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Abstract The visual search paradigm is a fundamental concept in cognitive psychology and neuroscience that seeks to
understand how people perceive and recognize specific items in visually complex environments. It also serves as a
fundamental tool for understanding cognitive mechanisms such as attentional processes, information processing,
and environmental awareness. This paradigm is widely used in laboratory settings with consistent stimuli to gain a
better understanding of the factors that influence visual perception and attention. In addition, visual search plays a
significant role in our daily lives, particularly in social interactions. Although the phrase visual search has been used
in scientific literature since the 1940s, its use as a technique in visual cognitive science research only began in the
1970s. It was not until the 1980s, pioneered by Tresiman and Galade, that visual search became a research field on
its own, gaining significant popularity among visual perception scientists in the early 1990s. The current definition
of visual search, which remains accepted and quoted to date, was introduced by Wolfe and Horowitz in 2008. Since
then, studies in the field have continued to be carried out without slowing down. Today, the visual search paradigm
not only remains an active research area of cognitive psychology and neuroscience but also a diagnostic approach
in neurodevelopmental disorders such as autism spectrum disorder and attention-deficit / hyperactivity disorder.
In this paper, we review the evolution of the visual search paradigm from the 1980s to the present, discussing the
principles and mechanisms that have been accepted by the scientific community thus far. Additionally, we review
studies that have been conducted using this paradigm on the topics of visual perception and attention, categorizing
them into research areas.

Öz Görsel arama, insanların görsel olarak zengin ortamlardaki belirli öğeleri nasıl algıladıklarını ve tanıdıklarını
inceleyen, bilişsel psikoloji ve nörobilim için oldukça önemli bir paradigma olup, dikkat süreçleri, bilgi işleme
ve çevresel farkındalık gibi bilişsel mekanizmaların anlaşılmasında temel bir araç olarak öne çıkar. Görsel arama
paradigması, laboratuvar ortamlarında sabit ve kontrollü uyaranlar kullanarak görsel dikkati ve algıyı etkileyen çeşitli
faktörleri anlamak için yaygın olarak kullanılan bir araştırma yöntemidir. Bununla birlikte, görsel arama, özellikle
diğer insanlarla etkileşim söz konusu olduğunda, günlük yaşamımızda da son derece kritik bir rol oynamaktadır.
Görsel arama kalıbının bilimsel literatürde kullanılmaya başlaması 1940’lara kadar giderken, bu paradigmanın
görsel bilişsel bilim araştırmalarında bir teknik olarak kullanılması 1970’lerde gerçekleşmiştir. Görsel aramanın
bir araştırma aracı olmaktan çıkması ve kendi başına bir araştırma alanına evrilmesi Tresiman ve Galade’nin
öncülüğünde 1980’lerde gerçekleşmiş ve bu yeni araştırma alanı 1990’ların başlarında görsel algı bilimcileri arasında
oldukça popüler hale gelmiştir. Günümüzde halen kabul edilen ve sıkça alıntılanan tanımı, 2008 yılında Wolfe ve
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Horowitz tarafından literatüre kazandırılmış ve alandaki çalışmalar hız kesmeden gerçekleştirilmeye devam etmiştir.
Günümüzde hala oldukça aktif bir araştırma alanı ve aracı olan görsel arama paradigması, bilişsel psikoloji ve
nörobilim çalışmalarının yanında dikkat eksikliği ve hiperaktivite bozukluğu ve otizm spektrum bozukluğu gibi birçok
farklı sinir gelişimsel rahatsızlıkta da tanısal bir yaklaşım olarak yaygın biçimde kullanılmaktadır. Bu derlemede,
görsel arama paradigmasının 1980’lerden günümüze kadar olan evriminin, bilimsel toplulukça şimdiye kadar kabul
edilmiş temel çalışma prensiplerinin ve mekanizmalarının üzerinden geçiyor ve görsel algı ve dikkat konu başlıkları
altında bu paradigma kullanılarak gerçekleştirilmiş deneysel çalışmaları araştırma alanlarına ayırarak inceliyoruz.

Keywords Visual search • attention • perception • vision

Anahtar Kelimeler Görsel arama • dikkat • algı • görme

Exploring Visual Search: Past and Current Insights
As we navigate our daily routines, we are constantly bombarded with various visual information, ranging

from savoring a cup of coffee to scanning a crowded market for a specific item. However, the human eyes
are unable to process all of this information simultaneously. This is where visual search becomes essential.
Most of us are capable of shifting our attention to a target, whether it be the size and shape of a tiny wedge
gleaming in traffic signals or a mole that has ventured from its burrow. Such behavior epitomizes what
Horowitz and Wolfe (2008) called visual search; seeking out a particular object within a cluttered visual enviF
ronment. Recognition and detection of objects in our environment are crucial, making the understanding of
the mechanisms that drive visual attention and search essential to cognitive psychology and neuroscience.
In this review, our objective is to provide a comprehensive evaluation of the existing literature, offering a
detailed overview of key findings and insights on the evolution of the visual search paradigm from the 1980s
to the present day. Additionally, we provide insight into how visual search paradigms have been used in
research on visual perception and attention over the last two decades. We aim to combine insights from
both theoretical models and applied studies, with a particular focus on clinical applications. By doing so, we
provide an inFdepth analysis of visual search by exploring its historical evolution, underlying mechanisms,
practical applications, and impact across various disciplines, with a particular emphasis on its significance
in clinical, practical, and theoretical contexts.

Visual Search

In numerous fields, the ability to locate or identify specific objects is of utmost importance, and the
process of visual search is an indispensable part of the mechanisms that facilitate these processes. Used by
both humans and animals, visual search plays a crucial role in locating prey and food, as well as in avoiding
predators (Eckstein, 2011). Whether it is locating prey, identifying the correct bus stop in a crowded station,
or searching for a particular product on a store shelf, visual search is imperative. Its significance extends
to specialized fields, such as when airline security personnel scrutinize luggage for potential threats (see
Figure 1A), photo interpreters analyze aircraftFcaptured images (Figure 1B), or radiologists examine images
(Figure 1C) for signs of cancer (Donnelly et al., 2019; Eckstein, 2011; Meuter & Lacherez, 2016; Wolfe, 2021).
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Figure 1
Some of the Fields that Employ Visual Search

Note. A) X-ray images: Example of X-ray images of luggage. (Adapted from Donnelly et al., 2019). B) Aerial warfare images: A picture of a
photo interpreter reviewing an image taken by a photorecon aircraft during the Second World War. (Adapted from Eckstein, 2011). C) X-
ray images: Picture of a mammogram with spotted breast cancer. (Adapted from Faieq & Mijwil, 2022).

