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Abstract
The present study focused on the basic
level advantage effect in hybrid search.
Basic level advantage effect refers to
preferable categorization at the basic
level as compared to the subordinate or
superordinate levels. The goal of the
study was to reveal the guidance process
if multiple target templates are hold in
memory. An eye-tracking method was
used to separate the entire search
process into a guidance and a verifica-
tion. Classical hybrid search procedure
was used: participants had to search for
1, 2, 3 or 4 targets among 8, 12 or 16
stimuli on the screen. Targets were
defined verbally at the beginning of the
block by the names of category — basic
or superordinate. Images of photorealis-
tic objects were used as stimuli; pictures
were generated by Stable Diffusion neu-
ral network. Category levels affected the
guidance duration (basic level targets
were found faster as compared to super-

Pesiome
Jlarnoe wccieoBanye ObLIO TOCBSIIEHO adEKTY
PEBOCXOACTBA 0a30BOr0 YPOBHSL B TUOPUIHOM
noncke. IhhexT IPeBoCcXoACTBa Ha30BOT0 YPOBHS
npeznosaraer 6osee ahPeKTUBHYIO KaTeropusa-
110 Ha 6a30BOM YPOBHE 110 CPABHEHUIO ¢ CyOOpAH-
HATHBIM MJIM CyNepPOPAMHATHLIM ypoBHaAMU. [lesbio
UCCJIeoBaHst ObLIO BBISIBJIEHIE MEXAHU3MOB IPO-
riecca raiijieHca mpu y/iepskaHuy B aMAaTH HECKOJIb-
KUX Ia0JIOHOB 11eJIEBBIX CTUMYJIOB. [[Jist paszesieHust
mpolecca MoucKa Ha TraiiieHc U Bepu(pUKAIUIO
MCIHOJIb30BAJICS METOJl PETrUCTPAIUN  JIBUKCHUH
ra3. Venonb3oBaiach KJIacCHYecKasi 3ajiada rub-
PUIHOTO [IOUCKA: MCIIBITYEMBIE JIOJIKHBI ObLIN HANTH
1, 2, 3 umm 4 neneBbix crumyia cpenu 8, 12 win 16
CTUMYJIOB Ha dKpaHe. [lesieBble cTuMyJIbl onpeseis-
Jiich BepOaJIbHO B Hauasie OJI0KA KaK Ha3BaHMsI KaTe-
ropuii — 6a30BOM WM CyNepopArHATHON. B kade-
CTBE CTUMYJIOB KCIOJbB30BAIUCH M300PaKEHUS
doropeanucTUIHBIX 0OBEKTOB, KAPTUHKU ObLIU
CreHepupoBaHbl HeliporHoil cetbio Stable Diffu-
sion. YpoBeHb KaTeropuy BJIUAJ HA JJINTEIbHOCTD
raiizenca (IejieBbie CTUMYJIbI GA30BOTO YPOBHS
HaxO[MJIK ObICTPEE, YeM CYNEPOPAUHATHOTO) MPU
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ordinate) in conditions with the visual set
size 16 and the memory set size 1, but not
in other conditions. For verification, how-
ever, there was no effect of category level,
revealing different ways in which repre-
sentations are stored. The results are con-
sistent with Guided Search 6.0 theory and
reveal the existence of the basic level
advantage for the classical visual search,
but not for the hybrid search.

Keywords: categorization, hybrid search,
guidance, verification, eye-tracking.
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Cognitive economy is an essential condition for information processing in the
real world. Categorization is one of the processes that facilitate cognitive economy.
In categorization, different objects are combined into a single category due to two
principles. The first principle, known as cue validity, posits that all entities and
objects in the external world possess various attributes that can serve as cues for
recognition. For example, feathers are a distinctive feature of birds, allowing crea-
tures with feathers to be easily distinguished from others. The second principle,
known as category contrast, suggests that objects within a single category will
exhibit differences when compared to objects in other categories. Predictability is
based on a limited set of features, thereby providing an advantage in differentiating
one object from another. As a result, categorization leads to more efficient and
resource-conservative information processing (Rosch, 1975). The ability to form
categories, remember them, and be able to interact with novel or even unknown
objects based on previously acquired categorical information enhances the likeli-
hood of survival (e.g. Lakoff, 1977). Moreover, it can be concluded that categoriza-
tion serves as a link between perceptual processes and conceptual knowledge in
both the physical and social external worlds.

