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Highlights 
To guide attention toward potential 
target objects, searchers rely on an 
attentional template, an internal repre-
sentation of task-relevant features. 
However, prioritizing specific visual 
features is challenging in natur al scenes,
where the target’s appearance is highly
variable.

Real-world attentional templates can be 
highly flexible, optimized to fit  the  
current scene based on contextual
To prioritize the visual processing of task-relevant objects in our surroundings, 
we rely on an attentional template—an internal representation of object features 
that guides attention toward potential targets. Decades of research have charac-
terized attentional templates for simple targets in artificial arrays. How could 
templates function in real-world search, where target appearance is variable 
and objects are embedded in complex, dynamic scenes? We consider two 
possibilities: (i) flexible templates that are adapted to changing scene contexts 
and (ii) stable (‘one-size-fits-all’) templates that generalize across contexts. We 
r eview recent behavioral and neuroimaging evidence for both possibilities and
discuss how optimal search depends on balancing the relative costs and
benefits of template adaptation, enabling efficient attention ‘in the wild’.
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expectations.

Alternatively, searchers can also form 
context-invariant, stable templates. 
These provide less accurate atten-
tional guidance but reflect an efficient 
one-size-fits-all approach for detect-
ing familiar targets across contexts
and occurrences.

Whether attentional templates are flexibly 
updated depends on the reliability of 
contextual expectations, the relative 
cost of potential misguidance, and the
cost of generating flexible templates.
Attentional templates for naturalis tic search
Is it safe to cross the street? Where are the apples in the supermarket? To answer such 
questions, we perform countless visual searches throughout the day, often within highly complex 
and cluttered environments, and typically with remarkable efficiency and ease. Successful search 
(and goal-directed behavior more generally) relies on attentional mechanisms that enable us to 
selectively process behaviorally relevant objects while discarding currently irrelevant ones. To 
do so effectively, a key idea in current theories of selective attention and visual search is that
searchers can proactively prepare their visual system to facilitate sensory processing of
upcoming targets. This idea is captured by the theoretical concept of an attentional template
(see Glossary)—an internal (memory) representation of the to-be-attended object that guides 
attention and biases subsequent visual processing in favor of target-like input (Box 1). 

By asking participants to perform simplified versions of visual search tasks in the lab, we have 
gained a good understanding of the consequences and neural basis of such template-based 
prioritization. This research  has  shown  that  when  specific target features are known (e.g., by 
cueing the target’s color or shape), attention is drawn or guided toward matching objects,
restricting further processing to target-like objects and thereby reducing interference by
nonmatching distractors [12,13]. On the neural level, preparing to search for a target object 
has been shown to involve selective pre-activation of target-selective neural populations in visual
cortex [4,14], followed by increased sensory gain for feature-matching objects i n the search
scene [15]. After potential target candidates have been located in this way, they will be 
sequentially attended and processed further for their eventual identification. Both attentional 
guidance and object identification typically rely on at least partially overlapping features. 
However, attention can only be guided by a limited number of distinct objects/features at once, 
while we are able to memorize and identify many more separate targets (e.g., not only the
apple we are currently searching for but multiple items on our shopping list). Recent theories
therefore distinguish between the attentional template guiding attention and a more precise,
high-capacity target representation used for target identification (the target template), based on
Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx https://doi.org/10.1016/j.tics.2026.04.004 1 
© 2026 Elsevier Ltd. All rights are reserved, including those for text and data mining, AI training, and similar technologies.

https://orcid.org/0000-0001-9653-9577
https://orcid.org/0000-0001-9728-1272
https://orcid.org/0000-0002-6730-1452
https://orcid.org/0000-0002-4026-7303
https://doi.org/10.1016/j.tics.2026.04.004


Trends in Cognitive Sciences

Box 1. Attentional templates, working mem ory, and imagery

An attentional template is often regarded (and described) as a mental image—a visual representation of the target object 
held in mind. This description links attentional templates to both visual working memory (VWM) and mental imagery, thus
raising the question of how the three are related or different.