Previous studies indicate consistent patterns in how visual searches are conducted (Thornton & Gilden,
2007; Treisman & Gelade, 1980; Wolfe, 2010). Understanding these patterns is crucial for comprehending
visual search and its underlying principles to improve our ability to detect potential security threats and
enhance medical diagnosis as well as treatments. Upon a comprehensive review of the literature, it becomes
evident that two primary strategies are commonly used in visual target searches: serial and parallel search
(Moran et al., 2016; Thornton & Gilden, 2007; Treisman & Gelade, 1980; Wolfe, 2010). Serial search involves
systematically examining each object in a visual array until the target is found, which can be obstructed
by distracting objects (Eriksen & Yeh, 1985; Treisman & Gelade, 1980; Wolfe, 1998). In contrast, parallel
search allows for the target’s identification without examining each object within the array (Wolfe, 1998).
Parallel search occurs if the unique visual features of the target are immediately distinguishable to the eye,
a phenomenon known as the pop-out effect. The popFout effect is characterized by the swift detection of
a feature singleton stimulus among identical distractors (Hsieh et al., 2011; Treisman, 1982; Wolfe, 1994).
Named as such due to its preattentive nature (Moran et al., 2016; Treisman & Gormican, 1988), the popFout
effect results in immediate recognition and can be induced by the target's distinctive features such as shape
and color (Treisman & Gormican, 1988; Wolfe, 1998, 2010).

Psikoloji Çalışmaları–Studies in Psychology, 45 (1): 38–63   40



Exploring Visual Search: Past and Current Insights   Kazan et al., 2025

Figure 2
Experimental Search Displays for the Three Tasks

Note. In part A (Feature Search), the participants were asked to search for a red vertical rectangle among green vertical rectangles. In Part
B (Conjunction Search), participants were asked to search for red vertical rectangles among green vertical and red horizontal rectangles.
In the C (Spatial Configuration Search), participants searched for the number 2 among 5’s. (Adapted from Wolfe et al., 2010).

Figure 2 depicts three visual search paradigms that gradually increase in difficulty. In the first paradigm
(Figure 2A), participants had to perform a feature search by identifying a red vertical rectangle among green
ones. The second paradigm (Figure 2B) involved a conjunction search, where the target was a red vertical
rectangle embedded among green vertical and red horizontal rectangle distractors. Finally, in the third
paradigm (Figure 2C), participants searched for the digital number 2 among 5's, which required a spatial
configuration search. The difficulty in these paradigms arises from the similarities between the target and
distractor stimuli. This results in various attentional guides in each visual array, such as color and orienF
tation.

In the simple feature search (Figure  2A), the parallel deployment of attention to each stimulus is
sufficient for the correct target identification as color is the only distinguishing feature between the target
and the distractors, creating a popFout effect. However, the latter two paradigms (Figure 2B, C) require a
serial search to distinguish the target features, including color and orientation. In summary, feature search,
as depicted in Figure 2A, involves the detection of a target that differs from the distractors on a single
attribute, such as color. Conversely, conjunction search, as shown in Figure 2B, involves the identification of
a target described by a combination of features, such as color and rotation differences, which appears to
be more challenging and timeFintensive than the feature search paradigm. The third paradigm is the most
challenging as it includes increased similarities between the target and distractor stimuli. Therefore, the
spatial configuration search requires a longer time for target identification than the second paradigm, as
there are no other grouping factors, such as distinct color (Palmer et al., 2000; Wolfe, 2010). It is essential
to acknowledge that the majority of visual search experiments carried out in laboratory settings utilize
computer screens. While this method has its advantages and disadvantages, its largest defect lies in the
inability of the stimuli presented on computer screens to replicate the dynamic and interactive stimuli
found in the real world. For this reason, some researchers have replaced classical computer setups with
realFworld interactive scenarios and simulations to investigate visual search processes (Sauter et al., 2020).
Combining virtual reality with a visual search paradigm has now become a common method (Ghose et al.,
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2018). Virtual reality (VR) allows researchers to measure how participants’ performance would be affected
by the 3D realFlife environment, such as searching for a specific object on a crowded kitchen counter (Olk et
al., 2018). This method increases the ecological validity of the visual search paradigms, making them more
similar to realFlife settings (Botch et al., 2023; Olk et al., 2018). However, it should be noted that although
classical computer setups may result in less authentic portrayals of everyday visual search paradigms, these
setups are highly effective at controlling variables in an experiment (Botch et al., 2021, 2023). This controlled
environment is vital to examine the complexity of how we direct our attention in visual search paradigms
(Wolfe, 2020). Comprehending the control of attention under these experimental limitations establishes
a bridge with our exploration of visual search processes and the fundamental function of attention in
perception and cognition (Stein et al., 2024).No matter if visual search is done through computer setups or
VR, as our perception and cognitive processes are guided by our attention when searching for specific visual
information, attention emerges as a crucial visual search component. When focusing on a particular visual
item, our brain filters out unnecessary information to analyze the attended item more efficiently (Wolfe &
Horowitz, 2017). In essence, attention acts as a spotlight in a complex visual array (Treisman, 1982). Thus,
the effort to understand the underlying mechanisms of visual search commonly starts with exploring where
and how we direct attention (Müller & and Krummenacher, 2006; Wolfe & Horowitz, 2017).

Visual Attention

Building on the current understanding of visual attention, it is evident that attention plays a crucial role
in navigating through visual data (Kissler et al., 2009; Luck & Ford, 1998). Visual attention directs cognitive
resources toward a particular aspect within the visual field (Treisman, 1982). Given the complexity of our
visual surroundings, teeming with perceptual data, visual attention simplifies the intricacy and prevents
information overload by honing in on pertinent details (Evans et al., 2011).

This selection process is determined by two guiding factors; bottomFup and topF down processing.
In bottomFup processing, attention is automatically captured by stimuli in the environment, driven by
their salience or novelty. On the other hand, topFdown processing is a more controlled and goalFdriven
form of attention, influenced by cognitive factors such as expectations, knowledge, and goals (Katsuki &
Constantinidis, 2014). Together, these processes work in tandem to successfully filter out useful and relevant
information in our visual field for further processing. These processes demonstrate the dynamic relationship
between cognitive mechanisms and the visual environment (Banerjee et al., 2017).

