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Meagan O’Neill
ABSTRACT
Successful episodic recollection occurs when an event properly binds with its context.
Source misattribution demonstrates incorrect binding of a memory with its contextual
information. By contrast, false memories are memories of events that did not occur. Although
theoretically they should not be bound with contextual information, often, false memories are
accompanied by contextual information. This phenomenon is known as content borrowing. This
thesis project examined the differences between the two contextual memory errors. The DRM
paradigm was used to induce both source misattributions and content borrowing. This allowed
the neural differences between the two to be directly tested. No differences were found between
source misattribution and content borrowing. However, false memories with content borrowing
showed different neural activations from true memory with correct source, true memory with
incorrect source, and correct rejection. This suggests that false memories and source
misattributions may represent similar errors in memory that rely on gist memory traces.
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Source Memory Failures: Comparing Source Misattribution to Sources of False Memories
Introduction
Episodic memory is the process of remembering experienced incidents, as well as their
relations to each other. One example of an episodic memory is remembering that in fifth grade,
on Flag Day, my elementary school gave us American flags and we marched around the
elementary school while “America, the Beautiful” played. The memory event is marching
around the school and the context includes the knowledge that it was Flag Day, music was
playing, and I marched next to my best friend. Context for a memory event includes information
that anchors an event in time or place (Graf & Mandler, 1984). The described event of marching
around my school includes both a time element (fifth grade), as well as place information (my
particular elementary school). Contextual information is not always retrieved when an item is
recognized (Spenser and Raz, 1995). Without this contextual information, participants may judge
relative familiarity of an event, rather than recollect the event. For instance, the Flag Day event
described above includes contextual details and therefore would be classified as recollection.
False memories can be described generally as an event that did not occur, but which one
remembers as if it occurred. Such false memories may appear distinct and vivid to the individual
(Loftus, 2012). False memories can be intentionally induced as demonstrated by studies in
which participants were led to believe that they were lost in a mall (Loftus & Pickrell, 1995),
rode in a hot air balloon (Wade et al., 2002), or were part of a “serious medical procedure”
during childhood (Porter, Yuille & Lehman, 1999). Such experiments often involve multiple
sessions and slowly introducing the memory until one not only recognizes the memory but also
can vividly recall its details (Loftus & Pickrell, 1995). False memories can also be induced with
comparatively minor manipulations. For example, similarity between words on a study list can
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induce false memory for a related, but unstudied word. Thus, the more semantically related a
studied item and an unstudied item are, the more likely a participant will accept the unstudied
item as a studied item. Deese detected that participants made predictable false responses during
free recall tasks (1959). These so-called “extra-list intrusions,” or false memories, occurred
during his studies of semantically related word lists. This occurred during an immediate free
recall task, where typically people are unlikely to recall unstudied items. Roediger and
McDermott advanced Deese’s findings by examining recognition responses and association
strength.
The purpose of this thesis project is to investigate whether contextual information can be
retrieved with false memories and if so, how the contextual information becomes linked to the
falsely remembered item. Additionally, the project compared contextual information associated
with false memories to contextual information incorrectly associated with true memories (i.e.
source misattribution errors) within the same study paradigm. Although source misattributions
are related to false memories, they are generally considered true memories because the item
information is correctly retrieved even though the context information is inaccurate. Source
misattribution occurs when a participant confuses contextual information from one study event
with the contextual information of another study event.
The following review explains how correct contextual information is recalled with
item/event information. Then it explains how false memories occur, particularly in the paradigm
developed by Deese, Roediger and McDermott, which uses semantically-related words to induce
false memories (DRM paradigm). This thesis also discusses the relationship between source
misattributions and contextual retrieval with false memories. All of this is accompanied with
information describing brain regions associated with these processes. Based off these,
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hypotheses and an experiment design are proposed. Results are presented and their implications
are discussed.
How is contextual information encoded and retrieved?
In order to understand how false memories and source misattributions occur, it is
important to see how memory processes operate when information is correctly retrieved. The
Binding of Item and Context (BIC) theory proposes how the brain encodes and retrieves such
information (Diana, Yonelinas, & Ranganath, 2007). The theory postulates that contextual
information is processed within the parahippocampal cortex (PHc), while item information is
processed within the perirhinal cortex (PRc). These two types of information are then associated
through hippocampal processing, which creates a unified representation of an event (Diana et al.,
2007).
BIC theory has been supported by studies using the remember/know paradigm (Tulving,
1985) to identify the neural activation involved in both recollection and familiarity processes
(Yonelinas et al., 2005). In the remember/know paradigm, participants are instructed to make a
“remember” response if contextual details can be recalled for an item (such as what time point
the item appeared at during study). If an item or event seems familiar, but no contextual
information accompanies the memory, the participant is instructed to make a “know” response.
Remember responses should therefore only occur when contextual information about the study
experience is retrieved. Remember judgments, indicating context retrieval, are associated with
higher activation in the hippocampus and the PHc (Yonelinas et al., 2005). Know judgments,
indicating a lack of context retrieval, are associated with activation changes in PRc (Diana,
Yonelinas & Ranganath, 2007). Remember/Know judgments, and the cognitive processes that
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they reflect: recollection and familiarity respectively, are therefore associated with distinct brain
regions.
Findings from studies of source memory judgments also support the predictions of the
BIC theory but do not rely on subjective report like the Remember/Know paradigm. In
Ranganath and colleagues’ study (2004), participants were shown words with two different
contextual details (color as well as the encoding question that accompanied the word).
Following the encoding phase, participants were instructed to recall the color and question that
were presented with the word. This study supported the theory that memory for context
information is neurally dissociable from memory in the absence of context information. Higher
PRc and lower hippocampal activations were observed on trials where participants could not
retrieve source information as compared to trials on which source information was correctly
retrieved. However, when source information was recollected with the item, activation was
higher in the hippocampus as well as the parahippocampal cortex (Ranganath et al., 2004). BIC
theory provides a framework for how context and events interact typically; however, false
memories and source misattributions are two situations that have no predictions within the
theory.
How do false memories arise?
Although early philosophers noted inconsistencies in memory, Deese is credited with the
first false memory study (1959). Within Deese’s study, participants were asked to memorize a
twelve item list of semantically related words. Immediately after studying the lists, the
participants were asked to say aloud the items that they could remember. Deese cleverly devised
these lists, so that all of the semantically related words were highly associated with the same
unstudied word, which was later named the critical lure. Follow-up studies using a free
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association task measured the likelihood that the critical lure would be produced as an associate
of each list item (Roediger, Watson, McDermott & Gall, 2001). The likelihood of producing the
critical lure from a given list item, the backwards association strength (BAS), was the strongest
predictor of the false memory rate for the unseen critical lure. Deese’s participants recalled the
critical lures 24.2% of the time (1959). An example of a list that Deese presented to participants
is “nurse, sick, lawyer, medicine, health, hospital, dentist, physician, ill, patient, stethoscope and
surgeon”. The unseen critical lure for this list is “doctor”. Doctor is the critical lure because
each of the items on the list is strongly associated with it but the word itself was not one of the
studied items. In the case of this list, lawyer is an example of an item that could not be a critical
lure, because it is not related to each member of the list. On the other hand, physician is a list
item that could be used as a critical lure, as it is related to each member of the list. Recognition
tasks using the DRM paradigm find that unseen critical lures are incorrectly recognized at an
average rate of 59.3% when given as a choice, as opposed to the average of 24.2% in a free recall
task (Roediger, Watson, McDermott & Gall, 2001). For some lists, up to 80% of participants
accepted the unseen critical lure.
Many theories have emerged to explain why false memories are robust in the DRM
paradigm. The most prominent theory was developed within the neuroscience community and
involves associative spreading (Roediger, Balota & Watson, 2001). Associative spreading is
thought to occur when each of the semantically related items on the list are studied. Because of
the backward-association strength between the list items and the critical lure, activation of the
list items is likely to spread to the critical lure and therefore activate its semantic representation.
Thus, when one encodes “hospital”, the meaning is extracted automatically and this meaning
neurally activates related words, such as “bed, doctor, sick, illness and nurse." The stronger the
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association between the two words, the more likely the other word will be activated in the one’s
mind. When memorizing a DRM list, each word on the list theoretically produces some
activation of the unseen critical lure. The stronger the BAS of the individual list item, the more
activation occurs, as the BAS measures to which degree the list word drives retrieval of the
critical lure.
The activation of a word due to associative spreading could lead the participant to believe
that the word was studied, rather than self generated. This likelihood increases when an
unstudied word is activated repeatedly in response to a series of associated items as on a DRM
list. The repeated activation of the unstudied word is seen during retrieval, as the critical lure
shows neural activation more similar to the list words than an unrelated, unstudied word (Dennis,
Bowman & Vandekar, 2012). If the spreading does not occur, like when a participant does not
recognize the meaning of a list item or when not enough related items are shown, the critical lure
cannot be recognized and therefore a false memory does not occur. Multiple list items need to be
shown, since it is not guaranteed that the spreading will occur on the critical lure; however, due
to the fact the list items are chosen such that they are so strongly related to the critical lure, it is
high likely that this spreading occurs during list presentation. Although the DRM manipulation
itself is robust, false recognition of the critical lure is increased when the individual lists are
presented in blocks with the highly related words grouped together (Bui et al., 2013). By
presenting DRM lists in a block, the participant may spread activation to critical lures while the
other related members of the list are present. For example, while studying of the word “nurse”,
the word doctor may be activated; however, if a participant studies “nurse” and “physician” the
word doctor is more likely to be activated. Each item of the list then leads to stronger activation
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spreading to critical lures, as the critical lures are related to all the words that appear
sequentially.
A second potential mechanism for false memories in the DRM paradigm is based on the
idea that both surface features (information about the word that is not semantic in nature, such as
word length, part of speech, and font) and general meanings (such as definitions) are extracted
from each study event but are stored separately. These extractions serve as two different
representations for the same event (Reyna & Brainerd, 1995). The general meaning of the
studied event is known as a gist trace, while the details of the studied item are known as verbatim
trace. During retrieval, both representations or a single representation can be retrieved. Because
the representations are independent from each other, they may also be forgotten at different rates.
In fact, studies have supported that gist traces may be recalled more quickly and fade slower than
surface features (Brainerd, Reyna, & Brandse, 1995). For example, while studying "doctor,”
rather than recalling the word doctor specifically, one may recall the gist of the word only. The
participant may recall that it was a professional, who wears a white lab coat and cares for others.
These traces typically contribute to correct recognition of studied events. However, they can
also lead to an acceptance of similar events that did not occur. Using the previous example, the
participant may recall studying "nurse" rather than “doctor." According to “fuzzy-trace” theory,
false memories occur due to the similarity between the falsely retrieved item and the gist trace
(Renya & Brainerd, 1995).
Source Misattribution versus Content Borrowing
Like false memories, source misattributions involve retrieval of incorrect information.
Rather than item information, source misattributions are related to incorrectly recalling the
context. Furthermore, it has been suggested that correct context retrieval is dissociable from
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incorrect context retrieval. For example, Gershman and colleagues (2013) found that neural
activity during study could predict subsequent source misattribution errors. In this experiment,
participants studied two different lists of words for later retrieval. List 1's contextual information
(pictures of buildings) was interleaved with the items. List 2 was studied in a separate session in
the fMRI without specific contextual information (no building scenes). During the second study
session, participants were asked to recall what they had done in the first session, specifically the
context of the building scenes. Then they went on to study List 2. During a memory test on both
lists two days later, increased activation of parahippocampal place area (PPA), which indicates
processing of scenes and buildings, predicted the incorrect attribution of List 2 items (buildings
were not presented) to List 1 (buildings were presented). Specifically, it was suggested that PPA
activation during study of List 2 items (which was also scanned) created incorrect source
memory for List 1’s context.