Similar to attentional templates, VWM can bias attention and eye movements toward visual input m atching the content
of VWM [1,2] and prioritize its conscious access [3,4]. In addition, both attention and working memory may involve top-
down activation of object representations in visual cortex [5,6] (Box 3). Importantly, however, not every working 
memory representation acts as an attentional template and biases sensory processing, for instance, depending on 
whether the memory representation is currently in a prioritized stat e, and where and how working memory content
is encoded in the brain [7]. Most likely, working memory representations and attentional templates rely on overlapping 
storage mechanisms but differ in terms of stored content, depending on what aspect(s) of a s timulus are memorized
and for which behavioral goal.

While some search (or working memory) tasks may allow us to maintain an almost ‘imagery-like’ representation of an 
object in mind, introspectively, at least most of us do not seem to experience vivid mental imagery of the target object 
when searching a scene. Indeed, people without vivid image ry (aphantasics) often perform comparably to controls in
template-based visual search tasks [8,9]. And although others have reported modest differences in VWM or search 
performance between observers that vary in imagery vividness [10,11], aphantasic individuals exhibit normal function-
ing in daily behavior. Thus, the effectiveness of an attentional template does not seem to strongly rely on the creation of a 
vivid mental image. Moreover, during naturalistic search, templates can incorporate properties of the target object that 
cannot be directly visualized be cause they are location-unspecific, invariant to viewpoint or size, or abstracted away from
any single visual feature.

In conclusion, while both imagery and attentional templates depend on VWM to be actively maintained, the representational 
content of these internal representations is optimized for the task at hand (to imagine, to me morize, or to search) and may
further vary between individuals [12]. For attentional templates, this optimization takes the form of biasing the visual process-
ing hierarchy toward target-like input at the expense of distractor input, by selectively increasing the excitabi lity of neural
populations tuned to diagnostic target properties.

 

Glossary 
Attentional guidance: the process of 
directing spatial attention (and possibly 
eye movements) toward the location of 
relevant targets in the vi sual scene
based on our top-down goals.
Attentional template: a  working  
memory representation reflecting 
features of a to-be-attended object that 
is activated when preparing to attend/ 
search for a given object. To function as 
attentional template, this representation 
should guide attention toward objects in 
the visual field matching template 
features, at the ex pense of other
nonmatching objects. Also referred to as
guiding template.
Distractors: objects in a scene or 
search display that are n ot current
targets.
Selection history: strong attentional 
biases in favor of recent search targets 
and away from recent distractors, largely 
independent of the observer’s search
goals.
detailed long-term memory for the target [17,18]. In this review, we focus specifically on the 
content of the template guiding attention.

While it is relatively well understood how we can prioritize the processing of singular low-level 
features cued by the experimenter, much less is still known about how attention is quickly guided 
to objects in rich and dynamically changing real-world environments. Here, specific  target
features are often unknown, ever-changing, and strongly context-dependent. Even when 
searching for a simple object such as an apple, the retinal input evoked by the very same fruit— 
and many of its diagnostic visual features—will change dramatically when it is placed on
a kitchen counter or hanging from a tree, depending on (dynamic) changes in viewpoint,
lighting conditions, distance from the observer, surrounding (potentially occluding) objects,
etc. (Figure 1). Despite this apparent challenge, most real-world searches are remarkably fas t
and efficient [19,20]. What does the attentional template represent when the specific features 
best characterizing the target object are largely unknown? Is the concept of an attentional template
even still useful?

Here, we review behavioral and neural evidence showing that the content of attentional templates 
can be highly flexible—that is, adapted to the current scene or task context—capitalizing on 
predictable environmental structure to prioritize different features in different contexts. Then, we 
review seemingly conflicting evidence showing that attentional templates for naturalistic search 
are often stable, capitalizing on high-level object representations that are either invariant to 
contexts or that already incorporate context during visual processing. Finally, we bring these
research lines together and discuss the balance between flexible and stable templates, arguing
that stable templates, incorporating long-term statistics of visual environments, often provide
useful defaults for naturalistic visual search.
2 Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx
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Figure 1. Characteristics of stable and flexible templates. Schematic depiction of flexible and stable attentional
templates and some of their characteristics.
Adapting the template to context: evidence for flexible templates
Despite their apparent complexity, real-world environments are highly structured and predictable, 
and these regularities can be exploited for efficient visual search [21–23]. One way in which 
contextual expectations facilitate search is by restricting where an d when attentional templates
should be deployed, as reviewed elsewhere [24–26]. Here, we focus on how the feature-based 
content of the template may be influenced by contextual expectations. For example, when 
searching for an apple on the kitchen counter, we may not know its precise shade of red but 
can easily anticipate its approximate size, shape, and other objects surrounding it (e.g., a fruit 
basket and oranges, not fire trucks). A flexible template would incorporate these expectations
to optimize the match between the template and visual input evoked by the target in the current
context (Figure 2), resulting in fast and efficient prioritization. In addition, contextual expectations 
can change how different target features are weighted in the template to reflect those that are the 
most diagnostic in the current context (e.g., relyingmore on the apple’s color than its shape when
it is placed next to oranges).

