other hand, was greatensbudiedhan
studied targets, and it was impacted by list type in a different way (i.asigmeater in mixed
lists than in pure lists).

A second functional dissociation was found in Experiment 3. Full recollection was
greater for studied neutral targets than studied emotional targets. RWbwadfatted by
emotion (the effect was present in the emotional condition but absent for the neutri@dcpndi
Partial recollection, on the other hand, was greatendostudiedhan studied targets, and it was
impacted by emotion in a different way (i.e., it was greater for emotiogg@itsathan for neutral
targets regardless of the study status of those targets).

These functional dissociations provide intriguing evidence that, unlike the predmtions
the threshold DPSD model (e.g., Parks & Yonelinas, 2007), recollection may indeedbkeva
This possibility is accounted for in a better way by other models such as the ¥RDayper

et al., 2010). However even the VRDP does not explicitly predict that partialectmoil should
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behave in a distinct manner from full recollection. At the current time, perfeyerk models
such as the source-of-activation-confusion (SAC) model may provide the basttaioes the
nature of recognition memory (e.g. Reder et al., 2000). However no models haveapecifi
suggested that partial recollection may be a distinct entity.

On the Apparent Rarity of Partial Recollection

As evidenced across all three experiments in the present study, padileateon (both
purposeful and incidental) appears to be a rare phenomenon. It may be that tyyezahlisg
paradigms in studies of recognition memory are not the appropriate means/tpastial
recollection. Moreover, many list-learning paradigms use word stitmatlitave minimal
contextual richness. Understanding when partial recollection is prexktiteaconditions under
which it is likely to occur may be important for recognition memory theory.

One possibility is that recollection, by and large, may operate in an alkerfashion
most of the time in laboratory studies of recognition. If this is true, it is itapibio consider
whether partial recollection really represents retrieval of detaits the experimental study
episode, or whether it could simply represent correct guessing influeneetivation that
occurs below awareness. If full recollection occurs in a primarilgratiene fashion in the
laboratory, then certain models, like the DPSD model, may be correct foibdegtnose types
of data. However, it is possible that partial recollection occurs to a highezedi@ real-life than
in list-learning paradigms. A theoretically interesting follow-up to thegmiestudy would be to
conduct survey research to document the frequency of partial recollection in thed gene
population, as has been done to study such phenomena as déja vu (e.g., Brown, 2004). It may be
that partial recollection is a rare occurrence, even in day-to-day lifeevwit may also be that

recognition memory processes operate in a fundamentally different wdg theilaboratory
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(i.e., in list learning paradigms) than they do outside the laboratory, in whichloase
mechanisms involved in day-to-day recognition may be far more dynamic tisdrconrent
models acknowledge.

Modeling Partial Recollection

In the present study, partial recollection is consistent with the transitimit §€D)
model. The TD model suggests that TOTSs in healthy populations result from aidrsimat
relay of information from the lexical (i.e., semantic) level to the phonolbigical necessary for
articulation (Burke, MacKay, Worthley, & Wade, 1991; James & Burke, 2000; Rag&lalke,
1996; see Schwartz 2002 for a review). This view is also consistent with thef tyiseuption
involved in anomic aphasia, such that if an anomic individual cannot retrieve a targetnthey ca
still generate partial information about it, or at very least, they estpegia feeling that the target
is present in memory. The fact that participants were sometimes ablatityittee first letter,
last letter, the number of syllables, or even a similar sounding word perteorartgrget
suggests a mechanism involving spreading activation from node to node within a network of
information.

The SAC model proposed by Reder and colleagues is one example of such a network
model (e.g. Reder et al., 2000). In line with the SAC model, the present results sugfges
below-threshold activation of a specific episode node, which contains the speciixtcont
associated with the experiment, may result in failure of full targe¢vatrwhile allowingsome
semantic and perceptual target information to leak into awareness. Asstennwith this view
is that partial recollection also occurred in an incidental form as part of @maacinitial
answer. It is possible that retrieval of partial target information witdr@mess (i.e., when cued

at test) results from a higher degree of network activation than incidetrteval which may be
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more implicit in nature. Also consistent with this view is that in the absence/ aétieval (full
or partial), it is still possible to feel a target is familiar, which maghlag¢ a target is present in
the network, yet activation is simply below the level necessary to evoketaryal.

