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Abstract Although Konkle, Brady, Alvarez, and Oliva (2010,
Journal of Experimental Psychology: General, 139(3), 558)
claim that visual long-term memory (VLTM) is organized on
underlying conceptual, not perceptual, information, visual
memory results from visual search tasks are not well explained
by this theory. We hypothesized that when viewing an object,
any task-relevant visual information is critical to the organiza-
tional structure of VLTM. In two experiments, we examined the
organization of VLTM by measuring the amount of retroactive
interference created by objects possessing different combina-
tions of task-relevant features. Based on task instructions, only
the conceptual category was task relevant or both the concep-
tual category and a perceptual object feature were task relevant.
Findings indicated that when made task relevant, perceptual
object feature information, along with conceptual category in-
formation, could affect memory organization for objects in
VLTM. However, when perceptual object feature information
was task irrelevant, it did not contribute to memory organiza-
tion; instead, memory defaulted to being organized around con-
ceptual category information. These findings support the theory
that a task-defined organizational structure is created in VLTM
based on the relevance of particular object features and
information.

Keywords Visual long-termmemory . Retroactive
interference . Categorization

Visual long-term memory (VLTM) has been shown to have an
enormous capacity and fidelity (e.g., Brady, Konkle, Alvarez, &
Oliva, 2008; Nickerson, 1968; Standing, 1973; Standing,
Conezio, & Haber, 1970; see Brady, Konkle, & Alvarez, 2011,
for a review). These capacities have been theorized to rely on
either the viewer’s ability to use both pictorial and conceptual
information (dual coding; Paivio & Csapo, 1973) or on the per-
ceptual distinctiveness of images (Weldon & Coyote, 1996; see
also Nelson, Reed, &Walling, 1976). In a recent study, Konkle,
Brady,Alvarez, andOliva (2010) explored the excellentmemory
for pictures by investigating the contributions of conceptual and
perceptual information to the structure of VLTM. They used
retroactive interference—a reduction in memory performance
for an item resulting from the subsequent presentation of addi-
tional items—as an indication of the relative importance of con-
ceptual and perceptual information by manipulating the number
of exemplars they presented from a particular conceptual cate-
gory (from one to 16 objects from each category). If increasing
the number of exemplars from conceptually similar categories
increases retroactive interference, then conceptual information is
critical to the structure of VLTM.On the other hand, if increasing
numbers of objects from categories that were rated to be percep-
tually similar increase retroactive interference, then VLTM
would appear to be organized around perceptual information.

Konkle et al. (2010) found excellent memory for pictures
with no interference (89% accuracy in a two-alternative
forced-choice task). More importantly, they found increasing
retroactive interference with subsequently presented similar
category exemplars, supporting the importance of conceptual
organization for visual memories. In contrast, Konkle et al.
found no relationship between the size of the retroactive
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interference effects and perceptual similarity within a cate-
gory—that is, objects that looked more alike did not produce
more interference than objects that looked more dissimilar.
Konkle et al. concluded that conceptual category information
is the supporting and organizing mechanism that provides
VLTM with its high capacity and fidelity, and VLTM is
benefitted by having an underlying preexisting conceptual
knowledge structure upon which visual details can be
indexed when pictures are learned.

Although Konkle et al. (2010) demonstrated that concep-
tual information was critical to VLTM, studies examining
VLTM for visual search objects indicate that conceptual orga-
nization alone does not appear to be sufficient to explain vi-
sual memory effects. Williams and colleagues (Thomas &
Williams, 2014; Williams, 2010a, b; Williams, Henderson,
& Zacks 2005) found that the role of an object in search affects
VLTM. Specifically, memory for conjunction search targets
was much better than memory for distractors related by cate-
gory or color. Even when the distractor objects are viewed
longer, distractor objects are remembered substantially worse
than target objects are (Thomas & Williams, 2014; Williams,
2010b; Williams et al. 2005). In this case, the contextual in-
formation surrounding the encoding process of an object ap-
pears to be important in retrieving memories from VLTM. If
conceptual category information is the sole organizing princi-
ple in VLTM, then category distractors (i.e., distractors that
share the target’s category but not its color) should increase
interference in memory for the target object, similar to Konkle
et al. However, memory for the target of a visual search is
significantly higher than memory for the same object learned
under memorization instructions (Williams, 2010a), indicat-
ing that the additional category exemplars from the distractors
do not interfere with the object memory when it is a search
target as much as when the same object is memorized. In other
words, unlike the findings of Konkle et al. (2010), seeing
several other backpacks, for example, did not appear to inter-
fere with the memory of a target backpack even though they
all share a conceptual category.

