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Research into the nature and content of visual long-term memory has investigated
what aspects of its representation may account for the remarkable ability we have to
remember large amounts of detailed visual information. One theory proposed is that
visual memories are supported by an underlying structure of conceptual knowledge
around which visual information is organized. However, findings in memory for visual
information learned in a visual search task were not explained by this theory of
conceptual support, and a new theory is proposed that incorporates the importance of
episodic, task-relevant visual information into the organizational structure of visual
memory.
The current study examined visual long-term memory organization as evidenced
by retroactive interference effects in memory for objects learned in a visual search. Four
experiments were conducted to examine the amount of retroactive interference induced
based on aspects in which interfering objects were related to learned objects.
Specifically, episodically task-relevant information about objects was manipulated
between conditions based on search instructions. Aspects of conceptual category,

perceptual information (color), and context (object role in search) were examined for
their contribution to retroactive interference for learned objects.
Findings indicated that when made episodically task-relevant, perceptual, as well
as conceptual, information contributed to the organization of visual long-term memory.
However, when made episodically non-relevant, perceptual information did not
contribute to memory organization, and memory defaulted to conceptual category
organization. This finding supports the theory of an episodically defined organizational
structure in visual long-term memory that is overlaid upon an underlying conceptual
structure.
Key words: visual memory, visual search, retroactive interference, categorization
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INTRODUCTION

In navigating our visual environments every day, people are often engaged in the
task of searching a visual field to find something. Whether it is a pen on a messy
desktop, a car in a full parking lot, or an icon on a crowded computer screen, searching
through a scene to locate an object is a ubiquitous visual task for humans. However,
search goals frequently change, and what was once a target object can become a
distractor object and vice versa. For example, you may search your desktop for a pen,
and during your search anything pen-like (e.g., a pencil, a marker, a straw) may draw
your attention, whereas things that are not pen-like (e.g., a file folder, a book, a coffee
cup) may be ignored. While finding your pen, a book you happen to look at may be just
“something else” besides your pen at the moment you see it. However, if you search
your desk again later for a book, you may now process that book as potentially the one
you are looking for. In this way, visual information about our environment is continually
being categorized and organized according to what our task demands. These differing
task demands and the changing roles of objects based on the task can have consequences
for how we process visual information as we encounter it.
In addition to determining how we will visually process information, our visual
task can also determine how we will categorize that information or object itself. You
may view the coffee cup and book on your desk as unconnected objects when you are
1

looking for a pen, but what if your search was for something you could use as a
paperweight, or a doorstop? This task may lead you to view either of those objects as a
potential target for your search. On a broader scale, this same sort of re-categorizing and
reorganizing of information can occur in visual searches with larger implications, such as
when a TSA Officer views a container of liquid seen on an X-ray. In one circumstance it
may be processed as a harmless bottle of water, and in another as a potential weapon.
Given that our task can have such impact on how we identify, categorize, and
organize objects and information in our environment, what consequences might this have
for how we retain this information in memory? Will we remember the book we saw as
“something else” besides our pen as well as we remember the book that could be a
doorstop? If we search our memory for any evidence of having seen a potential weapon,
will we remember seeing a bottle of water? The studies described herein investigated the
consequences of task relevance and its impact on how visual information may be stored,
categorized, and organized in visual memory.
Visual information in long-term memory
People have a remarkable ability to remember an extensive amount of detailed
visual information in long-term memory. This memory for visual details can be very
long-lasting even when learned in just one exposure, and is often superior to memory for
verbal information. Some classic studies have shown that people can learn up to 1000
“vivid” pictures with over 99% accuracy (Standing, 1973), and can remember pictures
learned in a study up to a year later (Nickerson, 1968). This long-lasting, highly accurate
visual long-term memory (VLTM) is defined here as memory for specific visual
2

information from a previously viewed stimulus (e.g., a picture or scene) that can be used
to distinguish it from other similar stimuli that share the same name or the same “gist”.
Researchers have investigated many aspects of VLTM, including what
information is held in VLTM, how it is organized and represented, and its capacity and
fidelity. Studies have determined that people can remember the shape, relative location,
and orientation, as well as specific perceptual details about viewed objects and scenes
(e.g. Castelhano & Henderson, 2005; Hollingworth & Henderson, 2002; Standing,
Conezio, & Haber, 1970; Tatler, Gilchrist, & Land, 2005). With regard to representation,
Kahneman, Triesman, & Gibbs (1992) described a theory of object files, the episodic
binding of the visual details, location, and state of an object in a temporary representation
in short-term memory (STM). Hollingworth & Henderson (2002; see also Hollingworth,
2006) expanded this idea to describe the use of object files in the construction of scene
representation. Using the framework described by Kahneman et al. (1992), they
proposed object files that were not limited to STM sensory information, (as described in
Kahneman et al., 1992), but rather were abstracted visual representations that also
supported conceptual information about the object. The processing of the abstracted
visual and conceptual information, and the indexing of the object to its particular
location, were proposed to lead to consolidation in long-term memory (LTM) and to
result in LTM codes for objects that they termed long-term memory object files.
The concept of visual memories including both detailed visual information as well
as conceptual meaning has been widely examined, particularly in attempts to explain the
picture superiority effect where picture information is better recalled than that learned
from verbal information. Paivio & Csapo (1973) theorized that the picture superiority
3

effect resulted from pictures having the benefit of a “dual code”— because pictures are
named when they are viewed, the picture is encoded both visually and verbally, and
having two different codes represented in memory increases the chances that information
could be recalled. Weldon & Coyote (1996), on the other hand, proposed that visual
information is more memorable because it is more “distinctive”, in that visual stimuli
have more distinctive information available perceptually than does information encoded
verbally, and because of this distinctiveness it is more able to be recalled from memory.
A similar proposal by Nelson (1972) held that both visual and verbal learned information
had dual codes—sensory and conceptual—but that the visual sensory information for
pictures was qualitatively superior to that of verbally learned information. These
attempts at explanation of the picture superiority effect speak to the investigation of how
VLTM is represented, and how the nature of perceptual visual information impacts that
representation.
As discussed here, efforts to examine the nature and content of VLTM have
described details of what information is held in memory, and what aspects of its
representation may account for the remarkable ability we have to remember large
amounts of detailed visual information. More recent studies have focused on questions of
measures of capacity and fidelity of VLTM, and what information about these measures
can tell us about VLTM representation (see Brady, Konkle, & Alvarez, 2011 for a
review). The current study will seek to further the understanding of what supports
VLTM by examining evidence for how information is being organized in visual memory,
and how that organization may contribute to superior visual memory performance.
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Visual memory organization around conceptual categories
Recently, Konkle, Brady, Alvarez, & Oliva (2010) proposed that visual memories
have such high fidelity and capacity because they are supported by an underlying
structure of conceptual knowledge that helps to organize remembered visual information.
They investigated what supports the massive capacity of VLTM by examining the
contributions of conceptual and perceptual features of objects.
In line with previous discussions of visual memory representation, (e.g., LTM
object files, picture superiority), Konkle et al. (2010) considered two competing
hypotheses: 1) visual memory is supported by visual, perceptual distinctiveness because
the nature of the stimulus is perceptual images, or, 2) visual memory is supported by
conceptual information because conceptual categories are widely-accepted organizing
structure for verbal information in memory. To test between these possibilities, Konkle
and colleagues (Konkle et al., 2010; see also Brady, Konkle, Alvarez, & Oliva, 2008) had
participants learn a sequence of 2,800 pictures of objects, and tested for interference
effects to infer how memory for pictures was being organized.
Retroactive interference has typically been studied using verbal information, but
has been evidenced in visual memory in studies such as Konkle et al. (2010; see also
Eriksen & Steffy, 1964; Phillips & Routh, 1983). Retroactive interference (RI) can be
described as the tendency for more recently learned material to impede the retrieval of
similar previously learned material, (Barnes & Underwood, 1959). Konkle et al. (2010)
used RI effects to serve as an indicator that interfering items are organized together in
memory with tested items. The use of RI effects to infer the organizational structure of
memory is based on the premise that information stored in a dense space of memory
5

representation will be harder to retrieve than information in a sparse space in memory,
(e.g., Rawson & Van Overschelde, 2008; Schmidt, 1985). The interference effect can
occur when the ‘interfering’ memory is learned before (proactive interference) or after
(retroactive interference) the information one is trying to remember. Konkle et al. (2010)
examined both proactive and retroactive interference, but for the purposes of the current
study this discussion will focus on their findings of retroactive interference.
Konkle et al. (2010) theorized that if an interference effect (i.e., a decrease in
memory performance) increased as more exemplars from a particular category were
added in memory, that pattern of results would indicate that conceptual category
information was important to the support and organization of visual memory. They had
participants learn the 2,800 object pictures, each presented for 3 seconds, in a repeat
detection task; participants viewed the series of pictures with instructions to memorize
each picture and to indicate if a picture was repeated in the series. They manipulated the
number of exemplars within the sequence that were of the same category, (participants
saw 1, 2, 4, 8, or 16 objects from each category, e.g., “butterfly”). After all objects had
been presented, participants’ memory for individual objects was then tested in a 2alternative forced-choice test, in which participants had to choose which of two presented
objects they had seen before. The first object seen by the participant in each object
category was tested to determine the amount of RI that resulted from the subsequent
presentation of category exemplars. Importantly, they found very good picture memory
for objects that had no interference—that is, no additional exemplars from that object’s
category were presented—similar to previous studies (e.g., Standing, 1973): 89%
accuracy when tested against a new object exemplar from the same conceptual category.
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More critically, they found that a systematic increase in RI when more exemplars were
added in each category. For each doubling of presented exemplars (i.e., from 2 to 4, and
4 to 8), memory accuracy decreased by approximately 2%, and then appeared to
asymptote at 82% accuracy for both 8 and 16 presented exemplars.
Konkle et al. (2010) found systematic RI effects in memory for the learned
objects based on conceptual categories (e.g., “butterfly”; see Rosch, Mervis, Gray,
Johnson, & Boyes-Braem, 1976 for a discussion of conceptual basic-level categories), as
they had theorized. However, it may be supposed that this result of systematic RI could
be caused by perceptual similarity within conceptual categories; perhaps all members of a
category look alike. Therefore, to examine the roles of conceptual and perceptual
information in supporting visual memory, they investigated the relative contributions of
perceptual and conceptual similarity of the object pictures to the exhibited RI effects.
The authors had a separate group of participants rate the object pictures on similarity or
distinctiveness both on perceptual and conceptual dimensions. For example, pictures of
balls were rated to be very similar on the perceptual dimension of shape, whereas pieces
of exercise equipment were very distinctive. Cars were rated as very distinctive
conceptually because they had many kinds within the category (e.g., pickup truck, sports
car), and mugs were conceptually similar in that there were few different kinds of mugs.
With these ratings, the authors examined correlations between the amount of interference
within each category and the distinctiveness ratings for that category. They found that RI
was attenuated when a category had been rated as conceptually distinctive—i.e., the
category had many different kinds within it. No such link was found for perceptual
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similarity or distinctiveness; regression analysis indicated that perceptual distinctiveness
appeared to have no impact on the amount of RI found for categories.
Konkle et al. (2010) took these findings as evidence that information about
conceptual categories is the organizing mechanism for visual information that allows
visual memories to be remembered to such a high degree. They argued that because
perceptual distinctiveness did not play a role in determining RI effects, perceptual
features had little impact on how visual information is organized in memory. Rather,
they concluded that underlying conceptual knowledge provided a structure upon which
specific detailed representations of exemplars may be indexed, and that that structure
supported the capacity and fidelity of visual memory. This claim has similarities to the
dual-code explanation for picture superiority as described by Paivio and Csapo (1973) in
that both of these explanations indicate that visual memory is being supported by a nonvisual mechanism. For the dual-code theory, the non-visual mechanism is a “verbal
code” that is created in memory in addition to a visual code; for Konkle et al. (2010) the
mechanism is previously learned conceptual knowledge structures in memory around
which exemplar memory and the associated perceptual details are organized. If, as
Konkle et al. posit, visual memory is organized and supported by conceptual category
structures, it would follow that visual memories that share the same category would be
subject to effects such as RI and, conversely, benefit from conceptual support, to the
same degree. However, there is evidence from some studies that have shown that visual
memory can be affected by encoding task in such a way that not all learned pictures
appear to benefit from this support of conceptual information to the same degree, even
when they share a common conceptual category.
8