Although the SAC model fits much of the data in the present study, it does not account
for the patterns suggesting that partial retrieval is distinct from fuikkval as well as familiarity
when all retrieval fails. No model of recognition memory to date has madeé#udic
assumption, thus future work is needed to replicate these patterns and form a netiocistnec
model. It is possible that partial retrieval is dissociable in certeinrostances (e.g., with
general semantic knowledge) while in others it is not.

Limitations and Future Directions

One limitation in Experiment 1 and 2 is the use of general knowledge questions from an
aged database (Nelson & Narens, 1980). Although it is certainly advantageous to heack nor
stimuli for use across studies, future research should explore establishiget 10& general
knowledge norms that are germane to modern participants. For example, in Experiment 3, a ne
set of stimuli were created using simple dictionary definitions. These stuard just as
effective at eliciting partial recollection as those used by Nelsbiag&ns (1980), but they were
not as reliant on historical facts whose relevance may degrade over time.

A second limitation in the present study was the simplicity of the perdepfoiamation
paired with to-be-remembered targets at encoding in Experiment 1. Futurehesezuld
explore the role of more elaborate perceptual information at encoding tosmthedikelihood
of partial retrieval. Future research should also explore the role of edahulus exposure
(i.e., multiple encoding sessions) in order to facilitate binding of such perceptrahation to

targets. One possible way of increasing stimulus complexity while maimgaartiigh degree of
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experimental control may be through the use of virtual reality to immersepants in dynamic
environments that more closely resemble those in the real world.

One additional promising direction for future research is to examine the neurblogica
substrates of partial recollection as compared to full recollection anddatyiin the absence of
any recollection in healthy young populations, healthy aging populations, and ircaphas
populations. If these three states of memory are functionally dissocidi@é@avioral
experiments, it is conceivable that they may be neurologically dissociabldldsf. Daselaar,
Fleck, & Cabeza, 2011). Additionally, exploring the role of semantic relationsktipsegard to
partial recollection would be an intriguing future direction. Anecdotally, irpteeent study,
participants were sometimes able to generate an incorrect answer tisanweaitically related to
a target. Capturing these instances would provide unigue insight into propertiesrofiidn
storage in the brain.

Finally, examining the relationship between partial recollections inaeled another
rare memory state, déja vu, may provide some insights into what factorsaalfcied whether
or not they have similar frequencies in the real world.

Conclusions

The present study has demonstrated evidence in support of partial recollection as a
distinct entity in recognition memory using a novel experimental framesevious
researchers have suggested that partial recollection may be inconseguenwiakr, | have
provided evidence that partial recollection may indeed be of consequence. | bgu®alded
evidence, using a novel method, that it is possible to parse it from full targi¢cgon and

familiarity in the absence of any recollection. It is my hope that this stilldyave provided a
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step toward creating a unique bridge between the recognition memory, metanpgnibmic

aphasia, emotion, and TOT literatures with regard to the nature of partiaécéoall
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Appendix A. General knowledge questions and one-word answers from Nelson and Narens

(1980) for use in Experiment 1.

Question

What is the proper name for a badminton bird?

What is the name of the small Japanese stove osedifdoor cooking?

What is the name of the collar bone?

What is the name of the substance derived fromalenthat is used in perfume?
What is the last name of Dagwood's boss in the csinip "Blondi"?

What is the name of the chapel whose ceiling waggdby Michelangelo?

What Italian city was destroyed when Mount Vesu\tugpted in 79 A.D.?

What is the name of the thick layer of fat on a lefia

What is the last name of the actor who platwed Retler in "Gone with the Wind?"
What is the name of the ship that carried the ipiigrto America in 16207

What is the name of the large hairy spider thadimear bananas?

What is the name for the astronomical bodies thtareéhe Earth's atmosphere?
What is the name of the spearlike object thatrisvth during a track meet?

What is the name of the first artificial satellgget in orbit by Russia in 1957?

What is the name of the Roman emperor who fiddledewRome burned?

What kind of poison did Socrates take at his exen@t

What is the name of deer meat?

What was the last name of the criminal known asf&ca?

What is the name of the mountain range in which Mdtverest is located?

What is the unit of sound intensity?

What is the only word the raven says in Edgar Aker's "The Raven?"