A rapidly growing number of studies have provided behavioral, neuroimaging, and eye-tracking 
evidence that attenti onal templates can be flexibly optimized for the current search.

Flexible templates adapt to target and distractor expectations
Important evidence for flexible templates comes from studies showing that searchers can 
rapidly learn and exploit newly introduced predictable structure in the environment, adapting 
their attentional templates to the distribution of low-level features belonging to targets and 
distractors. Such expectations are sometimes established by explicit trial-wise context cues 
(e.g., th at the target on this trial will have a unique shape or color) but can also be quickly
formed based on repeated searches [27,28]. These expectations shape how attention is
Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx 3
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Figure 2. Timecourse of search with a flexible or stable template. If the attentional template is flexible (upper row), 
searchers may use different templates, varying in precision and including different features, for different contexts. For a 
given search, the specific scene determines which features are included in the template. For instance, when searching 
for an apple in the kitchen, the template may include the fruit basket in which the apples are likely placed, and the 
retinal size of the apples given the expected viewing distance. Once this template is formed, attention and eye 
movements are efficiently guided toward matching visual input in the scene, here resulting in a single target candidate 
(circled in blue), which then proceeds to an object recognition stage. A stable template (lower row), by contrast, is not 
adapted to the specific  context,  reflecting only more generic apple features, for example, that they are red and round. 
This leads to less precise attentional guidance, thus prioritizing more target candidates. These can include distractors
sharing similar features, such as the red, round plate in the dish rack, which may need to be sequentially recognized
and rejected before the target is eventually found. While stable templates may be set up more quickly, this frequent
misguidance may increase overall search time.
distributed across possible target features. For instance, when asked to search for a shape-
defined target, which across trials is more likely to be blue than red, searchers will update 
their template accordingly, resulting in fas ter and more efficient attentional guidance for shapes
in the expected color [29–33]. While much of this research has focused on simple, low-
dimensional stimuli (e.g., colored, oriented lines), recent evidence suggests that attentional 
templates for highly familiar, naturalistic object categories (e.g., cars, animals, and tools) can 
be similarly updated to include, for example, the color or orientation of recently seen exemplars
[34–36]. 

For efficient search, flexible templates should not only reflect the most likely target features but 
rather the most diagnostic ones—features that set the target apart from expected distractors, 
as in the example of searching for apples among similarly shaped and sized oranges above. 
Importantly, while expectations about target features increase the template’s precision and verid-
icality, distr actor expectations may distort this representation, potentially making the template
less similar to the target [17,37–39]. One way of increasing the distinction between the template
4 Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx
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and distractors is by adapting the attentional weights of different target features or entire feature 
dimensions (e.g., color, irrespective of specific feature values such as red), thereby prioritizing 
features that are unique to the target and deprioritizing those that are not [37,40–44]. In some 
especially difficult searches, the most diagnostic features may not be veridical target features at
all [17]. For instance, when searching for the ripest apple in a supermarket display full of apples 
of similar shape and size, reducing template-distractor overlap is best achieved by enhancing 
sensory gain away from distractors (e.g., by searching for a darker shade of red than any of the
apples, including the target) [45]. Such a template-shift away from distractors has been found 
across a broad range of targets, defined by orientation [46,47], color [48–50], dynamic properties 
such as motion direction or speed [51], and even emotional facial expression [52]. 

In most real-world situations, distractors are not fully predictable in terms of their low-level 
features. Search performance for naturalistic objects, however, still improves when targets are 
consistently paired with distractors varying in low-level features but drawn from a unique category
(e.g., searching for mammals among reptiles) [53–55]. This suggests that attentional templates 
for real-world objects can also be adapted to distractor context, likely reflecting a change in 
template precision and rel iance on different mid- or high-level features depending on expected
distractors.

