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Abstract. Visual search may be guided by not only visual, but also by categorical information such as concrete or abstract 
category labels. However, objects could have different types of link with their category labels: strong  — when we know 
category labels and actively use them, weak — when we do not know the labels and use some general words to refer to such 
categories. In this study we investigate, how the strength of the link between an object and its category label influences visual 
search performance. We expected that objects with strong link with their category labels (both targets and distractors) would 
have an advantage in processing and would attract our attention. Therefore the search would be more efficient for the targets 
with strong links to their category labels than for targets with weak links. Also the search among distractors with strong links 
to their labels would take longer than among distractors with weak links for any type of target. We conducted two experiments 
where we varied the strength of category labels links (strong or weak) for targets and distractors as within subject factors. 
The strength of the link was manipulated at the first (preparatory) stage of the procedure, when participants have acquired 
new categories of artificial objects and learned the labels of half of them, the other half remained nameless . According to our 
results, in both experiments participants performed the search faster if the target is located among distractors that have the 
same strength of the link with their category labels. Although the results were inconsistent with our initial hypotheses on how 
the strength of the objects’ link with their category labels might guide visual search, we obtained strong evidence that such 
guidance exists.
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Introduction
In our daily routines, we often search for different objects: 
in bags, in rooms, in shops. Objects we look for belong 
to certain categories. Categories we use might have dif-
ferent types of links with their labels. There are category 
labels we use quite often, so we know them well. Objects 
belonging to such categories have strong links with their 
category labels. But we are not always aware of the exact 
labels of objects. If that is the case, we can still use a label 
to name the object, perhaps using a general word like 
“thing”. That object would then have a relatively weak link 
with its category label because “thing” can refer to a range 
of objects.

For example, while walking in a field, we definitely 
know the names of some plants, like dandelion, 
chamomile or nettle. These objects have strong links with 
their category labels. However, there are also some plants 
for which we do not know labels. Nevertheless, we can 
distinguish them from each other and from plants that we 
do know labels for. These objects have a relatively weak 
link with their category labels, and we might refer to all 
of them as “plants”. If we need to find a particular plant, 
could our knowledge of its label and the labels of the 
plants around it help us to find the particular plant? In the 
present study, we investigate how the strength of the link 
between an object and its category label influences visual 
search performance.
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Previous studies have shown that it is not only visual 
information that guides our visual searches. Studies have 
demonstrated that categorical information also guides 
a visual search. If the target and its distractors belong to 
different categories, participants perform a search task 
faster compared to a search when the target and distractors 
belong to the same category. This effect was demonstrated 
using letters (Lupyan, 2008), colors (Daoutis, Pilling, 
& Davies, 2006), and real world objects (Yang & Zelinsky, 
2009) as stimuli. Further investigation of categorical visual 
searches revealed that a search by a certain categorical label 
(e.g., boots) is more effective than a search by an abstract 
categorical label (e.g., shoes). In addition, it was shown that 
searching for a typical object of a certain category is more 
effective than searching for an unusual object of the same 
category (Maxfield & Zelinsky, 2014).

It might be concluded that visual search is more 
effective if a target has a strong link to its category label, 
compared to a search for a target with a weak link to 
its category label. However, it remains unclear how the 
strength of the distractors’ links to their category labels 
influences visual search performance. In the studies 
mentioned above, the strength of an object’s link with its 
category label was never used as an independent variable 
for either targets or distractors. It was confounded by 
other parameters of the object label. For example, as in a 
study by Maxfield and Zelinsky (2014), boots as a concrete 
category label has a stronger link with its denoted object 
than a more abstract label like shoes.

In our study, we used the strength of an object’s 
link with its category label as an independent variable. 
Moreover, we varied it not only for targets but for 
distractors too. Also, we considered it an inappropriate 
method to vary the strength of the objects’ links with 
their category labels by using objects with concrete and 
abstract labels. In this case, both groups of objects (with 
strong and weak links to their labels) have category labels, 
and the strength of the links is not so different. In order 
to increase this difference we decided to use artificial 
categories, because participants would not know the 
labels in advance. For half of these categories we provided 
labels. Such categories would have strong links with their 
category labels. Meanwhile, the other half of categories 
remained without labels. Such categories would have 
weaker links with their category labels.