Bottom-up Processing

In the initial stages of visual processing, bottomFup processing involves the detection of lowFlevel visual
information such as shape, color, orientation, and motion (Wolfe & Horowitz, 2017). The human visual system
seems to detect such lowFlevel features in the visual array, generating a saliency map (Treisman & Gelade,
1980; Wolfe, 2010, 2021). A saliency map indicates visually significant areas within an image and therefore
facilitates the identification of potential target locations by drawing attention to the standout regions
(Katsuki & Constantinidis, 2014; Treisman & Gelade, 1980). Consequently, bottomFup guidance is stimulusF
driven and occurs automatically due to the distinct properties of the target (Katsuki & Constantinidis, 2014).

Top-Down Processing

In contrast to bottomFup processing, topFdown processing utilizes prior knowledge, expectations, and
goals to direct attention to a specific area of the visual field (Treisman & Gelade, 1980; Wolfe, 2021). This
form of processing relies on the subjectF driven direction of attention toward objects with known features,
where the target's features are recognized through past experiences. Thus, topFdown guidance is subjectF
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driven and based on the attentional direction toward objects with known features (Wolfe, 2010, 2021; Wolfe
& Horowitz, 2017). Since the target’s features are already known via previous experiences, the search process
involves internally induced recognition (Katsuki & Constantinidis, 2014). Therefore, topFdown processing
enables a more focused search by leveraging prior knowledge to guide the attention toward objects with
specific, previously encountered features, as exemplified in Figure 2B. During the search for a red vertical
rectangle among green vertical and red horizontal rectangles, participants use a topFdown approach as
they search for a target that corresponds to a particular pattern. This is in contrast to a purely bottomFup
approach, which relies solely on the visual features of the stimuli. As researchers interested in attentional
processes explore the combination of both bottomFup and topFdown processes in visual attention (Quinlan,
2003; Treisman & Gelade, 1980; Wolfe, 1994, 2020, 2021; Wolfe et al., 1989), it is essential to consider the most
significant visual attention theories.

Feature Integration Theory

Feature integration theory (FIT) was introduced in 1977 by Treisman et al. and further developed in 1980,
which provides a comprehensive framework for understanding visual search processes. FIT postulates a
twoFstage mechanism for the perceptual integration of visual features. The first stage, or the preattentive
stage, operates automatically and in parallel, effortlessly recognizing fundamental features such as color,
size, and orientation independently in a feature map (Quinlan, 2003; Wolfe et al., 1989). Through this parallel
processing, the visual system can rapidly and efficiently extract elementary visual information from the
environment.

The second stage, known as the focused attention stage, involves integrating these fundamental features
to perceive an object as a coherent whole (Zhuang Cai et al., 2015). During this stage, attention is selectively
directed to a specific location based on the features detected in the preattentive stage. The integration of
these features into a coherent whole facilitates the recognition and understanding of complex visual stimuli.
FIT emphasizes the dynamic interplay between automatic parallel processing and controlled sequential
feature integration, elucidating how our perceptual system organizes and interprets the visual world. EmpirF
ical support for FIT is evident in its application to Balint's syndrome, a neurological disorder that disrupts an
individual's ability to perceive objects holistically (Robertson et al., 1997). Individuals with Balint’s syndrome
struggle with the focused attention stage of feature integration, experiencing difficulties in combining
individual features into a coherent whole (Arend & Henik, 2017; Cinel & Humphreys, 2006; Dalrymple et al.,
2013; Gillebert & Humphreys, 2010; Humphreys et al., 2009; Pedrazzini et al., 2016). This empirical evidence
reinforces the importance of FIT as a possible explanation for the importance of integrating visual features
to achieve a coherent representation of the whole.

Guided Search Model

The guided search model (GS) was introduced as an alternative to FIT by Wolfe and colleagues in
1989. Initially, with this model, researchers proposed that the subsequent serial search is guided by the
information gathered during the initial parallel processes, mirroring FIT in terms of the preattentive and
attentive stages (Wolfe et al., 1989). The model has evolved with recent data (Wolfe, 1994), providing a clearer
perspective on the mechanisms involved in visual search.

The next version of the guided search model (GS2) proposes that feature searches with high targetF
distractor differences exhibit parallel search behavior, while conjunction search is generally less effective
(Nordfang & Wolfe, 2014; Wolfe, 1994, 2007, 2021; Wolfe & Gancarz, 1997). Moreover, conjunction search
efficiency decreases as stimulus salience decreases, and the visual search becomes serial when basic feature
information is absent (Wolfe, 1994).
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In the third version of the guided search model (GS3), eye movements and covert attentional deployF
ments at different eccentricities were included to achieve a more realistic model of human visual search
behavior (Wolfe & Gancarz, 1996). GS3 proposes the presence of an activation map based on preattentive
feature maps that are created according to attentional control. The featural information is then checked
at an identification stage, where whether the current stimulus is the target or not is being decided. If the
stimulus is not the target, the system opens up to judge another stimulus in the environment and repeats
the attentionFcontrolled process. To move to another stimulus, eye movements and thus a saccade map
is needed, where a saccade map is a weak copy of the activation map. In every cycle of the system, the
eyes move to the point in the saccade map with the highest activation. Because foveal (small eccentricity)
information is presented more compared to peripheral (large eccentricity) information in the feature maps,
the highest activation as well as the resulting eye movement is toward the items at the small eccentricity
(Wolfe & Gancarz, 1996). Even though GS3 has been called “something of a dead end” by Wolfe in his GS6
manuscript 25 years later (Wolfe, 2021), it was a valuable introduction to the role of eye movements and
covert attentional deployments in the guided search models at the time.

In 2007, Wolfe proposed an updated version, Guided Search 4.0, pointing out a bottleneck in visual search
paradigms. This version proposed a selective attentionF governed bottleneck between the initial stage of
parallel feature processing and the latter stage of object recognition processes, challenging the notion of
immediate object recognition present in the former versions. Wolfe questioned the duration of selected
attention on a previously identified item, highlighting the need for attention in binding preattentive features,
such as color and orientation, into a coherent object, such as a horizontal red bar (Wolfe, 2007). The most
recent version of the guided search model (GS6) by Wolfe (2021) suggests that attention is guided through a
priority map, prioritizing visual information from the most promising to the least. This priority map is created
by five types of attentional guidance: (1) topFdown feature guidance, (2) bottomFup feature guidance, (3)
prior history (e.g., priming), (4) reward, and (5) scene syntax and semantics (Wolfe & Horowitz, 2017).

As mentioned, bottomFup processing is an automatic, stimulusFdriven way for the human visual system
to directly use lowFlevel features like shape and color to identify significant areas within an image. On the
other hand, topFdown processing directs attention based on prior knowledge, expectations, and goals. This
process uses subjectF driven guidance to focus on objects with familiar features, making the search itself
an internally induced process relying on past experiences.

