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Considering working memory capacity limitations, representing all relevant data simultaneously is unlikely.
What remains unclear is why some items are better remembered than others when all data are equally rel-
evant. While trying to answer this question, the literature has identified a pattern named the mixed-category
benefit in which performance is enhanced when presenting stimuli from different categories as compared to
presenting a similar number of items that all belong to just one category. Moreover, previous studies revealed
an asymmetry in performance while mixing certain categories, suggesting that not all categories benefit
equally from being mixed. In a series of three change-detection experiments, the present study investigated
the role of low-level perceptual similarities between categories in determining the mixed-category asymmet-
ric advantages. Our primary conclusion is that items’ similarity at the perceptual level has a significant role in
the asymmetric performance in the mixed-category phenomenon. We measured sensitivity (d′) to detect a
change between sample and test displays and found that the mixed-category advantage dropped when the
mixed categories shared basic features. Furthermore, we found that sensitivity to novel items was impaired
when presented with another category sharing its basic features. Finally, increasing the encoding interval
improved performance for the novel items, but novel items’ performance was still impaired when these
items were mixed with another category that shared their basic features. Our findings highlight the signifi-
cant role low-level similarities play in the asymmetric mixed-category performances, for both novel and
familiar categories.

Public Significance Statement
Our visual environment is a diverse collection of stimuli sourced from various categories. Research has
shown that memory performance is better when different categories of stimuli are combined, rather than
when a single category is presented. However, recent studies have revealed that not all combinations of
stimuli produce comparable memory enhancement, which has resulted in an unresolved asymmetry in
the mixed-category advantage. Our findings, in contrast to previous interpretations that primarily rely on
high-level cognitive processing, demonstrate that low-level encoding processes also impact memory
enhancement. Specifically, our study provides evidence that the perceptual similarities between stimuli
derived from different categories have an effect on the extent of the mixed-category advantage.
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Preparing for dinner, you start scanning the fridge; the dairy has
expired, few vegetables are left in the drawer, and only one egg is
lying in the carton. Keeping all products that are about to perish
active in mind, you are heading toward the grocery store. Replacing
the expired products with new ones back home, you realize that
you forgot to buy several desired items. Given the idea of limitations
across working memory’s functions, representing all relevant data
simultaneously is unlikely. What is not clear is why some items
were better remembered than others when all data were equally

relevant. In this study, we sought to investigate the role of early per-
ceptual processing, in directing memory to encode and maintain a
specific stimulus over another.

Several studies (outlined below) have identified a mixed-category
benefit such that performance is enhanced when presenting stimuli
from different categories as compared to presenting a similar number
of items that all belong to one category. The current study will further
investigate this effect and, in particular, the impact of perceptual sim-
ilarities between categories on this mixed-category asymmetric effect.

Reut Peled https://orcid.org/0009-0007-0571-6672
This research was supported by the Israel Science Foundation (Grant 862/17).

The authors have no conflicts of interest to disclose. All data, analysis code, and
researchmaterials are included in the supplementalmaterials, which are available
on the OSF page (https://doi.org/10.17605/OSF.IO/ETMUS).
Reut Peled served as lead for conceptualization, data curation, formal

analysis, investigation, methodology, project administration, validation, visu-
alization, and writing–original draft and contributed equally to writing–
review and editing. Roy Luria served in a supporting role for supervision
and writing–review and editing.

Correspondence concerning this article should be addressed to Reut Peled,
School of Psychological Sciences, Tel Aviv University, Chaim Levanon
Street 60, Tel Aviv 6997801, Israel. Email: reutgadot@gmail.com

Journal of Experimental Psychology:
Human Perception and Performance

© 2024 American Psychological Association 2024, Vol. 50, No. 2, 139–151
ISSN: 0096-1523 https://doi.org/10.1037/xhp0001173

139

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.

https://orcid.org/0009-0007-0571-6672
https://orcid.org/0009-0007-0571-6672
https://orcid.org/0009-0007-0571-6672
https://doi.org/10.17605/OSF.IO/ETMUS
https://doi.org/10.17605/OSF.IO/ETMUS
https://doi.org/10.17605/OSF.IO/ETMUS
https://doi.org/10.17605/OSF.IO/ETMUS
https://doi.org/10.17605/OSF.IO/ETMUS
mailto:reutgadot@gmail.com
mailto:reutgadot@gmail.com
https://doi.org/10.1037/xhp0001173
https://doi.org/10.1037/xhp0001173
https://doi.org/10.1037/xhp0001173


Amixed-category improvementwas found in a functionalmagnetic
resonance imaging study by Cohen et al. (2014), who examined the
relationship between behavioral performance and neural activation.
The results indicated that participants performed better when the dis-
played items belonged to different categories than when the items
were taken from the same category. They found that the amount of
division between neural response patterns, particularly within the
occipitotemporal cortex, is strongly connected to the behavioral ben-
efit. In the studyof Cohen et al., high-level visual categories were used
(faces, bodies, scenes, and objects) to examine the competition for
visual working memory (VWM) representations in a change-
detection task. According toCohen et al., the observed increase in per-
formance resulted from the increase in the availability of neural
resources since different categories tap distinct neural activations.
The use of familiar and ecological categories (faces, bodies, scenes,

and objects) limits Cohen et al. (2014) ability to identify the stage in
which the representations overlap, as same-category items share sim-
ilarities across several processing stages (e.g., two faces share low per-
ceptual similarities but also share higher perceptual structure). Thus,
in the context of having only familiar categories, the mixed-category
benefit can be generated by tuning up different perceptual encoding
maps (Reynolds &Desimone, 1999) or/and by holding different high-
level encoding patterns (Kanwisher, 2010; Moores et al., 2003).
Follow-up studies found that while the mixed-category advantage