Why would multiple members of a conceptual category
lead to retroactive interference in the Konkle et al. (2010)
study but not affect the memory of a search target in the
Williams (2010a) study? Williams (2010a, b) proposed that
memory for search objects is affected by the contextual infor-
mation that is present during the encoding event. When a
search target is encountered, it is the critical event of the search
task. This event may attach a specific importance to the visual
memory for that target, allowing the target to be remembered
especially well (like the objects in Konkle et al.). In contrast,
encountering category distractors during a search is not the
event of the search, and thus these category distractors are
encoded without that same information (see Janzen & van
Turennout, 2004, for a similar finding regarding choice
points in a maze).

The difference in how an object is encountered could alter
the relative importance of its conceptual category. In the repeat
detection task of Konkle et al. (2010), with no other instruc-
tion when a picture is being viewed, a participant would likely
implicitly name each object in an effort to memorize it while
simultaneously testing that object against others of the same
category previously presented (i.e., BHave I seen this back-
pack before?^). Thus, every backpack would be labeled with
the conceptual category and would be stored with all of the
other backpacks seen during the experiment. The more
backpacks seen during the experiment, the more interference
there would be for retrieving a particular backpack.1

In contrast, in a visual search, when encountering a target
specified by conceptual category and a perceptual feature
(e.g., blue backpack), a participant has to evaluate a current
object on both of these aspects (BIs this object a blue back-
pack?^). When one encounters a target blue backpack, it
would be identified as meeting both of those criteria and thus
would be identified and stored with both of those features,
leading to their superior memory. However, all other back-
packs, even though they are part of the target conceptual cat-
egory, fail to meet both criteria. Thus, within the context of the
search, these other backpacks are different than the target
backpacks, and it is this difference that leads to the distractor
backpacks being encoded separately. We argue that the man-
ner in which they are encoded (i.e., BNot what I am looking
for^) prevents these distractor objects from being encoded
with the full advantage of the conceptual category information
that Konkle et al. claimed supported VLTM.

The current study was designed to test the extent that con-
ceptual, perceptual, and contextual information was critical to
VLTM organization. We hypothesized that whatever task fac-
tors are relevant at the moment of encoding will help organize
VLTM. If the organization of VLTM is limited to only con-
ceptually defined relationships, as suggested by the findings in
Konkle et al. (2010), all conceptually related objects should be
expected to produce retroactive interference for an earlier pre-
sented member of a conceptual category (e.g., interference
should occur equally for all presented Bbackpacks^ regardless
of how they are encoded). On the other hand, if the organiza-
tion of VLTM relies on the relevance of information to the
encoding context, then interference effects for objects should
be expected to be constrained along the task-relevant defining
factors for that object (e.g., interference would be constrained
to Bblue backpacks^ when both the color and category are
important to the task).

1 The same would be true if a category had multiple subtypes that were easily
identifiable. In their article, Konkle et al. (2010) described the automobile
category as being conceptually distinctive in kind (their Fig. 4). If the exem-
plars are identified by different labels (e.g., race car, police car, SUV) by the
participants without prompting, then the different labels would be the basis of
organization in VLTM.
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In order to accomplish this, we needed a design that could
take advantage of retroactive interference to probe the structure
of VLTM (as in Konkle et al., 2010), but with the ability to
manipulate the task information that was relevant at the mo-
ment an object is encoded. We used a sequential target-
identification trial task (similar toWilliams, 2010a) where partic-
ipants are given a target prior to a sequence of pictures and are
asked after the sequence if the target appeared anywhere in
that sequence (see Fig. 1). By manipulating the information
provided about the target object for that sequence (only the
category label, backpack, or a more specific label of a color
and category label, blue backpack), we can determine if pro-
viding a perceptual feature can alter the way that objects are
stored in VLTM.2 In other words, we can ask if a blue back-
pack is encoded and remembered as just a backpack, where
any backpack can interfere, or is it now a special category that
is exclusively made up of blue backpacks, and only blue back-
packs can interfere with each other.

Experiment 1

In Experiment 1, we attempted to replicate the effects of Konkle
et al. (2010) using our sequential target-identification trial task.
We argue that in the repeat detection task of Konkle et al. par-
ticipants would naturally identify only the category of the object
when making the repetition decision; thus, VLTM from the
repeat detection task would emphasize the conceptual category
in its structure. In Experiment 1, we had participants identify
targets in the sequential target-identification trial task that were
defined by only category label (e.g., backpack). Because the
color was not critical to identifying the target in the sequence,
we hypothesized that color would not be part of the VLTM
structure that was created to support memory of these objects,
which would replicate the findings of Konkle et al. (2010). In
other words, if a blue backpack was seen initially when looking
for a backpack, subsequently presented red and blue backpacks
should both produce equal levels of retroactive interference.