Previous studies have also shown similar source misattribution

during auditory stimuli (Hicks & Marsh, 2001), as well as suggestive questioning (Zaragoza &
Lane, 1994).
Source misattributions have also been studied through real-world creations of false
memories. St Jacques and colleagues had participants take a tour of a museum while wearing
recording devices (2013). The experimenters created different, but similar, paths through the
museum and half the participants walked through each path. The participants were scanned 2
days later and rated how well they could relive seeing the displays that were recorded during
their tour (session 1). However, interleaved with judgments about the displays they experienced,
they were shown displays from the alternate tour and asked how similar these displays were to
the ones they had seen on the tour. The participants were then brought back an additional 2 days
later and given a recognition task that included both objects from the original tour and the
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alternate tour (session 2). If, during session 1, participants had been shown the alternate tour
image immediately following an image that was rated as “strongly relived”, participants were
more likely to later believe incorrectly that the alternate tour image was seen in person.
Surprisingly, during session 2, they found more activation in areas associated with memory
retrieval, including the posterior parietal cortex, retrosplenial cortex, the ventromedial prefrontal
cortex (PFC), anterior hippocampus, and the posterior parahippocampal cortex for the false
memories (displays not seen during the museum tour) as compared to the true memories
(displays seen during the museum tour). True memories were dissociable from false memories
with higher activation in the posterior cingulate cortex and the rostral medial PFC.
Content borrowing differs from source misattribution in that the item being retrieved is
falsely remembered and associated with contextual information. Thus, in addition to source or
context information being incorrectly retrieved for some studied items, context information is
also sometimes assigned to items that were not studied at all. False recollection is a “remember”
judgment made to an item not studied by the participant. Because there is no study session
associated with the item, there was no opportunity to encode contextual details for the false
memory. However, during tests of the DRM paradigm, an average of 22% of the critical lures
are accompanied by “remember” judgments (Lyle & Johnson, 2006). These “remember”
judgments for unstudied words show similar confidence levels to “remember” judgments for
studied words.
Previous research in context retrieval with false memories suggests that context can be
“borrowed” from a studied item that is related to the unstudied item. Participants have assigned
contextual details to these false memories that include the modality in which a lure was
presented and personal reactions to the presented word (for a review, see Gallo & Roediger,
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2003). When forced to choose the modality of an unstudied word, the modality of the related list
is often chosen over another modality. Longer lists make participants more willing to accept the
context of the related critical lure as that of the list as it allows more neural activation of the
critical lure during study (Gallo & Roediger, 2003).
Content borrowing, is seen in DRM studies that test context retrieval (Lampinen et al.,
2005). Lampinen and colleagues encouraged participants to think aloud during encoding of the
DRM lists and then later during retrieval. If the critical lure, presented during test, led the
participant to mention actual details that they had spoken during the study phase, the coders
determined that content borrowing occurred. Fifty eight percent of critical lures were incorrectly
identified as studied items, 21% of these showed content borrowing, indicating that context
information was retrieved from related studied items and associated with the unstudied critical
lure, while an additional 13% showed signs of probable content borrowing (details that were
related to something the participant stated during study, but could not be conclusively tied to
study).
The current study extends Lampinen and colleague’s results. It inspects the source
responses to the false memories in terms of the related list’s source information. Furthermore, it
expands the understanding of source misattribution by providing participants with contrasting
information and compares how participants process content borrowing compared to source
misattribution. Furthermore, it also investigates the brain regions associated with retrieval of
falsely recollected context information and source misattribution when it conflicts with actual
source information.
Neural basis of source misattribution and content borrowing
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Brain activation may distinguish between true and false memories (for a review, see
Loftus, 2012). Sensory areas are one of the primary brain regions that distinguish between true
and false memories. In the case of visual stimuli, true memories activate the occipital lobe more
strongly than false memories. The same effect is seen with auditory stimuli in that primary
auditory cortex is more active for true memories than false memories (Loftus, 2012). It is
hypothesized that this difference is due to true stimuli evoking processing in these brain regions
during encoding while the false memory do not evoke sensory processing because the stimuli
was not presented in a sensory modality, but rather was internally generated.
Although Dennis and colleagues did not use the DRM paradigm, their study provides
guidelines for areas of interest during false recognition (2012). The test phase consisted of
studied items, items that were related but not seen during study phase, and unrelated items. The
stimuli used included pictures that represented a category. For example, one list of studied items
included pictures of cats, while the related unseen items were pictures of cats that were not
studied. The results indicated that the anterior cingulate cortex, the right superior parietal lobe,
and the bilateral parahippocampal gyrus showed similar activations for studied items and related
lures. However, the right early visual cortex and the right hippocampus showed increased
activation during true recollection versus false recollection (Dennis, Bowman & Vandekar,
2012). The increased hippocampal activation could be indicative of accurate retrieval of the
event itself, including the binding between the item and contextual information. According to
BIC theory, the hippocampus would be necessary to bind that information during encoding, and
thus would be vital to retrieval of correct information, but not incorrect information. The related
lures were never “bound” to the context of the study phase, since they were not actually seen and