Overall, these studies highlight our ability to quickly extract consistent target and distractor statis-
tics to support efficient search. Contextual expectations may refine attentional templates for 
simple, low-dimensional stimuli but also for multifeature, familiar objects. It should be noted, 
however, that optimizing attentional templates in this way may only be adaptive—or even
possible—when targets or target–distractor relationships remain consistent across immediately
repeating searches, a rare case in daily-life search, where we instead typically search for various
targets in changing environments.

Flexible templates adapt to scene context
Moving beyond artificially arranged, isolated search arrays, real-world scenes provide a wealth of 
contextual information that can facilitate search and object recognition more broadly [56–58]. 
Naturalistic scenes change the type of contextual regularities that can be exploited and the 
timeframe over which these regularities are learned, ranging from a single experimental session 
to potentially a lifetime. Many studies have shown that naturalistic scenes provide powerful spatial 
guidance, directing attention toward likely target locations (e.g., the sky when searching for a
bird). This spatial scene guidance is distinct from the guidance provided by the attentional
template [23–25]. Interestingly, recent evidence suggests that scene-based expectations can 
also directly interact with and flexibly update attentional templates. Specifically, recent studies 
have shown multiple ways in which scene context (provided by scene previews not yet including
the target [59–62]) can be used to optimize attentional templates for t he current situational
demands.

First, natural scenes can support the structuring and retrieval of context-specific  memories
for real-world regularities that are highly consistent within contexts but vary across contexts 
(e.g., the color of taxis in different countries) . Searchers can, for instance, learn associations
between features and specific object categories [35] or rewards [63] in such a hierarchically 
structured manner, biasing attention toward different features based on the associated scene
preview.

Second, the structure of real-world scenes dictates which objects are typically found within a 
given scene and how they relate to one another [21,23]. For example, when searching for
Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx 5
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small and less salient targets, attention may first need to be directed to larger objects that are 
associated with the target (e.g., the kitchen counter on which apples are likely to be found) [61, 
64–71], suggesting that these objects may be reflected in the template even though they are not 
targets themselves. Recent studies support this idea, showing that neural representations of 
these guiding objects are activated already pr ior to search, in addition to—or instead of—specific
target features [61,64], driving the first fixation in the scene. Interestingly, this was also the case 
when object associations were scene-specific, suggesting that prepa ratory search biases can
be highly flexible [61]. 

Finally, and perhaps most strikingly, naturalistic environments directly constrain target 
appearance. Accordingly, when looking for something to sit on in the kitchen, attention may
be guided toward a simple wooden chair but not an armchair [62].  Importantly,  even  for  the
very same object, the retinal image it projects changes predictably depending on its position 
in the scene, for example, being larger when the object is nearby compared with far away,
and similarly changing with viewpoint or lighting. Breaking such canonical scene–object rela-
tionships impairs detection [72], potentially leading participants to even miss giant targets 
when their size is inconsistent with their surro undings (e.g., a toothbrush as large as the sink
[73]). To account for changes in retinal size, attentional templates may be flexibly rescaled 
depending on viewing distance. Support for this idea comes from studies showing that prepa-
ratory target representatio ns in visual cortex reflect the object’s expected retinal size at the
current location [59] and that attention is guided specifically t oward size-matching objects
[60]. Finally, when observers (or objects) move, flexible templates would have to be updated 
dynamically. A recent study provided evidence that, when viewing a moving scene, neural 
representations of occluded objects within object-selective cortex were updated and rotated
congruently with their surrounding context [74]. While this particular study did not require 
participants to search, the findings suggest that attentional templates could be similarly 
adapted to a ccount for dynamic changes in viewpoint or distance.

Altogether, the attention system can leverage our extensive familiarity with the structure of 
real-world scenes to not only flexibly determine where we search [23–25] but also what 
we search for.