The study by Konkle et al. (2010) provides evidence that conceptual category can
be an important support and organizing factor for VLTM. However, this explanation of
conceptual support for visual memory information cannot account for effects seen in
other types of tasks, specifically for VLTM information learned while doing a visual
search, in which objects that share the same conceptual category are differently affected
by the encoding task.
Visual memory from visual search
Though it has been well established that visual memory can be highly accurate,
memory for pictures does not always have the high performance found in studies such as
those by Standing (1973) and Nickerson (1968) as described above. Williams and
colleagues (Williams, Henderson, & Zacks, 2005; Williams, Zacks, & Henderson, 2009;
Williams, 2010a; 2010b) have found differences in visual memory for objects based on
how they were encoded, specifically during visual search. Castelhano and Henderson
(2005) found that for distractor objects viewed incidentally (i.e., with no intention to
memorize) during the search of a scene, memory averaged at its highest only 75%
accuracy. Similarly, Williams, Henderson, & Zacks (2005; see also Williams, 2010a;
2010b; Williams, Zacks, & Henderson, 2009) found that incidental memory for distractor
objects in a visual search, although above chance levels, averaged around 60%. In
Williams et al. (2005) participants performed a conjunction search for target objects
identified by color and basic-level category (e.g., blue backpack). Participants were not
instructed to memorize the objects, making this an incidental memory task. Target
objects were viewed in search arrays of distractor objects that were related by category
(e.g., red backpack), color (e.g., blue bicycle), or were unrelated (e.g., white umbrella).
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Highly accurate (86%) memory performance, similar to that of previous studies (e.g.,
Standing, 1973) was found only for the target object. Distractor objects, on the other
hand, showed much lower memory performance, even for those that were of the same
category as the target. This finding indicates that an advantage from non-visual systems
such as verbal or conceptual information, as that discussed earlier, could not alone
account for the findings of superior visual memory. If conceptual support accounted for
superior visual memory, then objects that share the same conceptual information (e.g., all
“backpacks”) should be remembered equally well, or conversely, be equally affected by
interference. Memory results from visual search show that objects of the same
conceptual category are not always affected equally by conceptual support or by
interference.
Instead, Williams (2010a; 2010b) proposed that the role an object plays in visual
search endows the representation of that object with certain properties specific to its role
at encoding. Thus, when target objects are encountered and identified as the target, this
event during the search may create a definable point of interest in the search, and an
episodic component may be included in the representation for target objects. This
episodic component of the visual memory for targets could be what boosts its memory
performance to the high levels demonstrated by earlier studies including Konkle et al.
(2010). On the other hand, when distractor objects are viewed in a visual search they
may be encountered and processed instead as “not what I am looking for.” Rather than
being experienced as an event in the search task, it may be that distractors are dismissed
from further processing once they are determined not to be the target, and therefore do
not receive the episodic boost hypothesized for target objects. Support for the premise
10

that distractors in a visual search are dismissed from processing is found in the study by
Vo and Wolfe (2012) that showed that previous viewing of a distractor object did not
improve search efficiency for finding that same object in a later search.
The premise that distractors are not processed in the same manner as targets
emphasizes the importance of the moment of encoding, and whether the viewing of
specific visual information might be considered an ‘event’ based on the properties of the
encoding moment. This claim is supported by other findings that demonstrate that an
event-type experience can impact memory encoding. Janzen and van Turennout (2004),
for example, found differential hippocampal activation, as well as better memory
performance, for learned objects that were viewed at the decision points of a maze.
Standing (1973) found that a subset of 1000 “vivid” pictures (i.e., those with very
interesting or unusual subject matter) was remembered almost perfectly. For Konkle, et
al. (2010) participants had to not only memorize each object, but also test it against other
objects he or she had already seen in the sequence, and make a decision about whether
the current object had been seen before or not. These instances of learning—while
making a decision, when presented with very interesting stimuli—may be experienced as
a defined event of the encoding process, as with the identification of a search target.
Thus, the encoding context, (e.g., whether the moment of encoding is experienced as an
episodic event, or is not experienced as such), may impact how well visual information is
remembered, and how it is organized. Conversely, object memory is not as accurate,
though still present, when the moment of encoding is not experienced as an event (e.g.,
distractors in a search task, Williams 2010a, 2010b; non-vivid pictures in the same
memorization task from Standing, 1973).
11

The finding that target objects from visual search demonstrate superior memory to
search distractors supports the premise that the moment of encoding critically affects
visual memory. Visual memory from search also raises questions that are not easily
explained by the previously discussed explanations for superior visual memory. With the
following studies, a theory is presented and tested that can explain these diverse findings
based on episodic information from the moment of encoding of visual information.
Episodically defined categories in visual memory
In describing how visual long-term memory might be capable of such high
accuracy and large capacity, Konkle et al. (2010) posited that visual memory for pictures
is supported by, and organized around, pre-learned conceptual information about the
viewed objects and scenes. They based this conclusion on the finding that interference
effects appeared to be constrained by category membership, and further by the conceptual
distinctiveness within a category. However, as has been shown, visual memory for
objects is not always consistent along conceptual category lines.
One further piece of evidence in this regard is a study by Antonelli & Williams
(2011) that investigated the effect of additional exemplars on memory for targets and
distractor objects. This study was based in part on the design of Konkle et al. (2010).
Antonelli and Williams had participants learn visual objects incidentally in a conjunction
search task as described above in Williams et al. (2005), and then had participants view
additional searches that presented 8 new exemplars for the critical objects (e.g., new
searches included new exemplars for a target, “blue backpack”; a category distractor,
“red backpack”; a color distractor, “blue bicycle”, and an unrelated distractor, “white
umbrella”). A significant interference effect was found for target objects, but not for
12

category, color, or unrelated distractors. Most importantly, the fact that target objects
(e.g., blue backpacks) showed interference whereas category distractors (e.g., red
backpacks) did not, indicates that in some manner, information about these two types of
objects that shared the same conceptual category was not being organized together in
memory.
In looking at a possible explanation for why these two types of encoding
(memorization and online memory testing in the case of Konkle et al., 2010, and visual
search in the cases of Williams et al., 2005, and Antonelli & Williams, 2011), one can
consider the tasks as they occur from the participant’s perspective. In Konkle et al., the
participant viewed a long series of 2,800 objects with the intent to memorize each one,
and to also make a decision about each one to determine whether it was a repeated object
in the series. As each object appeared, the participant was given no further cues or
instructions, so it is possible that the participant would name each object (i.e., think
“butterfly” when one was shown in the sequence) as it was viewed and tested against his
or her memory for all the other objects in the sequence. In fact, it could also be argued
that the participant would use the category as a retrieval cue and test this new exemplar of
“butterfly” against the previous exemplars of “butterfly” from the sequence, rather than
against all of the objects that had been viewed. With this presumed type of processing at
encoding, the most important organizing factor and the most relevant information about
each object as it was viewed was likely its conceptual category. This kind of processing
would also explain why Konkle et al. found attenuated RI for categories that were highly
conceptually distinctive, or had many kinds within the category, such as for cars. In that
case, presuming the participant had pre-existing knowledge about the different kinds of
13

cars within the category, (e.g., “truck”, “sports car”, “sedan”, “police car”), it is possible
that the participant was using this subordinate level label to name the object when
performing the repeat detection task, and thus the subordinate level of organization
served as a cue for their memory. In contrast, if the participant had little knowledge
about different species of butterflies, he or she would not have a more specific way to
categorize each exemplar; each “butterfly” would be cued by the same label allowing
more interference to occur.
In contrast, consider the encoding process from the perspective of the participant
in a visual search task. As has been discussed previously, when given a conjunction
target for which to search, a participant likely holds the identifying information (e.g., blue
backpack) in mind while viewing objects. The important cues or relevant information for
the task include both the conceptual category (backpack) and the identifying perceptual
element (in this case color: blue). At the moment of encoding when the participant views
and identifies the target, the relevant information includes both the category and the
color. On the other hand, when a distractor is viewed, it may be quickly dismissed by the
participant as “not the target”, and any relevant factors may be only minimally processed.
Thus, the encoding processes for these different types of objects during a search could
lead to a different organizational structure than that seen for object memorization; that is,
target objects may form their own “category” in memory based on the relevant features of
the target, i.e., a “blue backpack” category may be formed. If that is the case, this could
explain in what manner targets are organized differently in memory than distractor
objects.
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What these encoding processes as described have in common is that in either case,
the organizing factor for information is what factors are relevant to the task. In the case
of memorization of a long series of objects, the most important factor may be to easily
name or identify each object so that it can be compared with like others in memory; in the
case of visual search, the identifying factors (in the above examples, category and color)
of the target object are most relevant. Visual memory may therefore be organized around
episodically defined categories, and those categories being defined by whatever visual
information is relevant at the moment of encoding.
If the organizational mechanism described by Konkle et al. (2010) is the case and
visual memory for objects is organized around conceptual category, a viewpoint that shall
be referred to as the Conceptually Defined Category Theory, then an illustration of
memory for objects may be as in Figure 1. Under this theory, all objects viewed while
performing a particular task, such as a visual search, would be grouped together in
memory with other exemplars of their category through their connection to that prelearned conceptual information, (perhaps by a “conceptual hook,” as theorized by Konkle
et al., 2010). This pre-existing conceptual knowledge about an object category would
then be the defining mechanism for grouping information together in memory, and as
Konkle et al. (2010) theorized, would be what allowed for interference to occur among
many exemplars from the same category. Conversely, being a single object from a
category would provide an advantage to an object, because it would be “grouped” alone
for its category, so would not suffer interference from other objects.
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Figure 1.
categories.

An illustration of visual memory organized around pre-existing conceptual

This depiction represents all objects that are viewed while performing a visual search for
a target of “backpack” when information is being grouped based on conceptual
information. Each viewed exemplar of a backpack is connected to the pre-existing
conceptual category knowledge of backpacks.
In comparison, visual memory categories could be episodically constructed based
on relevant information as objects are viewed, a viewpoint that will be described as the
Episodically Defined Category Theory. Under the Episodically Defined Category
Theory, if the only information relevant to the encoding episode is that of conceptual
category, then the organizational structure of visual memory may be illustrated as in
Figure 2. In this illustration, the memory performance resulting from learning many
exemplars of “backpacks” will be the same (i.e, an interference effect) as under the
Conceptually Defined Category Theory, but the underlying mechanism driving the result
is theorized to be different. Under the Episodically Defined Category Theory, when
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objects are viewed during a visual search task, information is being organized around
what is relevant to the task at the moment that object is encoded. If the visual search is
performed where the target object is identified by its conceptual category (e.g., search for
“backpacks”), then the relevant conceptual information would be the defining
characteristic of a newly formed, episodic category of all the viewed “backpack” objects
from this task. Note that conceptual information is still present and could still be
theorized to provide a semantic structure for visual information to be supported, but the
organization of visual information together in memory is now based on the episodic
circumstances of encoding rather than just the pre-existing conceptual information. If
other defining characteristics of the objects (such as color or shape) were made to be
relevant to the task, then those relevant features would also be included in the defining
characteristics for the episodic category. If visual memory is organized in this manner,
then the description of visual memory organization by Konkle et al. (2010) was sound,
but was too specific to the results of their study, because the memory results found in
their study were being driven by the conceptual information that was episodically
relevant to their encoding task when no other specific features were relevant. A broader
and more experientially-defined organizational mechanism than conceptual organization
may be responsible for category formation in visual memory.
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Figure 2.
categories.

An illustration of visual memory organized around episodically defined

This depiction represents all objects that are viewed while performing a visual search for
a target of “backpack”, when information is being grouped based on episodically relevant
information. Each viewed exemplar of “backpack” is grouped within the episodically
defined category of “backpacks”.
However, if the episodically defined category has relevant other types of
information besides conceptual category, (e.g., perceptual detail such as color), the
memory organization would appear as in Figure 3. In this case, if the task were to search
for “blue backpacks”, as each blue backpack is encoded the features of the object that are
relevant to the task—those that define it as the search target, (i.e., “blue” color and
“backpack” conceptual category)—become the defining characteristics of a newlyformed episodic category for those objects viewed in this task. All objects that match on
the defining features for the task will be included in the new “blue backpacks” category,
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and objects that do not share all of the relevant factors with the episodically defined
category would be separated in memory.