Rosch et al. (1976) defined the term “category” as “a number of objects which are
considered equivalent”. Objects within the same category can be distinguished by
complex properties such as animacy, or by simple visual features (Long et al., 2016;
Zachariou et al., 2018). Moreover, categories are organized in a hierarchical struc-
ture. Consequently, categorization processes can occur at different hierarchical lev-
els, which are traditionally divided into three types by the level of generalization:
superordinate (e.g. “animals”), basic (e.g. rats) and subordinate (“laboratory rat”).

Numerous categorical effects have been identified in previous studies of visual
information processing. An interesting discovery pertains to the basic level superior-
ity effect. This was initially demonstrated by Eleanor Rosch, who found that objects
named as basic level objects are processed faster than when they are labeled as other
category level (Rosch et al., 1976). In other words, an object labeled as a rat will be
processed faster when labeled as an animal. Furthermore, participants were more
likely to name objects by the basic category level than by superordinate or subordi-
nate levels (Lin & Murphy, 1997). Rosch et al. (1976) supposed that the basic level
superiority effect can occur due to high similarity of objects at the same basic level
categories and high distinction between objects in different basic level categories.

The impact of categorization on low-level perceptual processes appears to be a
distinct research question. The basic level superiority effect has been observed in
various studies. Thus, in the basic level superiority effect was found in visual search
tasks. Visual search is a type of perceptual tasks, in which participants have to find
one or several targets among a set of distractors (Wolfe, 2012). In Maxfield and
Zelinsky (2012) experiment participants were tasked with finding targets labeled
as superordinate, basic or subordinate categories. This study examined guidance
and verification using eye-tracking. Guidance was defined as the attraction of
attention by target features. Verification was defined as the identification of a stim-
ulus as a target (e.g., Castelhano et al., 2008). Both guidance and verification pro-
ceed significantly faster for targets designated by basic level categories compared
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to those designated by superordinate level categories. However, guidance, but not
verification was significantly faster for targets in the subordinate level categories
compared to both superordinate level categories and basic level categories. Authors
hypothesized that subordinate level representations are more specific and distinc-
tive. Conversely for verification, a high specificity of stimulus is worse, as it
requires extensive feature checking.

However, people often need to find multiple targets among multiple distractors —
for example, when packing your bag before leaving the house, you need to find your
phone, keys, wallet among other stuff on the table. This type of task is called hybrid
search — a combination of visual and memory search. In hybrid search, participants
search for multiple targets that they hold in memory (Wolfe, 2012). Reaction time
(RT) in such tasks will increase linearly with the number of objects on the display
and logarithmically with the number of objects in memory (Ibid.). Moreover, it has
been shown that if targets and distractors belong to different categories, partici-
pants find targets faster than when targets and distractors are from the same cate-
gories (Cunningham & Wolfe, 2014). Nevertheless, as multiple targets have to be
hold in memory, the question is, how they could guide the search, as well as how is
the found target is compared to the multiple target templates hold in memory.
Basic level superiority effect in hybrid search appears to be an important research
question, both for perception and memory studies. According to classical visual
search studies, we hypothesize that in hybrid search both guidance and verification
will proceed faster for targets set by basic category level words, than for targets set
by superordinate category level words, because basic level words form more specif-
ic and distinct target representations as compared to superordinate level words.