When one size fits all: guidance by stable templates
While naturalistic environments provide a wealth of regularities that allow searchers to anticipate 
target-diagnostic features, many aspects of target appearance remain uncertain and only partially 
predictable from the current context. Rather than dynamically optimizing and adapting individual 
features and attentional weights to ever-changing contexts, searchers may alternatively rely on 
context-invariant templates, prioritizing those features that remain stable across contexts 
(e.g., an apple is typically red and round, irrespective of its retinal size, specific hue, and the
context-dependent diagnosticity of these features). Compared with highly context-specific
flexible templates, stable templates thus reflect a ‘one-size-fits-all’ approach (Figure 1), optimized 
for generalizability across contexts and target occurrences. The efficacy of such templates does 
not depend on the availability and precision of context expectations, and they guide attention to 
the target even when specific features remain unknown, are highly variable, or unexpected in the
current context.

Stable templates emphasize context-inva riant features
To provide accurate, context-independent approximations of target appearance, stable 
templates should preferentially reflect those features that remain diagnostic across many different 
occurrences. In line with this, studies have shown that searchers are not only sensitive to specific
6 Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx
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(or average) target features but also to their variability [27,75].  Importantly,  more  consistent
(i.e., less variable) features are preferentially reflected in the template compared with less consis-
tent ones [75–77]. Furthermore, while low target variability results in highly specific  templates,
searchers adopt a broader, more general templa te when target features are more variable and
uncertain [36,78]. 

In the real world, we often search for visually heterogeneous objects or object categories for 
which the specific features within a scene are highly variable and cannot all be accurately 
predicted from context (e.g., searching for any car, where color, shap e, or distance are unknown
in advance). In these cases, searchers rely on relatively broad templates reflecting category-
diagnostic mid- or high-level visual features [76,77,79–81]. Such high-level templates are derived 
from cortical object representations that are tuned to objects across a wide variety of exemplars
and contexts, particularly for familiar object categories [22,82–84]. These object representations 
are shaped by their common contexts and can, for instance, reflect specifically those features 
that distinguish a given category from its most common distractors [54,85]. In addition, 
they are influenced by long-term object associations and canonical object–context relationships
[86,87]. Despite not being dynamically adapted to the current context, stable templates for real-
world objects are therefore still shaped by long-term statistics of naturalistic environments and 
incorporate features that are diagnostic in most (i.e., default) contexts. While a stable template
would, for instance, not rely on context-specific object associations, it could still guide attention
toward objects that frequently co-occur with the target across contexts [65,67,70,71,88,89]. 

Attentional guidance based on these high-level templates will generally be less precise compared 
with when context-specific low-level features of the target are known (Figure 2). Importantly, 
however, stable high-level templates are well suited to account for changes across exemplars, 
size, or viewpoint, or to deal with partial occlusion. For instance, they have been shown to include
a range of diagnostic object parts [79], allowing for attentional selection even if parts of the object 
are occluded or not visible from the current perspective. Similarly, they may, at least to some 
degree, be size- and viewpoint-invariant, such that attention is still guided t o shape-matching
objects of unexpected size or orientation [60,79,90–92 but se e 73]. Neuroimaging evidence 
further suggests that searching for a given category in visually heterogeneous scenes activates 
neural populations tuned to objects of the target category across a range of exemplars, poses,
and sizes [80,84,93,94] but s ee [59]. Stable templates also apply across a large search space 
within a scene, guiding attention to highly familiar categories ( e.g., bodies and faces) even
when they appear at unexpected locations [83,84,90,94]. 

Stable, context-invariant templates therefore support efficient detection across a wide range of 
visually distinct exemplars, scenes, and viewpoints, even in the absence of specific contextual
expectations for example, in very briefly flashed scenes [17,80,92,93]. This strongly contributes 
to the efficiency of naturalistic visual search, without requiring the template to be flexibly updated
based on the specific context.

Stable templates can act on context-modulated object representations
While we have focused on how attentional templates incorporate contextual regularities, scene 
context facilitates and modulates visual processing also for objects that are not current search 
targets. For example, context creates expectations about the identity of objects at specific posi-
tions in a scene (e.g., a distant blob on the road is likely a car). These expectations can be used to
inform the attentional template, as reviewed earlier, but also directly modulate visual processing
during perceptual encoding [56–58,95], both for attended and unattended objects [96,97]. 
This raises the possibility that stable attentional templates operate on object representations
Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx 7
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after they are modulated by context, thereby reducing the need to incorporate contextual expec-
tation s proactively and flexibly in the attentional template.