Figure 3.
An illustration of visual memory organized around an episodically defined
category of “blue backpack”.
This depiction represents all objects that are viewed while performing a visual search for
a target of “blue backpack”, when information is being grouped based on episodically
relevant information. Each viewed exemplar of “blue backpack” is grouped within that
newly defined category. The “blue backpack” category is a separate category within all
viewed objects.
Visual information that is organized together because of relevant factors at the
time of encoding may then be separated in memory from other visual information of the
same conceptual category that does not share those relevant factors; this separation in
memory would prevent the objects excluded from the group from interfering with objects
in the group. In the case of visual search, all other objects that are viewed but are not
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relevant to the task (e.g., distractors) would be part of a large, ill-defined, and minimallyprocessed group of objects labeled or thought of as “not what I’m looking for.” As
Konkle et al. (2010) described for objects that were conceptually distinct and thus
grouped separately from other objects, these distractor objects would be expected to have
no influence on the memory performance for objects learned that were relevant to the
task.
As illustrated here, the concept of episodically defined categories in visual
memory that are dependent upon whatever aspects are task relevant at the moment of
encoding can account for the memory effects described both by Konkle et al. (2010) from
object memorization and by Williams and colleagues (Antonelli & Williams, 2011;
Williams 2010a, 2010b; Williams, Henderson, & Zacks, 2005; Williams, Zacks, &
Henderson, 2009) from visual search. When conceptual information is most likely the
only relevant information about an object at the time it is encoded, as it is argued is the
case for Konkle et al. (2010), then that conceptual information defines the episodic
category that is formed when those objects are viewed; thus, memory and interference
effects are shown along conceptual category lines because that is equivalent to the
episodic category. However, when other information (e.g., perceptual) is made relevant
to the encoding task, such as the case for Williams and colleagues when a category-color
conjunction search is performed, then the episodic category is defined by both the
conceptual information and the perceptual information at the moment of encoding, and
memory and interference effects are determined along the lines of the newly-formed
episodic category. The studies described herein provide a test of this theory of
episodically defined categories in visual memory.
20

SPECIFIC AIMS

A series of four experiments were completed to explore how episodically relevant
information at encoding impacts the organization of visual long-term memory. Specific
aims and results for each experiment are detailed below. A pilot study was also
conducted to test for evidence of an effect whereby interference could be seen only along
an episodically defined category, and it followed the same general method as the main
four experiments described here. The pilot study design and results are described under
the general method section.
Aim 1
Aim 1: Examine the impact of episodically relevant and irrelevant conceptual,
perceptual, and contextual information on retroactive interference effects.
The experiments for Aim 1 investigated the theoretical viewpoint that visual
information is organized around whatever information is relevant about the visual input at
the moment of encoding, when the encoding of that visual information can be marked as
an episodic event. Here, the use of RI effects is employed as a means of inferring the
organizational structure of memory, as was done in Konkle et al. (2010), and Antonelli
and Williams (2011).
For all of the aims of this study, conceptual information is operationalized as the
conceptual category of an object (e.g., “backpack”, “car”, “dog”). Perceptual
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information is operationalized as the color of the object, and contextual information as
the object’s role in a visual search task (e.g., target, distractor). Task relevance is
operationalized as the specific features required to identify the target object at encoding.
Three hypotheses were tested with regard to Aim 1. Experiments specific to each
hypothesis (Experiments 1a, 1b, and 1c) are described individually below.
Hypothesis 1: If categories in visual memory are episodically defined by the
event of encoding using task-relevant perceptual or conceptual information, then
subsequently presented exemplars, (“interference exemplars”), matching learned objects
on those relevant features and on encoding context will cause RI in memory; exemplars
not matching all relevant features will not contribute to RI. For example, learned search
target objects of “blue backpacks” will be affected by interference from subsequently
presented “blue backpack” targets, but not from “red backpack” objects.
Hypothesis 2: If an episodically defined category is equated to the conceptual
category for that object, then all members of that conceptual category that also match the
encoding context (i.e., object role during search) of the learned object will cause RI in
memory. For example, learned target objects of “backpacks” will be affected by
interference from all subsequently presented “backpack” targets, regardless of object
color because color is not relevant to the task and is not included in the episodically
defined category.
Hypothesis 3: If episodically defined categories of interference exemplars match
learned objects on relevant conceptual or perceptual features but not on encoding context,
they will cause no RI in memory. For example, learned search target objects of “blue
backpacks” will not be affected by interference from subsequently presented “blue
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backpack” objects when they are not presented as targets. Conversely, learned search
target objects of “blue backpacks” will not be affected by interference from subsequently
presented “red backpack” objects when they are presented as targets. Thus, a match of
encoding context (the role of search target) is necessary, but not sufficient, for an object
to be included in the episodically defined category and to be able to induce RI to learned
objects.
Aim 2
Aim 2: Investigate the extent to which RI effects can be manipulated based on
episodically defined organizational categories, within natural basic-level categories.
The experiment under Aim 2 investigated the theoretical question of whether the
structure of visual memory is malleable with respect to the current task demands. The
Episodically Defined Category Theory allows for any relevant feature or features at the
moment of encoding to be used to create a structure for visual memory. This experiment
examined whether episodically defined categories can be defined using multiple features
on a single dimension within a natural category. One hypothesis is tested under Aim 2,
and the experiment specific to this hypothesis (Experiment 2) is described below.
Hypothesis 4: If a visual memory category is episodically defined as the union of
more than one relevant feature on a single dimension (e.g., two different colors),
interference exemplars that match on either relevant feature of that dimension (in addition
to matching on any other relevant dimensions) will cause RI effects in memory whereas
those that do not match the critical features will not. For example, learned search target
objects of “blue backpacks” when the search instruction was to look for “blue or red
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backpacks” will be affected by interference from both subsequently presented “blue
backpack” and “red backpack” target objects.
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GENERAL METHOD

All experiments were conducted with the following general method design and
parameters. Individual experiment design and methodology are described separately
below.
Participant recruitment and restriction
Participants were recruited from the Psychology Research Program at Mississippi
State University and received partial credit toward an undergraduate psychology course
for their participation. Participants were restricted to those with normal or corrected-tonormal visual acuity, normal color vision, 18 years old or older, and those who had not
participated in any previous visual cognition studies. Experiments 1a, 1b, and 1c each
had 32 participants; this number was based on the effect size from the Pilot Study that is
described below, and a power analysis using the G-Power statistical tool (Faul, Erdfelder,
Buchner, & Lang, 2009), which indicated that the power measurement would be .90 for
N=30, on one-tailed a priori matched pairs t-tests. Additionally, the experimental design
fully counterbalanced on multiples of 16. For Experiment 2, the same number of
participants were intended but due to lack of response to recruiting, only 30 participants
were included in the experiment, resulting in an incomplete counterbalance for conditions
by item in that experiment.
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Equipment/Apparatus
Stimuli were displayed on CRT computer monitors powered by Dell™
computers, using E-prime 1.1 experimental software (Schneider, Eschman, & Zuccolotto,
2002) for the presentation scheme. Viewing distance was not strictly controlled, but
objects displayed subtended 4° of visual angle at a distance of 57 cm. Participants input
their responses to stimuli using a labeled 5-button response box.
Design
Each experiment was divided into an encoding phase, an interference phase, and a
memory test phase (Figure 4). In the encoding phase, photographs of 36 real-world
objects were presented as to-be-learned stimuli; participants were instructed to watch a
serial display of objects to determine the presence or absence of a target object. This
encoding task, though not a traditional visual search as through an array of objects, may
be considered a temporal search as participants watch for specified target objects in a
sequence of objects. This type of encoding task has been shown to result in memory
patterns similar to those of array searches (see Williams, 2010a; Antonelli & Williams,
2011) in that target objects are remembered better than distractors. Thus, this encoding
task may be considered to be comparable to a traditional array visual search with regard
to effects on memory. Encoding presentation trials were comprised of 7 objects,
presented in sequence for 750 ms each with a 100ms interstimulus interval (ISI), (Figure
5). The presentation of objects for 750 ms was chosen based on the average viewing time
for target objects learned in a visual search (637 ms) by Williams et al. (2005; also see
Williams, 2010a). Critically, what defined the target was manipulated between the
experiments, and included category-color conjunction targets, (e.g., “blue backpack” or
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“red backpack”; Experiments 1a and 1c), and targets defined only by basic level category
(e.g., “backpack”; Experiment 1b). Targets during the encoding phase, when present,
were always one of 36 critical to-be-learned objects, and were presented only once.
Participants completed a total of 54 search trials during the encoding phase: 36 targetpresent trials to accomplish critical to-be-learned object presentations, and 18 targetabsent trials in order to prevent participants from developing an expectation of
encountering only target-present trials.

Figure 4.

The design for stimuli presentation and test.

Stimuli presentation was blocked, with to-be-learned objects all presented in the first
block, and interference exemplars for each object across the next 8 blocks. The
proportion of present/absent trials in the Interference Phase was balanced across
experiments.
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Figure 5.
Example presentation sequence for target objects in encoding and
interference phases for the general method.
In the depicted sequence, the participant is instructed to look for a “Blue Backpack”
target.
Following the encoding search phase, participants completed an additional 216
search trials during which new interference object exemplars were introduced.
Interference objects were manipulated as either a new exemplar of the search target or a
new exemplar of a category-related distractor. Each interference object exemplar was
presented only once. Trials for the interference phase were designed and presented in the
same manner as those in the encoding phase (see Figure 5.) For example, for a blue
backpack target learned in the encoding phase, the interference object(s) would be a new
exemplar(s) of a blue backpack, presented as a search trial target in the interference
phase.
The memory test phase consisted of a 2-alternative forced-choice token
discrimination task (Figure 6). For the memory test phase, participants were given a
general instruction to choose the exact object seen previously. Each learned object was
displayed in its original size, horizontally centered on either the left or right of the screen;
the side the learned object was presented was counterbalanced between participants so
that it was presented on the left or right an equal number of times across the experiment.
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A non-presented foil test object matching the learned object on category and color was
displayed on the opposite side of the screen from the learned object; objects designated as
foil and learned objects were counterbalanced across participants. The memory test was
self-paced, with test objects displayed until the participant made a response. Participants
indicated which object they saw in the visual search encoding phase by pressing the
corresponding button indicated for either left or right (e.g., far-left button on button
response box to indicate they saw the object displayed on the left). Participants were
instructed to guess if they did not remember the object. A total of 36 memory test trials
occurred for each participant.

Figure 6.

An example of the two-alternative forced choice memory test.

The learned target object and a matched foil exemplar were displayed centrally to left and
right of screen. Participants were instructed to indicate which object, on the left or right
of screen, was seen in the previous visual search phase. (The “Blue Backpack” on the
right was shown in the example presentation trial; see Figure 5.)
Stimuli
Stimuli consisted of photographs of 36 basic-level category real-world objects
that served as to-be-learned objects, most of which were taken from the stimuli set of
Williams (2010a). Two colors were chosen for each object category and were
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counterbalanced so that six possible object colors (red, blue, yellow, white, black, and
brown) were presented an equal number of times across each experiment for Experiments
1a, 1b, and 1c; an additional new color exemplar for each object category was used for
Experiment 2. See Appendix A for a full list of critical object categories and colors. An
additional 8 exemplars for each category-color combination were used as “interference
objects” to introduce retroactive interference as manipulated by experiment design. One
hundred twenty-eight objects, none of which share the basic-level category with the
critical 36 objects, were used as “filler pictures” for the distractor objects in the encoding
trials. For the interference phase trials, an additional 546 objects that did not share the
same category with critical objects (with the exception of one instance, described below
in the results section as eliminated data) were used as “filler pictures” for the distractor
objects. Filler pictures in the interference phase were repeated 3 times over the entire
experiment, pseudo-randomly distributed across trials. Filler pictures were allowed to be
repeated because they were viewed as distractor objects and were not expected to affect
interference.
Each object picture was resized so that its longest dimension (horizontally or
vertically) was 90 pixels in length while maintaining its original proportions. Objects
were centrally displayed on a grey (RGB = 120) background.
Procedure
The study design and procedure were approved by the Mississippi State
University Institutional Review Board (see Appendices B through E).
Upon arrival, participants were provided with an Informed Consent document to
read and complete (see Appendix B), with the opportunity to have any questions
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answered. Participants then completed a basic demographic questionnaire that included
screening information on visual abilities (see Appendix C). Participants were seated in
front of a computer monitor and given general instructions on how to complete the
presentation trials and use of response equipment (i.e., a labeled button response box) at
the beginning of the experiment. At the beginning of each presentation trial the target
definition for that trial was displayed. The participant then pressed a button labeled “Go”
to begin the trial. At the end of each trial the question “Was the search object present?
Yes or No” was displayed. After participants input their response using buttons labeled
either “Yes” or “No”, the target for the next presentation trial was specified. All trials
were presented for the encoding search phase first, followed by the interference phase
trials, with no apparent break from the participant’s perspective. After completion of all
presentation trials, the participant was given instructions for and then completed the
memory test. When the memory test was complete, the participant was given a
debriefing statement (see Appendix D) and dismissed.
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PILOT STUDY