Individuals’ subjective evaluations are closely related to their prior search history and reward. Studies
have shown that specific colors or cues tend to attract more attention than others, although this can vary
from person to person. Moreover, prior experience can create cues and cause certain features to pop out
(Buscher et al., 2010; Wolfe & Horowitz, 2017). Different guidance sources, such as syntactic and semantic
scene guidance, play a crucial role in realFworld visual search paradigms. For instance, when searching for
strawberries in a grocery store, it would be logical to check the fruit and vegetable section, as strawberries
are often found there (syntactic scene guidance). Similarly, checking other berries or fresh produce aisles
would make sense, as similar products are usually placed near each other (Wolfe & Horowitz, 2017). In Guided
Search 6.0 (Wolfe, 2021), schematic representations were provided, enriching the guidance properties and
noting that visual search concludes when the target cannot be found and signals reach a threshold.

Until now, we have discussed the theories and methods underlying the basis of visual search. These
theories enriched our comprehension and facilitated advancements in various professions. However, they
do not discuss the usage of the visual search paradigm in different research domains. In the next section,
we will review multiple research domains to further examine the applications and implications of the visual
search paradigm.
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Visual Search in Different Domains of Research

Research on visual search has significantly contributed to our understanding of human perception and
attention in various research areas, including objects (Greenberg et al., 2015; Hemström et al., 2019; Kershner
& Hollingworth, 2022; Spelke, 1990), scenes (Epstein & Baker, 2019; Kershner & Hollingworth, 2022; Wolfe et
al., 2011), and face perception (Hemström et al., 2019; Leopold & Rhodes, 2010; Tsao & Livingstone, 2008;
Williams et al., 2005). Studies on object perception have revealed insights into the mechanisms underlying
topFdown and bottomFup processing (Leonard & Egeth, 2008; Van der Stigchel et al., 2009), feature detection
and integration (Chan & Hayward, 2009; Wolfe et al., 2010; Wolfe, 2020), and search strategies such as parallel
and serial search (Li et al., 2020; Moran et al., 2016; Tian et al., 2011). Similarly, research on face perception
has contributed to the understanding of holistic processing (Jin et al., 2022; Kavšek et al., 2022; Richler et al.,
2011), the influence of inversion on perception (Savage & Lipp, 2015; Vestner et al., 2021; Williams et al., 2005),
and the perception of emotions (Frischen et al., 2008; Maccari et al., 2014; Savage et al., 2013, 2016; Williams et
al., 2005). Moreover, the visual search paradigm has also been leveraged in other areas of research, such as
clinical treatment studies (Chan et al., 2023; Eraslan Boz et al., 2023; Federici et al., 2023; Guilbert & Rochette,
2023; Nuthmann & Clark, 2023; Ueda et al., 2023), and investigations into the complexities of visual perception
(Becker et al., 2023; Kazanovich & Borisyuk, 2017; Krakowski et al., 2015; Pan et al., 2021; Walshe & Geisler,
2022; Wu & Wolfe, 2022).

This review not only examines visual search theories but also explores the application of the visual search
paradigm across multiple research domains, highlighting its dual role as both a tool in clinical research and
a subject of investigation in perceptual studies. The perceptual studies reviewed in this article focus on the
domains of eye movements (Hooge et al., 2022; Zelinsky, 2008; Zhou & Yu, 2021) to study face and emotion
perception (Bachmann et al., 2024; Becker et al., 2011; Li et al., 2023; Horstmann et al., 2006; Plate et al.,
2023; Saito et al., 2023). The visual search paradigm will also be reviewed as a clinical tool for studies on
autism spectrum disorder (Abassi Abu Rukab et al., 2022; Almeida et al., 2010; Ambati et al., 2023; Doherty
et al., 2018; Keehn & Joseph, 2016; Marciano et al., 2022; Torrado et al., 2016), attention deficit hyperactivity
disorder (Canu et al., 2022; Guo et al., 2023a; Mullane & Klein, 2008; Privitera et al., 2024), and spatial neglect
(Butler et al., 2009; Cox & Aimola Davies, 2020; Emerson et al., 2019; Llorens & Noé, 2016; Paladini et al., 2019;
Ricci et al., 2016).

This review, therefore, enlightens the complex relations between visual perception, attention, and cogniF
tive processes by synthesizing findings from various disciplines, while also demonstrating the effectiveness
of the visual search paradigm in furthering theoretical comprehension and clinical applications.

Visual Search and Eye Movements

Attentional guidance plays a crucial role in shaping behavior in visual search paradigms (Chang & Egeth,
2019; Martin & Becker, 2018; Stein et al., 2024; Wolfe, 2021). One way to examine attentional guidance is to
investigate how attention is allocated by monitoring eye movements (Zelinsky, 2008). These eye movements
act as both indicators and tools for understanding shifts in attention (Gaspelin et al., 2017; Rao et al., 2002;
Najemnik & Geisler, 2005). Visual search research frequently uses eyeFtracking to examine the dynamics
of eye movements, focus, and the consequent behavior (Hooge et al., 2022; Nowakowska et al., 2017). The
basics of eye movement analysis involve identifying (a) fixations, during which the eyes remain still to gather
information, and (b) saccades, the rapid eye movements that occur between fixations. These factors enable
researchers to investigate various search strategies, such as whether individuals examine items sequentially
(serial search) or process multiple items simultaneously (parallel search), as well as more complicated
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aspects of search strategies such as planning or memory usage (HamblinFFrohman et al., 2022; Hoppe &
Rothkopf, 2019; Zhou & Yu, 2021).

Zhou and Yu (2021) investigated the optimality of human search behavior by applying various BayesianF
based models to human eye movement statistics acquired in a visual search paradigm. In this study,
eye movements were used to gain a deeper understanding of the suboptimal strategy employment with
costFminimizing features without decreasing the search performance. Their results revealed that the most
accurate predictions of human behavior were generated by a nonFoptimal constrained continuousFtime
entropyFlimit minimization model (CCTELM). This model suggests that a suboptimal but still effective eye
movement strategy, which balances performance and cost, is used in human visual search, highlighting the
significant contribution of saccade amplitude, saccade accuracy, and memory capacity (constraint factors
incorporated in the CCTELM model) to better understand the visual search behavior.

Recently, by investigating visual search in an extended field of view (FoV) using virtual reality, Stein et
al. (2024) focused on how head and eye movements influence search efficiency. Researchers conducted two
experiments, where participants searched for salient (O) or less salient (T) targets among distractors (L). The
targets were either inside or outside the initial FoV. The results showed that while salient targets facilitated
faster detection when within the initial FoV, the same advantage was not preserved when the target entered
the FoV due to head movements. Instead of using peripheral salience to guide gaze shifts, participants
followed a preFplanned search strategy, often continuing in the same direction rather than adapting based
on target salience. These findings suggest that traditional visual search models do not fully apply when
active exploration beyond the initial FoV is required.