!

! 11!

!
therefore retrieval of this context would involve PHc but not hippocampus. This result can be
supported in the current study and thus the hippocampus was of particular importance.
Additional studies found further regions of interest for false memories. In a DRM-like
paradigm, it was found that the MTL was crucial to differences in true versus false memories
(Kim & Cabeza, 2007). They hypothesized that the prefrontal cortex, medial temporal lobe, and
sensory-perceptual cortex would be more active for true memories than false memories.
Participants studied lists of words from the same category. During the test, participants were
instructed to make judgments as to whether a test probe was studied, related but not studied, or
new with confidence ratings. Related words were rated as old more often than new words, in
both “sure” and “unsure” categories. However, related words also received more “unsure” old
ratings than true memories. Neurally, three findings were reported: ventrolateral PFC regions
were associated with both true and false memories, left MTL and early visual regions were more
active for true memories than false memories (Kim & Cabeza, 2007).
Several studies on source misattribution have used fMRI techniques; for the predictions
of this experiment, these studies will be examined for hypotheses. The medial temporal lobe
(MTL) has been implicated in source memory. Those with damage to the MTL show reduced
memory for item information, as well as increased source misattribution (Gold et al., 2006).
When source information is remembered incorrectly, there is less activation within the
hippocampus than when correct contextual details are recalled (Mitchell & Johnson, 2009).
Source misattribution has also been associated with increased activation within the perirhinal
cortex compared to correct source judgments. When directly asked source information,
participants show less left entorhinal cortex activity if source misattribution is present (Gold et
al., 2006). These results were examined to make predictions for source misattributions.

!

! 12!

!
Current Study
False memories and source misattribution are vital to understanding memory processes.
Although several studies have examined these memory failures, no study has compared these
errors directly. For the current thesis project, the DRM paradigm was used to induce false
memories within subjects. Source information was provided to participants in the form of
background colors of the list words. Participants were asked to make source memory decisions
(“What was the background color of this word?”) to all words identified as studied, including
critical lures. A new manipulation was developed such that a subset of critical lures were shown
to participants during the study phase, as opposed to typical critical lures, which are not studied.
These seen critical lures were presented as part of an unrelated list of words with a background
color different from the semantically related list words. These studied critical lures were
examined to compare source misattribution to content borrowing. The proposed design allows
for the direct comparison of these memory errors, as both are created through the same
technique.
Participants studied 110 lists of words on one of four background colors. Of the lists, 70
lists were semantically related (54 DRM lists and 16 newly-created DRM lists) and 40 were
unrelated words. The 40 unrelated word lists always contained a critical lure as one of the
words. This allowed for the direct comparison of source misattributions and content borrowing.
During retrieval, participants were asked to make old or new judgments to seen critical lures,
seen list items, seen unrelated items, unseen critical lures, and unseen new items. If the
participant made an old judgment, they were prompted with a color decision. The participant
was asked to recall with which of the four background colors the word was studied. Specifically,
source misattributions were created when participants identified the related list background color
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as the studied critical lure’s context. However, content borrowing was created when participants
falsely identified critical lures as studied with the related list’s background color. This thesis
allowed for the examination of brain correlates of contextual memory failures through fMRI
techniques.
Hypotheses
1.

Behaviorally, participants will exhibit content borrowing, such that they will be more
likely to identify the background color for unstudied critical lures as the color that
was presented with the related list than any of the alternate colors.

2.

Participants will misattribute the source for studied critical lures, such that they will
be equally likely to choose the background color of the related list as to choose the
actual background color for that word.

3.

Hippocampal activation will be greater for correct binding of item and source than for
either source misattribution or content borrowing.

4.

Correctly identifying context for studied critical lures will show stronger activation in
the posterior cingulate cortex, left entorhinal cortex, and the rostral medial PFC than
source misattribution (identifying related-list context).

Method
Behavioral Participants
Behavioral pilot participants were 43 students enrolled in psychology courses at Virginia
Tech. They were recruited from the SONA system. All participants were compensated with a
SONA point or $10 for their time. The demographic distribution was as follows: 86%
Caucasian, 9.3% Asian, 4.7% African American. Participants were 58% male and 42% female.
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FMRI Participants
The participants in the fMRI experiment were 25 students at Virginia Tech. They were
recruited through the lab’s database of eligible fMRI participants. All participants were
compensated with $75 for their time. The demographic distribution was as follows: 74%
Caucasian, 10% Asian, 12% African American, 4% Hispanic. Participants were 32% male and
68% female.
Conditions
Stimuli included 54 lists of strongly semantically related words, measured by backward
association strength, from the DRM paradigm (Roediger, Watson, McDermott & Gallo, 2001)
and 16 additional lists of semantically-related words developed by the experimenter and modeled
after the existing DRM lists. In addition, 40 lists of “filler” words were created such that none of
the words within a list were semantically related. 30 DRM lists were randomly assigned to the
unstudied critical lure condition such that the critical lure associated with these lists was only
presented at test and not during the study phase. 40 DRM lists were randomly assigned to the
studied critical lure condition such that the critical lure associated with these lists was presented
as one of the items on a filler list of unrelated words. Thus each studied critical lure was in fact
seen during the study phase but on a different background color than the list to which it was
semantically related. At test, participants were presented with studied items from the DRM lists,
unstudied critical lures, studied critical lures that were presented as part of a filler list, filler items
that were unrelated to any DRM list, and new items that were neither studied nor related to any
DRM lists. For a schematic view of these conditions, see Figure 1.
Behavioral Procedure
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During study session, the participants viewed each word for 2.8 seconds on one of four
background colors. They were asked to judge how well the background color matched the word
and press 1 through 5 on the keyboard to indicate this judgment. This encoding task was chosen
to assure the participant paid attention to the words, as well as the color. After the 2.8 second
study period, a crosshair appeared in the center of the screen for 250 milliseconds before the next
word was displayed. All lists were blocked. That is, all seven items from a single list were
presented sequentially and with the same background color. The order of the seven words within
the list was randomized across participants. The location of the studied critical lure within each
filler list was also random. The order that the lists were shown was randomized across
participants.
The testing phase consisted of 185 words. Each participant was tested on all 70 of the
critical lures, (40 seen critical lures and 30 unseen critical lures) 20 DRM list items, filler items
and 80 unstudied words. A single word was presented to the participant on each trial. The word
was printed in white on a black background with Times New Roman size 75 font. The
participant was given 2 seconds to respond to each word. They were directed to press 1 through 4
on the keyboard, “1” if they were sure that they saw the word; “2” if they were unsure, but
thought they saw the word; “3” if they were unsure, but thought they did not see the word; “4” if
they were sure they did not see the word.

