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Abstract

Visual attention allows us to navigate complex environments by selecting behaviorally relevant 

stimuli while suppressing distractors, through a dynamic balance between top-down and bottom-

up mechanisms. Extensive attention research has examined the object-context relationship. Some 

studies have shown that incongruent object-context associations are processed faster, likely due 

to semantic mismatch-related attentional capture, while others have suggested that schema-driven 

facilitation may enhance object recognition when the object and context are congruent. Beyond 
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the conflicting findings, translation of this work to real world contexts has been difficult due to 

the use of non-ecological scenes and stimuli when investigating the object-context congruency 

relationship. To address this, we employed a goal-directed visual search task and naturalistic 

indoor scenes during functional MRI (fMRI). Seventy-one healthy adults searched for a target 

object, either congruent or incongruent within the scene context, following a word cue. We 

collected accuracy and response time behavioral data, and all fMRI data were processed following 

standard pipelines, with statistical maps thresholded at p < .05 following multiple comparisons 

correction. Our results indicated faster response times for incongruent relative to congruent trials, 

likely reflecting the so-called pop-out effect of schema violations in the incongruent condition. 

Our neural results indicated that congruent elicited greater activation than incongruent trials in 

the dorsal frontoparietal attention network and the precuneus, likely reflecting sustained top-down 

attentional control to locate the targets that blend more seamlessly into the context. These findings 

highlight the flexible interplay between top-down and bottom-up mechanisms in real-world visual 

search, emphasizing the dominance of schema-guided top-down processes in congruent contexts 

and rapid attention capture in incongruent contexts.
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1. Introduction

In daily life, visual attention helps us navigate a complex, stimulus-rich external world 

by suppressing irrelevant information and, at the same time, providing guidance towards 

relevant environmental stimuli based on a dynamic interplay between top-down internal 

goals and bottom-up perceptual features. In real world environments, objects are always 

embedded within complex scenes that are frequently arranged in predictable spatial and 

semantically coherent configurations (Henderson and Hollingworth, 1999; Bar, 2004; 

Pinker, 2007; Kaiser et al., 2019; McLean et al., 2023). Within this framework, investigating 

how the relationship between objects and their surrounding context affects attentional 

capture has been a controversial topic, with findings being generally mixed. Early studies 

argued that the recognition of objects within a scene is mediated by their semantic 

consistency, with object-context associations being learned through repeated exposure, 

forming high-level cognitive representations or schemas that encode contextual associations 

between objects and their surroundings (Biederman, 1972; Biederman et al., 1982; 

Chun, 2000; Bar and Aminoff, 2003). These schemas were thought to guide top-down 

processing, enabling the brain to anticipate and prioritize contextually congruent information 

(Biederman, 1972; Biederman et al., 1982; Chun, 2000; Bar and Aminoff, 2003). For 

instance, when searching for a pen, one is more likely to look on a desk than in 

a refrigerator, as schemas streamline the recognition of congruent objects in expected 

locations and configurations (Wolfe, 1994; Wolfe and Horowitz, 2004; Oliva and Torralba, 

2007; Wolfe et al., 2011). As a result, congruent objects are often recognized faster 

and more accurately than incongruent ones, which often require more cognitive effort 

to reconcile their unexpected positioning within a scene (Biederman, 1972; Henderson 

and Hollingworth, 1999; Chun, 2000; Bar and Aminoff, 2003; Oliva and Torralba, 
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2007; Kaiser et al., 2019). This facilitative effect of congruence has been extensively 

documented in studies of object recognition, which emphasize the role of pre-activated 

schemas in facilitating perceptual and attentional processes (Biederman, 1972; Henderson 

and Hollingworth, 1999; Henderson et al., 1999; Davenport and Potter, 2004; Fenske et 

al., 2006). Congruent objects are also thought to benefit from priming effects, where the 

surrounding context activates semantic and spatial networks, reducing cognitive load and 

enhancing processing speed and accuracy (Henderson and Hollingworth, 1999; Chun, 2000; 

Oliva and Torralba, 2007). Conversely, incongruent objects, those that violate contextual 

expectations, would not benefit from schema-driven facilitation, leading to less accurate 

recognition (Biederman, 1972; Biederman et al., 1982; Boyce and Pollatsek, 1992; Bar and 

Ullman, 1996; Davenport and Potter, 2004; Fenske et al., 2006) and longer search times (De 

Graef et al., 1990).