Visual Search in Face and Emotion Perception

Studies on face perception often concentrate on the recognition of emotional states. These research
areas focus on the visual search regarding facial emotional expressions (Frischen et al., 2008; Maccari et
al., 2014; Saito et al., 2023; Savage et al., 2013, 2016; Williams et al., 2005). The explanation for why different
visual searches are conducted while examining various emotional expressions on faces is a recurrent topic
of discussion. Previous research suggests that people are physiologically predisposed to recognize possible
dangers; therefore, identifying furious faces in crowds is more effective (Hansen & Hansen, 1988; Horstmann
et al., 2006). This alignment with our evolutionary wiring immediately identifies the possible dangers to
survival. Results of the studies suggest that we are quicker in detecting angry faces than other facial
expressions, termed the angry face superiority (Horstmann et al., 2006; Lipp et al., 2009a, 2009b). On the
other hand, the happiness superiority effect has been proposed, suggesting that identifying happy faces is
faster due to the importance of positive emotions during social interactions (Juth et al., 2005). Savage and
colleagues (2013) conducted experiments to investigate the circumstances under which happy or angry face
superiority occurs in a visual search. Their findings suggested that the specific features of the stimulus used
in the study influenced the observed superiority effect in visual search. For example, the visibility of teeth
on the faces of the stimuli may play a crucial role in attracting attention, affecting the superiority effect
in visual search (Savage et al., 2013). On this note, Becker and colleagues (2011) conducted an experiment
to investigate whether the detection speed of happy or angry faces could be influenced differently by the
visibility of mouth and teeth using both real and computerFgenerated human faces. The results not only
confirmed that happy expressions were more readily detected than angry ones but also revealed that this
detection advantage extended beyond the simple visibility of teeth in smiles. These results were similar
for both real and computerFgenerated faces. The face stimuli with closed lips were identified more rapidly
and accurately than their angry counterparts. Finally, by analyzing the participants’ strategies in the visual
search, researchers demonstrated that participants often employed a serial search when identifying expresF
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sive faces. Moreover, participants consistently showed faster and more accurate detection of happy faces
compared to angry faces. Ultimately, the study challenged the notion of a preattentive danger detection
mechanism for angry expressions, suggesting that the enhanced recognition of happy faces in visual search
paradigms may be a result of practiced social interactions, making it a more efficient process (Becker et
al., 2011).

In another experiment (Williams et al., 2005), participants were instructed to locate a happy or neutral
face while being presented with inverted or upright face stimuli in targetFabsent and targetFpresent trials
on computer screens (Figure 3A). The findings indicate that participants found it easier to locate happy
upright faces among neutral upright face distractors compared to where neutral faces were targets and
happy faces were distractors (Figure 3B). The inversion effect disrupts expression analysis, meaning that
inversion prevents the attentional advantage for happy faces (Williams et al., 2005). This inversion effect
explains why it was easier to locate upright happy face targets among neutral face distractors compared
to locating inverted happy face targets among neutral face distractors. Additionally, it has been found that
face inversion disrupts the holistic perception of a face, causing faces to be processed more locally (McKone
& Yovel, 2009; Savage & Lipp, 2015; Silva et al., 2011; Tanaka & Farah, 1993; Tanaka et al., 2023). Researchers
indicate that inverted happy face targets can be found more quickly than inverted neutral face targets, which
may also account for the difference in reaction times between inverted neutral face and happy face targets.

Figure 3
An Example of the Experimental Stimulus

Note. An example of the experiment's stimulus is shown as a happy face (target) among seven neutral faces (distractors) on the left-
hand side. The plot on the right-hand side shows how reaction time increases as the set size increases and the target stimuli type
differentiates. (Adapted from Williams et al., 2005).

Savage and Lipp (2015) examined the effect of face inversion on the detection of emotional faces using a
visual search paradigm. They investigated emotion detection for upright and inverted faces in six different
experiments using various face stimuli databases. They found that face superiority affected both angry
and happy facial expressions regardless of whether the face was upright or inverted. These results suggest
that face inversion did not significantly interfere with the visual search for emotional expressions. Their
findings, which are also in line with those of Williams and colleagues (2005), indicated that featureFbased
explanations are more likely and that holistic processing is not required when perceiving a face (Lipp et al.,
2009b; Savage & Lipp, 2015; Wilkinson et al., 2008).

Visual Search in Autism Spectrum Disorders

Autism spectrum disorder (ASD), colloquially referred to as autism, is a common neurodevelopmental
condition characterized by compromised social communication, deviant behavioral patterns, sensory malF
functions, and repetitive behaviors or interests (Almeida et al., 2010; Hirota & King, 2023; Keehn & Joseph,
2016; Lian et al., 2023; Memari et al., 2014; Wang et al., 2014; Zhou et al., 2023). The phenotypic heterogeneity
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of ASD poses a significant challenge, demanding further research, as it inhibits the development of stanF
dardized therapeutic approaches (Buch et al., 2023; Hassan & Mokhtar, 2019; Keehn et al., 2023; Masi et al.,
2017; Mottron & Bzdok, 2020; Zhou et al., 2023).The previous research on individuals with ASD indicated that
they tend to perceive sensory stimuli differently than individuals with neurotypical development (Burns
et al., 2017; Dellapiazza et al., 2018; Hadad & Yashar, 2022; Jassim et al., 2021; Robertson & BaronFCohen,
2017). Individuals with ASD were faster and more efficient in visual search compared to typically developed
individuals, which is supported by their increased ability to process features (Gliga et al., 2015; Joseph et
al., 2009; Kaldy et al., 2016; O’Riordan & Plaisted, 2001; Plaisted et al., 1998). Additionally, this enhanced
perception of features appears to be linked to the severity of their autism symptoms (Gliga et al., 2015;
O’Riordan & Plaisted, 2001). Moreover, research suggests that their advantage in processing features might
be due to their attentional focus rather than enhanced perceptual abilities, which could be a result of overF
focusing or their restricted interests in general (Kaldy et al., 2016). In contrast, some studies suggest that
individuals with ASD have slower and less efficient visual search performance under different conditions,
such as categorical search or multiple conjunction search tasks (Doherty et al., 2018; Keehn & Joseph, 2016;
Torrado et al., 2016). Alternatively, there may not be a significant correlation between ASD symptoms and
visual search abilities (López Pérez et al., 2019; Marciano et al., 2022).