If a “new” decision was given (3 or 4 on the

keyboard) or no response was made, a crosshair appeared for 250 milliseconds (msec) before the
next item was displayed. If an “old” decision was given (1 or 2 on the keyboard), the participant
was immediately prompted for a color decision. A screen appeared with 4 numbered boxes in
the 4 possible background colors. The numbers 5, 6, 7, and 8 were used on the number pad of the
keypad to represent the 4 colors. Participants were required to choose a color and instructed to
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indicate the background color that seemed most familiar if they could not recollect the
background color. The participants were asked to respond as quickly, but also as accurately as
possible. The participants’ responses to the word, responses to the color, and latency were
recorded.
FMRI Procedure
The study phase was similar to the behavioral procedure. However, the number of
critical lures was increased from 70 to 90. For 20 DRM lists, a second critical lure was created
such that it had a strong semantic relation to each item on the DRM list. These second critical
lures allowed us to increase the number of trials in the unstudied critical lure conditions without
increasing the number of lists. Undergraduate participants verified the words and showed critical
lure acceptance rates similar to DRM lists. The verification process involved a classroom of 55
students studying the DRM lists. They then performed a written new/old recognition task,
including the critical lures, as well as the second critical lures. The second critical lures were
accepted as studied items. The test phase was also adjusted to maximize the likelihood of
modeling the complete BOLD response. Intertrial interval was determined using optseq’s
program’s optimization simulation with a range between 2 and 6 seconds and an average of 4
seconds (http://surfer.nmr.mgh.harvard.edu/optseq/). During the test phase, fMRI data was
recorded. Participants were excluded from the experiment for an inability to meet safety
requirements, such as metal implants in body, inability or unwillingness to remove metal
jewelry, face tattoos, neck tattoos, or previous experience working with metal without safety
goggles. Participants held two button boxes in the scanner. They were instructed to press the
left button box for word recognition and the right button box for color decisions. The
participants were instructed to press the left top button when they were sure they saw the word,
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the next button down if they were unsure, but thought they saw the word, the next button down if
they were unsure, but thought they did not see the word and the bottom button if they were sure
they did not see the word. Participants had two seconds to make their decision before the color
choice screen appeared. If participants pressed the bottom two buttons (they did not think they
saw the word) during the word decision, they were instructed not to respond during the color
decision. If the participant pressed the top two buttons (they did think they saw the word), they
were instructed to press the color button corresponding to their color choice. During color
decisions, four boxes of color corresponding to the four buttons appeared on the screen to remind
them the order of the buttons. This decision screen also lasted 2 seconds. See Figure 2 for a
schematic of the trial design.
MRI data was acquired at the Virginia Tech Corporate Research Center using a 3T
Siemens Trio scanner equipped with a 12-channel phased array head coil. Prescreening
interviews ensured safety in the scanner and headphones were provided to attenuate acoustic
noise from the scanner. Padding and adjustable head restraints were used to minimize head
motion. Functional data was obtained with a gradient echoplanar imaging (EPI) sequence
(repetition time/TR, 2000 ms; echo time/TE, 25 ms; field of view, 220); each volume had 36
axial slices, with a thickness of 3.4 mm and no interslice gap, resulting in a voxel size of 3.4 X
3.4 X 3.4 mm. Additionally, T1-weighted images coplanar with the EPIs were acquired using an
MPRAGE sequence (field of view, 243; voxel size = 1 X 1 X 1 mm; number of slices = 192).
Preprocessing was performed using Statistical Parametric Mapping (SPM8) software. EPI data
was slice-time corrected with sinc interpolation to account for timing differences in acquisition
of adjacent slices. The data was then realigned using a six-parameter, rigid-body transformation.
Following realignment, the high-resolution structural image for each participant was coregistered
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to the mean EPI image for that participant. The unified segmentation tool in SPM8 was run on
the high-resolution structural image to calculate normalization parameters for each participant.
The normalization parameters calculated during segmentation were applied to the EPI images,
which was then resliced into 3-mm isotropic voxels. Finally, the images were spatially smoothed
with an 8-mm full-width at half-maximum Gaussian filter.
I conducted general linear modeling analyses of the fMRI data from the test trials with
SPM8. All items were sorted as previously described and demonstrated in Figure 1. The primary
conditions of interest were identified as seen critical lures with a correct background color
decision, seen critical lures with a related-list background color decision, and unseen critical
lures responded to as seen with a related-list background color decision. Outliers were identified
in the data using the Artifact Detection Tools (http://gablab.mit.edu/index.php/software) in
SPM8, with thresholds for global signal intensity (z = 5), translational movement (.5 mm), and
rotational movement (0.05 rad). The outlier TRs were modeled as covariates of no interest. The
overall alpha level was p < .05 which was achieved from a combination of p thresholds and
cluster thresholds. Cluster thresholds were determined by Monte Carlo simulations, as
implemented in the 3dClustSim program in the AFNI software package (Cox, 1996). The
simulations were based on anatomical masks of MTL areas.
Results
Behavioral Results
Out of the 55 behavioral participants, 49 were included in the analysis. Three
participants were excluded for rejecting all unseen critical lures, one was excluded for not
following directions, one was excluded for computer malfunction, and one was excluded for
responding “new” to each item presented during test phase. See Table 1 for a summary of
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results. The overall accuracy of the words (new versus old) was 74%. The overall accuracy of
contextual information was 36.2%, which is significantly greater than chance of 25% (4 possible
color decisions), t(48) = 6.21, p <.001. Participants chose the correct source information for seen
critical lures at about chance (26.9%), t(48) = 1.00, p = .321. Participants chose the semantically
related list background color for seen critical lures 31.5% of the trials (t(48) = 3.96, p <.005
when compared to chance). Unseen critical lures were accepted 37.1% of the time. Of those, the
semantically related list’s background color was chosen 39.4% of the time (t(48) = 4.58, p < .001
compared to chance).
FMRI Behavioral Results
Of the 25 fMRI experiment participants, 15 were included in the analysis. Two were
excluded for data transferring issues, 2 were excluded for extreme movement, 1 excluded for
malfunctioning button box, and 5 were excluded due to low trial numbers in the false memory
conditions (4 or fewer critical lures identified as “old”). The participants with low acceptance of
false memories did not have enough fMRI data to analyze. See Table 1 for a summary of data.
The overall accuracy of the words (new versus old) was 66.5%. The overall accuracy of
contextual information was 37.4% (t(14) = 7.78, p <.001). Participants chose the correct source
information for seen critical lures 34.6% of the time, t(14) = 3.67, p < .005 (compared to
chance). Participants chose the semantically related list background color for seen critical lures
33.3% (t(14) = 2.68, p > .05, compared to chance). The amount of source misattribution was not
significantly different from the amount of correct context decisions, t(14) = .08, p =.93. 58.3% of
the unseen critical lures were accepted and 43.0% of the unseen experimenter created critical
lures were accepted. The semantically related list’s background color was chosen 46.2% of the
time, significantly different from chance, (t(14) = 6.00, p < .001).
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FMRI Analyses
See Figure 3 for activation maps of all discussed contrasts. The first contrast of interest
was a comparison between studied list items with correct source and studied critical lures with
the source misattribution. The studied list items are different from the studied critical lures in
two distinct ways. First, they were all contained within a single list during study. Thus, they
shared the same background color. Second, although they were highly related to the critical lure,