Participants

Thirty-two participants were recruited from the Psychology
Research Program at Mississippi State University and re-
ceived partial credit toward an undergraduate psychology
course for their participation. Participants were restricted to
those with normal or corrected-to-normal visual acuity,

normal color vision, who were 18 years old or older, and those
who had not participated in similar visual cognition studies
(i.e., naïve to the purpose of the experiment). Participants were
allowed to participate in only one of the two experiments.

Design and procedure

In both experiments, the same procedures and images were
used, with only the target identification label changing. The
experiment had three phases: an original encoding phase, an
interference phase, and a memory test phase (see Fig. 2).
Critically, the design of the experiment is tied to the procedure
that we used. We will discuss each phase below, but the general
format follows Konkle et al. (2010): An originally encoded
object was presented in the encoding phase (hereafter called
the originally encoded target). Retroactive interference for the
originally encoded targets was generated by presenting varying
numbers of objects in the interference phase that were from the
originally encoded target’s conceptual category (hereafter
called interference objects). Finally, we tested the memory for
the originally encoded object in the memory test phase.

Encoding phase To begin the experiment, participants
were provided with an informed consent document to read
and complete, followed by a basic demographic question-
naire that included screening information on visual abili-
ties. Participants were seated in front of a computer mon-
itor and given general instructions. In both the encoding
and interference phases, we used the sequential target-
identification trial task (see Figs. 1 and 2), where partic-
ipants were instructed to indicate if a target object was
present in a sequence of seven objects. The sequence be-
gan with a target label, and the participant pressed a but-
ton on the button box to indicate that he or she knew what
the target was for that sequence. After the button press,
the seven-object sequence was presented, with each object
being presented in the center of the screen for 750 ms
with a 100 ms blank interstimulus interval (ISI). The
750-ms presentation time was longer than the average
time that target objects were fixated in a visual search
task using these stimuli (637 ms; Williams et al., 2005;
see also Williams, 2010a). Following the presentation of
the seven objects, a query screen would appear that asked
the participant, BWas the search object present? Yes or
No,^ and the participant input his or her response using
buttons labeled either BYes^ or BNo^ (see Fig. 2 for complete
structure of the procedure). The target object, if present,
was equally likely to appear in Positions 2, 3, 4, 5, 6, and
7 in the sequence. Following the response, the target de-
scription for the next trial was shown; the target descrip-
tion changed on each encoding trial. A practice trial pre-
ceded the encoding phase to familiarize the participant
with the task.

2 These levels of specificity, category and category + color, are the same as
search identifiers found in Schmidt and Zelinsky (2009), who referred to them
as precise and precise + color, respectively. Because we are manipulating the
categorical relationships of the objects, we felt that using the term category
rather than the term precise would be more transparent for our purposes.
However, in both the present study and Schmidt and Zelinsky, the same rela-
tionships are being described.
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For each participant, there were a total of 54 sequential
target-identification trials in the encoding phase. Twenty-
seven critical originally encoded targets from 36 different cat-
egories (see Appendix) were presented along with 18 filler
trials. Because the originally encoded targets had to be present
in the encoding phase (i.e., present trials), the 18 filler trials
were target-absent trials. Each target-present sequence
consisted of six random distractor objects, and the critical
target object (target-absent sequences had seven random ob-
jects). None of the distractors or the target-absent trial catego-
ries shared the basic-level category with any of the originally
encoded targets. All trials were presented for the encoding
phase in a random order.

Interference phase Upon completing the encoding phase,
participants began the interference phase (there was no
discernable break to the participants). In the interference
phase, participants continued to perform the sequential
target-identification trial task. The number of interference
objects and their relationship to the originally encoded
target were the critical manipulations in the experiment.
Each participant saw each of three critical interference
conditions. All of the critical interference objects matched
the originally encoded target’s conceptual category, but
the total number of interference objects (one or eight)
and whether they matched the originally encoded target’s
color was manipulated across conditions. The interference
conditions were labeled by the number of interference
objects that match and mismatch respectively the original-
ly encoded target’s color. In the 7–1 interference condi-
tion, participants were presented seven color-category
matched interference objects and only one category-only
matched interference object across the eight blocks. For
example, in the 7–1 interference condition, using a blue
backpack as the originally encoded target object, partici-
pants would see seven blue backpack interference objects
and one red backpack interference object (top row,
Fig. 2). The block in which the category-only matched
object appeared was counterbalanced. We decided to use
7–1 rather than an 8–0 manipulation to encourage