Method
Participants

Originally 49 participants volunteered to participate in the experiment. There
were 38 women, 9 men, and 2 participants preferred not to share their gender. Their
age ranged between 18 and 40 (M = 21.92, SD = 5.32). The participants were
required to have normal or corrected to normal vision, no neurological or psychi-
atric conditions and recent brain trauma. Sample size was determined because it
provided an estimated power greater than .95 based on previous research of hybrid
search using an eye-tracker (g-n = .25 in Drew et al., 2017), resulting in 22 partic-
ipants. Additionally, in previous research of basic level advantage in visual search
effect, 12 participants were involved, but effect size was not reported (Maxfield &
Zelinsky, 2012). Experiment was conducted with a larger sample size than required
by conservative estimates. Out of 49 participants, data from 9 people was excluded
from the further analysis due to the instructions misunderstanding or technical
issues (if the eye tracker could not be calibrated). Therefore, data from 40 partici-
pants was analyzed. The participants could receive points for the class credit if they
were students or a small monetary reward (around $2).
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Stimuli and Apparatus

In the current experiment the visual set size (the number of objects on the display
could be 8, 12 or 16) and the memory set size (the number of objects for memorizing
could be 1, 2, 3 or 4) served as within-group factors and the category level (base or
superordinate) served as a between-group factor. Accuracy, reaction time, time of
guidance and verification were used as dependent variables.

Images of photorealistic objects were used in the experiment. There were 80 images
in total that belonged to eight different categories: mugs (tableware), dresses (clothes),
cakes (food), flowers (plants), household appliances, toys, decorative elements, and
butterflies (see examples in Table 1). The first four categories were targets, while the
others were distractors. The categories were selected such that for each category of tar-
get stimuli there was a perceptually maximally similar category of distractors.

All images were generated by the open-source neural network Stable Diffusion'.
The background from the generated images was manually removed, all the images
were centered and matched in size and brightness. The stimuli were 6.8° angular
size. They were presented in a 5X4 grid (48 pix — horizontal jitter, 10 pix — vertical
jitter). The positions of the stimuli in the grid were randomized for all the trials.
The example of a trial is presented in Figure 1.

The stimuli were presented on the BenQ X1.2411-B monitor, 1280/720, refresh
rate 60 Hz, 24 inches. The EyeLink Portable Duo (spatial resolution of .01, sam-
pling rate up to 2000 Hz) eye-tracker was used to collect eye tracking data. The
participants used the MilliKey Response Box (model SR-5) to report their
answers. The experiment was programmed in SR Research Experiment Builder
software (version 2.3.38).

Procedure

The experiment was conducted in a dedicated eye-tracking laboratory.
Participants’ heads were stabilized using a chinrest to minimize movement and

Table 1
Examples of Target Stimuli

Category level Stimuli
Basic Mugs Dresses Cakes Flowers
Superordinate Tableware Clothes Food Plants

Q4

* {
Example ’

I

" Images can be found at the Open Science Framework following link: https://osf.io/duzs6/
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Figure 1
Example of Experimental Trial

(¥

=

Note. Target is marked with a red circle (the circle was not present on the screen of the participant).

ensure accurate gaze data collection. The laboratory lights were turned off during
the experiment. The experiment consisted of four blocks that were presented in a
randomized order. Each block consisted of three parts: memorizing the targets,
memory test and visual search (Figure 2).

The blocks differed in a number of target categories for memorization.
Participants memorized either 1, 2, 3, or 4 category names: target-words for mem-
orization were presented one at a time for 30 seconds. The category names were
either basic or superordinate. Thus, half of the participants had to memorize the
categories of mugs, dresses, cakes, and flowers. The other half memorized the cate-
gories of tableware, clothes, food, and plants. The categories were randomly select-
ed for different experimental blocks. After the category presentation there was a
short memory test for each block to clarify the accuracy of memorization: ten
words, including the targets, were presented one by one, and the participants had
to confirm the targets and reject non-relevant categories by pressing the button on
a keyboard. All participants successfully passed the memory test. After the success-
ful confirmation, the search part began, otherwise, the participant had the oppor-
tunity to repeat the target words again. Each block contained 138 trials: 46 trials
for each set size (8, 12, 16), out of which 36 contained the target and 10 had no tar-
get. There could be only one target in a trial. The participants searched for the tar-
get that could correspond to any of the memorized categories and pressed the right
button when they identified it. If they did not identify any targets, they pressed the
left button. There were overall 552 trials in the experiment session. Before the main
part of the experiment, the participants were required to finish a short training ses-
sion consisting of 12 trials in order to get used to the procedure.
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Figure 2
Schematic Visualization of the Experimental Design
A B )
Memorization Mer’n:ry set size
Flowers
Fl Tableware
s Clothes
Fooq
Rats? Rats?
Visual set size
+ Hybrid Search o~
+ ® g ®_©
;@ aa
L Q > %