As aforementioned, faces are an essential social stimulus and play a crucial role in human communication
and social interactions. The difficulties in recognizing faces are frequently observed in children with ASD
(Dawson et al., 2005; Golarai et al., 2006; MinioFPaluello et al., 2020); However, the exact reason behind
these difficulties remains uncertain. Researchers tested children with ASD and neurotypical children on their
ability to detect faces and objects using a visual search paradigm. This paradigm included human or animal
faces and objects from different categories, such as houses or cars (Figure 4).

Figure 4
Example of Display Arrays Used in a Face Detection Task

Note. The participants were obligated to perform a visual search to detect and indicate the presence of face stimuli embedded between
stimuli from other categories. (Adapted from Abassi Abu Rukab et al., 2022).
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Participants were asked to detect the target face stimulus (Abassi Abu Rukab et al., 2022). The results
showed that both children with ASD and neurotypical children detected human faces faster than any
other category. Although minor, children with ASD had a significantly greater set size slope compared with
neurotypical children, meaning that they had a larger dependence on set size while searching for human
faces. This result suggests that the popFout effect for human faces might not be as evident in children with
ASD. Overall, children with ASD had significantly longer reaction times in every category (Abassi Abu Rukab
et al., 2022).

Visual Search in Attention-Deficit/Hyperactivity Disorder

AttentionFdeficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder that affects approxiF
mately 5% and 3% of children and adults worldwide, respectively (Bellato et al., 2023; Slater et al., 2022).
ADHD typically develops during childhood and may continue into adulthood (Guo et al., 2023a; Mayer et
al., 2021; McLoughlin et al., 2010; Privitera et al., 2024). It is characterized by several behavioral symptoms
including hyperactivity, impulsivity, agitation, and inattentiveness (Ortega et al., 2013; Privitera et al., 2024;
Skalski et al., 2021; Türkan et al., 2016). ADHD may also include deficits in social interactions, restlessness,
and repetitive or restrictive behavior (Seernani et al., 2021). Cognitively, ADHD is also related to deficits in
temporal processing, arousal and regulation activation, working memory, temporal selective attention, and
generalized cognitive control deficits across domains and processes (Donnadieu et al., 2015; Guo et al., 2023a;
Laasonen et al., 2012; Michelini et al., 2022).

Given the high prevalence of ADHD and its negative impact both on behavior and cognition, it has been
the focus of a large amount of research that has investigated its etiology and the neuroanatomical basis
(Canu et al., 2022; Guo et al., 2023a, 2023b; Seernani et al., 2021; Türkan et al., 2016). Such studies aim to
enhance existing treatments and develop personalized approaches to address this condition more effecF
tively (Michelini et al., 2022).Visual search is often used in ADHD research focusing on attentional control
and eye movements to gain insight into the enhancement and suppression of the target and the distractor
stimuli (Booth et al., 2005; Canu et al., 2022; Hazell et al., 1999; Mason et al., 2003, 2004; Mullane & Klein, 2008;
Privitera et al., 2024). For instance, Guo and colleagues (2023b) focused on the neurophysiological aspects
of visual search. They collected electrophysiological (EEG) data from two groups of children: seventyFtwo
neurotypical children and ninetyFsix children diagnosed with ADHD. By examining the differences in brain
oscillations between these two groups during target selection, researchers gained new insights into the
neurobiological basis of visual search and visual attention impairments in ADHD. Figure 5A illustrates the
visual task used in the study.

Figure 5
Illustration of the Task used in the Experiment along with the Subsequent Behavioral Results

Note. A) Example of a visual search paradigm trial where the participants were instructed to find the target stimulus (circle) among
multiple distractor stimuli (squares) while maintaining central fixation. B) Accuracy (%) and reaction time (RT, msec.) results of the
performed visual search paradigm for neurotypical children (NT) and for children with ADHD. Both for accuracy and RT, children with
ADHD performed worse compared to NT children. (Adapted from Guo et al., 2023b).
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Children with ADHD showed worse performance in accuracy and reaction times (Figure 5B), decreased
theta synchronization (TS), and heightened posterior alpha lateralization (AL) compared to neurotypical
children. Furthermore, the authors noted a concerning absence of a positive correlation between the
posterior AL and the middleFfrontal TS in comparison to neurotypical children. This suggests a potential
reduction in the functional connectivity between these regions, leading to poor executive control and a lack
of topF down cognitive control. Utilizing the visual search paradigm combined with behavioral and electroF
physiological measurements, Guo and colleagues (2023b) shed light on the developmental characteristics
of visual attention in children with ADHD, indicating that their brain maturation may differ from that of
neurotypical children.

Visual Search in Spatial Neglect

Spatial neglect (also referred to as neglect, unilateral spatial neglect, or hemispatial neglect) is a
syndrome in which an individual fails to report, respond, or orient to a stimulus in one or rarely both of their
sensory fields (Heilman et al., 2000; Nakatani et al., 2013; Ting et al., 2011). This is caused by contralateral
damage to the hemispheres due to stroke, traumatic brain injury, neoplasia, or aneurysm (Cox & Aimola
Davies, 2020; Cubelli, 2017, 2023; Paladini et al., 2019; Sarwar & Emmady, 2023). Numerous visual search
studies have shown that damage to the right hemisphere is more likely to cause neglect in the left sensory
field than damage to the left hemisphere in the right sensory field (Butler et al., 2009; Cox & Aimola Davies,
2020; Morris et al., 2004; Ohmatsu et al., 2019; Sarwar & Emmady, 2023). In 2017, Cubelli reFdefined neglect as
a consistent asymmetry in processing spatial information, which has both positive and negative symptoms
due to a cerebral lesion (Cubelli, 2017, 2023). Although spatial neglect may affect several sensory modalities
(including auditory, olfactory, and haptic), the visual modality has been the primary focus of spatial neglect
research due to its severity and relative ease of assessment (Barrett & Houston, 2019; Gutschalk & Dykstra,
2015; Vallar & Calzolari, 2018; Vangkilde & Habekost, 2010).