Usually in a search task, object labels are not 
presented on the screen. However, the onscreen 
presence of object labels might strengthen links and 
influence search performance. A previous study by 
Vales and Smith (2015) demonstrated that the presence 
of an object label (word) reduces search time. When a 
target was designated by a picture and a label at the same 
time, participants performed a search task faster than 
when the target was designated only by a picture. There 
have also been studies demonstrating that information 
about labels is available for participants even if they are 
not presented onscreen and the task does not require 
reading or overt naming. Participants in Morsella and 
Miozzo’s study (2002) were presented with the Stroop 
task picture modification. Participants were asked to 
name one of two overlapping outline pictures, ignoring 
the other. The results demonstrated that participants 

named the target picture faster when the name of the 
ignored picture was phonologically similar to the target 
one. That is, the information about the verbal label 
of the ignored picture was available and influenced 
performance. Thus, we predict that information about 
an object’s link with its category labels could influence 
visual search performance.

Based on the results mentioned above, we expected 
that objects with strong links with their category labels 
(both targets and distractors) would have an advantage 
in processing and would attract our attention. Therefore, 
the search would be more efficient for targets with strong 
links to their category labels than for targets with weak 
links. Also, the search among distractors with strong 
links to their labels would take longer than the search 
among distractors with weak links, for any type of target. 
According to our proposal, the search for a target with 
a strong link to its category label among distractors with 
weak links would be facilitated, while the search for a 
target with weak links among distractors with strong links 
would be disrupted.

Method

Participants
Thirty volunteers (3 men, 27 women) aged from 17 to 34 
(mean age = 20) participated in Experiment 1 for course 
credits. Another 26 volunteers (3 men, 23 women) aged 
from 17 to 21 (mean age = 18) participated in Experiment 2 
for course credits.

At the end of the entire experiment, we asked 
participants to recall category labels of objects that 
were used in the experiment. Participants who failed 
to do it correctly were excluded from further analysis. 
We excluded four participants from Experiment 1, 
and none from Experiment 2. Considering that, we 
analyzed the data of 26 volunteers (3 men, 23 women) 
aged from 17 to 34 (mean age = 20) who participated in 
Experiment 1, and 26 volunteers (see details above) who 
participated in Experiment 2.

Design
We conducted two separate experiments with two differ-
ent groups of participants. The experiments were differ-
ent in their method of target designation: by the picture 
only (Experiment 1), or by picture and label (Experi-
ment 2). We supposed that the presentation of labels 
during target designation would increase activation of 
the corresponding verbal information, potentially facili-
tating search performance.

In each experiment, we used a 2 × 2 within-subject 
factorial design, with Target Type and Distractor Type 
as factors. Both of our factors had two levels: with label 
and without label.

In each experiment, we did a counterbalancing 
procedure: the objects with names for one half of the 
group in each experiment were the objects without 
names for the other half of the participants in the same 
group, and vice versa.

http://www.cogjournal.org/
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Stimuli
We created eight categories of artificial objects to use as 
stimuli. Half of them were accompanied by labels (mean-
ingless syllables), while the other half remained nameless. 
We call these two groups of categories “with labels” and 
“without labels”.

We suppose that the provided labels would have 
a  strong link with the corresponding categories, because 
participants would use those labels to perform the task. 
Even if participants could come up with their own labels 
for objects, we considered them to be a category with 
a label that have a weak link with the corresponding 
category, because those self-made labels are not necessary 
to complete the task and, as we noticed, self-made labels are 
not stable in time. Participants could change them during 
task performance.

For each category, the form of the objects was 
a  categorical feature (it was the same for all objects in 
a  particular category) and its colors were individual 
features. We used two color sets, each consisting of seven 
colors: one set we used during training, and the other we 
used during the search. Therefore, in the search task, there 
were seven objects in each category.

Procedure
Our study consisted of two stages. The first stage was pre-
paratory. In this stage, participants needed to acquire new 
categories and to link half of them to the provided labels. 
Participants were shown a set of animations where objects 
and their labels (if an object had one) were presented.

To check whether participants had acquired the new 
categories and associated half of them with the provided 
labels, we asked participants to complete a test trial after 
a set of sixteen animations. In the test task, participants were 
presented with eight objects on a screen simultaneously 

(one per each category) and were asked to write down the 
objects’ labels (if they had any) in a special blank space. The 
test task contained two trials. If a participant made at least 
one mistake in at least one test trial, he/she needed to go 
back to the preparatory level to watch the animations one 
more time. Animations could be demonstrated up to three 
times. If it was not enough to complete a test trial correctly, 
participants were excluded from the experiment.

Participants who completed the test trial correctly 
went on to the second stage, where they performed 
a  visual search task. See Figure 1 for the structure of the 
trial. In Experiment 1, a target was designated by picture. 
In Experiment 2, a target was designated by a picture and 
its label at the same time. If a target had no label, it was 
designated by two pictures: a big one, and a small copy of it 
beneath the big one in the same place where a word would 
appear for targets with labels (see Figure 1).