What is the name of an illegal move by a basebit@her that results in all runners advancing oreeBa
What is the last name of the astronomer who pudigiis theory that the Earth revolves around thersd543?
What is the name of the mansion in Virginia thas\wsame to Thomas Jefferson?
What is the last name of the scientist who discedeadium?

What is the last name of the man who first studiedetic inheritance in plants?
What is the name of the lightest wood known?

What is the name of the furry animal that attacksra snakes?

What is the last name of the man who wrote "Cantgrihales?"

What is the last name of the commander who losbéttte of the Little Bighorn River?
What is the name of the Chinese religion foundeddxy Tse?

What is the name of Germany's largest battleskpwias sunk during WWII?

What is the name of the short pleated skirt wormiey in Scotland?

What is the name of the bird that cannot fly antthéslargest bird on Earth?

What is the name of the submarine in Jules Vef2680 Leagues beneath the sea?"
What animal runs the fastest?

What is the name of the Three-Leaf Clover thaliésemblem of Ireland?

What is the last name of the famous magician aocdpesartist who died of appendicitis?
What is the last name of the man who rode horselnatk75 to warn that the British were coming?
What is the name of the organ that produces ingulin

What is the name of the North Star?
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Answer
shuttlecock
hibachi
clavicle
ambergris
dithers
sistine
pompeii
blubber
gable
mayflower
tarantula
meteors
javelin
sputnik
nero
hemlock
venison
capone
himalayas
decibel
nevermore
balk
copernicus
monticello
curie
mendel
balsa
mongoose
chaucer
custer
taoism
bismarck
kilt
ostrich
nautilus
cheetah
shamrock
houdini
reve
pancreas

polaris



What is the term in golf referring to a score onder par on and particular hole?

What is the name of the severe headache that sgbeniodically and often is accompanied by nausea?
What is the name of the largest desert on Earth?

What is the name of an inability to sleep?

Who is known as "The father of Geometry?"

What is the name of a dried plum?

What is the name of the crime in which a buildimgmperty is purposely set on fire?
What is the name of the supposedly unsinkabletslaipsunk on its maiden voyage in 1912?
What is the palace built in France by King Louié/XI

What is the last name of the author who wrote "Brislew World?"

What is the name of Dorothy's dog in "The WizardGQx'?

What is the last name of the author who wrote "€livwist"?

What is the last name of the author of the bool8419

What sport uses the terms "brooms" and "stones"?

In which game are men crowned?

What is the name of the remains of plants and dsithat are found in stone?

What is the name of the hillbilly family that hadeanous feud with the MCCoy family?
In which type of ski race does the downhill skieak®a sharp turns around poles?

What is the last name of the singer who recordezhttbreak Hotel" and "All Shook up"?
Which breed of cat has blue eyes?

In which city is the U.S. Naval Academy Located?

What is the last name of the first signer of the¢ration of Independence”

What is the name of the kind of cat that spokeltoeAin the story "Alice's Adventures in Wonderl&id

What is the name of the city in ltaly that is knofenits canals?

What is the name of the legendary one-eyed giaBréek mythology?

Of which country is Nairobi the capitol?

In which sport does a rider on horseback hit awah his mallet?

What is the capitol of Delaware?

What is the longest river in South America?

In which city is Michelangelo's statue of David &bed?

What is the last name of the author who wrote utiteepseudonym of Mark Twain?
What is the name of the crime in which a persop@sely betrays his country?
Which game uses a doubling cube?

What is the name of a cyclone that occurs overidand

What game uses a rubber ball and little metal giece

What is the name of the navigation instrument weska to plot position relative to the magnetitmpole?
What is the name of Socrates' most famous student?

What is the name of the lizard that changes itsrdol match the surroundings?
What is the name of an airplane without an engine?

What is the name of the extinct reptiles knowntesible lizards"?

What is the last name of the composer who wrotefea "Don Giovanni?"

What is the last name of the man who was Presiiegtttly after James Madison?
What is the last name of the man who began themgfioon in Germany?

What is the name of the desert people who wandégad of living in one place?
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birdie
migraine
sahara
insomnia
euclid
prune
arson
titanic
versailles
huxley
toto
dickens
orwell
curling
checkers
fossils
hatfield
slalom
presley
siamese
annapolis
hancock

cheshire

venice
cyclops
kenya
polo
dover
amazon
florence
clemens
treason
backgammon
tornado
jacks
compass
plato
chameleon
glider
dinosaurs
mozart
monroe
luther

nomads



What is the capitol of Denmark?