it was not always the case that they were highly related to each other. For example, although
“lawyer” is related to the critical lure “doctor”, it is less related to the list item “hospital”.
However, “lawyer” and “hospital are contained within the same list, as they are both highly
related to the critical lure “doctor”. It was predicted that hippocampal activation should be
greater in studied list items with correct source compared to studied critical lures with source
misattribution. In contrast to the prediction, there was no significantly greater activation in any
brain region for the former contrast. An analysis was conducted on the reverse contrast to
examine brain regions that are more active for studied critical lures with source misattribution
than studied list items with correct source. Seen critical lures with source misattribution showed
greater activation in three clusters: the left inferior parietal lobe, right amygdala, and right
angular gyrus compared to seen list items with correct source decisions.
Also within the hypothesis, it was predicted that hippocampal activation should be
greater in studied list items with correct source compared to unstudied critical lures with content
borrowing. A second contrast was conducted to investigate this prediction. This part of the
hypothesis was also not supported; hippocampal activation did not distinguish between studied
list items with correct source and unstudied critical lures with content borrowing. Instead, there
was an increase in activation in one cluster in the left superior occipital gyrus during seen list
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items with correct source compared to unseen critical lures with content borrowing. An
exploratory analysis with the reverse contrast showed higher activation in five clusters: the left
middle temporal gyrus, left postcentral gyrus, the left posterior cingulate cortex, the cerebellar
vermis and the inferior parietal lobe during unseen critical lure with content borrowing compared
to the seen list items with correct source.
The last hypothesis involved differences between the studied critical lures with correct
context and source misattribution. It was hypothesized that correct context for studied critical
lures would show higher activation in the posterior cingulate cortex, left entorhinal cortex and
the rostral medial PFc than source misattribution. However, the analysis showed no significantly
greater activity during studied critical lures with correct source responses compared to studied
critical lures with source misattribution. A reverse contrast was conducted to examine brain
activity that could dissociate between correct source and source misattribution during seen
critical lures. A single cluster in the left middle frontal gyrus was found to have significantly
higher activation during source misattribution than during correct color decisions.
For full neural results see Table 2. Additional exploratory analyses were conducted to
compare conditions for which no hypothesis was specified. Particularly, the author sought to
examine how unseen critical lures would differ from seen critical lures when created in the same
paradigm. This comparison could explain how source misattributions (seen items with related
list’s source) differ from false memories with content borrowing (unseen items with related list’s
source) directly. No significant differences were found between the two for either the
comparison contrast or the reverse contrast. Second, a comparison was done between true
memories (seen critical lures) with correct source and a false memory (unseen critical lures) with
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content borrowing. Again, no differences were significant between the two conditions, in either
the contrast or the reverse contrast.
Other exploratory analyses were conducted to examine how conditions differed from
incorrect source information and rejected stimuli. Seen critical lures with source misattribution
showed greater activation than seen list items with a incorrect source judgment in clusters
representing the left retrosplenial cortex, left supramarginal, left middle temporal gyrus, left
cingulate gyrus, left postcentral gyrus, left precentral, left posterior hippocampus and right
superior frontal gyrus. Unseen critical lures without content borrowing showed higher activation
in clusters in the left precentral gyrus and the right postcentral gyrus than unseen critical lures
with related list’s background color. Next, correct rejections were examined. Unseen critical
lures that were rejected showed greater activation in right thalamus, left thalamus, left caudate
nucleus, right posterior cingulate cortex, left temporal lobe, left cingulate gyrus, and left
retrosplenial cortex than correct rejections that were not related to lists. However the reverse
contrast showed that correct rejections that were not related to lists showed higher activation in
the right superior parietal lobe than unseen critical lures that were rejected.
Finally, a comparison between seen critical lures with the correct background color and
seen list items with correct background color was examined. Seen list items with correct
background color had significantly higher activation in the left superior parietal lobe and the
right angular gyrus than the seen critical lure with correct background color. There were no
areas that were more active during seen critical lures with correct background color compared to
seen list items with correct background. For full results see Table 2.
Discussion
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The purpose of this thesis project was to investigate whether contextual information can
be retrieved with false memories and if so, how this content borrowing differs from source
misattribution. The DRM paradigm is often used to induce false memories. Although false
memories should not contain contextual details, this study supported contextual details are
recalled during false memory events and that the context is usually borrowed from a related
event. However, this borrowing of related contexts is not limited to false memories, it can occur
for memories that are true (source misattribution). Many functional studies have examined either
source misattribution or false memories (Dennis, Bowman & Vandekar, 2012; Gallo, 2010;
Gershman et al., 2013; Kim & Cabeza, 2007; Mitchell & Johnson, 2009). However, to the
author’s knowledge, the two have not been compared within a single study. The novel task was
unique because it allowed for the direct comparison.. BIC theory postulates how true memories
bind with their correct source, however does not make predictions when either the item or
context is incorrect. Therefore, this study was designed to examine two specific instances of
memory errors.
Behavioral Hypotheses
The first two hypotheses involved behavioral data. Hypothesis 1 was supported. Content
borrowing overwhelmingly occurs for false memories at 38.6% in behavioral pilot and 46.2% in
fMRI scan. This implies that when forced to choose a context for false memories, people recall
related information’s context. Hypothesis 2 was also supported. During both the behavioral and
fMRI experiments, participants were equally likely to choose the related source as the correct
source. Generally speaking, recalled contextual information can be correct or highly related.
This could imply that verbatim and gist memory processes exist in contextual information.
Verbatim traces allow for recall of correct context with an item. Thus, verbatim processes
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distinguish between similar but different contexts. Gist traces, meanwhile, allow for recall of
highly related information. The gist traces would allow for generalization of a context.
However, in this paradigm, gist traces create source misattributions and content borrowing. Gist
and verbatim retrieval compete directly in this experiment, as they are both bound with the
critical lure. This could have created the equal number of correct and related context decisions.
This could also be explained by associative spreading, where during the display of the DRM list,
spreading occurred and led the participant to believe that the word was studied in that context,
rather than self-generated. During recall of the studied critical lures, since spreading occurred
during the study of the DRM list, participants may choose either source. If the spreading during
the DRM list caused activation greater than that of the study of the individual critical lure,
participants recalled the related source. However if a participant had more activation of the
critical lure during the study of the critical lure than the spreading from studying the DRM list,
the participant recalled the correct source.
FMRI Hypotheses
The first brain hypothesis was not supported in this study. Neither the contrast between
correct source decisions and content borrowing or source misattribution exhibited greater
hippocampal activation. Other areas were instead implicated in false memories with content