participants in all conditions to pay attention to the target
identification task’s instruction and not simply respond
based on the category label (this will be more relevant
in the subsequent experiment). In the 1–7 interference
condition (middle row, Fig. 2), participants were present-
ed with one color-category matched interference object
(e.g., a yellow leaf) and seven category-only matched in-
terference object (e.g., seven red leaves) across the eight
interference blocks. For this condition, the single color-
category matched interference object appeared equally of-
ten in each of the eight interference blocks. Critically, in
both the 7–1 and 1–7 interference conditions, all eight
interference objects match the originally encoded target
on its conceptual category. The third condition only pre-
sented one interference object (bottom row, Fig. 2); in the
1–0 interference condition, one color-category matched
interference object was presented during the interference
phase (e.g., one blue mug) in one of the eight interference
blocks (counterbalanced across subjects). In the remaining
seven interference blocks, the category was the target of a
trial, but no member of that category appeared in the
sequence. A fourth condition was included in the design
(a 0–1 interference condition, where one category-only
matched interference object was presented) in order to
balance the number of categories and colors. However,
that condition is not directly comparable to the other con-
ditions, and so we will not discuss it further. Figure 3
provides an illustration of example interference objects
presented for the three critical conditions for a single orig-
inally encoded target (a blue backpack). Interference con-
dition was counterbalanced across participants with each
category appearing equally often in each condition.

Nine of the 36 originally encoded target categories were
assigned to each of the three interference conditions (the re-
maining nine were assigned to the undiscussed 0–1 interference
condition). Thus, in the interference phase, a total of 216 critical
interference trials (3 conditions × 9 categories × 8 interference
blocks) along with 152 filler trials were presented. Because the
target was identified only by the category in Experiment 1, any
object matching the category label would yield a yes response.

Fig. 1 Sequential target-identification trial task used during encoding and interference phases in Experiment 1
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Thus, both red and blue backpacks appearing in the interference
trials would be responded to with yes.

Following the interference phase, participants were given
instructions for and completed the memory test phase.
Participants were told that two objects would appear (left
and right side of the screen; see Figs. 2 and 3, for examples);
one of the two objects had been previously seen during the
experiment. Participants were not informed about when the
objects had been previously seen. Because the tested object
was always an originally encoded target, the presented object
in the memory test had appeared in the encoding phase of the
experiment. Participants indicated which object had been pre-
sented by pressing the left or right button on a button box. The
memory test was self-paced with test objects displayed until
the participant made a response. Participants were instructed
to take as much time as was necessary to be as accurate as they
could be, and they were instructed to guess if they did not
remember the object. The originally encoded target appeared
equally often on the left and the right, and the foils for half of
the participants served as the originally encoded targets for the
other half (counterbalanced across participants).

When the memory test was complete, the participant was
debriefed and dismissed. All stimuli were presented using E-
Prime 1.2 experimental software (Schneider, Eschman, &
Zuccolotto, 2002). The experiment took approximately 1 hour
to complete.

Materials

For each category (see Appendix), two colors were selected in
which the originally encoded target and the interference ob-
jects could appear. For each category-color combination, two
unique tokens were chosen to serve as the originally encoded
target, and the memory test foil, most of which were taken
from the stimuli set of Williams (2010a). In addition to the
originally encoded target and its foil, eight additional tokens
were chosen for each color-category combination to serve as
interference objects. Thus, for each color-category combina-
tion, 10 unique object tokens were chosen. In addition to the
objects from the categories appearing in the Appendix, 546
additional objects that did not share the same category with
critical categories were used as filler pictures in the sequences.

Fig. 2 Representation of the procedure in this study. In all conditions, the
critical target object was looked for in the encoding phase and all eight of
the interference phase blocks. Top row shows the 7–1 condition, where, in
the encoding phase, a blue backpack was the target of the trial (in
Experiment 1, the target label was Backpack; in Experiment 2, the
target label was Blue Backpack). In the interference phase, a blue
backpack was presented in seven of eight blocks and a red backpack
was presented in the remaining block (not shown). Middle row shows
the 1–7 condition, where, in the encoding phase, a yellow leaf was the
target of the trial (in Experiment 1, the target label was Leaf; in
Experiment 2, the target label was Yellow Leaf). In the interference
phase, a yellow leaf was presented in one of eight blocks, and a red leaf
was presented in the remaining seven blocks (in this example, the yellow
leaf interference object appeared in the first interference block; the block
in which the matching interference object appeared was

counterbalanced). Bottom row shows the 1–0 condition, where, in the
encoding phase, a blue mug is the target of the trial (in Experiment 1
the target label was Mug; in Experiment 2, the target label was Blue
Mug). In the interference phase, a blue mug was presented in one of
eight blocks (in this example, the second block). In the remaining seven
blocks, no mug (red or blue) was presented. Trial order within each block
was randomized, and there was no discernable break in between the
encoding phase and interference phase or between blocks in the
interference phase. The memory test followed the completion of the
interference phase. The memory test was a two-alternative forced-
choice token-discrimination task where the participants indicated which
of the two objects had been presented. The originally encoded targets
from the encoding phase were tested against a nonpresented foil that
matched both the color and category of the target (Color figure online)
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Filler pictures in the interference phase were repeated three
times over the entire experiment, pseudorandomly distributed
across trials; objects from critical categories were presented
exactly one time.