What is the name for a medical doctor who spedalin cutting the body?

What is the last name of the actress who receivedeést actress award for the movie "Mary Poppins?"

What is the last name of the author who wrote "Rmared Juliet"?

What is the largest planet in the solar system?

What is the capital city of New York?

Which type of snake do asian snake charmers use?

What is the last name of the first person to set ém the moon?

What is the name of a giant ocean wave caused bgrinquake?

What is the name of the poker hand in which athefcards are of the same suit?
What is the term for hitting a volleyball down hantio the opponent's court?
Over which river is the George Washington Bridge?

What is the last name of the man who assassindiegham Lincoln?

What precious gem is red?

What is the name of the project which developedatbenic bomb during World War 11?
Of which country is Buenos Aires the capitol?

Of which country is Budapest the capitol?

In what European city is the Parthenon located?

What is the last name of the man who proposedhidary of relativity?

What sport uses the terms "gutter” and "alley"?

What is the name of the island-city believed siactquity to have sunk into the ocean?
What is the name of the liquid portion of wholedil@

In what ancient city were the famous "Hanging Gasdéocated?

What is the last name of the man who showed tghtrling is electricity?

What is the capitol of Russia?

What was the name of the Apollo lunar module taated the first man on the moon?
What is the only liquid medal at room temperature?

What is the last name of the boxer who later bedamogvn as Mohammud Ali?

In which sport is the stanley cup awarded?

What is the last name of the second U.S. President?

In which city does the Cotton Bowl take place?

For which country is the rupee the monetary unit?

Who was the leader of the Argonauts?

For which country is the yen the monetary unit?

What was the name of the union iron-clad ship finaght the confederate Ironclad Merrimack?
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copenhagen
Surgeon
andrews
shakespeare
jupiter
albany
cobra
armstrong
tidal
flush
spike
hudson
booth
ruby
manhattan
argentina
hungary
athens
einstein
bowling
atlantis
plasma
babylon
franklin
moscow
eagle
mercury
clay
hockey
adams
dallas
india
jason
japan

monitor



Appendix B. Descriptive statistics for incidental
partial retrieval in Experiment 1.

Mean Proportion of Incidental Partial
Retrieval by Complexity
Level for Experiment 1.

(Complexity Level) Mean (SD)

Nonstudied .03(.02)
Level 1 .03 (.04)
Level 2 .03 (.04)
Level 3 .03 (.04)

Mean Recognition Ratings for Incidental
Retrieval by Complexity for Experiment 1.

(Complexity Level) Mean (SD)

Nonstudied 3.20(2.49)
Level 1 5.52(3.64)
Level 2 4.143.41)
Level 3 6.1(q3.38)
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Appendix C. Mean recognition ratings for partial contextual and target-relatadvaitfrom
Experiment 1.

Mean Recognition Ratings for Retrieval of Partial Target-Related
Information when Full Target Retrieval Fails for Nonstudied
and Studied Targets in Experiment 1

(Complexity Leve) Mean (SD)
New(nonstudied) 2.72  (1.32)

Level 1 6.06 (3.44)
Level 2 3.43 (2.44)
Level 3 5.28 (2.13)

Mean Recognition Ratings for Retrieval of Partial Contextual information
Accompanying Studied Retrieved and Studied Unretrieved Targets.

Studied Retrieved Studied Unretrieved

(Complexity Leve) Mean (SD) Mean (SD)
Level 1 8.99 2.09) 6.06 (3.44)
Level 2 7.77 (2.44) 6.19 (4.15)
Level 3 9.37 (1.64) 8.69 (1.85)
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Appendix D. General knowledge questions and one-word answers from Nelson and
Narens (1980) separated into high and low frequency lists for Experiment 2.