This idea is supported by a recent study [98], in which two identically sized objects were placed at 
near and far locations in a scene (with the near object perceived as larger due to size constancy
[99]). The near object only captured attention when the template consisted of a large object, and 
the distant object only captured attention when the template was a small object, indicating that 
distance inferred from scene context modulated these object representations before attentional
selection. These results highlight a visual search mechanism that relies on a stable template but
is nonetheless context-sensitive.

Balancing flexibility and stability
Flexible and stable templates offer varying costs and benefits and place distinct demands on the 
attention system. How are flexibility and stability balanced for effective attentional guidance?

When searching for familiar objects in real-world scenes, stable templates often provide useful 
defaults, especially when targets are characterized by context-invariant diagnostic features and 
when contextual priors are either weak or already incorporated during sensory encoding. While 
growing evidence suggests that templates can be further refined based on contextual expecta-
tions, there is clear evidence that searchers often do not do so, even when given the opportunity
[42,46,47,54,69], suggesting that flexibility may come at a cost.

Indeed, adapting the template to frequently varying contexts can be effortful and computationally
costly (Box 2). Flexibility involves additional control processes, deeper processing of the context
[108], and the retrieval of context-associations from memory [109]. In addition, setting up a 
precise, detailed template may take longer than a coarser one [110] and the act of changing
Box 2. Automatic and controlled upda ting of the template

Attentional templates have been shown to flexibly adapt to current context. Is this an automatic process, occurring with 
little control and cognitive effort, or does it instead reflect a more controlled and effortful process?

To establish contextual expectations, many studies reviewed here asked participants to repeatedly search for the same or 
similar targets within relatively unchanging contexts over a large number of trials. Within such blocked contexts, target and 
distractor statistics can often be quickly learned and adapted to, also without explicit instructions to do so [28,40,42,100]. 
These adaptations may, however, be partially explained by selection history or priming [101,102]—relatively strong 
attentional biases toward recent target features or feature dimensions, and away from previous distractors. These biases 
can be highly adaptive in repeated searches [28,103] but arise in the absence of strategic control or even awareness. They 
also often quickly fade away after a change in context [34,42,53] (although sometimes persisting over a long time [30]). 
Importantly, however, the degree to which regularities in repeated search are exploited still depends on their usefu lness for
search and participants' strategy [37]. In contrast to repeated search in unchanging contexts, adapting the template on a 
moment-to-moment basis based on explicit trial-by-trial context cues in the lab requires stronger top-down control [104–106]. 

Flexibly adapting to hierarchically structured and rule-based regularities during real-world search can sometimes be a 
similarly voluntary and thus effortful process; for example, when your friend reminds you that taxis in London are black 
and not yellow as in Germany, when stepping out of the airport. With sufficient experience, we may, however, begin to 
automatically anticipate an either black or yellow cab, based on rich and multimodal context cues offered by naturalistic 
contexts (e.g., the language of the anno uncements or the brands of shops we encounter in the airport). Adapting the
template to highly familiar scene–object relationships may then become relatively automatic and could even be taken into
account when they are not useful for the current task [62,107]. 

For many contextual regularities, the degree to which we automatically and flexibly adapt attentional templates to them, 
that is, whether this occurs also when not strictly necessary for the task or when resources are low, has not yet been 
systematically investigated (see Outstanding questions). Generally, however, this will depend on the specific type,
consistency, and complexity of the regularity involved, as well as our experience with it.

8 Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx
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the template itself may lead to additional switch costs [111,112]. Even when aware of relevant 
contextual regularities, searchers may therefore not adapt their template based on trial-by-trial
context cues [42,46,47,54]. Also outside of search tasks, attentional control settings are often 
not flexibly updated on the fly but rather based on continuous task experience [113], suggesting 
that the moment-to-moment flexibility of attentional templates is limited.

Further limiting the flexible updating of templates is the difficulty of learning context-specific regularities 
in the first place. While consistent feature and co-occurrence statistics (e.g., fire trucks are red or pens 
are found on office desks) are learned quickly, regularities that vary across time or contexts (e.g., the 
varying taxi color across countries) are slower to learn and retrieve [114,115]. While such context-
specific memories can be used to guide attention [35,42,63], and their formation and retrieval may 
be facilitated when rich, naturalistic environments serve as context cues, this is likely still slower and
more difficult compared with highly stable statistics.