Note. Picture A illustrates the condition with a visual set size 8 and memory set size 1. Picture B
illustrates the condition with a visual set size 16 and memory set size 4. Additional conditions were
also included in the experimental design, as described in the Method section.

Data Analysis

Accuracy and reaction time were recorded for the visual search part. Reaction
time (RT) was separated into guidance and verification subprocesses of visual
search (as in the Maxfield & Zelinsky, 2012). This separation was based on the time
of the first fixation on the target: guidance was calculated as the time from the ini-
tial presentation of the stimuli in the current trial until the first gaze fixation on the
target, while verification was calculated as the time from the first fixation on the
target until the button press

Behavioral data was analyzed for the trials with corresponding eye tracking
data. Trials with no eye tracking data recorded (due to technical issues) were
excluded from the reaction time analysis. Guidance and verification time was cal-
culated only for the trials with correct responses from the participants (when the
target was correctly identified). RTs more than M + 2SD and less than M — 2SD
were excluded from the analysis.

Mixed ANOVA (2X4X3) was used for the analysis. The between-subject factor
was category level (superordinate or basic). The within-subject factors were the
memory set size (four levels: one category, 2, 3, or 4) and the visual set size (three
levels: eight stimuli on screen, 12, or 16). The Greenhouse-Geisser corrections were
applied if Mauchly’s sphericity tests were significant. In order to compare different
conditions for significant effects, pairwise comparisons were used with Holm-
Bonferroni adjustments. JASP Version 0.17.2.1 software was used for data analysis.
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Results
Accuracy

Three-way mixed ANOVA revealed no significant effects of any factors (p > .050).
Descriptive statistics is presented in Table 2.

Table 2
Descriptive Statistics of Accuracy (%)
Basic categories Superordiante categories
Memory set
size Visual set | Visual set | Visual set | Visual set | Visual set | Visual set
size 8 size 12 size 16 size 8 size 12 size 16
{ M=99.16 | M=99.73 | M=99.86 | M=9726 | M=97.76 | M =97.19
SD=158 | SD=084 | SD=0.62 | SD=591 | SD=495 | SD=4.32
9 M=9832 | M=9846 | M=9828 | M=9835 | M=98.78 | M =99.12
SD=284 | SD=269 | SD =381 | SD=25 | SD=163 | SD=1.71
3 M=9882 | M=99.01 [M=983SD| M=9824 | M=98.72 |M=97.4SD
SD=225 | SD=1.53 =298 SD=19 | SD=2.69 =5.07
4 M=9843 | M=98.15 | M=98.67 | M=9812 | M=96.78 | M =98.28
SD =226 | SD =245 SD=24 | SD=377 | SD=518 | SD =374

Time of Guidance

Three-way mixed ANOVA revealed the significant effect of the visual set size
factor: F(2,76) = 309.934; p <.001; m,? = .373, the significant effect for memory set
size factor: F(3, 114) = 40.104; p < .001; m,? = .891, the significant memory set size
x group interaction: F(3, 114) = 3.238; p = .025; npz =.079, the significant memory
set size x visual set size interaction: F(6, 228) = 3.242; p < .001 ; m,> = .394 and the
significant memory set size x visual set size x group interaction: F(6, 228) = 3.242;
p =.004; m,> = .079. The effect of group factor was not significant: F(1, 38) = .682;
p =.414; 1,2 = .018 and the visual set size X group interaction was also not signifi-
cant F(2, 76) = .016; p = .984; m,> = .079. The results are presented in Figure 3.