Method
The pilot study followed the general method design as described above. A total
of 96 participants were in the pilot study. Memory and RI effects were examined in four
conditions using different types of interference objects: either matched to the learned
target object on conceptual, perceptual, and context information (“matched”) or only on
conceptual information (“non-matched”). The number and type of the interference
objects were manipulated in four conditions: a condition with no interference objects
presented, (called the “0” condition); 8 matched interference objects, (“8”); 4 matched
and 4 non-matched, (“4-4”); and 4 matched and no non-matched exemplars, (“4”),
(Figure 7). Retroactive interference effects found just for the “matched” objects would
indicate that memory was being organized around the episodically defined category that
included relevant conceptual, perceptual, and context information. In contrast, a
conceptually-driven organization of memory would be indicated if RI effects were shown
equally from “matched” and “non-matched” objects.
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Figure 7.
Example interference objects (for target “Blue Backpack”) presented in
the pilot study for each of the four conditions.
Interference object relationships to the learned target are described for each condition.
The 36 conjunction targets from the encoding phase were divided into the four
conditions, with nine objects in each condition as described above, counterbalanced so
that all objects were seen in each condition an equal number of times across the
experiment (Figure 7). Participants completed the encoding, interference, and memory
test phases, as described in the general method and depicted in Figure 4. Presentation of
interference objects was accomplished in 8 blocks over the interference phase, so that a
new interference object was presented for each of the 36 learned objects (that were in an
interference condition) before the next block of new interference objects were presented.
Additionally, the “matched” and “non-matched” interference objects were distributed
quasi-randomly across the 8 interference blocks.
33

Results
Memory accuracy for the no interference condition was .90, replicating superior
memory as shown in previous studies of VLTM (Konkle et al., 2010; Williams, 2010a,
2010b) for presented objects in the encoding phase. For the 8 matched exemplars
condition, memory accuracy was .79, an 11% decrease in memory accuracy, indicating a
RI effect exceeding the level of RI for eight objects in Konkle et al. (2010), who found a
7% decrease in memory accuracy for that condition. Memory for objects in the 8
matched exemplars condition was significantly lower than from the no interference
condition, t(95) = -6.47, p < .0001; Cohen’s d = -1.327. In the 4 matched-0 non-matched
condition memory accuracy was .83, indicating an intermediate level of RI (similar to but
again a larger effect than was found in Konkle et al. 2010; objects with 3 additional
exemplars had a 3% decrease in memory accuracy) compared to the no interference
condition, t(95) = -4.11, p < .0001. The RI effect seen here may be larger than that found
in Konkle et al. (2010) because in this experiment, interference objects and test foil
objects were more closely matched to the learned object than they were in Konkle et al.
(2010). For their study, interference objects, as well as the foil against which objects
were tested at the memory test, were only necessarily matched on conceptual category;
some may have matched on color but that was not controlled. This study required both
interference objects and memory test foil objects to match on color as well as category.
The closer match of interference and test foil objects to the learned objects for the current
study may have had a dual effect of making interference more likely and the memory test
more difficult. More importantly, for this study, the matching features between
interference objects and learned objects (e.g., color and category) were explicitly relevant
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to the task, and so more attention may have been given to those features as the objects
were encoded—an idea in keeping with the premise of the Episodically Defined Category
Theory.
The 4 matched-0 non-matched condition also differed significantly from the 8
matched condition, t(95) = -1.87, p = .03 on a one-tailed test. Finally, in the critical 4
matched-4 non-matched exemplars condition, memory accuracy was .81, but was not
statistically different from the 4 matched-0 non-matched condition, t(95) = -.628, p = .53,
indicating that the addition of 4 non-matched exemplars did not contribute any significant
additional effect of interference to the original object memory. This finding supports the
premise that non-matched exemplars are not organized together in memory with the
learned object. However, the 4 matched-4 non-matched exemplars condition was also
not significantly different from the 8 matched exemplars condition, t(95) = -1.34, p = .09
on a one-tailed test, suggesting that the additional 4 non-matched exemplars may have
contributed some additional, non-significant amount of interference. Therefore, the
results from the pilot study were inconclusive.
Discussion
The pilot study tested for interference effects on memory for objects learned in a
search task and whether these interference effects were generalizable to natural
conceptual categories or were dependent on episodically defined information. Consistent
with the episodically defined explanation, the addition of 4 non-matched exemplars did
not increase the interference effect for object memory over what was found for when only
4 matched exemplars were presented. However, the 4 matched- 4 non-matched
35

exemplars condition was also not significantly different from the 8 matched exemplars
condition, therefore results were not clear-cut.
The 4 matched- 4 non-matched exemplars condition produced a numerically
smaller amount (2% difference in accuracy; similar to findings by Konkle et al., 2010) of
interference than the 8 matched exemplars, and a numerically larger amount (again 2%
difference in accuracy) than the 4 matched exemplars. However, the 4 matched- 4 nonmatched exemplars condition was not significantly different from either the 4 matched or
8 matched exemplars conditions. The numerical trend shown in the pilot study provided
some support for the theory that the organization of visual memory for objects is
episodically flexible; that is, organizational categories can be episodically defined by
information relevant at the moment of encoding. However, the manipulation of number
of exemplars matched or non-matched to the learned objects and the corresponding
expected differences in RI effects may have been too subtle to detect a statistical
difference between the three critical conditions. As in Konkle et al. (2010), our
comparison of 4 to 8 matched interference exemplars only resulted in a 4% difference in
memory accuracy, whereas a comparison of 0 to 8 interference exemplars resulted in an
11% decrease in accuracy. This RI effect in the 8 matched exemplars condition indicated
that a less subtle manipulation (e.g., similar to 8 versus 0 exemplars) would result in a
large enough RI effect to show potential differences between conditions. The studies that
follow were intended to provide a stronger test for differences between these conditions
by using a larger difference in number of interference object types.
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EXPERIMENTS FOR AIM 1

Experiments 1a, 1b, and 1c were run concurrently, with individual participants
randomly assigned to one of the three experiment conditions as they arrived. Each
experiment presented the same sets of stimuli to participants, with the only difference
between experiment conditions being task instructions (Figure 8). An example of
interference object stimuli for Experiments 1a, 1b, and 1c is shown below in Figure 9.
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Figure 8.
An overview of the task instructions during the encoding and interference
phases for each of Experiments 1a, 1b, and 1c.
This figure illustrates the changes in relationship of interference objects to learned target
objects, (with regard to role of object, e.g., target or distractor), due to changes in task
instructions across the three experiments.
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Figure 9.
An example of interference object stimuli for Experiment 1, for the
category of “backpack”.
Each square indicates an example of objects that would be displayed for that condition
across the 8 blocks in the interference phase. Extra objects in the “1-0” and “0-1”
conditions indicate that searches for the target object are performed for that block but
with no interference exemplar present. In this example, for Experiment 1a, the
instruction is to search for a blue backpack, thus all “blue backpacks” would match the
learned target object (a blue backpack target from the encoding phase) on conceptual,
perceptual, and contextual features. “Red backpacks” would match the learned target
object only on the conceptual feature. Search instruction and match/non-match features
of interference objects to learned objects are manipulated between Experiments 1a, 1b,
and 1c.
Experiment 1a
Experiment 1a was completed to test Hypothesis 1: If categories in visual
memory are episodically defined by the event of encoding using task-relevant perceptual
and conceptual information, then subsequently presented exemplars, (“interference
exemplars”), matching learned objects on those relevant features and on encoding context
will cause RI in memory; exemplars not matching all relevant features will not contribute
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to RI, (e.g., learned search target objects of “blue backpacks” will be affected by
interference from subsequently presented “blue backpack” targets, but not from “red
backpack” objects.) Experiment 1a provided a stronger test of the manipulation
described in the pilot study. The pilot study showed minimal RI effect differences based
on a comparison of 4 matched- 4 non-matched versus 8 matched objects, and the
manipulation of differences in number of exemplars was possibly too small to detect a
difference in levels of interference. This finding was, however, similar to the difference
levels found in Konkle et al. (2010), for a similar increase in the number of interference
objects. It was expected that a stronger test using a larger difference in number of critical
relevance-matched interference objects (e.g., 1 versus 7) would provide the ability to
detect a difference in interference between conditions.
Method
Experiment 1a compared interference effects using a design that compared 7
matched and 1 non-matched exemplar to 1 matched and 7 non-matched exemplars
(conditions 7-1, and 1-7, respectively). As baseline conditions, 1 matched and 0 nonmatched exemplars, and 0 matched and 1 non-matched exemplars (conditions 1-0, and 01, respectively) were included, to indicate baseline interference from 1 matched or 1 nonmatched exemplar, equivalent to the “1” object in the 1-7 and 7-1 conditions,
respectively. For the definitions of conditions in Experiment 1a, “matched” exemplars
were matched on all relevant features (i.e., perceptual, conceptual), and on context.
“Non-matched” exemplars were mismatched on perceptual features and on context, but
had the same conceptual information. These conditions were used to test if conceptual
relatedness is enough to allow for RI effects to occur. As in the pilot study, RI effects
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found just for the “matched” objects would support the Episodically Defined Category
Theory.
In the encoding phase, participants learned the original critical objects by
searching through a serial presentation of objects for a category-color combination target,
(e.g., “blue backpack”). In the 7-1 condition, during the interference phase participants
viewed 7 episodically relevant exemplars matched to the learned target (e.g., “blue
backpack”) and 1 exemplar with non-relevant perceptual information (e.g., “red
backpack”). In the 1-7 condition, participants viewed 1 matched exemplar and 7 nonmatched exemplars (Figure 10).

Figure 10.
An example of interference objects shown during the interference phase
for the example target “Blue Backpack” for Experiment 1a.
Relationships to the learned target are indicated.
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It is important to note that during the interference phase for Experiment 1a, the
participant was always instructed to search for the target identified as it was in the
encoding search phase (e.g., “blue backpack”). Therefore, whenever the non-matched
exemplar was viewed (e.g., a red backpack), it was in a different search object role at the
time it was viewed than was the matched exemplar, (i.e., a category-related distractor vs.
a target, respectively) and so were also non-matched on context as well.
A design using 7-1 and 1-7 conditions was chosen as opposed to 8-0 and 0-8
conditions (as was used in the pilot study) in an effort to prevent participants from
potentially setting up an expectation of either always or never finding a particular target
object. The one “odd-man” exemplar for each condition was counterbalanced for its
presentation to be pseudo-randomly distributed in the middle 6 (of 8) interference search
trials for that learned object. Finally, the 1-0 and 0-1 conditions served as a baseline for
the amount of interference that may be expected from only 1 matched or 1 non-matched
exemplar, respectively (Figure 10).
Results
Results for memory accuracy for all experiments were conditionalized on
individual participants’ accuracy in response to the object presentation trials during the
encoding and interference phases. Because the theoretical questions being examined rely
specifically on both learned and interfering objects being identified correctly at the
moment of encoding, accuracy during the learning task was necessary to interpret the
memory performance. The search task was not difficult, but required the participant to
pay attention; low accuracy indicated that the participant was likely not engaging in the
task as instructed and therefore may or may not have been learning the stimuli as
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expected. Memory accuracy was conditionalized in two ways. First, memory accuracy
was analyzed only for those objects from correctly responded to encoding trials. For the
purposes of this study, for an object to be adequately learned and susceptible to
interference, it would have to be identified and encoded in the encoding phase as a
relevant target object. Therefore, any objects that the participant did not respond to
correctly during the encoding phase were dropped from that participant’s overall memory
accuracy results. Secondly, memory accuracy was analyzed only for those objects that
the participant responded to correctly on at least 75% of the interference trials; any
objects that did not meet these criteria were dropped from that participant’s overall
accuracy results. In addition, any participant whose overall memory accuracy was more
than 3 SD lower than the overall mean for that experiment, or who, because of
conditionalizing criteria, had all of his or her data dropped from a condition, were
dropped from the analysis. All results reported below for each experiment are based on
these conditionalizing criteria. Finally, due to experimenter error, one of the 36 learned
objects from the stimuli list was contaminated with more than the planned exemplars
from its conceptual category in the stimuli set, and that object was dropped from all
analyses.
For each experiment, repeated measures analyses of variance were completed to
determine if there is an overall effect of condition within each experiment. Planned
comparison matched pairs t-tests were then used to determine differences between the
specific conditions of interest for each experiment. Measures of effect size are reported
as partial eta-squared for analyses of variance.
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One participant was dropped from the analysis for Experiment 1a due to overall
low memory accuracy as described above. With conditionalizing criteria, the total
amount of data lost from Experiment 1a was less than 11%. There was an overall effect
of interference condition on memory accuracy, F(3,90) = 6.67, p < .001, ηp2 = .182
(Figure 11). The 0-1 condition, which was expected to show little to no effect of
interference, had a mean accuracy of .92. In comparison, the 1-0 condition had a mean
accuracy of .86, and the 1-7 condition had a mean accuracy of .87. These conditions
were not significantly different from each other, t(30) = -.41, p = .68, indicating that, as
predicted by the Episodically Defined Category Theory, the addition of seven exemplars
matching on conceptual, (e.g. backpacks) but not perceptual (e.g. blue) or contextual (e.g.
target role) dimensions did not significantly contribute to interference for the learned
object. Next, the 7-1 condition, in which 7 exemplars matching on all three relevant
dimensions (i.e., conceptual, perceptual, and contextual; e.g., blue backpack targets) were
presented, showed a mean memory accuracy of .80, significantly lower than the 0-1
condition, t(30) = -4.17, p < .001, indicating a significant interference effect. The critical
comparison, however, was that the 7-1 condition was also significantly lower than the 1-7
condition, t(30) = -2.44, p = .01, supporting the conclusion that the additional 7 nonmatching exemplars did not contribute to interference. This pattern of results supports
the idea that interference objects that do not share all of the information relevant at
encoding with learned objects do not contribute to interference in memory, and indicates
that those objects are not being organized together with learned objects in memory.
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*
p=.01

Figure 11.