has a pronounced effect on some categories, it may have only a neg-
ligible effect on the parried category, revealing an asymmetrical cat-
egorical preference (Avital-Cohen & Gronau, 2021; Jiang et al.,
2016). For instance, Jiang et al. (2016) paired different categories
(faces, bodies, scenes, and objects), showing an advantage for
faces and bodies only, such that both showed better performance
when paired with objects or scenes, while this advantage was not
observed for the other paired category. This asymmetrical improve-
ment was explained by arguing that faces and bodies create large
within-category interference (due to an automatic averaging of mul-
tiple exemplars or difficulty in remembering the spatial configura-
tion of features and parts); thus, displaying faces or bodies with
another category decreased this interference resulting in a better
performance.
Moreover, Jiang et al. (2016) found a mixed-category benefit

when mixing faces and bodies; however, this observed advantage
was weaker relative to a condition in which faces or bodies were
mixed with either objects or scenes. These asymmetric advantages
were interpreted as evidence of within-category interference for
faces and bodies such that mixing each with items from different cat-
egory resulted in a smaller demand on memory.
Avital-Cohen and Gronau (2021) proposed an explanation for the

observed asymmetry, attributing it to an imbalance in the distribu-
tion of attentional resources between two or more competing catego-
ries. In their study, they found that categories other than faces and
body poses, such as highways, exhibited a mixed-category advan-
tage. This suggests that the mixed-category effect may not necessar-
ily align with a category-specific interference account. Instead,
Avital-Cohen and Gronau (2021) put forward a central resource allo-
cation account, suggesting that the asymmetric mixed-category
effect likely arises from an inherent attentional bias toward one of
the two categories.
While each theory interpreted the mixed-category phenomenon

differently—such as lesser categorical neural overlap, variation in
within-category interference, and inherent attentional biases, they

all lean on high-level processing mechanisms. Interestingly, consid-
ering early perception processes may explain a portion of the mixed-
category phenomenon. As was mentioned by Cohen et al. (2014),
neural overlaps can emerge at any processing level, such as in the
stage where low-level features are encoded. Furthermore, the argu-
ment that bodies and faces display strong within-category interfer-
ence was suggested to be most salient when increasing the within-
items similarity (Jiang et al., 2016). Thus, the present research
aimed to examine the role of low-level perceptual similarities in
the asymmetric mixed-category effect.

In a series of three change-detection experiments, in which per-
formance was measured by calculating sensitivity (d′), the present
study sought to extend the scope of knowledge regarding the asym-
metry in the mixed-category effect. Our findings replicated the
broad mixed-category benefit in which mixing two different catego-
ries yields better performance as compared to performance in the
same-category condition; moreover, the asymmetric advantage
among bodies was also replicated. Importantly, this study revealed
asymmetric performance in mixed conditions that resulted from
pairing categories that shared similarities in perceptual features.
In our study, we manipulated the perceptual features of color and
shape. When two categories shared perceptual similarities, it indi-
cated that the items within those categories had the same color
(black) and exhibited similar orientations (see Figures 1B and
3B). We chose colors and shapes since their use as stimuli in
VWM research has provided valuable insights. For example,
Luck and Vogel (1997) demonstrated that memory capacity for
objects defined by a single feature, such as color or orientation,
was comparable to capacity for objects with multiple features. In
contrast, Alvarez and Cavanagh (2004) demonstrated that the
shape complexity played a significant role in VWM capacity, as
subjects showed superior performance for certain categories, such
as colored squares, compared to other categories such as Chinese
characters or random polygons. Additionally, Luria et al. (2010)
concluded that encoding and maintaining complex shape informa-
tion, such as polygons, in VWM required more storage capacity
compared to simpler features like color.

By creating perceptual similarities between two of three distinct
categories (body-pose silhouettes, animals’ silhouettes, and colors),
Experiment 1 revealed a significantly stronger mixed-category
advantage when the mixed categories did not share low-level simi-
larities compared to when the categories shared low-level similari-
ties. To further examine the impact of low-level perceptual
similarities on the mixed-category effect, Experiment 2 examined
the effect of perceptual similarities among novel items (black-
colored polygons). We found a performance cost to novel stimuli
when these were paired with familiar items sharing similar basic fea-
tures. Consequently, in Experiment 3, we examined the assumption
that complex stimuli require a prolonged encoding interval (Alvarez
& Cavanagh, 2004; Luria et al., 2010), by giving participants more
time to encode the stimuli. Experiment 3 showed that a prolonged
interval did not change the pattern already observed in Experiment
2, suggesting another interpretation for the asymmetry in the mixed-
category performance.

Experiment 1

In Experiment 1, we presented three categories—colors, animals’
silhouettes, and body poses’ silhouettes, in either same-category or
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mixed-category conditions. Regarding the body poses category,
both the cortical resource theory (Cohen et al., 2014) and the within-
category interaction (Jiang et al., 2016) theory predict a mixed-
category advantage when mixed with either colors or animals. The
reason is that, according to Cohen et al., displaying distinct catego-
ries cause different neural activations, which lead to enhanced
memory for each; according to Jiang et al., body poses show
mixed-category benefit due to their strong within-category interfer-
ence, which is reduced when fewer items from this category are
presented.
Importantly, to investigate the role of perceptual similarities in the

mixed-category benefit, we used two categories sharing perceptual
similarities (body poses and animals, see Figure 1, panel B).
While these categories are semantically distinct, the stimuli that
were used in the present experiment were black silhouettes, resem-
bling each other. Importantly, if perceptual similarities affect the
mixed-category advantage, both animals and poses should benefit
more from being mixed with colors than with each other.
Therefore, we expected to observe a mixed-category asymmetry
between body poses and animals, such that the mixed-category
advantage should be reduced in the perceptually similarity mix as
compared to the perceptually distinct mix. Additionally, we
expected an equal increase in performance for colors when mixed
with either body poses or animals, as both combinations lack percep-
tual similarities.