Thus, while attentional templates can be relatively easily (potentially automatically) adapted to 
regularities that are highly consistent in the short or long term, many other regularities are only 
relied upon when the incentives are high enough or when it is important to find the target quickly 
(e.g., looking for our lost child in a busy park). This view is supported by studies showing that 
attentional templates incorporate expectations about changing distractor features or object
associations specifically in especially difficult searches, such as when distractor interference is
high [46,47] or when other (context-independent) features cannot be relied upon [37]. In such 
cases, searchers spend additional time and effort refining their template, allowing for m ore
efficient guidance and reduced interference by distractors.

More generally, the degree to which attentional templates are flexibly adapted in a controlled 
(i.e., effortful) manner will be determined by the cost of setting up a context-specific  template
relative to the cost and likelihood of potential misguidance (e.g., fixating on a nontarget object).
Considering the relatively low cost of making eye movements (but see [116]) and the strong 
cues already provided by spatial scene layout, attentional templates typically only n eed to be
‘good enough’ [17]. We propose that the range of regularities searchers spontaneously adapt 
their templates to in most daily life searches is likely limited to overlearned regularities (e.g., the 
relationship between size and distance) and regularities that are highly consistent in the short
term (e.g., across repeated searches).

Generalizing to a dynamically changing world
Though studies use increasingly more naturalistic stimulus material, almost all of the current 
evidence for the flexibility or stability of attentional templates is based on simplified lab tasks, 
which still differ from truly naturalistic searches in several ways. Even when specific targets and 
distractors vary on a trial-by-trial basis, typical lab-based search tasks still involve many 
repetitions of a limited number of stimuli and often highly consistent contextual regularities, favoring 
the reliance on a context-dependent template. By contrast, real-world search is often one-shot; 
that is, we only search for an object within a specific context once before moving on to search 
for another object. Consequently, searchers rarely benefit from expectations about targets, 
target –distractor relations, or feedback from immediately preceding searches to iteratively fine-
tune their template. Flexible real-world templateswould thus necessarily need to rely more on either
long-term experience or analysis of the immediate scene context instead.

In addition, lab experiments typically encourage participants to put maximum effort into the task 
for fast and accurate search, or even require the use of flexible attentional templates to find the
target, due to meticulously chosen foils or extremely rapid presentation times. Real-world search
Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx 9
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typically does not operate under the same constraints, and both effort and reliance on memory 
are often minimized within these more naturalistic settings [103,117,118]. And while individual 
glances (fixations) during real-world viewing may be comparable in duration to these rapid stim-
ulus presentations, the visual input from an individual fixation period is oftenmore predictable than
the content of the search display in a randomized experimental design.

Another important difference between lab-based search and real-world search is that searchers 
in the real world move and interact with the objects around them. This allows them, for instance,
to move their heads or bodies to reduce occlusion and view the object from a preferred viewpoint
[119], thereby reducing the need for a flexible template.

Furthermore, in naturalistic settings, objects are not only attended to be identified but are also 
selected as part of specific actions. Accordingly, attentional templates may emphasize action-
relevant features of the target [120]. For example, while driving, an orientation-specific template 
is useful for spotting pedestrians facing toward the street, whereas orientation is n ot relevant
when searching for a friend [121]. When attending to objects becomes an intrinsic part of behavior 
(e.g., when driving, shopping, or cooking), feature, spatial, and temporal expectations may also 
work in concert to ef ficiently prioritize relevant objects in sequence.