Memory accuracy for Experiment 1a.

Accuracy for the four conditions are consistent with predictions of the Episodically
Defined Category Theory of visual memory organization. Error bars represent standard
error of the mean.
Experiment 1b
Experiment 1b provides a test of Hypothesis 2: If an episodically defined
category is equated to the natural basic-level category for that object, then all members of
that natural category that also match the encoding context (i.e., object role during search)
of the learned object will cause RI in memory, (e.g., learned target objects of
“backpacks” will be affected by interference from subsequently presented “backpack”
targets, regardless of object color because color is not relevant to the task and is not
included in the episodically defined category). The initial comparison between
conditions in Experiment 1a provides evidence of how episodically relevant information
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(i.e., perceptual, conceptual, and contextual information) impacts interference effects.
Experiment 1b tests memory performance and interference effects for the same set of
stimuli when one feature of learned objects (i.e., perceptual) is no longer episodically
relevant to the task. A critical comparison between the patterns of results from
Experiment 1a and Experiment 1b directly examined differences based on whether
perceptual information is made relevant at encoding.
Method
Only the search instructions were different for Experiment 1b; participants in
Experiment 1b were presented with exactly the same stimuli design and sequences as
participants in Experiment 1a. However, participants in Experiment 1b were instructed to
search for only the conceptual category (e.g. “backpack”) both during the encoding phase
and the interference phase. Participants were still presented with the two conditions of 71 and 1-7 exemplar presentations, but during each presentation trial the only information
relevant to the task was the target’s conceptual category (Figure 12).
Of importance, note that because of the change in instruction for Experiment 1b,
the learned objects from the encoding phase as well as the interference objects are now
all in the search object role of target. Therefore, all interference objects will be matched
to learned objects on context (object role) as well as on conceptual information, (unlike in
Experiment 1a, in which those interference objects that were non-matched on perceptual
information were by definition also non-matched on context.) Again, for Experiment 1b,
perceptual information was not made relevant to the task, so a match or non-match to the
learned object was not expected to impact interference effects.
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Figure 12.
An example of interference objects shown during the interference phase
for the example target “Blue Backpack” for Experiment 1b.
Relationships to the learned target are indicated.
Results
With conditionalizing criteria, the total amount of data lost from Experiment 1b
was less than 8%. There was an overall effect of interference condition on memory
accuracy, F(3,93) = 4.61, p < .01, ηp2 = .13, (Figure 13). The 7-1 condition had a mean
accuracy of .77, significantly lower than the and 1-0 condition, with a mean memory
accuracy of .87, t(31) = -3.86, p < .01, indicating a significant interference effect.
Additionally, the 1-7 and 7-1 conditions with mean accuracies of .78 and .77,
respectively, did not differ from each other, t(31) = -.39, p = .69. These two conditions
were not expected to differ from each other according to both the Episodically Defined
Category Theory and the Conceptually Defined Category Theory—both theories predict
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this outcome. Under the Conceptually Defined Category Theory, perceptual information
is not expected to impact interference, whereas under the Episodically Defined Category
Theory, perceptual information is expected to impact interference only when it is
specified to be relevant to the encoding task, which was not the case in Experiment 1b.
Under these conditions, which replicate those seen in Konkle et al. (2010), the 1-7 and 71 conditions are essentially the same, with the addition of 8 interference items relevant to
the task. Additionally, the 1-0 and 1-7 conditions, which did not differ from each other in
Experiment 1a, are in this case significantly different, t(31) = -3.33, p < .01. This
difference between the 1-0 and 1-7 conditions indicates that under the encoding
circumstances of Experiment 1b, the 7 additional interference objects matched on
relevant conceptual and contextual features (though not on irrelevant perceptual features),
are now contributing to interference effects.
The pattern of results seen in Experiment 1b indicates that even when the same
object information is present, (as in Experiment 1a), the relevance of particular
dimensions such as perceptual information (e.g., color) contributes to how objects are
being categorized in memory. When color was relevant to the task in Experiment 1a, the
critical 1-7 and 7-1 conditions differed from each other; when it was irrelevant to the task
in Experiment 1b, the critical 1-7 and 7-1 conditions did not differ. This pattern of results
was predicted by the Episodically Defined Category Theory, but cannot be explained
under the Conceptually Defined Category Theory, because all critical objects in these two
conditions share the same conceptual category.
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Figure 13.

Memory accuracy for the four conditions of Experiment 1b.

Participants were instructed to search for the object identified only by conceptual
category. Error bars represent standard error of the mean.
Critically, when comparing the 7-1 and 1-7 conditions in Experiment 1b under the
Episodically Defined Category Theory, it would be expected that these two conditions
would both show similar amounts of retroactive interference to the 7-1 condition from
Experiment 1a, but differ from the 1-7 condition from Experiment 1a. In contrast, by the
Conceptually Defined Category Theory, the results for Experiment 1a and Experiment 1b
would be expected to be identical to each other. A mixed-factorial analysis of variance
between the 7-1 and 1-7 conditions of Experiment 1a and 1b indicated that there is a
marginal main effect of experiment, F(1,61) = 3.711, p < .06, ηp2 = .057. Although the
interaction between condition and experiment was not significant, F(1,61) = 1.643, p =
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.21, ηp2 = .026, individual t-tests between the critical conditions within each experiment
illustrate the difference in these patterns.
The different patterns of results between Experiments 1a and 1b, consistent with
the prediction by the Episodically defined Category Theory, demonstrate that effects such
as those found by Konkle et al. (2010) can be replicated when potentially relevant
perceptual information (as seen in Experiment 1a) is made non-relevant (as in
Experiment 1b) at the moment of encoding.
Experiment 1c
Experiment 1c tested Hypothesis 3. If episodically defined categories of
interference exemplars match learned objects on relevant conceptual or perceptual
features but not on encoding context, they will cause no RI in memory. For example,
learned search target objects of “blue backpacks” will not be affected by interference
from subsequently presented “blue backpack” objects when they are not presented as
targets. Conversely, learned search target objects of “blue backpacks” will not be
affected by interference from subsequently presented “red backpack” objects when they
are presented as targets. Thus, a match of encoding context (the role of search target) is
necessary but not sufficient for an object to be included in the episodically defined
category and to be able to induce RI to learned objects. The Episodically Defined
Category Theory includes the premise that in order for episodically defined categories to
be formed, the moment of encoding of the object or visual information must be
experienced as an episodic event. Viewing circumstances that may constitute an event
could include recognizing and identifying a target object, making a decision on a memory
test of an object, or viewing an object or scene that is particularly vivid or interesting.
50

Objects that are viewed in the role of distractors in a visual search do not appear to be
processed as an event (Williams, 2010a, 2010b; Antonelli & Williams, 2011). The
hypothesized importance of the encoding context for an object has particular
consequences for the factors that were changed between Experiments 1a and 1b.
Experiment 1c addresses the potential concern of whether interference objects must
match encoding context of learned objects in order to induce RI.
Between Experiments 1a to 1b, two factors were changed for the interference
objects that were non-matched on perceptual features (for simplicity, the interference
objects that do not match the color of the learned object will be referred to as the “red
backpacks” objects for the following discussion). First, the relevance or non-relevance of
perceptual information was manipulated by having participants search for either the
conjunction target (e.g., “blue backpack”; thus color is relevant) in Experiment 1a, versus
only the conceptual category target (e.g., “backpack”; thus color is not relevant) in
Experiment 1b. Second, the match or non-match of encoding context—that is, the match
of the role of the learned object to that of interference objects at their respective moments
of encoding—changed between the two experiments. Because of search instructions,
“red backpacks” interference objects were viewed in the role of distractors in Experiment
1a (e.g., “red backpacks” in a search for “blue backpacks”) and in the role of targets in
Experiment 1b (e.g., “backpacks” in a search for “backpacks”).
One alternate explanation for the fact that RI was not induced by the 7
perceptually non-matched exemplars (e.g., “red backpacks”) in Experiment 1a, but RI
was induced by the same objects in Experiment 1b could be because the “red backpacks”
interference objects were seen in the role of distractors in the former case and in the role
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of a target in the latter case. It could be presumed that the lack of a match to learned
objects on context alone may have limited their ability to induce RI in Experiment 1a,
rather than only because of being excluded from an episodically defined category due to
non-matched perceptual information. Therefore, there is a potential confound in
determining which aspect of object information may be driving interference exemplars to
contribute or not contribute to interference effects— a match or mismatch on either the
relevant perceptual (e.g., color) feature, or on the contextual (e.g., object role) feature.
See Table 1 for an illustration of the match/non-match conditions for the two critical
condition objects across Experiment 1.
Table 1
An illustration of the changes in relationship to learned objects for interference objects
across Experiment 1.

Interference
“Blue
Backpacks”

Interference
“Red
Backpacks”