In accordance with the general definition of neglect, patients with visuospatial neglect fail to attend,
respond, or orient themselves to the visual field that is contralateral to the damaged hemisphere (Cazzoli
et al., 2015). This can be readily assessed with neuropsychological assessments like cancelation (multiF
target visual search), line bisection (LBT), or copying and drawing tests (Benjamins et al., 2019; Chechlacz
et al., 2012; Ting et al., 2011; Vallar & Calzolari, 2018; Van der Stigchel & Nijboer, 2017). The cancelation test
mostly involves the identification of multiple targets among numerous distractor stimuli, as in the classical
visual search paradigms (Ting et al., 2011; Figure 6A), while the LBT test involves marking the midpoint of a
given straight line (Benjamins et al., 2019; Figure 6B). In a multiFtarget cancelation (visual search) task, the
participant had to cross out the full circles presented on the paper. Even though the participant performed
the task successfully on the right visual field, they were unable to detect the target stimuli on the left visual
field due to neglect (Chechlacz et al., 2012). Figure 6 displays two commonly utilized tests to measure the
severity of neglect: cancelation and LBT (Cox & Aimola Davies, 2020; Luvizutto et al., 2020; Molenberghs &
Sale, 2011).
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Figure 6
Two Examples of Neurophysiological Tests to Assess Visuospatial Neglect

Note. A) Classic cancellation (visual search) task where the participant had to cross out the lines presented on the paper. As seen here,
the participant’s performance was successful on the right visual field, they were unable to detect the target stimuli on the left visual
field due to neglect. B) A line bisection task (LBT), where the participants were instructed to mark the middle of the given line, was
performed by a healthy (upper panel) participant and a visually neglect patient (lower panel). The neglect patient’s marking is shifted
to the right due to the ignored portion of space on their left visual field, compared to the healthy participant’s marking. (Adapted from
Ting et al., 2011).

Visual neglect can have significant functional ramifications if left untreated and not properly diagnosed
(Ting et al., 2011; Vallar & Calzolari, 2018). Therefore, comprehensive research has been conducted since the
1940s up to the present, utilizing diverse methods and techniques (Battersby et al., 1956; Rizzolatti & Berti,
1994; Bisiach et al., 1983; Brain, 1941; Cubelli, 2017, 2023; Vallar & Bolognini, 2014). On this matter, visual search
paradigms have become a popular choice for researchers due to their intricate nature, which emulates the
complexities found within the natural visual environment (Behrmann et al., 2004; Cazzoli et al., 2015; Cox &
Aimola Davies, 2020; Emerson et al., 2019; Llorens & Noé, 2016; Paladini et al., 2019; Ricci et al., 2016; Wilkinson
et al., 2008).

Vangkilde and Habekost (2010) conducted visual search research to investigate the impact of prism
adaptation on visual search performance in patients with visuospatial neglect. In their study, the visual
neglect participants were divided into two groups. One group was trained with prismatic goggles, which
shifted their visual fields ten degrees to the right, while the other group received only general cognitive
rehabilitation as a control group. After the training, the participants performed three visual search experiF
ments before and after the training and five weeks after the second session to assess the longFterm effects
of the prism therapy. The visual search paradigms involved stimuli such as a photo of everydayFlife objects
(Figure 7A) or an image taken from the Where’s Wally book illustrations (Figure 7B).

Figure 7
Two Examples of Visual Search Stimuli from the Study of Vangkilde and Habekost

Note. A) One of the stimuli used in the naturalistic search task (the Cupboard test) was comprised of thirty (ten targets) everyday objects
distributed to three shelves. B) One of the stimuli in the visual search paradigm (the Where’s Wally test, white arrow indicating Wally’s
location) with the gaze fixation behavior (represented by circles) of one of the participants. (Adapted from Vangkilde & Habekost, 2010).
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The analysis of the reaction time, accuracy, and eyeFmovement data showed significant improvements
in the visual search performance; the participants were more accurate and faster. Researchers also showed
an attenuation of the rightward bias, which was present before the prism therapy. With this study, VangkF
ilde and Habekost (2010) assessed the effectiveness of prism therapy as a clinical approach to treating
patients with visuospatial neglect and demonstrated its success. Extensive research has been conducted
on spatial neglect using a modified form of the visual search paradigm. For instance, by using visual search
paradigms, Emerson and colleagues (2019) gained a deeper understanding of spatial neglect’s neurological
and functional characteristics, and evaluate the effectiveness of current and future treatment approaches.
They discovered that there was a significant rightward bias in the target detection rates and visual field
scanning performance. This rightward bias was also coupled with reduced search areas, indicating that
hyperFattention affects not only the horizontal axis but also the vertical axis. It is now widely accepted that
impairments in visual search performance are a key hallmark of visuospatial neglect (Cazzoli et al., 2015;
Cox & Aimola Davies, 2020; Fellrath et al., 2012).

Discussion
Visual search has been the focus of numerous scientific studies. Initially used merely as a research

paradigm, it has since become a subject of study. This transition has prompted a consolidation of underF
standings regarding the visual search paradigm. Early research on visual search primarily focused on
distinguishing between parallel and serial search methods and their connections (Thornton & Gilden, 2007;
Treisman & Gelade, 1980; Wolfe, 2010; Wolfe & Horowitz, 2008). These search methods are differentiated by
how information is acquired and handled in a search task. Serial search methods require scanning through
items one after another, while parallel search methods allow for simultaneous processing of multiple items
(Eriksen & Yeh, 1985; Treisman & Gelade, 1980; Wolfe, 1998). There has been ample exploration and analysis
of the relationship between these search methods and their impact on search efficiency. Using the visual
search paradigm, research also provided insight into the relationship between the lowFlevel features of
stimuli (such as color and orientation) and their effects on attention, increasing our understanding of the
underlying mechanisms that regulate searchFrelated behavior (Chapman & Störmer, 2022; Hsieh et al., 2011;
Kristjánsson et al., 2008; McCants et al., 2018; Moran et al., 2016; Nuthmann et al., 2021). For instance, research
shows that salient features can attract attention, even if they are irrelevant to the task, reflecting the
importance of bottomFup processing in the early phases of visual search (Gaspelin et al., 2017). Conversely,
bottomFdown influences, such as task goals or learned associations, can at times dominate topFdown
influences, particularly among experts (Ligeza et al., 2017). These findings have important implications for
our understanding of perception and cognition and highlight the need for further investigation into the
complex interactions between sensory inputs and attentional modulations in shaping our experience of the
world. Moreover, understanding the interplay between these lowFlevel features of the stimuli, mechanisms
of attention allocation, and the consequent behavior is essential for developing effective interfaces and
training programs in critical contexts, such as military operations or air traffic control.

Over the years, more and more research has examined models of visual search that investigate the
relationships between search behaviors and their underlying neural mechanisms (Ball et al., 2013; Dugué
et al., 2019; Ellison et al., 2007, 2014; Naderi et al., 2023; Nobre et al., 2003; Roberts et al., 2015; Talsma et
al., 2010). Researchers have offered important perspectives on the underlying cognitive processes involved
in visual search, shedding light on the various factors influencing search performance and the involved
neural mechanisms. By exploring the complex interaction between lowFlevel stimuli features and visual
search, researchers have developed a more nuanced model (GS6) of visual search that can better explain
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the observed search behavior compared to earlier models. These insights have farFreaching implications
for academic research and clinical applications, as highlighted in this article.