However, contrary to this perspective, other studies have reported an advantage for 

incongruent objects (Loftus and Mackworth, 1978; Bonitz and Gordon, 2008; Underwood 

et al., 2008; LaPointe and Milliken, 2016; Borges et al., 2020). The interpretation 

of such findings is generally that out-of-context objects can introduce a breach of 

expectation, capturing attention and enhancing encoding and recognition (Pezdek et al., 

1989; Hollingworth and Henderson, 1998). For example, a semantically incongruent object, 

such as a tennis ball in the fridge, rapidly captures attention because it stands out in this 

context (i.e., a pop-out effect), and this distinctiveness enhances the likelihood that the 

object will be later remembered (Hollingworth and Henderson, 1998; Pezdek et al., 1989). 

Of note, most studies supporting either congruence or incongruence advantages have relied 

on object recognition paradigms within non-ecological settings (e.g., using objects that were 

large, positioned close to the center of the screen, and/or presented very briefly). While these 

studies have provided valuable insights, their limited ecological validity warrants caution in 

translating findings to real-world complex environments.

Given these limitations, several recent studies have strived for more realistic settings by 

presenting objects embedded within naturalistic visual scenes and employing paradigms 

such as change detection, object recognition, or memory encoding (Silva et al., 2006; 

Underwood et al., 2006; Stirk and Underwood, 2007; Spotorno et al., 2013; Coco et 

al., 2014, 2020; Santangelo et al., 2015; see also Santangelo, 2015, for an extensive 

review). However, even in such naturalistic scenarios, findings have remained mixed, with 

some studies reporting a congruency advantage (Spotorno et al., 2013; Coco et al. 2014) 

and others showing the opposite (Underwood et al., 2006; Stirk and Underwood, 2007; 

Santangelo et al., 2015; Coco et al., 2020). These conflicting findings could reflect many 

possible sources, including differences in task design, task instructions, and stimuli even 

within the non-naturalistic categories. As an example, object recognition studies often 

rely on brief stimulus presentation (e.g., less than 500 ms), emphasizing rapid perceptual 

categorization and schema activation at the expense of deep semantic encoding. Conversely, 

studies employing naturalistic scenes typically extend stimulus presentation times beyond 

1000 ms to facilitate encoding processes and enable more in-depth semantic integration 

(Santangelo et al., 2015).
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The critical brain regions and processes for context perception have been studied extensively 

using electroencephalography (EEG) and functional MRI (fMRI; Hamm et al., 2002; Bar 

and Aminoff, 2003; Ganis and Kutas, 2003; Goh et al., 2004; Jenkins et al., 2010; Demiral 

et al., 2012; Rémy et al., 2013, 2014, 2020; Võ and Wolfe, 2013; Mudrik et al., 2014; 

McAndrews et al., 2016; Brandman and Peelen, 2017; Coco et al., 2017; Caplette et al., 

2020; Li et al., 2023). Unfortunately, the vast majority of these neuroimaging studies have 

used more non-ecological scenes, such as superimposed objects and/or brief presentations, 

limiting their applicability to realistic scenarios. For example, one study using rapidly 

presented scenes (i.e., 100 ms) with objects superimposed found increased activation in 

incongruent relative to congruent scenes in the right anterior parahippocampal cortex, which 

was a region of interest, as well as the right middle and inferior frontal gyri in their 

whole brain analysis (Rémy et al., 2014). Nonetheless, these studies have offered critical 

insight on the underlying brain regions, which have been slowly augmented by studies 

using more ecologically valid approaches. For instance, a study using naturalistic scenes 

and a delayed forced-choice task asking participants to recall the position of the target 

found that encoding context-congruent targets activated dorsal frontoparietal regions, while 

encoding context-incongruent targets deactivated ventral frontoparietal regions (Santangelo 

et al., 2015). Overall, the inconsistency in the behavioral findings and the limited number of 

neuroimaging studies that have used natural, realistic scenes to examine the object-context 

congruency effect make firm conclusions difficult.

In the current study, we investigate the object-context congruency effect using fMRI and 

a visual search task with naturalistic indoor scenes. Unlike previous studies that primarily 

focused on passive free exploration, object recognition, or categorization tasks, our approach 

required participants to actively search for a target object within the scene. Participants 

were first presented with a word cue (e.g., plate) indicating the target object, followed 

by a scene where the object appeared in either a congruent (e.g., kitchen) or incongruent 