Matches learned
object on

Conceptual

Perceptual

Contextual

Experiment 1a

Yes

Yes

Yes

Experiment 1b

Yes

N/A

Yes

Experiment 1c

Yes

Yes

No

Experiment 1a

Yes

No

No

Experiment 1b

Yes

N/A

Yes

Experiment 1c
Yes
No
Yes
Note. The critical change in relationships from 1a to 1c is highlighted. Example
interference objects are “Blue Backpacks” and “Red Backpacks” when the learned target
object was a “Blue Backpack”
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Experiment 1c provides a test for the potential confound in conditions from
Experiments 1a and 1b. There are three possibilities that could have been expected to
result from the conditions in Experiment 1c. First, if a match on encoding context is not
required for interference to occur but a match on other relevant features is, then the
outcome should replicate that of Experiment 1a; that is, objects matching on both
conceptual and perceptual features will induce RI while objects not matched on both of
those features will not. The change in relation to encoding context for the two critical
conditions would not make any difference in the results as seen from Experiment 1a.
That outcome would indicate that a match on the contextual feature is not necessary for
interference to occur. Second, if a match on encoding context as well as on other relevant
features is required for interference to occur, then the objects matching on both
conceptual and perceptual features, but not on contextual features, would not induce
interference. Likewise, the objects matching on conceptual and contextual features, but
not on perceptual features, would not induce interference. In the case of the second
possibility, neither critical condition, (7-1 and 1-7), would induce RI, and it could be said
that a match on encoding context was necessary but not sufficient to induce RI (this is the
prediction of the Episodically Defined Category Theory). Third, it could be that a match
on encoding context alone is what allows for interference to occur; so far, in the results
from 1a and 1b, all objects that induced interference did match the learned object on the
contextual feature. If the third possibility were the case, then objects matching the
contextual and conceptual feature but not the perceptual feature (e.g., in the case of
Experiment 1c, the “red backpacks”) would induce interference, but the objects matching
the conceptual and perceptual, but not contextual, features (e.g., in Experiment 1c, the
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“blue backpacks”) would not. That outcome would indicate a match on encoding context
was both necessary and sufficient to induce RI, and would be an alternate explanation for
the pattern of results seen in Experiments 1a and 1b.
Method
All encoding and interference trials were presented in exactly the same way as in
Experiments 1a and 1b except for the change in instruction to the participants (Figure
14). The change in interference object relationship to the learned object was
accomplished by changing the search instruction to search for the “red backpacks”
objects during the interference phase. For example, during the encoding phase,
participants searched for the learned object as in Experiment 1a, (e.g., “blue backpack”),
but searched for the perceptually non-matched interference object, (e.g., “red backpack”)
during the interference phase.
In this manner, the “red backpack” interference objects were matched to learned
objects on context (i.e., both were targets, as in Experiment 1b) but were mismatched on
relevant perceptual information (as in Experiment 1a). Similarly, the “blue backpack”
interference objects remained matched to learned objects on perceptual information, but
were now mismatched on context; refer back to Figure 8 for an illustration.
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Figure 14.
An example of interference objects shown during the interference phase
for the example target “Blue Backpack” for Experiment 1c.
Relationships to the learned target are indicated.
Results
Two participants were dropped from the analysis for Experiment 1c: one due to
overall low memory accuracy and one due to having dropped all data for one condition as
described above. With conditionalizing criteria, the total amount of data lost from
Experiment 1c was less than 20%. There was no overall effect of interference condition
on memory accuracy, F(3,90) = 1.82, p = .15, ηp2 = .057, (Figure 15). The 7-1 condition
resulted in significantly lower memory accuracy than the 1-0 condition, (.80 and .87,
respectively), t(29) = -1.895, p = .03 on a 1-tailed test, indicating that objects matched on
perceptual and conceptual information but not on context did contribute to interference.
This finding indicates that, contrary to the prediction of the Episodically Defined
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Category Theory, a match on encoding context is not necessary for interference to occur.
Objects that were seen in the role of category-related distractors (e.g., as “Blue
Backpacks” in a search for “Red Backpacks”) were still able to induce interference on a
“Blue Backpack” object originally learned as a target. This finding has some precedent
in one of the conditions of the study by Antonelli & Williams (2011). In that study, one
interference condition included objects matched to the original learned object on
perceptual and conceptual information, but not on encoding context; the interference
objects were seen in subsequent searches where they were unrelated to the search target
by either color or category, (e.g., “Blue Backpacks” in a search for “Yellow Boots”).
That condition resulted in a small (3%) numerical difference that was nevertheless a
statistically significant interference effect. The unrelated interference objects from
Antonelli & Williams (2011) may have induced a lesser amount of interference than that
seen in Experiment 1c because they were even further from a match on encoding context
when they were viewed. In this study, interference objects still at least match the
category for which the participant was searching at the time they were viewed, and that
slightly closer match to encoding context may allow for more interference to occur than
was seen in Antonelli & Williams (2011).
In contrast, the 1-7 condition, with .84 memory accuracy, was not significantly
different from the 1-0 condition, t(29) = -0.97, p = .34, indicating that the interference
objects that were matched to learned objects on context but non-matched on task-relevant
perceptual information did not significantly contribute to RI. Finally, the 1-7 and 7-1
conditions were not statistically different from each other, t(29) = -1.01, p = .16. This
finding reflects the numerical trend that the 1-7 condition resulted in a mean memory
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accuracy that falls between the 1-0 and 7-1 conditions. This result could be spurious,
driven by sample characteristics, or it could indicate a limited ability for objects nonmatched on relevant perceptual information to contribute to interference effects when
matched on context as well as relevant conceptual information. Thus, the direct
comparison between conditions 1-7 and 7-1 is not straightforward. However, the
significant interference effect shown for the 7-1 condition indicates that the lack of a
match between learned and interference objects on encoding context for condition 1-7 in
Experiment 1a was not the explanation for why the 1-7 condition showed less
interference than the 7-1 condition in that experiment. Therefore, a match of encoding
context is not the primary driving factor that allows for interference effects to occur.
Overall, Experiment 1c illustrated two important points. First, that the lack of a
match of interference objects to the learned object on encoding context was not the
explanation for why non-perceptually matched objects (e.g., “Red Backpacks”) did not
induce interference in Experiment 1a. Second, in contrast to the prediction of the
Episodically Defined Category Theory, the match of interference objects to the learned
object on encoding context was not necessary for interference to occur.
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Figure 15.

Memory accuracy for each condition in Experiment 1c.

Interference objects that were non-matched on conceptual information were made targets
(matched on contextual information) during the interference phase.
Experiment 1 Discussion
The three experimental manipulations under Experiment 1 together provide a
complete test of the hypotheses listed for Aim 1. Importantly, these three experiments
are listed under one umbrella because they all presented the exact same sequence of
materials to participants, differing only in the instructions given—a point that will be
discussed in more detail in the general discussion. The difference in instructions changed
what was task relevant about the visual stimuli at various important stages of encoding,
either for learned objects or interference objects. Thus, the differences in patterns of
results seen in the three experiments illustrate the importance of task relevance of
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information, as well as the role of encoding context, in the formation of episodically
defined categories.
Experiment 1a demonstrated that subsequently presented objects matched to a
learned object on perceptual, conceptual, and contextual features allow for interference to
occur. Conversely, objects that are not matched on all of those features will not cause
interference. This pattern of the presence or absence of interference effects shows
evidence for the formation of an episodically defined category. The new category
organizes memory for objects in such a way as to separate objects that do not meet the
criteria of the category from objects that do not, preventing interference. Therefore,
Experiment 1a confirms Hypothesis 1 and supports the Episodically Defined Category
Theory.
Experiment 1b illustrates that using the same visual stimuli as in 1a, when
perceptual information is not relevant to the task, interference can be induced by objects
that match only on conceptual information, as was shown in Konkle et al. (2010).
Analyses within and between Experiments 1a and 1b confirm that they differ in their
patterns of results for the critical conditions. The compelling point of comparison
between 1a and 1b is that using the same visual information, and changing only the task
demands, how visual information is being organized can be changed. This change in how
the same visual information is organized based on task demands illustrates that the
formation of these categories is an online, in-the-moment, episodic process; these
organizational structures are not pre-learned or pre-existing prior to the moment of
encoding for that visual information, and are not equivalent to pre-existing conceptual
categories.
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Finally, Experiment 1c provided a check for factors that were changed between 1a
and 1b, and investigated the importance of a contextual match between learned and
interference objects. In both Experiments 1a and 1b, objects that contributed to
interference effects were matched to the learned objects on encoding context as well as
conceptual features. Again, using the same stimuli as in Experiments 1a and 1b,
Experiment 1c tested whether a match on this contextual feature could be the driving
factor for allowing interference effects. The same objects from Experiment 1a that had
not induced interference when non-matched to the learned object on perceptual and
contextual features in Experiment 1a (e.g., “Red Backpacks”) still did not induce
interference when they were matched on the contextual feature in Experiment 1c. In
contrast, the objects that had induced interference when matched to the learned object on
conceptual, perceptual, and contextual features, (e.g., “Blue Backpacks”) did still induce
interference when they were non-matched on the contextual feature in Experiment 1c.
This pattern of results in Experiment 1c when considered with the results from 1a and 1b
demonstrated that a match of encoding context is not necessary to allow for interference,
and could not account for the differences in interference effects between Experiments 1a
and 1b. Experiment 1c’s elimination of this alternative explanation for the results from
1a and 1b lends weight to their support for the Episodically Defined Category Theory.
Taken together, these three experiments indicate that information that is relevant
about objects at the time that they are encoded can impact the manner in which that
information is organized and stored in memory, as evidenced by interference effects.
This finding supports a theory of categories of visual memory information that are
episodically defined at the moment of encoding.
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EXPERIMENT FOR AIM 2

Experiment 2 examined how malleable the system is that determines episodically
defined categories. If the determining factor is, in fact, whatever perceptual or
conceptual information is made relevant to the task at the moment of encoding, then this
mechanism for organizing visual memory information may allow for the creation of very
flexibly defined categories.
For example, is the category-defining system flexible enough to include two
relevant features on one dimension (e.g., two different colors on the color dimension) as
defining characteristics for a single category and excluding other features on that
dimension? This question addresses the issues of whether categories are actually redefined based strictly on information that is relevant to the task, such that all relevant
features (including any possible defining feature, whether conceptual or perceptual) are
included as defining characteristics of the category. If categories were defined including
all relevant features, then, for example, a category could be formed that included blue
(one color feature) backpacks or bicycles (two conceptual features), or, alternatively, blue
or red (two color features) backpacks (one conceptual feature). If episodically defined
categories are completely determined by whatever information is relevant at the moment
of encoding, then categories with this level of specificity of features may be possible.
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Experiment 2 provides a test of Hypothesis 4: If a visual memory category is
episodically defined as the union of more than one relevant feature on a single dimension
(e.g., two different colors), interference exemplars that match on either relevant feature of
that dimension (in addition to matching on any other relevant dimensions) will cause RI
effects in memory, whereas those that do not match the critical features will not. For
example, learned search target objects of “blue backpacks” when the search instruction
was to look for “blue or red backpacks” will be affected by interference from both
subsequently presented “blue backpack” and “red backpack” target objects, but not
“yellow backpack” distractors. Experiment 2 examined whether an episodically defined
category can be created that includes one feature on a conceptual dimension, (e.g., one
conceptual category; “backpacks”) and two features on a perceptual dimension, (e.g., two
different colors, “blue or red”).
Method
For Experiment 2, participants viewed the same search designs and stimuli as in
Experiment 1, with one change: an additional object color was added for each of the
learned objects as a potential non-matched interference object (see Appendix A). During
the encoding phase, participants were asked to perform searches with two potential
targets (e.g., “blue or red backpacks”). In four conditions, participants viewed
interference objects that either matched one of the two defined perceptual elements (e.g.,
“blue backpacks” or “red backpacks”), or did not match (e.g., “yellow backpacks”).
Interference objects were presented in one of four presentation schemes, described here
in colors of backpacks to illustrate conditions: 7 blue-1 red (7-1); 1 blue-7 red, (1-7-ON);
1 blue-7 yellow, (1-7-OFF); and 1 blue-0 red, (1-0) (Figure 16).
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Conditions in Experiment 2 similar to those in Experiment 1 are as described in
the following. The 1-7-ON and 7-1 conditions were the same as the 1-7 and 7-1
conditions, respectfully, from Experiment 1; the 1-7-ON name changed to indicate that
the 7 previously non-matched interference objects (e.g., “red backpacks”) were now
perceptually matched to the target identification of the search task, and thus were now
“ON” and expected to induce interference, if an episodic category could be defined with
two features on a single dimension. The new condition, 1-7-OFF, was incorporated, in
order to have a comparison condition in which there were still perceptually non-matched
(e.g., “yellow backpacks”) interference objects that should not be included in the
episodically defined category.

Figure 16.
An example of interference objects shown during the interference phase
for the example target “Blue Backpack” for Experiment 2.
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Results
With conditionalizing criteria, the total amount of data lost from Experiment 2
was less than 11%. There was no overall effect of interference condition on memory
accuracy, F(3,87) = 1.71, p = .17, ηp2 = .056 (Figure 17). However, some critical
pairwise comparisons were significant or marginal. The 7-1 condition, with .75 accuracy,
was significantly lower than the 1-7-off condition, with .83 accuracy, t(29) = -2.89, p <
.01, replicating the findings in Experiment 1 that objects non-matched on relevant
perceptual features will not contribute to RI.
The critical comparison for Experiment 2, however, was the 7-1 condition to the
1-7-ON condition, which had .79 accuracy. If episodically defined categories can include
more than one dimension of a perceptual feature, these two conditions should show the
same amount of RI. These conditions were not significantly different, t(29) = -1.03, p =
.31 on a two-tailed test. However, the 1-7-ON condition was also not significantly
different from the 1-7-OFF condition, t(29) = -1.07, p = .15 on a one-tailed test, and was
the same numerical distance to that condition as to the 7-1 condition, indicating that the
lack of a significant difference between the 7-1 and 1-7-ON conditions should be
interpreted with caution. This result seems to indicate that the 7 objects non-matched
perceptually (e.g., red backpacks) to the tested target object, even though matched to
search instructions, may be contributing to RI effects but interference from these items is
not equal to the interference from perceptually matched objects.
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Figure 17.
Memory accuracy for each condition in Experiment 2, when targets of two
different colors are included in search instructions.