The visual search paradigm has gone through two primary models: FIT (1977) and GS1FGS6 (1989F2021).
These models have undergone significant theoretical evolution over time. However, it is important to note
that even the latest versions of the visual search models have room for improvements to be able to mimic
naturalistic human search behavior (Wolfe, 2021). The GS6 offers a more comprehensive understanding of
the core ideas of the previous versions and proposes more specific ideas for the impacts of scene properties,
internal search engines, and functional visual field(s) on the resulting search behavior. One significant
limitation of visual search models (including GS6) is that they are tailored to artificial search behavior, where
the target stimulus must be found within milliseconds, hundreds of times through blocks of trials. Therefore,
further examination of the GS’ application in naturalistic scenes (which will create search behaviors closer
to the realFworld searches) is required to investigate more complex search behaviors, such as quitting
thresholds, subsequent search misses, and the marginal value theorem in foraging and navigation.

FIT (Treisman, 1977) and the GSs (Wolfe et al., 1989) have been crucial in understanding the underlying
mechanisms of visual search. FIT suggests a twoFstage process involving preattentive feature detection and
focused attention, while the GS enhances this understanding by incorporating the interaction between goalF
directed topFdown and stimulusFdriven bottomFup processes. For instance, in a chaotic environment, like a
cluttered desk, FIT clarifies why certain features, such as the red color of a stapler, can stand out, whereas
the GS6 explains how prior experiences or the contextual significance of office items refine our attention.
However, realFworld tasks often require the integration of these processes, highlighting the need to test
these models in more naturalistic and dynamic settings. By incorporating scene syntax and reward associaF
tions, as emphasized in the GS, one could refine predictions regarding search behavior in realFlife scenarios
such as urban navigation or wildlife foraging. This review also explores various domains of research where
visual search has made significant contributions, including object (Leonard & Egeth, 2008; Van der Stigchel
et al., 2009), scene (Epstein & Baker, 2019), and emotion perception (Frischen et al., 2008; Maccari et al., 2014;
Saito et al., 2023; Savage et al., 2013, 2016; Williams et al., 2005). These areas of study have provided insights
into holistic processing (Jin et al., 2022; Kavšek et al., 2022; Richler et al., 2011), feature integration (Chan &
Hayward, 2009; Quinlan, 2003; Zhuang Cai et al., 2015), and search strategies (Li et al., 2020; Moran et al.,
2016; Tian et al., 2011), especially in the context of face perception and emotion recognition. Another aspect
of this review is the discussion on visual search in individuals with ASD (Dellapiazza et al., 2018; Joseph
et al., 2009; O’Riordan et al., 2001). The investigation of visual search capabilities in individuals with ASD
offers valuable insights into how neurodiversity influences attentional processes. Research suggests that
individuals with ASD are often better at recognizing small differences in patterns, a feat that is made possible
through heightened perceptual sensitivity and attention to detail (Dakin & Frith, 2005; Kaldy et al., 2016;
O’Riordan et al., 2001). However, these strengths can come with challenges, such as difficulties in holistic
processing and taskFswitching (Doherty et al., 2018; Golarai et al., 2006). For instance, although individuals
with ASD may outperform their neurotypical peers in pinpointing specific shapes within a cluttered array,
they may struggle with global search tasks that require the integration of multiple features. Such studies
expand our comprehension of the cognitive abilities of individuals with ASD, offering insight into tailored
life interventions. These include the utilization of gamified training programs that focus on strengths rather
than deficits. Future studies could benefit from longitudinal designs to examine how these abilities evolve
over the lifespan and their implications for functioning in realFworld contexts.
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Conclusion
This review paper provides a comprehensive overview of visual search, encompassing its widely accepted

mechanisms from the 1980s to the present, and underscoring its significance across the domains of visual
perception and attention within the last two decades. Furthermore, this review paper stands out through
its discussion of findings obtained from both theoretical studies and applied research, enabling us to gain
a full view of visual search. By reviewing the foundational mechanisms of visual search and its practical
applications, this review provides a deeper insight into how visual search paradigms address realFworld
challenges. The FIT and guided search models have inspired a cascade of visual search models. GS6 is
universally heralded as the novel definitive model of search behavior and has been crucial in furthering our
understanding of the functional interactions between attention and perception involved in visual search.

In conclusion, the visual search paradigm has attracted great interest and has advanced our underF
standing of human perception, attention, and cognition. Ongoing experimental designs and theoretical
developments provide deeper insights into the mechanisms involved in our navigation and perception of
the visual world. Consequently, as empirical research and methodological technologies evolve, visual search
models are transformed into increasingly accurate and reliable practical or clinical circumscriptions across
all disciplines.

Acknowledgments This work was supported by The Scientific and Technological Council of Turkey (TUBITAK) (grant
number: 122K922). The authors would also like to thank Buse Erdem for her help during the initial
draft of the manuscript.

Declaration of generative AI and
AI-assisted technologies in the

writing process

During the writing process, to enhance the readability and grammar, we used ChatGPT. After using this
tool, we reviewed and edited the content as needed.

Peer Review Externally peer-reviewed.
Author Contributions Conception/Design of Study- N.A., C.K.; Data Analysis/Interpretation- N.A., C.K., Z.A., N.B.; Drafting

Manuscript- C.K., N.A., Z.A., N.B.; Critical Revision of Manuscript- C.K., N.A.; Final Approval and Accoun-
tability- N.A., C.K., Z.A., N.B.

Conflict of Interest The authors have no conflict of interest to declare. 
Grant Support This work was supported by The Scientific and Technological Council of Turkey (TUBITAK) (grant

number: 122K922).

Author Details Cansu Kazan (M.Sc.)
¹ Alp Visual Neuroscience (AlViN) Laboratory, Bilişsel Nörobilim, İstanbul, Türkiye

 0009-0001-7098-686X  c.kazan@alumni.maastrichtuniversity.nl

Nilsu Bolat (Undergrad)
² Sabancı Üniversitesi, Sanat ve Sosyal Bilimler Fakültesi/ Psikoloji, İstanbul, Türkiye

 0009-0004-0103-4074  

Zeynep Aksu (Undergrad)
³ Sabancı Üniversitesi, Mühendislik ve Doğa Bilimleri Fakültesi/Bilgisayar Bilimi ve Mühendisliği,
İstanbul, Türkiye

 0009-0005-1294-3043  

Nihan Alp (Ph.D)
⁴ Sabancı Üniversitesi, Psikoloji, İstanbul, Türkiye

 0000-0001-9854-2833  
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