(e.g., bathroom) context. By adding a visual search component, we aimed to closely align 

with real-world search scenarios where individuals often have prior knowledge about the 

target they are looking for, which in this case is provided by the cue word. Importantly, 

while previous studies have investigated congruency effects in categorization or recognition 

tasks, our study is the first to examine them in the context of goal-directed search, where 

congruency subtly influences search efficiency rather than being explicitly evaluated by 

participants. Furthermore, we leveraged a large sample size of 71 participants, an uncommon 

strength in this area of fMRI research, where small sample sizes have historically limited 

statistical power and replicability (Button et al., 2013; Turner et al., 2018). By addressing 

these limitations, we aim to enhance the robustness and generalizability of our findings, 

ensuring they contribute reliably to the broader understanding of object-context integration 

(Poldrack et al., 2011). Behaviorally, we hypothesized that locating a target object that 

blends seamlessly into a background scene would be a more difficult visual search, thus 

requiring more time to fully explore the scene and make a correct decision. Conversely, 

in incongruent trials, the semantic inconsistency of the target objects would cause them to 

stand out in the scene, effectively capturing attention and leading to shorter reaction times. 

Regarding brain activation, we expected that the more demanding visual search needs of the 

context congruent trials would necessitate stronger engagement of the dorsal frontoparietal 
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network, which is well known to be involved in top-down attentional control (Corbetta and 

Shulman, 2002; Corbetta et al., 2008).

2. Materials and methods

2.1. Participants

Seventy-two healthy volunteers participated in the study. One participant was excluded due 

to an accuracy rate below 70 % in the incongruent condition, resulting in a final sample of 

71 participants (33 females; mean age: 32.87 years, range: 25–45 years) for data analysis. 

Exclusionary criteria included any medical illness affecting the CNS, any neurological or 

psychiatric disorder, history of head trauma, current substance use, and standard exclusion 

criteria for undergoing MRI (e.g., ferromagnetic implants). All participants had normal 

or corrected-to-normal vision and scored in the normal range on measures of cognitive 

function (i.e., Montreal Cognitive Assessment (MoCA); Nasreddine et al., 2005). All study 

procedures were approved by the Boys Town National Research Hospital’s Institutional 

Review Board (IRB) and all participants provided written informed consent after a full 

description of the study.

2.2. Stimuli and procedure

While supine in the scanner, participants viewed a visual display through a mirror mounted 

on the MRI head coil (27.59° visual angle; screen resolution = 680 × 480; refresh rate = 60 

Hz). Stimuli were presented using Psychtoolbox (psychtoolbox.org) running on MATLAB 

9.5 (MathWorks, Natick, MA). The experimental stimuli were sourced from a previously 

published dataset (D’Innocenzo et al., 2022), consisting of 192 images of indoor scenes, 

which is a subset of a larger collection of normed naturalistic scenes (see the VISIONS 

dataset; Allegretti et al., 2025). Each scene contains a critical object either consistent or 

inconsistent with the scene’s context and appearing on either the right or left side. Visual 

saliency across all scenes was balanced across the two conditions and left vs. right side 

(refer to Allegretti et al., 2025, for details about norms).

For this study, 120 unique pictures were selected (plus four additional practice images) 

to ensure that each target object and its corresponding cue word appeared only once, 

thereby preventing any memory-related effects or learned expectations about object-context 

congruency. Sixty images were used for “congruent” trials (object consistent with the 

scene background) and sixty for “incongruent” trials (object inconsistent with the scene 

background; Fig. 1, top panel). Each object was presented in only one scene and did not 

appear in both conditions across different trials. Additionally, within each congruent and 

incongruent condition, half of the target objects appeared on the left side of the scene and 

the other half on the right to ensure location balance. As detailed below, participants were 

instructed to respond based on the side (left or right) of the target within the scene and 

not on its congruence or incongruence with the scene. The experiment included two runs, 

each with 60 images, balanced for object-context congruency (i.e., congruent/incongruent) 

and object location (i.e., left/right). The order of images was pseudorandomized for each 

participant to avoid more than three consecutive repetitions of congruency condition and 

object location. Each trial began with a 500 ms cue word describing the target, followed by 
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a 1000 ms fixation cross, and then a 4000 ms presentation of the scene containing the target 

object. Participants were instructed to explore the scene freely and search for the target, 

responding as quickly and accurately as possible regarding the side (left side: right index 

finger; right side: right middle finger) where the target object appeared. Participants could 

respond using a button pad during the presentation and up to 1000 ms after the image offset. 

A variable inter-trial interval (750 to 1250 ms) followed before the next trial began.