All objects presented were full color photographs of real-
world stimuli and were resized so that they were 90 pixels
along the longer (vertical or horizontal) dimension; the objects
were displayed on a neutral gray background (RGB = 120)
and subtended 3.5° of visual angle at a distance of 57 cm,
though viewing distance was not strictly controlled. Each ob-
ject was presented in the center of the computer screen.

Results and discussion

Experiment 1 tested memory performance and interference
effects when object feature information was not relevant to
the target identification task, as we hypothesize was the case
in Konkle et al.’s (2010) repeat detection task. Targets were
only identified by the category, and we expected that only the
total number of interference objects would affect the level of
retroactive interference. Thus, we predicted that objects in the
7–1 and 1–7 conditions would be remembered similarly and
would be remembered worse than objects in the 1–0
condition.

Due to experimenter error, one of the 36 originally encoded
targets (wallet) was contaminated with more than the planned
number of exemplars from its conceptual category in the stim-
uli set; the data relating to that category were dropped from all
analyses reported here.

In the encoding phase and the interference phase, partici-
pants were highly accurate at responding to the originally
encoded targets and the interference objects. On average, par-
ticipants responded correctly to the originally encoded targets

96.9% (SD = 3.8%) of time and to the interference trials con-
taining an interference object 95.0% (SD = 3.6%) of the time.
Because the retroactive interference conditions critically de-
pend on both the successful encoding of the originally
encoded target and the correct interpretation of the interfer-
ence objects, we conditionalized memory test performance on
successful identification of the originally encoded target (i.e.,
correctly saying Byes^ in the encoding block) and 75% or
better performance for a category during the interference
phase. These eliminations removed 38 memory test trials or
approximately 4.5% of the trials

The critical data for this study were the memory test
performance values for the three interference conditions.
Because targets were identified by only the category label
in Experiment 1, we expected that the number of category
exemplars, regardless of color, would be the primary de-
terminant in retroactive interference. There was an overall
effect of interference condition, F(2, 62) = 6.65, p < .01,
ηp

2 = .177 (see Fig. 4). Similar to Konkle et al. (2010), we
found that memory performance was better in the 1–0 con-
dition (M = .87) compared to memory in the 7–1 condition
(M = .77), t(31) = −3.61, Bonferroni corrected p < .01, d =
.827, indicating that increasing the number of subsequently
presented color-category matched exemplars increased ret-
roactive interference. Importantly, memory performance in
the 1–7 condition (M = .78), where most of the interference
objects were color mismatched category exemplars, was
also worse than memory in the 1–0 condition, t(31) =
−3.15, Bonferroni corrected p = .01, d = .665. The 7–1
and 1–7 conditions did not statistically differ from each
other, t(31) < 1. Because color information was not part
of the target identification task in Experiment 1, any exem-
plar from the target category could interfere with the

Fig. 3 Interference objects that would be presented in individual
sequential target-identification trial tasks during the interference phase.
In this example, one blue backpack is the originally encoded target seen in
the encoding phase. Each individual object pictured is an example of an
object that would be presented in the interference trial block associated
with the original blue backpack, within an individual trial, across the eight

interference blocks for each condition. The order of presentation of color
matching or mismatching objects (e.g., red or blue) was randomly
distributed across the eight blocks. Following interference in one of the
conditions, the original blue backpack was tested against an original
color-category matched foil object. (Color figure online)
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originally encoded target. This pattern replicates the learning
conditions seen in Konkle et al. (2010), where conceptual
category, but not a perceptual feature, was relevant and critical
to VLTM organization. In other words, because the target was
identified only by its category, retroactive interference was
dependent on the number of category tokens subsequently
presented, not the color of the object tokens. Therefore, when
we replicate what we surmised were the task demands of
Konkle et al.’s repeat detection task, using our sequential
target-identification trial paradigm, we find that all category
interference objects, regardless of perceptual feature, interfere
with memory of the originally encoded target.