Method

Transparency and Openness

We report how we determined our sample size for all three exper-
iments, all data exclusions (none), all manipulations, and all mea-
sures in the study, and we follow JARS (Kazak, 2018). All data
and research materials are available for request. Data were analyzed
using Excel, Version 16.71, and were plotted using RStudio,
Version 2023.03.0 + 386, and the package ggplot2, Version 3.4.1
(Wickham et al., 2019). This study’s design and its analysis were
not preregistered.

Participants

Twenty-seven undergraduate students from Tel Aviv University
(21 females, six males, ages 19–35) participated in the experiment
that was conducted in the year 2021. The participants either received
course credit or 40 NIS (approximately $13) per hour for participa-
tion. A consent form was obtained, and all participants had normal
or corrected-to-normal vision. The sample size for all three experi-
ments was determined through an a priori power analysis using
the G*Power tool (Faul et al., 2009). We used the smallest effect
size of the main effect of display type (same-category/mixed-
category) observed in the Jiang et al. (2016) and Avital-Cohen and
Gronau (2021) studies as the basis for our analysis. Using the partial

Figure 1
Trial Sequence and Stimuli in Experiment 1

Note. Panel A: examples of trials in the two main conditions: mixed and same-category conditions. In mixed-
category trials, display contained three stimuli taken from two different categories that were presented for
230 ms followed by 900 ms retention interval. Test array included single stimulus presented in one of the three per-
vious locations which could be the same stimulus presented in the memory array or a different one taken from the
same category. Panel B: stimulus types: colors, animals’ silhouettes, and body poses’ silhouettes. See the online
article for the color version of this figure.
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η2 of .07, with a power of .95, resulting in 18 participants. All three
experiments were conducted with larger sample sizes than required
by conservative estimates.

Procedure and Materials

The experiment was conducted in an experimental room at Tel
Aviv University, where a 23-in. computer screen (resolution
1,920× 1,080) was used to display the task. The assessment was
performed using a modified version of the change-detection task.
The task consisted of arrays of one, two, or three stimuli presented
in one of two conditions (same-category/mixed-category, for the
results of the same-category arrays with set size of 1–3 stimuli,
please see Appendix). The stimuli could be colors, body poses’
blacked silhouettes, and animals’ blacked silhouettes selected ran-
domly in each trial (with replacement) from sets of six colors
(magenta, red, yellow, green, cyan, and blue), six body poses’
blacked silhouettes, and six animals’ blacked silhouettes. Each
color square subtended approximately 1.1°× 1.1° of visual angle,
and each pose and animal subtended approximately 1.2°× 1.2° of
visual angle.
All stimuli were displayed on a gray background, from a viewing

distance of approximately 60 cm, within a 7.4°× 13.7° rectangle.
The spatial positions of the stimuli were randomized for each trial.
Each trial began by presenting a fixation point (“+”) in the center
of the screen for 500 ms, then the memory array was presented for
230 ms, whereby subjects were instructed to memorize the entire
array. After a blank retention interval of 900 ms, in one of the mem-
ory array locations, an item (the test probe) was presented until
receiving a response. The subjects were presented with all possible
stimuli arrays during the instructions and were asked to indicate
their familiarity with them. It is noteworthy that all subjects recog-
nized all three categories. The subjects were asked to indicate
whether the stimulus remained the same or changed from the initial
presentation. A nonspeeded keyboard response was requested (“z”
and “/” keys for “same” and “different,” respectively). During the
“different” trials, the probed stimulus could be any stimuli from
the category set beside the one already displayed in the memory
array (Figure 1, panel A).
Nine conditions were conducted in the task. Among them, three

provided a baseline performance in an array of three items taken
from the same category (e.g., same conditions). The remaining six
conditions had a set size of three stimuli, comprising the different
categories together. The mixture form was (x, 2y), a combination
of two categories at a 1:2 ratio. Each test probe could be one of
the two presented categories. In each trial, a randomly selected
probe item was used. An eight-trial practice block was followed
by 18 experimental blocks with 50 trials each.

Results and Discussion

The mean accuracy rate in arrays with a set size of three stimuli
was 0.85 (SD= 0.35). Figure 2 presents d′ for the nine experimental
conditions (three same-category, and six mixed-category condi-
tions). A repeated-measures analysis of variance (ANOVA) with
d′ means as the dependent variable revealed a significant effect of
display types, F(8, 208)= 42.07, p, .001, ηp

2= .62. To further
examine these differences, pairwise comparisons were conducted
for each category between the mixed-category and the same-

category conditions. We used the false discovery rate correction
across all comparisons, across all three experiments (Benjamini &
Hochberg, 1995).

The Mixed-Category Advantage

Replicating previous findings, sensitivity was higher in most
mixed conditions compared to the same-category conditions. Each
combination of stimuli resulted in a significant increase sensitivity
for body poses compared to when only body poses were displayed;
when body poses were mixed with animals, F(1, 26)= 10.47,
p= .005, ηp

2= .29, and when they were mixed with colors,
F(1, 26)= 48.15, p, .001, ηp

2= .64. The same pattern was
observed for colors in the mixed conditions compared to the same-
category condition. Specifically, when colors were mixed with ani-
mals, F(1, 26)= 11.49, p= .004, ηp

2= .30; and similar results were
obtained when they were mixed with body poses, F(1, 26)= 5.31,
p= .04, ηp

2= .17. As for animals’ silhouettes, a significant improve-
ment was observed when animals were paired with colors, compar-
ing to animals-only condition, F(1, 26)= 28.91, p, .001, ηp

2= .52.
In addition, animals showed no benefit from being mixed with body
poses as compared to performance in animals’ same-category condi-
tion, F(1, 26), 0.01, p= .92.