High Freqguency List from Experiment 2

Question Answer
Which breed of cat has blue eyes? siamese

In which city is the U.S. Naval Academy Located? annapolis
What is the last name of the first signer of the¢ration of Independence” hancock
What is the name of the kind of cat that spokeltoeAin the story "Alice's Adventures in Wonderl&id cheshire
What is the name of the city in Italy that is knofenits canals? venice
What is the name of the legendary one-eyed giaBréek mythology? cyclops

Of which country is Nairobi the capitol? kenya

In which sport does a rider on horseback hit awah his mallet? polo

What is the capitol of Delaware? dover
What is the longest river in South America? amazon

In which city is Michelangelo's statue of David &bed? florence
What is the last name of the author who wrote utiteepseudonym of Mark Twain? clemens
What is the name of the crime in which a persopgsely betrays his country? treason
Which game uses a doubling cube? backgammon
What is the name of a cyclone that occurs overidand tornado
What game uses a rubber ball and little metal giece jacks
What is the name of the navigation instrument @eska to plot position relative to the magnetiempole? compass
What is the name of Socrates' most famous student? plato
What is the name of the lizard that changes itsrdol match the surroundings? chameleon
What is the name of an airplane without an engine? glider
What is the name of the extinct reptiles knowntesible lizards"? dinosaurs
What is the last name of the composer who wrotefea "Don Giovanni?" mozart
What is the last name of the man who was Presttiegtttly after James Madison? monroe
What is the last name of the man who began themefioon in Germany? luther
What is the name of the desert people who wandégad of living in one place? nomads
What is the capitol of Denmark? copenhagen
What is the name for a medical doctor who spedalin cutting the body? surgeon
What is the last name of the actress who recelvedéest actress award for the movie "Mary Poppins?" andrews
What is the last name of the author who wrote "Roared Juliet"? shakespeare
What is the largest planet in the solar system? jupiter
What is the capital city of New York? albany
Which type of snake do Asian snake charmers use? cobra
What is the last name of the first person to set ém the moon? armstrong
What is the name of a giant ocean wave caused bgiinquake? tidal

What is the name of the poker hand in which athefcards are of the same suit? flush

What is the term for hitting a volleyball down hanto the opponent's court? spike

Over which river is the George Washington Bridge? hudson
What is the last name of the man who assassindiegham Lincoln? booth
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What precious gem is red?

What is the name of the project which developedatbenic bomb during World War 11?
Of which country is Buenos Aires the capitol?

Of which country is Budapest the capitol?

In what European city is the Parthenon located?

What is the last name of the man who proposedhidery of relativity?

What sport uses the terms "gutter” and "alley"?

What is the name of the island-city believed siactquity to have sunk into the ocean?
What is the name of the liquid portion of wholedil@

In what ancient city were the famous "Hanging Gasdéocated?

What is the last name of the man who showed tghtrling is electricity?

What is the capitol of Russia?

What was the name of the Apollo lunar module thated the first man on the moon?
What is the only liquid medal at room temperature?

What is the last name of the boxer who later bedemogin as Muhammed Ali?

In which sport is the Stanley cup awarded?

What is the last name of the second U.S. President?

In which city does the Cotton Bowl take place?

Low Freguency List from Experiment 2

What is the technical term for a badminton birdie?

What is the name of the small Japanese stove osedidoor cooking?

What is the name of the collar bone?

What is the name of the substance derived fromaleathat is used in perfume?
What is the last name of Dagwood's boss in the csinip "Blondi"?

What is the name of the chapel whose ceiling waggdby Michelangelo?
What Italian city was destroyed when Mount Vesu\ugpted in 79 A.D.?
What is the name of the thick layer of fat on a lefia

What is the last name of the actor who played RBter in "Gone with the Wind?"
What is the name of the ship that carried the jpiigrto America in 16207

What is the name of the large hairy spider thadimear bananas?

What is the name for the astronomical bodies thtareéhe Earth's atmosphere?
What is the name of the spearlike object thatrisvth during a track meet?
What is the name of the first artificial satellget in orbit by Russia in 1957?
What is the name of the Roman emperor who fiddledewRome burned?

What kind of poison did Socrates take at his exen@t

What is the name of deer meat?

What was the last name of the criminal known asf&cea?

What is the name of the mountain range in which Mdtverest is located?

What is the unit of sound intensity?
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ruby
manhattan
argentina
hungary
athens
einstein
bowling
atlantis
plasma
babylon
franklin
moscow
eagle
mercury
clay
hockey
adams

dallas

shuttlecock
hibachi

clavicle
ambergris
dithers
sistine
pompeii
blubber
gable
mayflower
tarantula
meteors
javelin
sputnik
nero
hemlock
venison
capone
himalayas

decibel



What is the only word the raven says in Edgar Aker's "The Raven?"