Experiment 2 Discussion
Experiment 2 investigated the malleability of episodically defined categories by
examining whether an episodically defined category could include more than one feature
on a single dimension—in this case, color. If an episodically defined category can be
made to include two different colors, then interference should be induced equally by
interference objects of both colors included in the category definition. The memory
results from Experiment 2 showed that the two object-color conditions were not
statistically different from each other, supporting the idea that the episodically defined
category may include both colors in its definition. However, one caveat exists, and that is
that although not statistically different, the condition with the color that matched the
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learned object did result in numerically lower memory accuracy than did the condition
with the second color, by 4%. Therefore, the possibility of defining an episodic category
with more than one feature on a single dimension may bear more investigation.
One alternate possibility is that there may be two separate but somewhat
overlapping episodic categories, (e.g., one for “blue backpacks” and one for “red
backpacks”). The episodic category for each color may be defined separately because
episodic categories may not be malleable enough to include two different features on a
single dimension, (e.g., a “blue and red backpacks” category). At the same time, each
color definition is relevant to the same ongoing task, so perhaps two separate episodic
categories are formed, but are connected or overlapped because of being jointly relevant.
See Figure 18 for an illustration of possible configurations of this idea. A theoretical
explanation of two overlapping episodic categories may allow for both colors to induce
interference but perhaps one a lesser amount than the other, if the numerical difference
between the two color conditions indicates a potential real effect.
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Figure 18.
A and B show two possibilities for jointly defined episodic categories:
“Blue Backpacks” and “Red Backpacks.”
In A, the two categories overlap; in B they are separate but joined. The originallylearned “Blue Backpack” object resides in the “Blue Backpacks” category; in either case,
the “Red Backpacks” objects are able to interfere on the original learned object only to a
limited degree.
One clear result from Experiment 2 was that the color that was not included in the
category definition, (e.g., the “yellow backpacks”) did not induce interference, and so the
episodic category—whether one, or two that overlap, is clearly defined to include only
those objects relevant to the task. Therefore, there are two important findings from
Experiment 2. Firstly, Experiment 2 replicates the findings from Experiment 1 that
support the Episodically Defined Category Theory. Secondly, because the conditions for
the two object colors were not statistically different in their amount of interference
induced, Experiment 2 provides some preliminary evidence that episodic categories can
be defined to include more than one feature on a single dimension. Episodically defined
categories may be malleable to the specified relevant features of an encoding task, to
include more than one feature on a dimension, but this result should be interpreted with
caution pending further investigation.
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DISCUSSION

The experiments conducted herein investigate the nature of the organization and
categorization of visual long-term memory. This study examines a major theoretical
viewpoint put forth by Konkle et al. (2010) that holds that visual information in memory
is organized around pre-existing conceptual category information structures. In contrast
to this viewpoint, visual memory results from visual search (Antonelli & Williams, 2011;
Williams, 2010a, 2010b; Williams, et al., 2005) have indicated differences in memory for
objects based on their encoding context, and not on what would be expected along
conceptual category lines. In an effort to reconcile the results found from these two
different lines of inquiry, a new theoretical viewpoint of episodically defined categories
in visual memory was proposed. This theory of episodically defined categories proposes
that visual information is organized around whatever information is relevant about the
visual input at the moment of encoding, when the encoding of that visual information can
be marked as an episodic event.
Aim 1
The specific aims of this study were to explore how episodically relevant
information at encoding impacts the organization of visual long-term memory. Aim 1
was to examine the impact of episodically relevant and irrelevant conceptual, perceptual,
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and contextual information on retroactive interference effects; to this end, three
hypotheses were tested in three experiments.
Experiment 1a tested Hypothesis 1: If categories in visual memory are
episodically defined by the event of encoding using task-relevant perceptual (color) or
conceptual (category) information, then subsequently presented exemplars matching
learned objects on color and category and on encoding context (role of object in a search)
will cause RI in memory; exemplars not matching all relevant features will not contribute
to RI. In Experiment 1a, memory was tested for objects that had 7 critical interference
objects matched on color and category as well as context, (the 7-1 condition), and for
objects that had 7 critical interference objects that were non-matched on color and
context but matched on category, (the 1-7 condition). According to the Conceptually
Defined Category Theory, the theoretical viewpoint put forth by Konkle, et al. (2010),
conceptual category is the organizing mechanism for visual memory and thus these two
conditions, with an equal number of interference objects related to the learned object on
conceptual category, should have shown equal amounts of interference in memory.
Instead, the Episodically Defined Category Theory was supported: the 7-1 condition, in
which the 7 critical interference objects matched the learned object on all episodically
relevant features, showed significantly more retroactive interference than did the 1-7
condition, in which the 7 critical interference objects matched only on conceptual
information. This finding cannot be explained by the theoretical viewpoint of Konkle, et
al. (2010), which posits that visual information is organized in memory around preexisting conceptual categories. The results of Experiment 1a illustrate that information
that is episodically relevant at the time of encoding helps to define an episodic category
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in visual memory that (one would expect) did not exist prior to the encoding
experience—there is not likely to be a pre-existing “blue backpacks” category in most
people’s visual memory taxonomy. However, Experiment 1a shows that after
experience, there can be such a category formed.
Still under the first aim of the study, Experiment 1b tested Hypothesis 2: If an
episodically defined category is equated to the conceptual category for that object, then
all members of that conceptual category that also match the encoding context of the
learned object will cause RI in memory. This experiment examined what memory would
result when, using the same object picture stimuli as in Experiment 1a, the perceptual
information that was relevant in the first experiment was no longer relevant.
Search instructions for Experiment 1b indicated only to look for objects of a
particular conceptual category, [e.g., participants looked for “Backpacks” (1b) rather than
“Blue Backpacks” (1a)]. If one assumes that participants in the study by Konkle, et al.
(2010) were using conceptual category as an organizing factor (whether intentionally or
incidentally), then Experiment 1b should most closely approximate the encoding
conditions of Konkle, et al. (2010), but in a sequential search task. In this circumstance,
both the Episodically Defined Category Theory and the Conceptually Defined Category
Theory predict the same outcome: that the 7-1 and 1-7 conditions (each with a total of 8
critical interference objects matched on the only feature that was task-relevant—that of
conceptual category) would produce equivalent amounts of RI in memory. This
predicted result was the outcome of Experiment 1b; memory in the 7-1 and 1-7
conditions was not statistically different. Taken together, Experiments 1a and 1b provide
clear evidence that even with the same visual stimuli being processed in the two
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experiments, the episode of encoding and the information relevant at that time has a
significant impact on how visual memory is organized.
The final experiment for Aim 1 was Experiment 1c, that tested Hypothesis 3: If
episodically defined categories of interference exemplars match learned objects on
relevant conceptual or perceptual features but not on encoding context, they will cause no
RI in memory; that is, a match of encoding context (the role of search target) is necessary
but not sufficient for an object to be included in an episodically defined category.
Experiment 1c provided a check for a potential concern about the comparisons between
Experiment 1a and 1b. Two factors were changed between Experiments 1a to 1b for the
interference objects that were non-matched to learned objects on perceptual features (e.g.,
the “Red Backpack” objects). The first factor was on the relevance of color of the
interference object: relevant in 1a and irrelevant in 1b. The second factor was the match
or non-match of encoding context: non-matched in 1a and matched in 1b. Thus, one
could theorize that either change could be the driving factor for any differences in
memory results between Experiments 1a and 1b. In Experiment 1c, the “Red Backpack”
interference objects were made to match the learned object on encoding context. If a
match on encoding context—rather than an episodically defined category that included
color as a defining feature—were the driving factor for allowing interference effects, then
the 1-7 condition in Experiment 1c should have resulted in more interference than the 7-1
condition. It should be noted that this concern is specific to the Episodically Defined
Category Theory, and is not an argument that would be made by the Conceptually
Defined Category Theory. Rather, the Conceptually Defined Category Theory would
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predict interference effects based on conceptual information and not on encoding context
as defined here.
For Experiment 1c, the 1-7 condition did not result in more interference than the
7-1 condition, or in any significant interference effect. This result indicates that a match
on encoding context alone could not explain why the 7-1 condition resulted in
significantly more interference than the 1-7 condition in Experiment 1a. With this
alternative explanation eliminated, the most reasonable explanation for the results seen in
Experiment 1a is that an episodically defined category was created, and this episodic
category prevented non-matched interference objects from inducing interference.
However, one result from Experiment 1c was not predicted by the Episodically Defined
Category Theory as defined in the introduction: that is, that a match on encoding context
is necessary for interference to occur. In Experiment 1c, interference objects in the 7-1
condition that were not matched on encoding context still induced interference as they
had done in Experiment 1a when they were matched on encoding context. Therefore, the
actual driving factor for interference effects seen here appears to be the match on
episodically relevant features of the viewed objects, as proposed by the Episodically
Defined Category Theory.
The findings regarding the role of encoding context from Experiment 1 indicate
that a revision is required of the Episodically Defined Category Theory. The necessary
revision is that a match on encoding context of subsequently presented exemplars is not
necessary for retroactive interference to occur to an originally learned object. However,
encoding context is still important to the Episodically Defined Category Theory for the
first category member of an episodically defined category. The Episodically Defined
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Category Theory is also amended to specify that the episodic category itself is not created
until the first object that defines that category is viewed; that is, searching for “Blue
Backpacks” will not create a “Blue Backpacks” category, whereas searching for “Blue
Backpacks” and finding at least one “Blue Backpack” will create the category. The idea
of a category being created only when the object is found is in keeping with the findings
of Williams, 2010b, where the number of times an object was found was the best
predictor of memory for that object, and the number of times it was searched for had no
effect. The original establishment of this episodic category in memory is what allows for
the subsequent organization and grouping of like visual information into that category.
As seen in Experiment 1c and in Antonelli & Williams (2011), when the episodic
category is established by viewing at least one object for that category (e.g., the original
learned object “Blue Backpack” target), then subsequently viewed objects that match the
learned object on features that define that episodically defined category (e.g.,
subsequently viewed “Blue Backpacks”) will be able to induce interference in memory,
because that episodic category has now been created for the participant viewing the
objects.
As discussed previously, Antonelli & Williams (2011) found no interference
effects for distractor objects from visual search, and concluded that the lack of an
episodic “event” of encoding when viewing a distractor object (i.e., such as that when
viewing a target object), was what prevented distractor objects from exhibiting this
episodic-like component that is susceptible to interference. Therefore, the Episodically
Defined Category Theory still holds that the encoding context in which an object is first
viewed must be experienced as an episodic event in order to form an episodic category.
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Taken together, the three experiments under Experiment 1 illustrated the
importance of the moment of encoding for how visual information is organized in
memory. Each of the three experimental manipulations under Experiment 1 presented
the exact same visual stimuli set to participants; what visual information was relevant to
the task was manipulated by changing only the search instructions. Experiment 1 showed
that whether particular features of the visual stimuli are episodically relevant at the
moment of encoding will direct attention to those aspects, and those relevant features will
define how visual information is organized and remembered. Together, these
experiments provide strong support for the Episodically Defined Category Theory, and a
foundation from which further investigation into the nature of these episodically defined
categories could begin.
Aim 2
Aim 2 was to investigate the extent to which RI effects can be manipulated based
on episodically defined organizational categories, within natural basic-level categories.
Because the Episodically Defined Category Theory allows for any relevant feature or
features at the moment of encoding to be used to create a structure for visual memory, the
question arises, how malleable is the structure of visual memory with respect to the
current task demands? For example, can episodically defined categories be defined using
multiple features on a single dimension within a natural category. To investigate that
question, Experiment 2 tested Hypothesis 4: If a visual memory category is episodically
defined as the union of more than one relevant feature on a single dimension, (e.g., two
different colors) interference exemplars that match on either relevant feature of that
dimension (in addition to matching on any other relevant dimensions) will cause RI
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effects in memory whereas those that do not match the critical features will not. For
example, learned search target objects of “blue backpacks” when the search instruction
was to look for “blue or red backpacks” will be affected by interference from both
subsequently presented “blue backpack” and “red backpack” target objects. Although
there is reason to interpret the results with caution, the findings of Experiment 2 seem to
support the possibility that an episodically defined category can include two features on
one dimension—in this case, two different colors.
More investigation is warranted for the question of whether episodic categories
can be defined using more than one feature on a single dimension, because the results
from Experiment 2 somewhat support this possibility. There was no statistically
significant difference between the two critical conditions, indicating that interference
objects of both colors included in the search instruction were inducing some amount of
interference. However, the comparison between those two conditions could be
considered ambiguous, with the same-colored interference object producing a
numerically larger interference effect than the other-colored object. It is possible that this
effect is truly not significant and the numerical differences between the two conditions
are specific to this sample, and therefore an episodic category can include two different
defining features on one dimension. Alternatively, the numerical difference between
these two conditions could indicate a potential effect in which interference objects that
match the learned object on a feature are somehow capable of inducing more interference
than objects of a non-matching feature such as color, even when both features were taskrelevant.
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There are different possibilities for why a feature-matched object might induce
more interference than a feature-non-matched object in an episodic category defined by
both. One possibility, as discussed earlier, is that perhaps two different but overlapping
episodic categories are created that allow for interference. A second possibility is that
perhaps the episodic category definition can include two features on one dimension, but
is not malleable enough to have both features define the category to an equivalent degree;
there may be a hierarchy of feature conditions (e.g., “Blue Backpacks” are more closely
arranged within the episodic category than “Red Backpacks”) based on the original
defining moment for that category. Under the conditions of Experiment 2, the initial
episodic category was created during the encoding phase and first populated by the
learned object (e.g., a “Blue Backpack”, for that condition). Thus, the fact that the
perceptually non-matched object was always found in a subsequent search sequence after
the learned object, even though both objects met the defining features for the same
episodic category, may have placed some advantage or priority on features of the first
viewed object.
Finally, the episodic categories created in Experiment 2 may have been separate
because of the nature of the task instruction. The instruction asked for participants to
look for, for example, “Blue or Red Backpacks.” In this case, the formal logical
definition of “Or” includes the conjunction of the two items in question—meaning, the
instruction should include three separately definable instances: “Blue Backpacks”, “Red
Backpacks”, and “Blue Backpacks and Red Backpacks”. However, the “common sense”
understanding of “Or” does not typically follow this formal definition, so the common
understanding of the instruction would be to include just two separately definable
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instances: “Blue Backpacks” and “Red Backpacks”. Therefore, it may be the manner in
which the instructions were worded that led participants to establish two (at least
partially) separate episodic categories.
Other ways of presenting and testing when objects are added into an episodic
category may shed more light on how these categories are created and organized. One
such test would be having both object target types (e.g., both a “Blue Backpack” and a
“Red Backpack”) appear in the same search sequence with a counting search task, in
order to see if temporal proximity would allow for a better-defined two-feature category
than was found in Experiment 2. Another possible test of the theoretical point of when
and how the episodic category is formed would be a study in which a “Blue Backpack”
object is originally learned as a distractor object, and then subsequent “Blue Backpack”
targets are viewed which would (according to the Episodically Defined Category Theory)
then establish an episodic category of such. The strong prediction of the Episodically
Defined Category Theory would be that the subsequent “Blue Backpack” targets would
not induce interference on the originally learned “Blue Backpack” distractor object, both
because the learned object was not encoded under an “event” context, and because the
episodic category had not yet been established—but this may or may not prove to be the
case, and intuition would predict that it would not be. More examination of the
malleability of episodic categories is required to determine if any of the above
possibilities may be the case.
Even if results for comparison of the two critical conditions in Experiment 2 were
not clear-cut, Experiment 2 did confirm the finding that episodically defined categories
were created; objects not matching the search instruction (e.g., the third color “Yellow
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Backpacks”) did not induce interference. Experiment 2 lends more support to the
Episodically defined Category Theory, and made an initial attempt at investigation into
the organizational structure of these categories.
With the evidence found by the current study in support of episodically defined
categories, more investigation into the structure and organizational nature of these
categories would be beneficial to our overall understanding of the organization and
representation of visual long-term memories. In particular, the current study provided an
examination of how episodically relevant information at the moment of encoding can
affect how visual information is organized in memory, in a way that is not determined by
pre-existing knowledge structures. The current study also provides evidence for a
theorized explanation for previously unexplained differences between memory effects
from visual memorization and visual search.
In summary, the Episodically Defined Category Theory is supported by the
findings of this study, with some modifications as to the role of encoding context. This
theory has ramifications on our understanding of other areas of inquiry in visual
cognition and memory, in addition to the alternate explanation it provides for the Konkle
et al. (2010) study. For example, Vo & Wolfe (2012) found evidence that searching for
and finding an object in a scene provides better search guidance in subsequent searches
for that same object, whereas simply viewing that object as a distractor or while not
engaged in a search, even multiple times, does not provide that same advantage of search
guidance if it later becomes a target. They attributed this difference—i.e., whether
previous viewing of an object created a memory representation that would guide a
subsequent search for it—to a participant’s amount of engagement or effort in the task,
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akin to a generation effect (e.g., Jacoby, 1978). In light of the Episodically Defined
Category Theory, which proposes that features of visual information that are relevant to
the task will be included in its representation in memory, this Vo & Wolfe result could be
explained by the initial encoding episode of that target object in the scene. The
information relevant about that object when it is found in the scene may include cues
about its location, both local and global, within the scene itself, and thus this information
would be included in the memory for the object, allowing for later search guidance.
Therefore, as seen in this example, the Episodically Defined Category Theory may prove
a useful concept for examining and interpreting investigations of visual information
processing and representation.
Limitations
Some limitations of the current study should be kept in mind. One design flaw
occurred due to experimenter error that resulted in the elimination of one of the originally
chosen to-be-learned object categories from the stimuli set. This elimination resulted in a
possible maximum of 35 memory test observations per participant and an incomplete
counterbalancing of items per condition across the experiments. The elimination of this
one object from the stimuli set did not make an appreciable difference in the reported
results of the study, but a future replication of these experimental conditions with a
complete stimuli set and complete counterbalancing of stimuli per condition would be
beneficial. Experiment 2 was also not fully counterbalanced due to difficulty with
participant recruitment during the time frame in which the experiment was conducted.
The experiment design counterbalanced on 16 participants, so that at least one full
counterbalance of conditions across participants was completed in Experiment 2, but a
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full 32 participants for a second complete counterbalance were not obtained. The lack of
a complete counterbalance for Experiment 2 is not considered to have affected its overall
conclusions.
Additionally, many of the a priori comparisons made for this study included a
prediction of no difference between certain critical conditions, i.e., predicting that the null
hypothesis was true. Interpreting results when no statistical difference is found between
conditions should be done with caution, because the result of no difference between
conditions could be because either the tested effect is actually not present, or there is not
enough statistical power to detect it. However, some critical analyses were planned to be
across-experiment to observe any interactions, and this additional analysis comparing
effects between experiments should alleviate some of that concern. Additionally, original
plans for all experiments within the study had been to obtain 3 fully counterbalanced sets
of observations (i.e., 48 participants) per experiment. Observed power appears to be
adequate for effects that were found, but replication of the findings from this study with
the originally planned numbers of observations would increase the confidence with which
these results could be interpreted.
Finally, one theoretical limitation of the current research is that all investigations
of and results supporting episodically defined categories occur within the constraints of
pre-existing conceptual categories, as described below. This design decision was made to
constrain the simplicity of the stimuli set and the conclusions that could be drawn in the
initial studies on this subject; further investigation into categories that would extend
beyond the bounds of pre-existing conceptual categories were not undertaken in the
current study for the consideration of time and resource constraints. Future investigations
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of episodic categories beyond conceptual category boundaries would be greatly beneficial
to our understanding of episodic categories in memory, and are suggested below.
Future directions
One implied future direction for this line of investigation would be to extend the
concept from Experiment 2, that tested whether objects of two different features on one
dimension but sharing a common conceptual category (e.g., “Blue or Red Backpacks”),
could be included in a single episodically defined category. It may be that episodically
defined categories are flexible enough to include more than one feature on a single
dimension, but that episodic categories are still constrained by an organizational structure
that relies on conceptual categories. One limitation of the current study is that all RI
effects shown still occur within conceptual categories. This leads to a question of
whether the episodic relevance of objects that are unrelated by conceptual category can
be made to form episodically defined categories which are organized together in memory.
For example, in a list of “Blue Objects”, can a “Blue Backpack” be made to interfere with
a “Blue Boat”?
There is some evidence that people do organize concepts in memory into ad hoc
categories that extend beyond basic natural categories when task demands make that
category relevant (Barsalou, 1983). A future study to examine whether categories
defined by color, (or by any other single feature than can extend beyond the boundary of
a pre-existing conceptual category), can be established as episodically defined categories
in visual memory would be compelling (Figure 19). If episodically defined categories
can be made to be defined by features—conceptual or perceptual—that extend beyond
the boundaries of basic-level pre-existing categories, such a result would be strong
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evidence that visual memory is organized entirely according to features of the visual
information that are task-relevant at the moment of encoding.