Experiment 2

Experiment 1 demonstrated that we could replicate the pattern
of retroactive interference that Konkle et al. (2010) found for
category members. By emphasizing only category member-
ship, any category member, regardless of perceptual related-
ness, could interfere with an originally encoded target.
Although the results are consistent with the conceptual-
category-only VLTM structure claims of Konkle et al., we
believe that if perceptual information (in this case, color)
was critical to identifying the target (i.e., made task relevant),
then both the color and the category would be part of the
structure of VLTM. To test our alternative claim, in
Experiment 2, we used the same materials and procedure as

Experiment 1, but we changed the target identification label to
include both the category label and color (e.g., blue backpack
instead of backpack). Bymaking the color critical to the identity
of the target, we believe that the organization of VLTM will be
different than it was in Experiment 1. Instead of all category
members, regardless of color, being grouped together in VLTM,
the importance of the color to the target label in Experiment 2
will create a new subgroup that only contains objects that match
the color and the category of the target description (e.g., a new
subgroup that contains only blue backpacks). If we are correct,
then retroactive interference for the originally encoded target (a
member of the subgroup) should be affected by the number of
objects that are in that subgrouping, not the number of objects in
the category in total. In other words, retroactive interference for
an originally encoded blue backpack target should be limited to
the number of subsequently presented blue backpacks, and it
should be unaffected by the number of red backpacks. Thus, the
1–0 condition (where one interference object matches the color
and category of the originally encoded target) and 1–7 condition
(where one interference object matches the color and category
of the originally encoded target, but seven interference objects
match on only the category) should produce equivalent levels of
retroactive interference (i.e., similar memory performance). In
contrast, the 7–1 condition (where seven interference objects
match the color and category of the originally encoded target,
and only one interference object matches on only the category)
should produce substantial retroactive interference and result in
memory performance that is worse than the other conditions.

Fig. 4 Memory results for mean accuracy from Experiment 1. Chance is .50. Error bars represent standard error
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Method

Thirty-two new participants were recruited from the Psychology
Research Program at Mississippi State University and received
partial credit toward an undergraduate psychology course for
their participation. Experiment 2 used the same stimuli and pro-
cedure as Experiment 1 with one exception: The target in
Experiment 2 was identified in the sequential target-
identification task by both the color and category of the original-
ly encoded target, for each object category during both the
encoding and interference phases. In other words, if a participant
was instructed to identify a blue backpack during the encoding
phase (which would be present), then in each of the interference
blocks, the participant would also look for a blue backpack.
Because the color and category are part of the target identifica-
tion, the three interference conditions would have different num-
bers of matching and nonmatching interference objects com-
pared to Experiment 1. The 1–0 condition presented one
category-color matching interference object (e.g., one additional
blue backpack when looking for blue backpacks). The 7–1 con-
dition presented seven category-color matching interference ob-
jects (e.g., 7 additional blue backpacks) and one nonmatching
interference object (e.g., one red backpackwhen looking for blue
backpacks, making it a nontarget object that would be responded
to with a Bno^ in the sequential target-identification trial task).
Finally, the 1–7 condition presented one matching interference
object (e.g., one blue backpack) and seven nonmatching inter-
ference objects (e.g., seven nontarget red backpacks).

Results and discussion

As in Experiment 1, performance in the sequential target-
identification task was high, with participants answering 97.8%
(SD = 3.7%) of the encoding trials correctly and 93.9% (SD =
8.7%) of the interference trials correctly. The larger standard
deviation in the interference trials was partly caused by two
participants who both performed worse than 70% in the inter-
ference trials; those participants were removed from the anal-
yses. Without those two participants interference trial perfor-
mance was 96.0% (SD = 3.0%). Consistent with Experiment
1, the results for memory accuracy for all experiments were
conditionalized on individual participants’ search accuracy
during the encoding and at least 75% of that object’s interfer-
ence trials. In total, approximately 3.3% of data were elimi-
nated based on these criteria.

In Experiment 2, there was an overall effect of interference
condition, F(2, 58) = 3.17, p = .049, ηp

2 = .099 (see Fig. 5),
with the 7–1 condition (M = .81) having significantly worse
memory performance than the 1–7 condition (M = .88), t(29)
= 2.55, Bonferroni-corrected p = .05, d = .588, indicating
greater interference in the former case than in the latter case.
In contrast, the 1–0 (M = .86) and 1–7 conditions were nu-
merically close and were not significantly different from each
other, t(29) = 1.21, Bonferroni corrected p > .30, d = .26,
indicating that the addition of seven nonmatching interference
objects (e.g., red backpacks) did not significantly add to the
retroactive interference for the originally encoded target.

Fig. 5 Memory results for mean accuracy from Experiment 2. Chance is .50. Error bars represent standard error
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Thus, even though the 1–7 interference objects matched the
conceptual category, the lack of a match to the task-relevant
color appeared to prevent these objects from interfering with
the originally encoded targets. As expected, the 7–1 condition,
with seven matched interference objects, resulted in numeri-
cally lower memory accuracy than the 1–0 condition, with one
matched interference object, indicating a retroactive interfer-
ence effect. However, this 5% drop in memory was not sig-
nificant, t(29) = −1.30, Bonferroni-corrected p > .30, d = .32.