borrowing. False memories were associated with different patterns of brain activation than
correct retrieval. To the author’s knowledge no other study has done this comparison with
source information. This contrast would be most comparable to studies of true versus false
memories (Loftus, 2012; Dennis, Bowman & Vandekar, 2012; Kim & Cabeza, 2007).
Compared to true memories with correct source (seen list items accepted with correct
background color), false memories with content borrowing (unseen critical lure accepted with
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related list’s background color) showed higher activation in the left postcentral gyrus, left
posterior cingulate cortex, and right inferior parietal lobe. All are areas implicated during
imagining (Ledoux et al., 2013) or updating information (Grande et al., 2012; Weiss et al., 2007).
This finding shows that false memories are a result of an active manipulation of memory.
However, the increase of activation of the left supramarginal gyrus seen with false memories has
previously been negatively correlated with associative retrieval performance (Mondadori et al.,
2007). This region should be further examined for ability to discriminate between true and false
memories. Also, correct memory showed more activation in the left calcarine sulcus, an area in
the primary visual cortex. The early areas of the visual cortex are more active during retrieval of
seen stimuli than that of falsely retrieved stimuli (for a review, see Loftus, 2012). This particular
region of the early visual cortex was also implicated in real events versus imagined events
(Summerfield, Hassabis, & Maguire, 2009). This study did not find hippocampal activation
differences between true and false memories, as previous studies have (Dennis, Bowman &
Vandekar, 2012; Kim & Cabeza, 2007). This may be due to the fact that participants were asked
to recall contextual information, as well as item information even for false memories. The
previous studies only required participants to recall specifically the item, which may not have
required recollection during false memories.
The fourth hypothesis was also not supported in this study. Even though the
hypothesized areas were not more activated in this contrast, source misattribution was neurally
separable from correct retrieval of item and context. This is similar to the contrasts previously
done by Gershman and colleagues and St. Jacques and colleagues (2013). During source
misattribution (seen critical lures accepted with related list’s background color), there was
greater activation in the left inferior parietal lobe, an area that has been previously implicated
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with correct word but incorrect source information (Ragland et al., 2006) as well as working
memory versus long term memory (Ranganath, Johnson, D’Esposito, 2003). This finding
indicates that source misattribution involves manipulation of original information in the
participant’s memory. The right angular gyrus’ greater activation during source misattribution
has also been found during relationship judgments and integration of information and concept
(Gutchess et al., 2010). Again, this further supports that source misattribution is not simply
incorrect retrieval but could reflect additional processes of the critical lure by the participant.
Participants may be reconstructing their memory during retrieval such that the critical lure is
bound to the related list. This automatic reconstruction then allows for the critical lure to be
retrieved as part of the list. To further support this idea, during source misattribution (seen
critical lure with related list’s background color) versus critical lure correct background retrieval,
more activation was seen in the right middle frontal gyrus. This area is also more activated
during difficult recognition versus easier recognition tasks (Katanoda, Yoshikawa, & Sugishita
2000). It is possible that it is more difficult for participants to reclassify the critical lure with the
related list’s background color than correctly retrieve the critical lure as seen. Although the areas
were not the same as St Jacques and colleagues’ findings, the studies were also examining source
misattribution differently (2013). Source misattribution in their study involved displays that
were only seen in the scanner, whereas true memory involved displays seen in a museum. In this
study, source misattributions and true memories were equally seen in the scanner, just with
different contextual details. This may account for some of the differences in neural activation.
Exploratory content borrowing findings
Content borrowing did show different neural activations from both incorrect source and
correct rejections. This contrast, to the author’s knowledge has not previously been examined.
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When false memories with content borrowing are compared to true memories with incorrect
source (seen list items accepted with incorrect background color), areas are more strongly
activated that are associated with correct item and context retrieval: left retrosplenial (Duarte,
Henson & Graham, 2008; McCormick et al., 2010; Johnson et al., 2009; for false memories, St.
Jacques et al., 2013), left supramarginal (Dupont et al., 2000), left middle temporal (Jamadar et
al., 2013), left precentral (Grady, Grigg, & Ng, 2012), and left posterior hippocampus (Viard et
al., 2007). Content borrowing appeared more similar to a true memory than incorrect context
retrieval. Overwhelmingly, these participants exhibited content borrowing. It could be suggested
that the gist of the critical lure became bound to the related list’s background color during
encoding. This gist item information and the correct context are then retrieved. In contrast,
during retrieval of a correct item with an incorrect source, the information was not properly
bound during encoding. Therefore, the memory trace is simply incorrect and shows the typical
occurrence of incorrect traces. In this contrast, activated areas also support that false memories
involve updating or semantic spreading within the participant. There is also more activation in
the cingulate gyrus (Hawco, Armony & Lepage, 2013), an area that has been activated during
semantic judgments over non-semantic judgments. Furthermore, there is more activation in
areas associated with imagining events, left postcentral (Maieron et al., 2013) and right superior
frontal gyrus (Benoit, Gilbert & Burgess, 2011).
Rejected false memories (unseen critical lures, rejected by participant) show a different
pattern than rejected new items (unstudied, new items rejected by the participant). This is
surprising because although the conditions are given separate names, to the participant, they are
identical. Both are rejections of an unseen item. Although this activation has not been discussed
before, it is often found in supplementary information of false memory studies (for example, see
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Paz-Alonso et al., 2008 for the same contrast). Activation of brain regions during rejection of
unseen critical lures included areas associated with imagery and deception, the thalamus
(Marchewka et al., 2008; Onuki et al., 2015; Hooker et al., 2008; King & Miller, 2014) and left
temporal lobe (De Brigard et al., 2013). Additionally, the critical lure rejection created more
activation in areas associated with memory retrieval than correct unrelated new item rejections
including the left thalamus (Vilberg & Rugg, 2009; St-Laurent et al., 2011) and the left
retrosplenial cortex (Whalley et al., 2009). The stronger activation in areas with memory
retrieval could represent a retrieval of a false memory, but is not strong enough to elicit an
acceptance by the participant. This suggests that associative spreading occurs in participants
during the encoding of highly related lists. However, the activation varies in intensity.
Participants with very strong activation during encoding and subsequent activation during
retrieval accept the unseen critical lure during test. However, participants with weaker activation
during encoding may also not experience as much activation during retrieval. These participants
would not accept the unseen critical lure as a studied item, but would still show some
consequential memory traces during retrieval. This theory should be tested directly to see if a
continuum exists in memory retrieval, even during rejection of stimuli.
However, this activation could also represent the participant’s retrieval to reject the
critical lure (Rostello & Heit, 2000). This recall-to-reject theory suggests that in order to
distinguish similar unstudied items from studied items, one must recall the studied item, compare
it to the similar unstudied item, and make the correct decision that the item was not studied.
Previous studies have also found areas of the supramarginal gyrus during these recall-to-reject
processes (for a review, see Gallo, McDonough, & Scimeca, 2010). In Gallo and colleagues’
task, the participant had to recall the related list items and recall that the critical lure was not