What is the name of an illegal move by a basebhit@her that results in all runners advancing oreeBa
What is the last name of the astronomer who pudigiis theory that the Earth revolves around thersd543?
What is the name of the mansion in Virginia thas\wsame to Thomas Jefferson?

What is the last name of the scientist who discedeadium?

What is the last name of the man who first studjedetic inheritance in plants?

What is the name of the lightest wood known?

What is the name of the furry animal that attacksra snakes?

What is the last name of the man who wrote "Cantgrihales?"

What is the last name of the commander who losbéttte of the Little Bighorn River?

What is the name of the Chinese religion foundeddxy Tse?

What is the name of Germany's largest battleskpwias sunk during WWII?

What is the name of the short pleated skirt wormiey in Scotland?

What is the name of the bird that cannot fly antthéslargest bird on Earth?

What is the name of the submarine in Jules Vef2680 Leagues beneath the sea?"

What animal runs the fastest?

What is the name of the Three-Leaf Clover thalhiésemblem of Ireland?

What is the last name of the famous magician aodpesartist who died of appendicitis?

What is the last name of the man who rode horselnatk75 to warn that the British were coming?
What is the name of the organ that produces ingulin

What is the name of the North Star?

What is the term in golf referring to a score onder par on and particular hole?

What is the name of the severe headache that sgbeniodically and often is accompanied by nausea?
What is the name of the largest desert on Earth?

What is the name of an inability to sleep?

Who is known as "The father of Geometry?"

What is the name of a dried plum?

What is the name of the crime in which a buildimgmperty is purposely set on fire?

What is the name of the supposedly unsinkabletslaipsunk on its maiden voyage in 1912?

What is the palace built in France by King Louié/XI

What is the last name of the author who wrote "Brislew World?"

What is the name of Dorothy's dog in "The WizardGQ2'?

What is the last name of the author who wrote "€livwist"?

What is the last name of the author of the bool8419

What sport uses the terms "brooms" and "stones"?

In which game are men crowned?
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nevermore
balk
copernicus
monticello
curie
mendel
balsa
mongoose
chaucer
custer
taoism
bismarck
kilt
ostrich
nautilus
cheetah
shamrock
houdini
reve
pancreas
polaris
birdie
migraine
sahara
insomnia
euclid
prune
arson
titanic
versailles
huxley
toto
dickens
orwell
curling

checkers



Appendix E. Descriptive statistics for incidental partial retrieval in Expentrie

Mean Proportion of Incidental Partial Retrieval by
Study Status, List-Type, and Frequency of Targets for
Experiment 2.

Studied Nonstudied

(List-Type) (Freq  Mean ED) Mean §D)

Mixed  HF .04.05) .07(.05)

LF .03.04) .05(.05)
HF .0604) .06(.04)

o
c
=
D

LF .03.03) .04(.04)

Mean Recognition Ratings for Incidental
Retrieval by List-Type, Frequency, and Study Status
For Experiment 2.

Studied Nonstudied

(List-Type) (Freq  Mean ED) Mean §D)

Mixed-list HF  3.032.43)  3.50(3.01)
LF  6.085.09)  4.58(3.00)
Pure-List HF  4.913.59) 2.45(1.45)

LF  51@2.99)  3.88(2.63)
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Appendix F. Mean recognition ratings for partial retrieval in Experiment 2.

Mean Recognition Ratings Given to Questions
Eliciting Partial Retrieval by Study Status, List-Type
and Frequency for Experiment 2.

Studied Nonstudied

(List-Type) (Freq  Mean §D) Mean §D)

Mixed-list HF ~ 2.332.31) 6.17(3.40)
LF  2.172.02)  4.33(1.46)
Pure-List HF  4.0q3.00)  4.13(1.46)

LF  5.001.00) 4.673.05)
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Appendix G. General knowledge questions separated into emotional and neutral

lists for Experiment 3.

Emotional List (Negative/Arousing)

What is another term for "misuse or use wrongly"?

When something is not done on purpose it is saimbtvhat?

What is another way of saying apprehensive ofdéar

What is a feeling of displeasure resulting fronuigf

What is also known as a violent attack that cagither verbal or physical?

A person legally unable to pay his or her debfsxmwvn as what?

To help one's enemy is to do what to your friends?

What is an explosive, chemical, or incendiary devised to cause destruction?

What is the name of the constellation of stars stidige a crab?