The Effect of Perceptual Similarities in the Mixed-Category
Advantage

Similar to the pattern found in Jiang et al. (2016) of asymmetric
advantage, we found that the mixed-category advantage for poses
was significantly higher when these were mixed with colors than
with animals, F(1, 26)= 21.29, p, .001, ηp

2= .45, see Figure 2,
left panel. Moreover, we found that the mixed-category advantage
for animals was significantly higher when these were mixed with
colors than with body poses, F(1, 26)= 35.44, p, .001, ηp

2= .58,
see Figure 2, right panel. Here, we replicated the asymmetry for
the bodies’ category observed by Jiang et al. (2016). This time,
the weaker advantage emerged when pairing bodies with a category
other than faces (i.e., silhouettes of distinct animals). Lastly, corre-
sponding to our hypothesis, the mixed-category benefit for colors
was similar when paired either with animals or body poses,
F(1, 26)= 1.36, p= .25, ηp

2= .04.
In Experiment 1, the asymmetric mixed-category advantages for

body poses were replicated, showing that sensitivity was greater
when bodies were presented alongside colors as opposed to when
presented with animals. Similarly, animals also displayed an asym-
metric advantage, gaining a benefit when combined with colors—a
perceptually distinct category, but no performance benefit was
observed when animals were paired with the perceptually similar
category (i.e., bodies). Finally, the colors category, which differed
from both animals and bodies in low-level features, exhibited an
equivalent advantage when combined with either animals or bodies.

Experiment 1 showed that low-level similarities reduced the
mixed-category advantage. However, one could argue that both ani-
mals and body poses share a higher level of neural activation due to
their common characteristic of being animate shapes. This shared
activation may contribute to the observed asymmetric mixed-
category pattern between the two categories. Moreover, it is worth
noting that all stimuli used in the experiment belonged to familiar
categories. It is possible that encoding the items at higher (i.e.,
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semantic) levels may mitigate the effect of perceptual similarities
since the items are represented not only by their basic features but
also by their semantic representation. To overcome these limitations

and to further investigate how sharing basic features affects the
mixed-category advantage, In Experiment 2, body poses were
replaced with black polygons, a novel category with low-level

Figure 2
Sensitivity (d′) in the Same and Mixed Conditions

Note. Body poses, colors, and animals, respectively; each category holds three conditions: two mixed conditions
and one (middle column) is the same-category condition. For each category, the mixed-condition headlines repre-
sent the averaged sensitivity for the category’s probes when the memory display contained the relevant category
alongside another category in all possible displays (i.e., one stimulus from the relevant category + two stimuli
from the other category and two stimuli from the relevant category + one stimulus from the other category). Each
condition holds mean d′ (box plots) + SE along with the subject trend separated by color. The lines on top represent
the significant differences between the conditions, where a double line represents p. .001, and a single line repre-
sents .001, p, .05. See the online article for the color version of this figure.

Figure 3
Trial Sequence and Stimuli in Experiment 2

Note. Panel A: examples of trials in the twomain conditions: mixed and same-category conditions. Panel B: stimulus
types: colors, animals’ silhouettes, black-colored polygons. See the online article for the color version of this figure.
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features resembling animals’ silhouettes. We reasoned that novel
items are represented mainly by encoding their basic features, as
they lack semantic representations. By using this novel category,
we aimed to dissociate the shared higher level activation and exam-
ine whether the mixed-category advantage would be further reduced
when basic features are shared between the polygons and the
animals.

Experiment 2

Experiment 1 demonstrated that low-level perceptual similarities
affected the mixed-category advantage by decreasing its magnitude.
To further explore this possibility, Experiment 2 was designed to
replace the familiar category of body poses with an unfamiliar cate-
gory of black-polygons silhouettes. This allowed us to investigate
the effect of low-level perceptual similarities on a novel category,
which is mainly represented by its basic features. We expected to
observe a greater improvement in performance for polygons when
they were mixed with the perceptually distinct category (i.e., colors)
compared to the perceptually similar category (i.e., animals).

Method

Participants

Twenty-seven undergraduate students from Tel Aviv University
(24 females, three males, ages 20–35) participated in the experiment
that was conducted in the year 2021. The participants either received
course credit or 40 NIS (approximately $13) per hour for participa-
tion. A consent form was obtained, and all participants had normal
or corrected-to-normal vision.

Procedure and Materials

The experiment was conducted in an experimental room at
Tel Aviv University, where a 23-in. computer screen (resolution
1,920× 1,080) was used to display the task. Experiment 2 procedure
was identical to Experiment 1(for results of same-category arrays of
1–3 stimuli, please see Appendix), with two exceptions—first, the
stimuli involved were: colors, black-colored polygons, and animals’
silhouettes (Figure 3, panel B); second, all subjects recognized the
colors and animals categories; however, for the polygons category,
participants were not familiar with the stimuli except for acknowl-
edging that these stimuli represent geometric shapes.

Results and Discussion

Change-detection accuracy rates were typical for the change-
detection task containing a set size of three stimuli (M= 0.84,
SD= 0.07). Figure 4 presents d′ for the nine experimental condi-
tions (three same-category and six mixed-category conditions). A
repeated-measures ANOVA on the d′ means as the dependent vari-
able revealed a significant main effect of display types, F(8, 208)=
6.64, p, .001, ηp

2= .78. To further examine these differences, pair-
wise comparisons were conducted for each category between the
mixed-category and the same-category conditions.

The Mixed-Category Advantage

The mixed-category advantage among familiar categories
was replicated: animals benefitted from being mixed with colors,

F(1, 28)= 27.32, p, .001, ηp
2= .49, or with polygons, F(1, 28)=

9.7, p= .009, ηp
2= .25, relative to their same-category performance.