As a whole, this pattern of results supports the hypothesis
that interference objects that do not match all of the relevant
aspects of the originally encoded targets do not contribute to
interference in memory. The fact that memory in the 1–7 con-
dition (M = .88), with seven additional nonmatching interfer-
ence objects that shared the category label was numerically
better than memory in the 1–0 condition (M = .86), shows that
these category-related, but color-unrelated, objects were not
interfering with memory for the originally encoded target. It
appears as if within VLTM these nonmatching interference
objects were stored separately from the originally encoded
target, potentially protecting/insulating the memory of the
originally encoded target. However, if the interference objects
matched the originally encoded target on both the color and
category, it appears that they were stored with the originally
encoded target (i.e., part of the same subgroup that was set up
in the moment), leading to retroactive interference. In other
words, if the color of the object is relevant to the task in the
moment of encoding an object, the resulting VLTM structure
will be defined by both categorical and perceptual
information.3

General discussion

The current study examined whether task-relevance shapes
the organization of VLTM information. Using the same set
of visual stimuli and only changing the search instructions,
we could manipulate whether a specific feature was relevant

or not at encoding. Experiments 1 and 2 illustrated that the
relevance, or lack thereof, of an object feature—color, in this
case—had ramifications for howVLTMwas organized.When
color was relevant, objects not matching the originally
encoded targets on color did not interfere with memory for
the originally encoded target. However, when color was irrel-
evant, the same pictures of the objects did interfere with mem-
ory for the originally encoded target. These results indicate
that the structure of VLTM can be altered if different types
of information are important at the moment of encoding.

The primary goal of this study was to examine the
structure of VLTM as in Konkle et al. (2010) and to test
and extend the claim that VLTM is organized around con-
ceptual categorical information. Specifically, we
attempted to reconcile the results of Konkle et al. with
the visual memory results from visual search experiments
(Castelhano & Henderson, 2005; Thomas & Williams,
2014; Williams 2010a, b; Williams et al., 2005), where
the encoding context, sometimes based on specific
object feature information, seems to impact VLTM orga-
nization. Based on Williams (2010a, b), we hypothesized
object features that were relevant at the moment of
encoding would be critical to VLTM representation and
structure. Our view is that VLTM is sensitive to these
task-related factors allowing different types of information
to be important, or not, to the structure of VLTM.

The results from these experiments support the impor-
tance of task-relevant visual information to the organiza-
tion of VLTM. Specifically, results supported our hypoth-
esis that whatever information about a visual stimulus is
relevant to the task at the moment of encoding is what will
define the organization of that visual memory. A critical
task feature that is almost always relevant is, as in the case
of Konkle et al. (2010), the conceptual category. Knowing
the category of an object is important to VLTM. However,
because their repeat detection task did not emphasize the
perceptual details, the perceptual details, like color, were
not relevant and so likely did not contribute to the organi-
zation of VLTM even if the perceptual details are still
encoded. That is, the viewer is likely to be able to recog-
nize the object with its color or other perceptual details, but
those details are not used in an organizing manner in mem-
ory when it is not relevant to the encoding task.
Alternatively, if the relevant features to the task include
both the perceptual and conceptual information, such as
when one is defining a conjunction search target, then both
of these details become important to the structure of
VLTM. We theorize that this encoding event, in essence,
creates a new task-defined category in VLTM. This task-
defined category will include all visual stimuli that meet
the criteria for that category within the experimental con-
text (e.g., all blue backpacks), but it will exclude any visual
stimuli that do not meet the relevant criteria.