Therefore, additional two-way mixed ANOVAs with within-group factor of
memory set size (1, 2, 3 or 4) and between-group factor of category-level (basic or
superordinate) were run for different visual set sizes in order to reveal the specifics
of the interaction. Two-way mixed ANOVA (for the condition with visual set size
16) revealed the significant effect for memory set size factor: F(3, 114) = 43.776;
p< .001; m,2 = .535 and the significant memory set size x group interaction:
F(3,114) = 5.143; p = .002; m,2 = .119. The effect of group factor was not signifi-
cant: F(1, 38) = .439; p = .511; m > = .011. Two-way mixed ANOVA (for the condi-
tion with visual set size 12) revealed the significant effect for memory set size fac-
tor: F(3, 114) = 33.465; p < .001; m,> = .468. The memory set size X group interac-
tion was not significant: F(3, 114) = 1.151; p = .332; 0,2 = .029 and group factor
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Figure 3
Guidance Time

A

effect was not significant: F(1, 38) = .506; p = .481; m,2 = .013. Two-way mixed
ANOVA (for the condition with visual set size 8) revealed the significant effect for
memory set size factor: F(3, 114) = 22.139; p <.001; n,? = .368. The memory set size
X group interaction was not significant: F(3, 114) = 1.881; p = .137; m,> = .047 and
group factor effect was not significant: F(1, 38) = 1.130; p = .295; 0,2 = .029.

To clarify the specifics of the interaction of two factors one-way ANOVA was
made. For the group factor (for the condition with set size 16 and memory set size
1) one-way ANOVA revealed the significant effect for group factor: F(1, 38) = 6.09;
p =.018; m,2 = .14. For the condition with visual set size 16 and memory set size 2
one-way ANOVA revealed no significant effect for group factor: F(1, 38) = .78;
p=.382; m,2=.02. For the condition with visual set size 16 and memory set size 3
one-way ANOVA revealed no significant effect for group factor: F(1, 38) = 1.45;
p=.235;m,2 =.03. For the condition with visual set size 16 and memory set size 4
one-way ANOVA revealed no significant effect for group factor: F(1, 38) = 3.65;
p=.064;m,2=.088.

Verification Time

Three-way mixed ANOVA revealed the significant effect of memory set size fac-
tor (F(3, 114) = 5.08; p = .002; m,% = .19), no significant effect of visual set size fac-
tor (F(2, 76) = 2.136; p = .125; 1,2 = .053), no significant effect of group factor:
(F(1, 38) = .403; p = .530; m,> = .010), no significant interaction of memory set size
factor and visual set size factor (F(6, 228) = 1.904; p = .08; m,2 = .048), no signifi-
cant interaction of memory set size factor, visual set size factor and group factor
(F(6, 228) = .78; p = .586; m,2 = .02), and no significant interaction of memory set
size factor and group factor (F(3, 114) = 1.43; p = .236; 1,2 = .036). The results are
presented in Figure 4.

Discussion
Response accuracy did not differ across conditions, and almost reached 100%

rate. We suppose that the ceiling effect was achieved due to the simplicity of the
perceptual task, usually observed in such tasks.
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Figure 4
Verification Time

Memory set size 1 Memory set size 2 Memory set size 3

. }/4\4

Guidance time increased with the visual set size, as well as with memory set size.
Verification time increased with memory set size, but was independent from the
visual set size. Category levels had no effect on verification time, as well as on guid-
ance time, except the condition with the memory set size 1 and the visual set size 16.

The effect of a visual set size on guidance time is a typical set size effect in visual
search studies: the more stimuli are present on the screen, the longer the first fixa-
tion on the target takes. The effect of memory set size on guidance time implies that
the search is guided with only one representation on the time, therefore, hybrid
search would assume a series of sequential single-target visual searches. The alter-
native explanation is that multiple target templates are held in memory during the
hybrid search and slow down the guidance process because of shared resources that
have to be distributed between the guidance and holding the target templates.

Verification time increased with memory set size. This result indicates that ver-
ification process occurs sequentially in memory system. On the contrary, visual set
size did not affect the verification time. During verification, the observer interacts
only with a single target fixated by the gaze, and other objects present on the
screen have no effect on this process (in contrast to the guidance).