Furthermore, performance for colors in bothmixed conditions slightly
increased, although not significantly: when the colors were mixed
with polygons, F(1, 28)= 2.02, p= .201, ηp

2= .28, and when they
were mixed with animals, F(1, 28)= 2.09, p= .204, ηp

2= .27. It is
worth noting that the mixed-category advantages for colors became
significant in both Experiment 1 and the subsequent experiment. As
for polygons, no improvement in sensitivity was observed in both
mixed conditions; when polygons were mixed with colors, the perfor-
mance was similar to their same-category performance, F(1, 28)=
0.88, p= .39. When polygons were paired with animals the perfor-
mance decreased below that of their same category, resulting in a per-
formance cost (outlined below).

The Effect of Perceptual Similarities in the Mixed-Category
Advantage

An asymmetric increase in performance was found between ani-
mals’ two mixed conditions—significantly higher sensitivity for
animals when mixed with colors compared to when mixed with
polygons, although this difference was not significant, F(1, 26)=
4.7, p= .07, ηp

2= .15. As for polygons, being mixed with animals
actually resulted in an impaired performance, F(1, 26)= 10.75,
p= .01, ηp

2= .28; namely, presenting three polygons together
(i.e., polygons’ same-category setting) yielded better performance
than presenting one or two polygons with two or one animals,
F(1, 26)= 17.01, p= .001, ηp

2= .39.
Experiment 2 yielded new insights into the mixed-category pat-

tern by mixing a novel category (polygons) with a familiar category
(animals) that share low-level features. When polygons shared basic
features with the other category, their sensitivity was even impaired,
causing their performance to decrease below that of their same cat-
egory. As polygons lack semantic representation, these results pro-
vide further support for the notion that low-level similarities impact
the mixed-category advantage.

A possible explanation for the asymmetric performance in the ani-
mals and polygons mixed conditions is that complex stimuli require
extra encoding time (Alvarez & Cavanagh, 2004; Luria et al., 2010).
If the reason for the poor performance of polygons and animals
when they are mixed is insufficient encoding interval, then extend-
ing this interval should result in better performance in this mixed
condition. When complex stimuli, such as random polygons, are
combined with another category, participants may focus on encod-
ing the other (simpler) category, leading to limited time available
for encoding the complex polygons. However, when three polygons
are presented, participants are compelled to encode all three poly-
gons. As a result, participants had better memory performance for
the condition with three polygons compared to conditions with
one or two polygons. Therefore, we reasoned that allocating more
time for encoding the stimuli would result in improved performance
for polygons in the mixed conditions. Thus, Experiment 3 tested
whether increasing the encoding interval improves performance
for polygons, specifically—in their mixed conditions.

Experiment 3

In Experiment 3, participants had 500 ms to encode the stimuli in
all conditions. According to the literature, increasing the encoding
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time should improve performance for complex stimuli (Alvarez &
Cavanagh, 2004; Luria et al., 2010). As a result, we hypothesized
that a longer time interval would lead to a general improvement in
performance for the polygons. Additionally, we anticipated that sen-
sitivity to the animals might also improvewhen combined with poly-
gons as compared to the performance in Experiment 2, as more time
would be available for the animals to be encoded.

Method

Participants

Twenty-nine undergraduate students from Tel Aviv University
(23 females, six males, ages 19–31) participated in the experiment
that was conducted in the year 2021. The participants either received
course credit or 40 NIS (approximately $13) per hour for participa-
tion. A consent form was obtained, and all participants had normal
or corrected-to-normal vision.

Procedure and Materials

Experiment 3 was identical to Experiment 2 (for results of same-
category arrays of 1–3 stimuli, please see Appendix), with one
exception, the memory array was presented for 500 ms instead of
230 ms, whereby participants were instructed to memorize the entire
array. Similar to Experiment 2, subjects recognized the colors and
animals’ categories; however, for the polygons category, partici-
pants were not familiar with the stimuli except for acknowledging
that these stimuli represent geometric shapes.

Results and Discussion

The mean accuracy rate in arrays with a set size of three stimuli
was 0.85 (SD= 0.13). Figure 5 presents d′ for the nine experimental
conditions (three same-category and six mixed-category conditions).

A repeated-measures ANOVA on the d′ as the dependent varia-
ble revealed a significant main effect of display types (same-
category, mixed-category) on participants’ sensitivity to change,
F(8, 224)= 60.86, p, .001, ηp

2= .68. To further examine these
differences, pairwise comparisons were conducted within each
category, between the mixed-category and the same-category
conditions.

The Mixed-Category Advantage

The mixed-category advantage was found for both the familiar
and the novel categories. Colors’ performance improved in each
mixed condition compared to their same-category performance;
when were paired with polygons, F(1, 28)= 24.7, p, .001,
ηp
2= .47, and when they were paired with animals, F(1, 28)=

20.61, p, .001, ηp
2= .42. There was no difference in the advantage

size between the two colors’mixes, F(1, 28)= 0.12, p= .73. As for
the animals, sensitivity was significantly improved in each mix com-
pared to their same-category condition; when were mixed with col-
ors, F(1, 28)= 30.1, p, .001, ηp

2= .52, and when they were mixed
with polygons, F(1, 28)= 7.46, p= .013, ηp

2= .21. At last, poly-
gons benefited only from being mixed with colors, F(1, 28)=
14.63, p= .001, ηp

2= .34.