In sum, while attentional templates remain a useful mechanism to select objects in real-world 
environments, a range of additional factors shapes the balance between flexibility and stability 
within fully naturalistic and dynamic search. This leaves open important avenues for future 
research to understand the b oundary conditions of this trade-off and the content and neural
correlates of naturalistic templates (Box 3). Understanding the efficient prioritization of objects 
in dynamic, real-world scenes will require new experimental paradigms that simulate the available 
contextual cues, the time and resource constraints of na turalistic search, and the selection of
objects as part of naturalistic action sequences.
Box 3. Combining flexible and stable templ ates in the brain

One way in which attentional templates could be implemented in the brain is through pre-activation of object repre sentations in
visual cortex [5,15,80]. Such a baseline shift in neuronal populations coding for target features has been proposed to constitute 
a top-down attention signal that biases competition between multiple stimuli in favor of the target [16]. Preparatory activity is 
often measured before stimulus onset but has also been observed while searchers concurrently view scenes [59,61], contin-
uously biasing the processing of visual input, thereby making it a viable mechanism for real-world search. Interestingly, objects 
are represented in a highly distributed manner across the cortex, with these representati ons varying in both precision and task-
dependency [122]. For instance, when viewing or remembering an object, regions in the early visual cortex will typically encode 
an object’s low-level features relatively independently of current task demands, while object representations in the parietal a nd
frontal cortex are muchmore task-dependent [123–125]. Similarly, evenwithin object-selective brain regions such as the lateral 
occipital complex (LOC), subregions differ substantially in their degree of invariance (e.g., with posterior-dorsal LOC responses 
being mostly size-specific, and anterior-ventral LOC responses being mostly size-invariant) [126]. Not all of these representa-
tions may be equally able or useful to affect early attentional guidance and sensory gain as attentional templates. For instance, 
in order to guide spatial attention, object feature representations may need to b e topographically organized in the visual cortex
[127]. Importantly, however, this distributed organization may allow for the coexistence of both context-specific and context-
invariant template features in the brain [128]. 

Behavioral studies investigating visual search for objects in scenes provide some evidence that templates can consist of 
multiple feature representations. For example, when looking for a specific object at an unknown location (or at an entire
scene at once), attentional templates were shown to be highly shape-specific but location invariant [90], akin to classi c
feature-based attention [127]. By contrast, when looking for a person or object at a specific location, this creates strong 
priors about their expected (object-specific) shape as well as their (distance-dependent) size [60], while other properties 
(such as the direction they are facing) remain uncertain. Such situations may result in a size-dependent, but rotationally
invariant shape template [79,91]. Therefore, attentional templates may, in some cases, simultaneously combine specificity 
(for known features) with invariance (for unknown features), bridging multiple levels of representation to fully capitalize on
available contextual information.
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Outstanding questions 
What are the costs associated with 
generating and adjusting (flexible) 
attentional templates, and how can 
these costs be measured (e.g., u sing
pupillometry as an index of cognitive
effort)?

Do we rely more on stable (and less on 
flexible) templates when cognitive 
resources a re exhausted, such as
when concurrently performing another
challenging task?

How does the context-dependency of 
target representations evolve across 
the entire search process, from search
preparation to object identification?

How stable (or flexible) are target 
templates that are used for
identification?

During real-world search, humans may 
adapt their attentional template to the 
current scene context, but they can 
also move freely, thereby predictably 
altering their viewpoint o n the scene.
How does this impact the use and
updating of attentional templates?

How do attentional templates and their 
neural correlates differ for searches 
that are externally cued (as is the case 
Concluding remarks 
(How) are short- and long-term statistics of the environment incorporated into the attentional 
template for efficient search in the real world? The lab-based studies reviewed here provide 
convincing evidence that top-down attentional templates ‘can’ be flexibly updated based on 
short- and long-term st atistics of the environment. This flexible account of attentional selection
aligns well with the general view that prediction is ubiquitous in perception [129]. However, lab-
based experiments may have overestimated the moment-to-moment flexibility of templates 
and the need for highly flexible templates in real-world search. For many real-world searches, 
relying on stable templates that incorporate long-term priors and act on context-modulated 
object representations may already provide an efficient selection mechanism. At the same time, 
the many regularities characterizing re al-world environments offer ample opportunities to
adapt the template, and searchers likely use these opportunities partly automatically when they
are highly consistent and overlearned, and, when needed, also in a more controlled manner
(Boxes 2 and 3).  The  degree  to  which  templates  are  flexibly adjusted to the current context 
depends on the associated computational costs relative to the costs and likelihood of potential 
misguidance. Moving beyond the use of naturalistic scenes, future studies should examine atten-
tional templates in truly na turalistic search conditions, where searchers can freely move and
where searching for objects is an intrinsic part of behavior (e.g., preparing a sandwich or riding
a bike) [118] (see Outstanding questions). 
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