Figure 19.
An illustration of theoretical episodically defined categories that extend
beyond boundaries of pre-existing conceptual categories.
An episodically defined category of “Blue Objects” may include any predominantly blue
object, such as a backpack, a boat, a chair or a garbage can.
Conclusion
The current study provides an examination of the organizational structure and
representation of visual information in long-term memory. Understanding this aspect of
visual memory organization can have substantial implications for how we view visual
information processes. The present study indicates that the task context under which
visual information is processed at the moment it is encoded will impact how that
information is categorized and consequently organized in memory. If we look for a pen
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on a crowded desktop, as described in the introduction, and we see very many pen-like
objects, it may be more difficult to remember if the first one of those objects you looked
at had been a specific pencil you later need. If you also happen to see a marker of an
unusual round shape during that search, you may not remember it in a way that you could
consider it a potential writing instrument at all if it hadn’t fit into your “long, slender,
pencil-shaped” definition of that episodic category at the time you viewed it. Our task at
the moment we view visual information in our environments has consequences for the
memory we have for that information.
The findings of this study constitute a step toward a more solid understanding of
the manner in which we process and organize visual information. Such understanding
may be of vital importance for human endeavors in which the classification or
categorization of visual information is more critical than that of a search for a pen on a
desktop—those such as visual medical screenings, crime or accident scene investigations,
and security checkpoints. Visual processes occurring during encoding that affect visual
memory could have consequences on decisions that are made in such circumstances, and
are important and relevant topics of investigation. The current study provides some new
insights into our understanding of these visual processes that affect the organization and
categorization of visual long-term memory.
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STIMULI OBJECT NAME AND COLOR LISTS
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Object name

Color 1

Color 2

Color 3

apple
backpack
basket
beetle
bird
boat
boots
bottle
briefcase
camera
car
cat
chair
dogs
door
drill
garbage can
guitar
hat
lady's wallet
leaf
microphone
motorcycle
mug
plate
purse
tape dispenser
teapot
telephone
toaster
toolbox
tractor
train car
truck
umbrella
wheelchair

red
blue
white
brown
yellow
white
brown
red
black
yellow
yellow
black
blue
white
blue
yellow
blue
brown
yellow
brown
yellow
black
red
blue
brown
white
red
white
white
black
black
red
brown
red
blue
black

yellow
red
brown
red
white
blue
black
brown
brown
black
blue
brown
yellow
black
brown
red
white
black
white
black
red
blue
yellow
white
white
brown
blue
yellow
yellow
red
red
blue
black
yellow
white
blue

green
yellow
red
green
green
brown
yellow
yellow
silver
silver
white
white
green
brown
green
green
green
red
green
green
green
silver
blue
yellow
green
green
silver
red
blue
blue
yellow
green
green
green
yellow
brown
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Study 12-259: Viewing and Remembering Objects

nmorse@research.msstate.edu
8/29/12
to kba38

August 29, 2012
Karla Antonelli
68 Harvest Dr.
Columbus, MS 39705
RE: IRB Study #12-259: Viewing and Remembering Objects
Dear Ms. Antonelli:
This email serves as official documentation that the above referenced project was
reviewed and approved via administrative review on 8/29/2012 in accordance with 45
CFR 46.101(b)(2). Continuing review is not necessary for this project. However, any
modification to the project must be reviewed and approved by the IRB prior to
implementation. Any failure to adhere to the approved protocol could result in suspension
or termination of your project. The IRB reserves the right, at anytime during the project
period, to observe you and the additional researchers on this project.
Please note that the MSU IRB is in the process of seeking accreditation for our
human subjects protection program. As a result of these efforts, you will likely
notice many changes in the IRB's policies and procedures in the coming months.
These changes will be posted online at
http://www.orc.msstate.edu/human/aahrpp.php. The first of these changes is the
implementation of an approval stamp for consent forms. The approval stamp will
assist in ensuring the IRB approved version of the consent form is used in the actual
conduct of research. Your stamped consent form will be attached in a separate
email. You must use copies of the stamped consent form for obtaining consent from
participants.
Please refer to your IRB number (#12-259) when contacting our office regarding this
application. Thank you for your cooperation and good luck to you in conducting this
research project. If you have questions or concerns, please contact me at
nmorse@research.msstate.edu or call 662-325-3994. In addition, we would greatly
appreciate your feedback on the IRB approval process. Please take a few minutes to
complete our survey at http://www.surveymonkey.com/s/YZC7QQ! D.
Sincerely,
Nicole Morse
Assistant Compliance Administrator
cc: Carrick Williams (Advisor)
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