The Effect of Perceptual Similarities in the Mixed-Category
Advantage

Although presenting the stimuli for 500 ms, the asymmetric pat-
tern between the two mixed conditions was replicated for animals
and for polygons; we found a smaller improvement for animals’
probes in the animals & polygons mix relative to when animals
were presented with colors, F(1, 28)= 8.64, p= .009, ηp

2= .23
(see Figure 5, right panel). As for polygons, being paired with ani-
mals resulted in a performance cost for the polygons as compared to

Figure 4
Sensitivity (d′) in the Same and Mixed Conditions

Note. Polygons, colors, and animals, respectively; each category holds three conditions: two mixed conditions
and one (middle column) is the same-category condition. For each category, the mixed-condition headlines rep-
resent the averaged sensitivity for the category’s probes when the memory display contained the relevant category
alongside another category in all possible displays (i.e., one stimulus from the relevant category + two stimuli
from the other category and two stimuli from the relevant category + one stimulus from the other category).
Each condition holds mean d′ (box plots) + SE along with the subject trend separated by color. The lines on
top represent the significant differences between the conditions, where a double line represents p. .001, and a
single line represents .001, p, .05. See the online article for the color version of this figure.
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performance in polygons-only array, F(1, 28)= 4.5, p= .047,
ηp
2= .13.
Follow-up contrasts, that compared the mixed-category effects

over Experiments 2 and 3 (i.e., 230 and 500 ms, respectively),
revealed that time-extension improved sensitivity only for polygons
when they were mixed with colors, F(1, 54)= 14.63, p, .001,
ηp
2= .34; conversely, in the animals & polygons mix, no difference
in performance emerged neither for the polygons, F(1, 54)= 0.48,
p= .49, nor for the animals, F(1, 54)= 0.17, p= .68. Moreover,
no difference in performance was found for polygons between
their same-category conditions, F(1, 54)= 0.008, p= .92. The rea-
son for the improved sensitivity for polygons in the mixed condition,
which involved two polygons, compared to the same-category con-
dition, which had three polygons, may be attributed to the capacity
limit for processing complex stimuli in the polygons’ same-category
condition.
Experiment 3 showed that sensitivity to complex stimuli im-

proved when increasing the encoding time—this effect was evident
for polygons in the polygons and colors mix. However, prolonging
the encoding interval did not affect performance for the polygons
when these were paired with animals—resulting in the same asym-
metric pattern observed in Experiment 2 with a 230 ms encoding
interval.
The interpretation put forth by Avital-Cohen and Gronau (2021)

offers a potential explanation for the observed pattern when combin-
ing polygons and animals. According to their attentional account
interpretation, animals may elicit greater attentional capture com-
pared to polygons due to their meaningful nature. This differential
attention allocation could result in a mixed-category advantage
favoring animals while providing disadvantage for polygons.
However, the intriguingfinding of a significant performance improve-
ment of colors when they were mixed with animals challenges this
explanation. Given that animals are considered meaningful stimuli
with biological or social inherent significance one would expect no

improvement in memory for colors. However, we found significant
advantages for colors when they were mixed with animals.
Therefore, in the General Discussion, we propose a mechanism of
deactivation of perceptual features to account for this effect.

General Discussion

The present study investigated the impact of feature similarities
between categories on creating the asymmetric mixed-category
effect. In three experiments, we presented three categories either sep-
arately or paired, and importantly, two of these categories shared
similar “basic” features. Our primary conclusion is that items’ sim-
ilarity at the perceptual level has an important role in the determining
the asymmetric performance in the mixed-category phenomenon,
such that the mixed-category benefit decreased once the mixed cat-
egories shared basic features compared to when they were perceptu-
ally distinct and when the category lacked a semantic level of
representation, we even observed a mixed-category cost. Our results
highlight that the cognitive system relies on category division pro-
cesses (arguably at various levels of processing) when maintaining
information. The mixed-category effect is evidence that high-level
category information could be used to increase memory perfor-
mance, but once these categories share basic features, this low-level
information is able to reduce and even eliminate this benefit.

Considering the viewpoint that working memory storage is
feature-specific to some extent (as indicated by Honkanen et al.,
2015; Wheeler & Treisman, 2002), one could argue that our manip-
ulation primarily focused on the diagnostic feature upon which the
task was performed (shape vs. color), rather than the perceptual sim-
ilarity of the stimuli. Consequently, in the body-animals mixed con-
dition, participants needed to engage in a task involving stimulus
outlines, whereas when either of the two categories was intermixed
with colors, the task involved fewer colors and shapes. Since poses
and animals in Experiment 1 (as well as polygons and animals in

Figure 5
Sensitivity (d′) in the Same and Mixed Conditions

Note. Polygons, colors, and animals, respectively; each category holds three conditions: two mixed conditions
and one (middle column) is the same-category condition. For each category, the mixed-condition headlines rep-
resent the averaged sensitivity for the category’s probes when the memory display contained the relevant category
alongside another category in all possible displays (i.e., one stimulus from the relevant category + two stimuli
from the other category and two stimuli from the relevant category + one stimulus from the other category).
Each condition holds mean d′ (box plots) + SE along with the subject trend separated by color. The lines on
top represent the significant differences between the conditions, where a double line represents p. .001, and a
single line represents .001, p, .05. See the online article for the color version of this figure.
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Experiments 2 and 3) shared similar basic features, this account pre-
dicts similar performance for mixed animals and poses compared
to their same-category conditions. However, our results showed
that memory improved for the mixed condition (for poses in
Experiment 1 and for animals in Experiments 2 and 3), as compared
to performance in the same-category condition. thus, this diagnostic
feature account cannot fully explain our results.
When evaluating prior theories, the cortical overlaps theory

(Cohen et al., 2014) offers a comprehensive explanation for the
observed asymmetric advantages in the current research. It is possi-
ble that sharing basic features produces overlap in activation at low-
level representations, which eventually reduces feature availability.
Clearly, the unique category-specific interference theory (Jiang et
al., 2016), which suggests that the mixed-category advantage is pri-
marily determined by intercategory interference rather than between-
category interference, fails to account for the results of the current
study. This theory cannot explain why the mixed-category advan-
tage increases once paired with a perceptually distinct category,
compared to when both share basic features.
Interestingly, neither the cortical overlaps theory (Cohen et al.,