!

! 29!

!
present in order to correctly reject the item. Thus, the verbatim trace is needed to reject critical
lures (Schmid, Herholz, Brandt, & Buchner, 2010). Schmid and colleagues supported that recallto-reject is used even if participants are not explicitly given the strategy. This study is the first to
examine correct critical lure rejections compared to correct new rejections. Because differences
were found between the two conditions, this should be further examined because this activation
does not prove which cognitive process was active during the rejection. Future studies would
need to be conducted to see if the different activation between rejections of critical lures
compared to rejections of new items is due to different strengths of memory processes or rejectto-recall process.
Source misattribution compared to content borrowing
The differences between source misattribution and false memory with content borrowing
were directly compared. This contrast has not previously been examined, to the author’s
knowledge. There were no brain regions that were more activated for source misattribution
(seen critical lures accepted with related list’s background color) than for false memories with
content borrowing (unseen critical lures accepted with related list’s background color). There
were also no regions that showed greater activation for false memories with content borrowing
than source misattributions. Differences between true and false memories should have been
found in these conditions because one is a recollection of an unseen item with related context,
while the other was a seen item with related context. This could indicate that seen critical lures
were not remembered as studied items. It is possible that associative spreading to the seen
critical lure occurred during the study session of the related list, similar to false memories.
However, the higher acceptance of seen critical lures compared to unseen critical lures in both
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the behavioral pilot and the fMRI suggest that seen critical lures are remembered differently than
unseen critical lures.
Another reason for no neural differences between content borrowing and source
misattribution could be the temporal differences in the decision. The participant could have
retrieved the word as a separate temporal event from retrieving the context, as the task asked for
them separately. This would mean the contrast could have been comparing related list decision
regardless of whether or not the word was seen. Since both of these involve retrieving a related
list’s context, it is not surprising that no differences were seen. However, only the 2 seconds
immediately following the presentation of the word was included in the analysis. This time
period should allow for the complete retrieval process, not just contextual retrieval. It is also
possible that retrieval processes lead to both the retrieval of the item and the context
simultaneously. Thus, the differences between true memory retrieval and false memory retrieval
should have resulted from this analysis.
Since content borrowing and source misattribution have not been studied together
previously, there is no conclusive reason why there were no neural differences between the
conditions. It is possible that source misattributions and false memories with content borrowing
have the same cognitive process because they both result from this gist-based recollection trace.
During retrieval for both of these memory errors, the gist-trace is recollected and leads to
acceptance in both the false memory and the incorrect, but related, context. During the false
memory condition, the gist-trace leads to the acceptance of the critical lure. However, during the
source misattribution, the gist-trace leads participants to accept the critical lure as studied in the
related list’s context. Gist-based traces may not discriminate between item and contextual
information. Future studies should examine this explanation directly. Also, other mechanisms
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that would create a beneficial false memory or a beneficial source misattribution should be
examined.
Limitations and Summary
This experiment did have limitations. First, some participants were lost to lack of false
memories. When no false memories were present in a participant, there was no neural data to
analyze. Ideally, more participants should have been scanned to account for high attrition.
Second, the task was unusually difficult and many participants were dropped due to low memory
performance. The task changed between the behavioral pilot and the fMRI collection. The
experiment attempted to create as many trials as possible while minimizing the amount of time in
the scanner. Thus, the behavioral participants had 3 separate study and 3 separate test phases.
The fMRI participants studied the same number of words, but in fewer blocks (2 study phases
and 2 test phases). The behavioral participants were much more accurate on word recognition,
t(62) = 3.16, p <.005 but similar in color memory as the fMRI participants, t(62) = 0.34, p =
0.74. This could be due to differences in the task. Future studies could simplify the task. For
example, the task by Dennis, Bowman and Vandekar involved picture retrieval, which could lead
to better memory performance (2012). However, they did not use context, so this would need to
be tested to further validate this study. Another limitation is the participant’s demographics.
They were all highly educated and reported no memory problems. Alzheimer’s, memory
distortions, and confabulations should be examined for separate influences of item and context
misattributions on overall memory. Research has also specifically shown deficits in autism with
social contexts (Joseph & Tanka, 2003). It could be beneficial to examine if this deficit is
limited to social contexts and whether or not it interacts with item information.
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The current project adds to the understanding of item and contextual memory. It does so
by explaining ways that such memory systems could fail. Both of these failures involve either
contextual information or item information. False memories are an error in the item information
with related source information. Source misattributions are correct item information with related
source information. False memories with content borrowing are similar, but different from
source misattributions. However, surprisingly these differences were not seen in neural activity.
False memories arise from associative spreading or gist traces. These neural findings suggest
that source misattributions may result from the same process. There were differences between
false memories with content borrowing and true memories, incorrect memories and correct
rejections. Also, there were differences between source misattributions and true memories and
incorrect memories. Furthermore, this study supports current research demonstrating the
beneficial function of false memories (Scachter, 2012). False memories caused participants to
overwhelmingly choose related list’s background color. This supports that false memories are
not simply an error in memory but occur due to extracting meaning from words. Furthermore,
false memories have been related to future episodic thought (Schacter, 2012). This study found
neural overlap between imagination tasks, false memory, and source misattribution. This could
suggest that source misattribution may serve a similar, possibly beneficial purpose as false
memories. More research would be required to make claims about source misattributions and
their possible benefits.
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Table 1
Task Performance Compared to Chance on DRM Retrieval Task
Behavioral Data
fMRI Data
Accuracy T-statistic* p-value Accuracy T-statistic* p-value
Word
.740
.665
20.998
p < .001
7.856
p < .001
Memory
(.080)
(.081)
Color
.362
.374
6.205
p < .001
7.775
p < .001
Memory
(.127)
(.062)
Seen Critical
.269
.346
Lure, Correct
1.003
p = .321
3.669
p = .003
(.133)
(.101)
Source
Seen Critical
.315
.333
Lure, Related
3.956
p = .003
2.680
p = .018
(.115)
(.120)
Source
Unseen
Critical Lure,
.394
.462
4.576
p < .001
6.001
p < .001
Related
(.221)
(.137)
Source
*Note: compared to chance (50% for Y/N word judgments and 25% for decision on 4 colors).
Standard deviations are in parentheses.

!

! 42!

!
Table 2
Peak Voxels at !!"##$!%$& <.05 for Whole Brain Analyses of All Conditions
Higher Activation During Seen Critical Lures with Related Background Color Than
List Items with Correct Background Color
whole brain p < .001
cluster cluster
size
p
peak T peak p x
y
z
region
98 0.0814
5.45
<.001 -37 -54 52 left inferior parietal lobe
5 0.7082
5.04
<.001 34
4 -26 right amygdala
60 0.1639
4.72
<.001 34 -68 52 right angular gyrus
Higher Activation During List Items with Correct Background Color Than Unseen
Critical Lures with Related List’s Background Color
whole brain p < .001
cluster cluster
size
p
peak T peak p x
y
z
region
20 0.1665
4.66
<.001 -7 -95
8 left calcarine
Higher Activation During Unseen Critical Lures with Related List’s Background Color
Than List Items with Correct Background Color
whole brain p < .001
cluster cluster
size
p
peak T peak p x
y
z
region
44 0.0482
5.85 <.001 -58 -54 21 left supramarginal gyrus
91 0.0073
5.54 <.001 -37 -27 55 left postcentral gyrus
178
<.001
4.45 <.001 -10 -41
8 left posterior cingulate cortex
11 0.3001
4.33 <.001 44 -41 25 right inferior parietal lobe
Higher Activation During Unseen Critical Lures with Related List’s Background Color
Than List Items with Incorrect Background Color
whole brain p < .001
cluster cluster
size
p
peak T peak p x
y
z
region
117 0.0051
4.91
<.001 -10 -47 25 left retrosplenial cortex
4.58
<.001 -44 -44 21 left supramarginal
4.30
<.001 -54 -54 21 left middle temporal gyrus
48 0.0542
4.38
<.001 -7 -17 35 left cingulate gyrus
106 0.0071
4.25
<.001 -58 -13 35 left postcentral gyrus
4.19
<.001 -34 -13 38 left precentral
26 0.1441
4.24
<.001 -17 -41
8 left posterior hippocampus
8 0.4135
4.16
<.001 17 55 15 right superior frontal gyrus

!

! 43!