The category levels affected the guidance time in the condition with the mem-
ory set size 1 and the visual set size 16 — when participants had to memorize one
target and search for it among 16 stimuli, but not for other conditions. Considering
the memory set size, this condition is actually the same as simple visual search with
one target. In this case, basic level targets gained the advantage as compared to
superordinate level targets. Those results are congruent with previously observed
by Maxfield & Zelinsky (2012), and suggest that participants form mental repre-
sentations of different degrees of specificity and distinctness depending on basic
and superordinate categories. A basic category object is considered to be more spe-
cific and distinct as compared to a superordinate category object. According to
Wolfe’s (2021) Guided Search 6.0 theory, a specific type of representation is
formed in visual search. This representation is called a “guiding template”. A guid-
ing template consists of basic object features (such as color, orientation, curvature,
size, etc.), stored in the working memory system. For example, if a participant’s
task is to find a flower, color and symmetry features will be the main features added
to the guiding template. Considering the visual set size, in case of 16 stimuli on the
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screen the perceptual load is higher in comparison with conditions with 8 and 12
stimuli. Perceptual load is classically defined as a passive mechanism that limits the
amount of information process. We suppose that due to high perceptual load, the
search process becomes more resource-intensive, so participants also need more
specific features to find the target (e.g. Lavie & Tsal, 1994). The category level
appears to be one of those features, which allows a simplified guidance, yet a more
specific “guiding template”.

Our results are also relevant to the study by Wolfe et al. (2017), where mixed
hybrid search procedure was developed — participants had to search for categorical
(e.g. “furniture”) and specific (e.g. “this rabbit”) targets. In that study, categorical
targets were missed more frequently as compared to specific targets, which is
explained by the target’s specificity in relation to the goal of search. However,
Wolfe’s study implemented a much more difficult task and involved the presence of
more than one target stimulus on the screen.

When the memory set size included more than one object, which was not simple
visual search, but hybrid visual search, implying that the participant would hold
multiple targets in memory, category levels had no effect on guidance time, accord-
ing to our results. We hypothesize that in this case features from multiple objects
in the guiding template are mixed, and specific and distinct target objects cannot
gain the advantage. In our experiment, there were at least ten variations of target
stimuli (e.g., various kinds of flowers or cakes). Therefore, it could not be conclud-
ed that the basic level advantage effect was observed for hybrid search, since the
condition with one object to memorize is actually a classical visual search task.

As the stimuli were repeated through the trials, this could elicit a familiarity effect
(e.g. Malinowski & Hiibner, 2001). However, as the categories were randomly select-
ed for different experimental blocks, and the blocks were counterbalanced across the
participants, the familiarity effect should not significantly affect the results.

Research prospects

Despite the fact that no effect of category levels was found for conditions with
memory set sizes 2, 3, and 4, it is an interesting question if there is a basic level
advantage effect in the conditions with larger memory set size. Some studies
demonstrate that working memory span can be limited up to four objects (Cowan,
2001). However, studies of hybrid search demonstrated participants’ ability to
solve the task even with 100 objects in memory (Wolfe, 2012). This suggests the
involvement of other cognitive processes such as activated long-term memory
(ALTM) in hybrid search. We believe that distinctiveness and specificity of basic
level objects may affect the speed of guidance, and verification in more complex
tasks with a higher number of targets in memory.

Conclusion

The study investigated guidance and verification in hybrid search task. The
visual set size, the memory set size and the level of category (basic or superordinate)
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served as the independent variables. Guidance and verification times were meas-
ured; these two processes were separated using an eye-tracking method. Guidance
time increased with the visual set size, as well as with the memory set size.
Verification time increased with the memory set size, but was independent from the
visual set size. Category levels had no effect on verification time, as well as on guid-
ance time, except for the condition with the memory set size 1 and the visual set
size 16. The results suggest that mental representations of different degrees of
specificity and distinctness are formed for targets of various categories only for sin-
gle-target (classical visual search) conditions and under a high perceptual load.
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