2014) nor the unique category-specific interference theory (Jiang et
al., 2016) can successfully account for the impaired performance of
the novel category in both Experiments 2 and 3. Namely, performance
for the novel items (i.e., polygons) was impaired when presented with
stimuli sharing their basic features (i.e., animals) relative to their same-
category performance. The cortical overlaps theory (Cohen et al.,
2014) fails to explain this pattern because this theory argues that ani-
mals and polygons consume the same low-level resources, thus it does
not matter from which category the items come from. As for the
unique category-specific interference theory (Jiang et al., 2016), the
prediction is the opposite outcome to what resulted. The reason is
that according to Jiang et al., the sensitivity should have been higher
for one or two polygons mixed with animals because there is less
interference than when three polygons are presented. The theory
that can account for the impaired performance of the polygons is
the inherent attentional bias (Avital-Cohen & Gronau, 2021), which
claims that participants’ attention was biased toward the biologically
significant category (i.e., animals). However, as mentioned before,
this theory would face challenges in explaining the significant advan-
tages for colors when they were combined with animals.
Since the current theories cannot account for the deceased sensi-

tivity for polygons when they are presented with animals relative to
when polygons are presented alone, in what follows, we suggest an
additional process that aims to explain the nature of this effect. The
current set of results demonstrated an interaction between the low-
level and high-level representations; thus, we further specify such
a potential mechanism. Specifically, we propose that the higher
level (e.g., semantic) representation of the items elicits the deactiva-
tion of its basic features.
Deactivation plays part in cognitive processes such as inhibition

in perception and selective attention (Tipper et al., 1994), memory
(Johnson et al., 2009), and behavioral control (Logan & Cowan,
1984). Here, we suggest that deactivation of low-level features is
involved when encoding to the VWM stimuli with high-level repre-
sentations (e.g., semantic encoding). Namely, when participants
capture a geometric shape of an elephant, VWM maintains its
semantic representation, and in turn, its basic features are being
turned off. According to this theoretical suggestion, when animals
and polygons were paired, animals were maintained in VWM by

their high-level representations, but their basic features (i.e., orien-
tations, color) were deactivated. But why was sensitivity impaired
for polygons in this condition? We reason that polygons lack
semantic representation, so they are primarily maintained by their
basic features. Accordingly, the poor memory for one or two poly-
gons when mixed with animals is due to the deactivating effect of
the animals on the polygons’ representation. Namely, when poly-
gons were mixed with animals, animals’ high-level representations
deactivated the animals’ basic features, but importantly, these are
the same features composing the polygons, thus this deactivation
affected the polygons’ performance as well (see Figure 6 for an
illustration of the suggested mechanism). Thus, although fewer
polygons were presented when mixed with animals than in their
same-category condition, their representation suffered from the
deactivation triggered by the animals’ category. In the same-
category condition of polygons, only items that lacked semantic
representation were included, which resulted in the absence of deac-
tivation of their basic features. As a result, the sensitivity was higher
when presenting only polygons, compared to when polygons were
paired with animals.

Interestingly, the same logic can explain part of the asymmetric
advantages observed among animals and body poses across their
mixed conditions—wherein the mixed-category advantage was
more pronounced when paired with a category that differed in
basic features, compared to when both shared low-level similarities.
When body poses and animals were paired, the presence of semantic
representations led to the deactivation of their basic features. Since
animals and body poses share similar basic features, the same fea-
tures were deactivated by the two categories. This resulted in greater
deactivation than when each category was mixed with colors. Being
mixed with colors resulted in each item deactivating its own features,
and due to the perceptual difference between the two categories, no
overlap in deactivation occurred. Our model cannot directly explain
the observed asymmetry between two semantic categories, but note
that the model can rely on previous accounts that address asymmetric
performance between semantic categories (Avital-Cohen & Gronau,
2021, Cohen et al., 2014).

It is important to note that our interpretation focuses on addressing
a specific aspect of the mixed-category asymmetric pattern, specifi-
cally at the level of basic features. In contrast, other theories primar-
ily interpret this pattern in terms of high-level interactions between
categories. These theories commonly employ semantic categories
(e.g., faces, bodies, objects) with no control of their basic features,
making it challenging to directly link the results to our proposed
mechanism. Nevertheless, there are relevant connections to previous
arguments and findings. One can be seen in the Jiang et al.’s (2016)
asymmetric advantages in Experiment 4, where both faces and body
parts showed greater benefits when paired with objects compared to
being paired with each other. However, to determine whether simi-
larities in basic features influence this asymmetry, it is necessary to
control for low-level similarities, which was not the primary objec-
tive of previous studies.

Hence, it’s worth noting that our model was designed to account
for the applications of low-level similarities between categories on
mixed-category asymmetry. The model does not rule out any previ-
ously proposed mechanism for the basic cross-category asymmetry,
rather, it adds a set of processes that can account for the effect of low-
level similarities in the mixed-category phenomenon and provides
clear predictions that can be tested by future research.

PERCEPTUAL SIMILARITIES, THE MIXED-CATEGORY EFFECT 147

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.



Our interpretation of the mixed-category asymmetry effect is pre-
mised on the idea that VWM involves deactivation processes when
the encoded items are represented at higher levels. Future studies can
test our proposedmechanism in different conditions, such as bymix-
ing novel categories that share basic features. Our model predicts that
memory performance in the mixed conditions will be similar to the
novel stimuli same-category condition because we argue that deac-
tivation is triggered by the semantic level of the category such that
there should not be any basic-feature deactivation among novel stim-
uli. Furthermore, a potential direction for further investigation could
involve varying the extent to which the two categories are similar in
their basic features. (e.g., by pairing bodies with black silhouettes of
animals and varying the scale of similarity in orientations).