!
Higher Activation During Seen Critical Lures with Related List’s Background Color
Than Seen Critical Lure with Correct Background Color
whole brain p < .001
cluster cluster
size
p
peak T peak p x
y
z
region
86 0.0272
4.41
<.001 31
7 45 right middle frontal gyrus
Higher Activation During Unseen Critical Lures Not Accepted by Participant Than
Unseen Items Not Accepted by Participant
whole brain p < .001
cluster cluster
size
p
peak T peak p x
y
z
region
144 0.0038
5.88
<.001 17 -13 -2 right thalamus
4.81
<.001 -10 -7
1 left thalamus
10 0.3895
5.08
<.001 -7 10
8 left caudate nucleus
12 0.3449
4.24
<.001 21 -47 25 right posterior cingulate cortex
85 0.0197
4.02 0.0010 -34 -54 21 left temporal lobe
3.91 0.0010 -17 -47 28 left cingulate gyrus
3.91 0.0010 -13 -51 11 left retrosplenial cortex
Higher Activation During Unseen Items Not Accepted by Participant Than Unseen
Critical Lures Not Accepted by Participant
whole brain p < .001
cluster cluster
size
p
peak T peak p x
y
z
region
7 0.4756
4.76
<.001 34 -58 55 right superior partietal lobe
Higher Activation During Unseen Critical Lures with Incorrect Background Color Than
Unseen Critical Lures with Related List’s Background Color
whole brain p < .001
cluster cluster
size
p
peak T peak p x
y
z
region
205 0.0018
6.25
<.001 -30 -17 62 left precentral gyrus
28 0.1879
4.28
<.001 55 -20 42 right postcentral gyrus
Higher Activation During List Items with Correct Background Color Than Seen Critical
Lure with Correct Background Color
whole brain p < .001
cluster cluster
size
p
peak T peak p x
y
z
region
55 0.0966
5.37
<.001 -24 -64 45 left superior parietal lobe
21 0.2923
4.31
<.001 31 -64 42 right angular gyrus
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Figure 1: Schematic Graph of Trial Conditions. Participants could have studied items or not.
They could respond that they studied the items or not. The source could be correct, related or
unrelated. The item could be a list item, a critical lure, or a new item. Each combination of
these scenarios is labeled.
Study

Participant

Source

Type

Condition

Response

Old
Correct
CL
Studied

Related

Studied

CL

Old
Incorrect
CL

Unstudied

None

Old

True Memory with Correct
Source

True Memory with Source
Misattribution

True Memory with Incorrect
Source

Forgetting

CL
Related

CL

Unrelated

CL

Any

New

False Memory with Content
Borrowing

Studied
Unstudied

False Memory with Incorrect
Source

CL
Unstudied

None

Correct Rejection
New
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Figure 2: Schematic of Trial Design at Study and Test. Study sessions could involve studying:
DRM list items or Unrelated List Items with Critical Lure. Test sessions involved recollection
of: DRM list items, Unstudied Critical Lures, Studied Critical Lures and New Items. After each
word decision, participants were instructed to respond as to which color they thought the word
was presented at test.
Study: DRM List (Cold)

Study: Unrelated List with DRM Critical Lure (Cold)
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Study: DRM List (Doctor)

Test:
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Figure 3: Test Period Activation Maps
a)

Greater activation during studied DRM list items with correct source than unstudied critical lures
with related list’s source is shown in yellow. It includes the left calcarine. Greater activation
during unstudied critical lures with related list’s source than studied DRM list items with correct
source is shown in blue. It includes the left supramarginal gyrus, left postcentral gyrus, left
posterior cingulate cortex, and the right inferior parietal lobe. All activations are at
p!"##$!%$& <.05 threshold.
b)

Greater activation during studied crtical lures with correct source than studied DRM list items
with correct source is shown in yellow. It includes the left superior parietal lobe and the right
angular gyrus. All activations are at p!"##$!%$& <.05 threshold.
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c)

Greater activation during unstudied crtical lures with related list’s source than studied DRM list
items with incorrect source is shown in yellow. It includes the left retrosplenial cortex, left
supramarginal, left middle temporal gyrus, left cingulate gyrus, left postcentral gyrus, left
precentral, left posterior hippocampus, and right superior frontal gyrus. All activations are at
p!"##$!%$& <.05 threshold.
d)

Greater activation during unstudied crtical lures rejected by participants than unstudied new
words rejected by participants is shown in yellow. It includes the thalamus, left caudate nucleus,
right posterior cingulate cortex, left temporal lobe, left cingulate gyrus and the left retrosplenial
cortex. All activations are at p!"##$!%$& <.05 threshold.
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e)

Greater activation during unstudied crtical lures with incorrect source than unstudied critical
lures with the related list’s source is shown in yellow. It includes the left precentral gyrus and
the right postcentral gyurs. All activations are at p!"##$!!"# <.05 threshold.
!

!

! 51!

Appendix
Office of Research Compliance
Institutational Review Board
North End Center, Suite 4120, Virginia Tech
300 Turner Street NW
Blacksburg, Virginia 24061
540/231-4606 Fax 540/231-0959
email irb@vt.edu
website http://www.irb.vt.edu

MEMORANDUM
DATE:

June 10, 2014

TO:
FROM:

Rachel A Diana, Fang Wang, Hsiao-Wei Tu, Meagan Oneill, Tanner Hurley,
Natalie Elizabeth Pagano, Lauren Nicole Costello, Vanessa Lynn Brayman, Paul
Faxon Hill, Courtney Patricia Long
Virginia Tech Institutional Review Board (FWA00000572, expires April 25, 2018)

PROTOCOL TITLE:

Episodic Memory in the Medial Temporal Lobe

IRB NUMBER:

11-505

Effective June 9, 2014, the Virginia Tech Institution Review Board (IRB) Chair, David M Moore,
approved the Continuing Review request for the above-mentioned research protocol.
This approval provides permission to begin the human subject activities outlined in the IRB-approved
protocol and supporting documents.
Plans to deviate from the approved protocol and/or supporting documents must be submitted to the
IRB as an amendment request and approved by the IRB prior to the implementation of any changes,
regardless of how minor, except where necessary to eliminate apparent immediate hazards to the
subjects. Report within 5 business days to the IRB any injuries or other unanticipated or adverse
events involving risks or harms to human research subjects or others.
All investigators (listed above) are required to comply with the researcher requirements outlined at:
http://www.irb.vt.edu/pages/responsibilities.htm
(Please review responsibilities before the commencement of your research.)
PROTOCOL INFORMATION:
Approved As:
Expedited, under 45 CFR 46.110 category(ies) 4,7
Protocol Approval Date:
June 27, 2014
Protocol Expiration Date:
June 26, 2015
Continuing Review Due Date*:
June 12, 2015
*Date a Continuing Review application is due to the IRB office if human subject activities covered
under this protocol, including data analysis, are to continue beyond the Protocol Expiration Date.
FEDERALLY FUNDED RESEARCH REQUIREMENTS:
Per federal regulations, 45 CFR 46.103(f), the IRB is required to compare all federally funded grant
proposals/work statements to the IRB protocol(s) which cover the human research activities included
in the proposal / work statement before funds are released. Note that this requirement does not apply
to Exempt and Interim IRB protocols, or grants for which VT is not the primary awardee.
The table on the following page indicates whether grant proposals are related to this IRB protocol, and
which of the listed proposals, if any, have been compared to this IRB protocol, if required.

IRB Number 11-505

Date*
OSP Number
06/12/2012
11263806

page 2 of 2

Sponsor
National Institutes of Health

Virginia Tech Institutional Review Board

Grant Comparison Conducted?
Compared on 09/13/2011

* Date this proposal number was compared, assessed as not requiring comparison, or comparison
information was revised.
If this IRB protocol is to cover any other grant proposals, please contact the IRB office
(irbadmin@vt.edu) immediately.