What is the term for a particular kind of cymbad®d in a marching band?

To execute someone by affixing them to a crosdeandng them to die by exposure is to do what?
What is the name for an evil spirit believed by sdmbe involved in possession?

When you look down on someone with contempt andhsgou are said to do what?

What is another name for when you dislike somethitensely?

What entity is thought by some to be the chief sugteiral spirit and foe of God?

What is also known as a happening that causes lygeat or damage?

A person who fails to be faithful to a person, doyror body to whom they have obligations is what?
What is also known as the state of being in paiffegng, or anxiety?

What is the formal and legal dissolution of a mege called?

To die by suffocation in water or other liquid @&sdo what?

The state of being afraid may also be known astdte of being what?

The emotion characterized by a strong sense dkelist ill will towards someone or something is immas what?
Having the emotion characterized by a strong sehdeslike or ill will towards someone is to havéat toward them?
What is the term for a person who is taken pristyen enemy until certain demands are met?

To hurt the pride of or dignity of someone (oftarbficly) is to do what to them?

What is also known as the act of treating or spepié someone with scorn or disrespect?

What is another name for murderer?

What is the chronic infections disease known shibécal times caused by bacteria that causes oheftion?
Someone who commits the unlawful and maliciousataking another's life is also known as what?

To damage, injure or otherwise make imperfect shimgtis to do what to it?

What is another name for a sleep state that isvaganied by a sensation of oppression and hopelesan
What is the term for the sensation of hurting corg discomfort?

What is a substance that causes illness or deah adnsumed?

To make something unclean, impure, or corrupt gatevhat to it?

What is the name of the infectious disease tramsthto humans by animals resulting in the inabttitylrink liquids?

Something that has been refused, deemed uselatiscarded as worthless has been what?
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abuse
accident
afraid
anger
assault
bankrupt
betray
bomb
cancer
crash
iruc
demon
despise
detest
devil
disaster
disloyal
distressed
divorce
drown
fearful
hate
hatred
hostage
humiliate
insult
killer
leprosy
aeuer
mutilate
nightmare
pain
poison
pollute
rabies

rejected



What is another term for the butt of a marijuargacette?

The killing or butchering of animals for food isalknown as what?

A human being who is owned as property by anothdriscompletely subject to their will is knownwakat?

Mental or physical tension or strain is also knasgnwvhat?

To kill someone or something by cutting off the glypof oxygen to the lungs or gills is known as wha
What is another word for very bad, unpleasantxtreene?

Someone who is frightened greatly could also beé tebe what?

Who is someone who uses violence, force, or thtealemoralize and intimidate people?

What is another name for someone who steals?

The act of inflicting severe mental or physicalmp@ force information or confession is also knaxgnwhat?

If something is poisonous or harmful to the envinemt or living creatures it is said to be what?
What is the name of a serious play that typicadlsld with the problems of a central character?
A painful emotion experience, often causing a taspisychological effect, is known as what?
Someone who is disturbed, worried, or experienanegtal discomfort is said to be what?

A mass of new tissue growth independent of itsasumd structures is known as what?

What is the name of an open sore on the lining@stomach?

To be guilty of adultery is also known as being t¢ha

A person who suffers some loss or crime againsh tisealso known as what?

someone who acts with great physical force so aguce or destroy is said to be what?

What is another name for an armed battle or cdrfiitween two factions?

Neutral List

Someone who is overly willing to start a fight oq@arrel could be called what?

What is the term for someone who is not a legéaeit of a given country or region?

What is term for sports, games, or activities reggiphysical activity?

What is the name for a method of cooking food Hyjestting it to dry heat in an oven?

What is another name for a liquid made for drinkitiger than water?

What is the name of a large piece of artillery camiy used in the Civil war?

A high steep face of a rock, especially on the gaagnown as what?

Someone who lacks grace or skill and is awkward ttieir hands and feet could be called what?
What is the term used for a temperature much |dkar that of the human body?

To collect or focus one's thoughts or efforts isldovhat?

What is the name of everything that can be insfdeaontainer?

Someone who is eager to learn or know could bedahat?

A usual practice of behaving in a given culturkriswn as what?

Someone who is openly and boldly resistant to seimgtcould be called what?

What is the name of a person whose primary prajassithe care of teeth and surrounding tissues?
What is the name of a person who is licensed tctipeathe healing arts?