Constraints of Generality

In order to generalize effectively, it is important to consider par-
ticipants within the appropriate age range for visual perception.
While future studies may choose to use different stimuli, it is crucial
to maintain the timing of the VWM mechanism.
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Appendix

The Analysis of the Set Size Effect in the Same-Category Conditions for the Categories in All Experiments

Experiment 1

A Category (Colors/Animals/Poses)× Set Size (1–3) repeated-
measures ANOVA performed on the accuracy revealed a sig-
nificant main effect of category, F(2, 26)= 32.7, p, .001,
ηp
2= .56. Stimming that colors category gained higher accuracy

as compared to both animals, t(52)= 5.67, Cohen’s d= 0.947,
p, .001, and poses, t(52)= 7.37, Cohen’s d= 1.05, p, .001. A
significant main effect was additionally obtained to set size,
F(2, 26)= 160.26, p, .001, ηp

2= .86. Stimming significant differ-
ences between the set sizes across categories, set size 1 compared
to set size 2, t(52)= 7.05, Cohen’s d= 0.621, p, .001; set size 1
compared to set size 3, t(52)= 15.43, Cohen’s d= 1.93, p, .001
and, set size 2 compared to set size 3, t(52)= 11.5, Cohen’s d=
1.3, p, .001. Moreover, a significant interaction between category
and set size was emerged, F(1, 19)= 12.17, p, .001, ηp

2= .32.
Reflecting that the set size effect is larger for animals and poses cat-
egories as compared to colors category (set size 1 for colors com-
pared to animals and poses, t(135.65)= 2.59, Cohen’s d= 0.89,
p= .01, set size 1 for animals compared poses, t(135.65)= 0.43,
p= .66, set size 3 for colors compared to set size 3 for animals and
poses, t(135.65)= 10.43, Cohen’s d= 2.34, p, .001, set size 3
for animals compared to set size 3 for poses, t(135.65)= 0.87,
Cohen’s d= 0.25, p= .38, see Figure A1 for plotted results).

Experiment 2

ACategory (Colors/Animals/Polygons)× Set Size (1–3) repeated-
measures ANOVA performed on the accuracy revealed a significant
main effect of category, F(2, 26)= 118.38, p, .001, ηp

2= .82.

Stimming that colors category gained higher accuracy as compared
to both animals, t(52)= 6.14, Cohen’s d= 0.9, p, .001, and poly-
gons, t(52)= 15.28, Cohen’s d= 2.24, p, .001; and higher accu-
racy for animals compared to polygons category, t(52)= 9.14,
Cohen’s d= 1.34, p, .001. A significant main effect was addition-
ally obtained to set size, F(2, 26)= 112.97, p, .001, ηp

2= .81.
Stimming significant differences between the set sizes across catego-
ries, set size 1 compared to set size 2, t(52)= 6.48, Cohen’s d= 0.96,
p, .001; set size 1 compared to set size 3, t(52)= 14.93, Cohen’s
d= 2.22, p, .001 and, set size 2 compared to set size 3, t(52)=
8.45, Cohen’s d= 1.26, p, .001. Moreover, a significant interaction
between category and set size was emerged, F(1, 19)= 25.88,
p, .001, ηp

2= .50. Reflecting that the set size effect is larger for ani-
mals and polygons categories as compared to colors category (set size
1 for colors compared to animals and polygons, t(149.68)= 2.17,
Cohen’s d= 0.61, p= .032, set size 1 for animals compared poly-
gons, t(149.68)= 1.7, Cohen’s d= 0.33, p= .09, set size 3 for col-
ors compared to set size 3 for animals and polygons, t(149.68)=
13.06, Cohen’s d= 3.1, p, .001, set size 3 for animals compared
to set size 3 for poses, t(149.68)= 8.23, Cohen’s d= 1.8, p, .001,
see Figure A2 for plotted results).

Experiment 3

ACategory (Colors/Animals/Polygons)× Set Size (1–3) repeated-
measures ANOVA performed on the accuracy revealed a significant
main effect of category, F(2, 28)= 42.11, p, .001, ηp

2= .61.
Stimming that colors category gained higher accuracy
as compared to both animals, t(56)= 3.63, Cohen’s d= 0.46,
p= .002, and polygons, t(56)= 9.11, Cohen’s d= 1.16, p, .001;

Figure A1
Accuracy for Same-Category Condition, Experiment 1

Note. Accuracy for colors, poses, and animal categories across set size 1–3
in the same-category condition in Experiment 1.

Figure A2
Accuracy for Same-Category Condition, Experiment 2

Note. Accuracy for colors, polygons, and animal categories across set size
1–3 in the same-category condition in Experiment 2
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and higher accuracy for animals compared to polygons category,
t(56)= 5.48, Cohen’s d= 0.69, p, .001. A significant main effect
was additionally obtained to set size, F(2, 28)= 106.77, p, .001,
ηp
2= .79. Stimming significant differences between the set sizes

across categories, set size 1 compared to set size 2, t(56)= 5.1,
Cohen’s d= 0.51, p, .001; set size 1 compared to set size 3,
t(56)= 14.41, Cohen’s d= 1.46, p, .001 and, set size 2 compared
to set size 3, t(56)= 9.3, Cohen’s d= 0.94, p, .001. Moreover, a
significant interaction between category and set size was emerged,
F(1, 19)= 18.54, p, .001, ηp

2 = .38. Reflecting that the set
size effect is larger for animals and polygons categories as
compared to colors category (set size 1 for colors compared
to animals and polygons, t(134.07)= 1.43, Cohen’s d= 0.25,
p= .155, set size 1 for animals compared polygons,
t(134.07)= 1.48, Cohen’s d= 0.29, p= .14, set size 3 for colors
compared to set size 3 for animals and polygons, t(134.07)=
10.02, Cohen’s d= 2.1, p, .001, set size 3 for animals com-
pared to set size 3 for poses, t(134.07)= 5.58, Cohen’s d=
0.98, p, .001, see Figure A3 for plotted results).

Received March 14, 2023
Revision received September 28, 2023

Accepted October 2, 2023 ▪

Figure A3
Accuracy for Same-Category Condition, Experiment 3

Note. Accuracy for colors, polygons, and animal categories across set size
1–3 in the same-category condition in Experiment 3.
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