Objects on the search screen were organized in 
a  pseudorandom order. The target was always located on 
the invisible circle and distractors were organized in the 
following way: one vertical half of the screen (left or right) 
was occupied only by labeled distractors, with non-labeled 
distractors on the opposite half of the screen. Thus the target 
was always surrounded by distractors of one type, with either 
strong or weak links. Participants were asked to respond to 
which side of the screen they found the target: the left or 
the right. We did not vary the set size. Each search screen 
contained 14 objects: 1 target and 13 distractors, belonging 
to the previously learned categories. The reason for such 
organization of the display was the following. We supposed 
that the difficulty of the task would force our participants 
to use not only visual features of the objects, but also 
additional sources of information, including the strength 
of the objects’ link with their category labels. According to 
Duncan and Humphreys (1989), a search would be easier 

Exp 1. A target is designated
by picture only

Exp 2. A target is designated
by both picture and label

2 s 3.5 s until response 2 s

Where is the target?
left right

Where is the target?
left right

Figure 1. Trial structure for Experiments 1 and 2.
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when distractors are similar to each other. Therefore, using 
more than one distractor per category should increase the 
efficiency of the search. Since we needed to keep the total 
number of categories used for the experiment relatively 
small and at the same time keep the search challenging, we 
used all stimuli categories in the same display.

Results
The distribution of reaction times was skewed to the left, so 
a natural logarithm of the reaction times was computed and 
used for the subsequent data analysis.

We analyzed the effect of the factors Target Type 
and Distractor Type on natural logarithm of reaction 
time using a repeated measures ANOVA. The analysis 
revealed a  significant interaction of factors Target Type 
and Distractor Type (types: with or without labels) in 
both experiments; F (1,  25) = 25.8, p < .001, η2

p = .508 and 
F (1,  25) = 41.8, p < .001, η2

p = .63, correspondingly. In 
Experiment 1, the effect of neither factor reached signif-
icance: F (1,25) = 0.04, p = .84; F (1,25) = 0.061, p = .81, 
correspondingly. In Experiment 2, however, Target Type 
demonstrated a significant influence on natural logarithm 
of RT F (1,  25) = 6.15, p = .02, η2

p = .197, while Distractor 
Type did not: F (1, 25) = 2.07, p = .163. Figure 2 and 3 show 
the results for Experiments 1 and 2, correspondingly. Error 
bars express 95 % confidential intervals. According to our 
results, in both experiments the search for a target with 
a label is faster when it is located among distractors with 
labels, than among distractors without labels. Also, the 
search for a target without a label is faster when it is located 
among distractors without labels, than among distractors 
with labels.

In order to determine how the method of target 
designation influences search performance, we conducted 
an additional analysis wherein we combined data from the 
two experiments and repeated the analysis with the method 
of target designation as an additional between-subject 
factor. Our rANOVA revealed a significant effect of Target 
Designation Method F (1, 50) = 11.27, p < .001, η2

p = .184. 

However, there was no significant interaction of  all three 
factors (Target Type, Distractor Type, Method of  Target 
Designation) F (1, 50) = 0.104, p = .75. No interactions 
of the Target Designation Method with either Target Type 
(F (1, 50) = 3.39, p = .072) or Distractor Type (F (1, 50) = 1.25, 
p = .207) were found.

Discussion
Our results demonstrate that participants perform a search 
task faster if the target is located among the distractors that 
have the same strength of the link with their category labels. 
According to our hypothesis, objects with a strong link with 
their category labels would have some processing advan-
tage. They would facilitate a search of a target with labels 
among distractors without labels, and disrupt a search of 
a target without labels among distractors with labels. How-
ever, our results demonstrate that there is no such pattern 
for objects with strong and weak links with their category 
labels. In the contrary, the search time depends on the con-
sistency of target type and the type of distractors around it. 
Therefore, we can conclude that the evidence does not sup-
port our hypotheses.

However, our results suggest do that the strength of an 
object’s link with its category label could influence search 
performance. When participants search for a target, they 
firstly examine objects with the same strength of the link 
with their category labels. And if they do not find a target 
among them, they go to the other half of the screen and 
continue searching. In this case, both the type of target 
and type of distractors influence search performance. 
We  cannot yet say how exactly the strength of the link 
with their category labels influences our attention. Does it 
influence the initial deployment of attention torward objects 
with the same strength of the link with their category labels, 
or does this influence occur in later stages of information 
processing? An eye tracking methodology might help to 
answer this question in future research.