A material made by combining fibers through mearchsas weaving is known as what?
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roach
slaughter
slave
stress
suffocate
terrible
terrified
terrorist
thief
torture
idox
ettag
trauma
troubled
tumor
ulcer
unfaithful
victim
violent

war

aggressive
alien
athletics
bake
beverage
cannon
cliff
clumsy
cold
concentrate
contents
curious
custom
defiant
ntistle
doctor

fabric



The whitish mass of bubbles on or in liquids duagddation is called what?

What is the name of a tool used for pounding ugda#itened at one end of a wooden stick?
A large bird of prey characterized by short round&gs, a hooked beak, and claws is a what?
What is a word meaning to keep secret or out d¢ft8ig

Any public road freely open to anyone is known aghat?

Institution where the ill, infirmed, orphaned, anflred receive rest and care is a what?
What is the name of a thin oil distilled petroleused as a fuel or illuminant?

A story handed down by generations believed to lesavistorical basis is known as what?
What is the name of a large powerful member ofcéitfamily often found in Africa?

The science of diagnosing, treating, and curingm@eslenting disease is called what?

What is the power, act, or process of bringing tedhevents previously experienced?
Something that is remarkable large, strong, andepfolvmight be said to be what?

What is the term that means an act or tendencgrioyaor vex with playful tricks?

What is a word used to describe someone who issteopg and well-built?

To be completely bare, unclothed, or uncovered [setwhat?

What is the name of something that makes more sthardis normal or customary?

The state of being overly focused on a particilaught, person, or item is known as what?
A narrow alley, tunnel, hall, or corridor meant foavel is known as what?

What is the name of a person who loyally or zedjoleses their own country?

What is the name of a carpenter’s tool used foviglgea wood surface to make it level?
What is the name for a sharp-edge cutting instrdmeed for shearing or cutting off all hair?
The state of being uneven, bumpy, abrasive, orymight be called what?

The act of greeting with a friendly and ceremougiedture is known as what?

What is the name of a smoothbore gun used fogfisimall metal pellets at a short range?
What is another name for a very tall building?

Something that is even and level surface with nghoess or projections is said to be what?
What is the name of an atmospheric disturbancellysa@ompanied by high wind and rain?
What is another term for a wet spongy piece of lidtela marsh or a bog?

If someone is capable of moving with great speetiagility, they may be said to be what?
What is it called when you purposefully meddle vatimething so as to damage it?

What is the term that means to experience the iflafyeomething?

To harass or make fun of by constantly annoyingaking playful fun at someone is to do what?
What is the name for a brass instrument with araione and only three keys?

A large reinforced box for carrying a traveler'sthing and possessions is known as what?
What is the name of a vent in the earth's crusuin which molten lava flows?

A relatively long journey or passage by water goddnown as what?

What is the feeling of awe, astonishment, or adivinadue to something unexpected and strange?
What is the name of person whose occupation igingeavorks for publication?

Gold, butter, and lemons might all be said to batgarticular hue?
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foam
hammer
hawk
hide
highway
hospital
kerosene
legend
lion
medicine
memory
mighty
mischief
muscular
naked
noisy
obsession
passage
patriot
plane
razor
rough
salute
shotgun
skyscraper
smooth
storm
swamp
swift
tamper
taste
tease
trumpet
trunk
volcano
voyage
wonde
writer

yellow



Appendix H . Descriptive statistics for incidental partial retrieval in Expemt 3.

Mean Proportion of Incidental Partial Retrieval
by Study Status and Emotion for Experiment 3.

Studied Nonstudied

(Emotion) Mean D) Mean §D)
Neutral .0%.04) .07(.05)
Emotional .09.06) .10(.06)

Mean Recognition Ratings for Incidental
Partial Retrieval by Study Status and Emotion
for Experiment 3.

Studied Nonstudied

(Emotion) Mean D) Mean $D)

Netural 3.972.52) 2.99(2.31)

Emotional 5.012.44) 3.69(2.28)
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Appendix |. Mean recognition ratings for partial retrieval in Experiment 3.

Mean Recognition Ratings for Partial Retrieval
by Study Status and Emotion for Experiment 3.

Studied Nonstudied

(Emotion) Mean D) Mean $D)

Netural 3.942.18)  2.93(2.19)

Emotional 5.112.75) 3.53(1.80)
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