3 A separate experiment was performed to test if the target or nontarget status
of interference objects was the reason for the change in the memory pattern; the
nonmatching interference object served as a target in the interference phase in
Experiment 1 and a distractor in Experiment 2. To test this possibility, we ran a
separate group of participants (N = 21) in a version of Experiment 2, where
instructions were switched at the interference phase. For the originally encoded
target of blue backpack, the interference task identified the nonmatching inter-
ference object (e.g., red backpack) as the target. Even though we changed the
target identification in the interference phase, the data pattern was the same as
in Experiment 2. Memory performance for the originally encoded targets in the
1–0 condition (M = .853, SE = .03) and the 1–7 condition (M = .852, SE = .03)
was the same, t < 1, but memory performance in the 7–1 condition (M = .778,
SE = .03) was numerically worse compared to the 1–0 condition, t(20) = 1.71, p
= .10, and significantly worse than the 7–1 condition, t(20) = 2.24, p = .037.
These results indicate that whether the interference object was or was not the
target of the sequential target-identification trials during the interference phase
did not affect the memory results.
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The formation of task-defined structures in VLTM may be
adaptive in that it creates a temporal grouping of specific
stimuli that are important to the processing of a local
environment or situation—a way to organize information
that will be conducive to completing the task at hand. The
ability to rapidly organize visual memory around factors
other than purely conceptual information can be seen in
the hybrid search paradigm (Wolfe, 2012). In this para-
digm, participants learn a set of potential targets that they
will search for in visual search tasks. Wolfe (2012) found
that participants were able to rapidly encode up to 100
random objects and perform the search accurately.
Interestingly, search times followed a logarithmic curve
based on the memory set size, indicating that participants
were activating a subset of visual long-term memory that
contained the target objects rather than entirety of visual
long-term memory (Wolfe, Drew, & Boettcher, 2015).
Because Wolfe and colleagues used random objects as
stimuli, the memorized objects did not share a conceptual
category to aid in the organization of visual long-term
memory. We would argue that the instruction to learn
these objects as a set is the same as identifying an object
as a specific target within a task. Because these objects
are identified as an important set, they are organized to-
gether. Boettcher, Drew, and Wolfe (2013) found that
even within the activated long-term memory set, subcate-
gories could be formed and selectively searched. In both
our study and the hybrid search task, the importance of
the encoding task matters to how that memory can be
searched.

Although we have argued that task relevance is critical,
we are not arguing against the importance of conceptual
category information. In the absence of any other instruc-
tion, it would make sense to default to the conceptual
category as an organizational strategy. One likely interpre-
tation our results is that VLTM is conceptually organized,
but a task-related filter is placed over this base organiza-
tion. The objects that match the filter can become part of
the activated set or subgroup; objects not matching the
filter remain inactivate. Only those objects in the activated
set can compete/interfere with other activated objects.
This interpretation would be consistent with the results
of Konkle et al. (2010) and the current search results as
well as the hybrid search results of Wolfe and colleagues
(2012; Boettcher et al., 2013).

Alternatively, one could argue for a more extreme point
that the only critical organizing factor of VLTM is task
relevance. In other words, any task-related information
could be the basis of VLTM organization (e.g., color,
shape, use), and the previous findings that conceptual cat-
egory is used is an artifact of the task itself—the task
emphasizes category, and thus category is part of the or-
ganizational strategy. We cannot, based on the current

results, argue for such an extreme position. Although the
ability to rapidly learn and remember dozens of random
objects in the hybrid search task would seem to support
this interpretation, those results do not preclude an under-
lying conceptual organization. It is difficult to create a
situation where the conceptual meaning of an object is
completely irrelevant to a task. Without evidence from
such an unlikely task, it seems more reasonable to assume
that VLTM is based on a conceptual categorical structure,
but that this structure can be selectively activated based
on the task relevant information.

The filter that we are proposing can act upon VLTM
organization and activation could be related to Cowan’s
(1995) activated long-term memory (see Cunningham &
Wolfe, 2014, for an application of this memory type to
hybrid search). The activated portion of memory would be
those objects that have passed the task-related filter and
could be easily accessed. Thus, task relevance would be
the gateway to activated memory. Only those objects that
are in the activated portion of visual memory could inter-
fere with each other; objects that are not task related/
activated will not interfere. Although the sheer number
of objects that would be activated stretches the definition
of activated memory (thousands of objects in Konkle
et al., 2010), it is consistent with the results of the current
study.

In conclusion, we believe that the current results dem-
onstrate that VLTM is sensitive to both task-relevant in-
formation and conceptual categorical information rather
than only categorical information as implied by Konkle
et al. (2010). Task-relevant information filters what can
or cannot interfere with other memories, indicating that
VLTM organization is malleable to factors in addition to
the conceptual category of visual stimuli at the moment of
encoding. This flexibility allows the viewer to emphasize
a particular detail of an object in the moment to protect it
from other categorically related objects that do not pos-
sess that feature. As such, although the supporting orga-
nizational structure of conceptual information in long-
term memory may explain the strength and fidelity of
VLTM, conceptual information alone does not account
for all VLTM memory patterns. Task-related information
critical to encoding must also play a role in the structure
of VLTM.
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Object name Color 1 Color 2

apple red yellow

backpack blue red

basket white brown

beetle brown red

bird yellow white

boat white blue

boots brown black

bottle red brown

briefcase black brown

camera yellow black

car yellow blue

cat black brown

chair blue yellow

dogs white black

door blue brown

drill yellow red

garbage can blue white

guitar brown black

hat yellow white

lady's wallet brown black

leaf yellow red

microphone black blue

motorcycle red yellow

mug blue white

plate brown white

purse white brown

tape dispenser red blue

teapot white yellow

telephone white yellow

toaster black red

toolbox black red

tractor red blue

train car brown black

truck red blue

umbrella blue white

wheelchair black blue
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