We also expected that designation of a target by a label 
should facilitate the processing of objects labels, which 
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Figure 2. Mean natural logarithm of search time 
in Experiment 1. Error bars represent 95 % 
confidential interval.

Figure 3. Mean natural logarithm of search time 
in Experiment 2. Error bars represent 95 % 
confidential interval.
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should force our participants to use this information during 
search performance. According to Vales and Smith (2015), 
labeled targets should be found faster than those without 
an onscreen label. However, according to our results, the 
opposite happens. Participants search for labeled targets 
longer than for non-labeled targets.

In addition, participants in the second experiment 
performed the search slower than in first experiment, even 
for non-labeled targets. It is possible that the designation 
of targets by labels influenced the entire task performance. 
Our participants report that it is hard to recall an object by 
its label. And the objects themselves have unusual shapes 
which cannot easily be described by words, so perhaps this 
inhibition of search time of labeled objects is caused by 
a verbal overshadowing effect (Schooler & Schooler, 1990). 
However, why the search times decreased for non-labeled 
targets remains unclear. Future research should explore this 
question.

Another direction of our future research will concern 
the investigation of the effect we demonstrate here using 
natural categories. The categories we used in the present 
study had only two features, shape and color, while 
natural categories have plenty of them. So our categories 
that we used here could be different from natural ones. 
Furthermore, the usage of artificial categories forced our 
participants to use their own labels for those categories. To 
eliminate this, and also to figure out whether our partic-
ipants use labels during their searches, we need to conduct 
an additional study with natural categories as the stimuli.

Conclusions
Our results suggest that the strength of an object’s link with 
its category label influences visual search performance. Our 
participants performed a search task faster when the target 
was located among the distractors having the same strength 
of the link with their category labels as the target. However, 
designating targets by their labels increased search times, 
probably because of an overshadowing effect. Although our 
results were inconsistent with our initial hypotheses on how 
the strength of the objects’ link with their category labels 
might guide visual search, we obtained strong evidence that 
such guidance exists.
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Влияние связи объекта 
с его категориальным 
названием на успешность 
его зрительного поиска
Максим Игоревич Морозов
Российская академия народного хозяйства и государственной службы при Президенте Российской Федерации 
(РАНХиГС), Москва, Россия

Аннотация. Внимание в зрительном поиске может управляться не только зрительными признаками объек-
тов, но и категориальной информацией, например абстрактностью или конкретностью категориальных назва-
ний. Однако категориальные названия объектов могут быть в разной степени связаны с обозначаемыми катего-
риями. Эта связь может быть сильной, например когда мы знаем название категории и активно его используем. 
Также эта связь может быть слабой, когда мы не знаем названия категории и используем для ее обозначения более 
общие слова. Данное исследование посвящено тому, как на успешность зрительного поиска объекта влияет сте-
пень его связи с категориальным названием. Мы ожидали, что объекты (цели и дистракторы) с сильной связью 
со своими категориальными названиями будут обрабатываться быстрее и привлекать наше внимание. Основываясь 
на этом, мы предположили, что поиск цели, обладающей сильной связью со своим категориальным названием, будет 
быстрее, чем поиск цели, обладающей слабой связью с категориальным названием. В то же время поиск среди дис-
тракторов, обладающих сильной связью с названиями, будет дольше, чем среди дистракторов, обладающих слабой 
связью с названиями, вне зависимости от того, цель с каким типом связи необходимо найти. Степень связи объек-
тов (целей и дистракторов) с их названиями варьировалась как внутрисубъектный фактор и задавалась на первом 
(подготовительном) этапе нашего исследования. На этом этапе испытуемые осваивали новые категории искусствен-
ных объектов и запоминали названия (заданные экспериментатором) для половины из них, в то время как вторая 
половина объектов оставалась без названий. Полученные нами результаты показывают, что в обоих эксперимен-
тах испытуемые выполняют поиск быстрее, если цель находится среди дистракторов, которые в той же степени, что 
и цель, связаны со своими категориальными названиями. Хотя полученные результаты не подтверждают выдвину-
тые гипотезы о том, каким образом степень связи объекта с его категориальным названием может направлять наш 
зрительный поиск, полученные результаты свидетельствуют в пользу того, что информация о степени связи катего-
рии с ее названием все-таки участвует в управлении вниманием в зрительном поиске.

Контактная информация: Максим Игоревич Морозов, morozovmaksimmm@gmail.com; 119571, г. Москва, просп. 
Вернадского, д. 82.
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