2.3. fMRI data acquisition

All participants underwent structural and functional MRI (fMRI) scans on a 3T Siemens 

Prisma scanner equipped with a 32-channel head coil. Functional data were acquired using 

a multiband gradient-echo T2*-weighted echoplanar imaging (EPI) sequence sensitive to 

blood oxygenation level-dependent (BOLD) contrast. The sequence included 56 slices (TR 

= 480 ms, TE = 29.20 ms, flip angle = 44°, FOV = 248 mm, slice thickness = 3 mm, voxel 

size 3 × 3 × 3 mm3 isotropic, 1002 vol, multiband factor = 8), covering the entire cortex. 

Structural images were collected using a T1-weighted MPRAGE sequence with 192 slices 

(TR = 2400 ms, TE = 2.05 ms, flip angle = 8°, FOV = 256 mm, slice thickness = 1 mm, 

voxel size 1 × 1 × 1 mm3 isotropic).

2.4. fMRI data preprocessing and statistical analysis

fMRI data were preprocessed by using the MATLAB-based software CONN (Version 22.a; 

Whitfield-Gabrieli and Nieto-Castanon, 2012; MathWorks Inc., Natick, MA). Magnetic field 

inhomogeneities were corrected with fieldmaps processed through FSL’s TOPUP toolbox 

(http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/TOPUP). These fieldmaps were integrated into CONN’s 

indirect normalization pipeline, recommended for susceptibility distortion correction when 

high-quality fieldmaps are available (Calhoun et al., 2017). Functional data preprocessing 

steps included realignment and unwrapping to correct susceptibility distortions, slice-timing 

correction, and identification of outlier frames (flagged if framewise displacement exceeded 

0.9 mm or global BOLD signal changes exceeded five standard deviations; Power et al., 

2014). A reference BOLD image was computed for each participant by averaging all non-

outlier scans. Functional and anatomical data were coregistered and normalized to MNI 

space, segmented into grey matter, white matter, and CSF tissue classes, and resampled to 

2 mm isotropic voxels using the SPM unified segmentation and normalization algorithm 

(Ashburner and Friston, 2005; Ashburner, 2007) with the IXI-549 template. Functional data 

were smoothed with an 8 mm FWHM Gaussian kernel.

Statistical analyses were conducted using statistical parametric mapping (SPM12; Wellcome 

Department of Cognitive Neurology) implemented in MATLAB 9.5 (MathWorks Inc., 

Natick, MA). The time series at each voxel were high-pass filtered at 128 s and pre-

whitened using an AR(1) autoregressive model. Statistical inference followed a two-step 

random effects approach (Penny and Holmes, 2004). First-level general linear model (GLM) 

analyses modeled four conditions of interest: incongruent left, incongruent right, congruent 

left, congruent right. Each condition was represented by delta functions time-locked to half 

of the scene presentation duration (2000 ms of the 4000 ms scene display) and convolved 

with SPM12’s hemodynamic response function. Only correct trials were included. The 

single-subject models also included the onsets of missed trials, incorrect trials, cue word 
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(500 ms), fixation cross (1000 ms), and six motion parameters as covariates of no interest. 

Following GLM parameter estimation, a linear contrast was created by averaging the four 

main trial types across the two fMRI runs. This resulted in a contrast image for second-level 

analyses, which used a one sample t-test for overall task activation.

Since the main aim of the study was to investigate the congruency effect, we created linear 

contrasts by merging left and right trials into two conditions: incongruent and congruent. 

The corresponding two contrast images for each participant were entered into a paired t-test 

to compare the incongruent vs. congruent conditions and vice versa. An initial voxel-level 

threshold of p-uncorrected = .001 was applied to the output maps and the resulting clusters 

were corrected for multiple comparisons at the whole brain level for a final threshold of 

p-FWE = .05.

3. Results

3.1. Behavioral results

Paired t-tests on reaction time (RTs) and accuracy data (Fig. 1, bottom panel) revealed 

no significant difference in accuracy between congruent and incongruent conditions 

(Congruent: 97.4 %; Incongruent: 97.9 %; t(70) = 1.725, p > .05). In contrast, there was 

a significant RT difference, with participants responding more slowly in the congruent (1402 

ms) than in the incongruent condition (1362 ms; t(70) = 3.388, p = .001).

3.2. fMRI results

The fMRI data showed increased activation during overall task performance within the 

dorsal frontoparietal attention network, specifically in the bilateral intraparietal sulci (IPS) 

and left frontal eye field (FEF). Large bilateral activations were also observed in the 

occipital cortex, encompassing the middle and inferior occipital gyri and the fusiform gyrus. 

Additionally, increased activation was found in the bilateral anterior insula, right cerebellum, 

and the left precentral gyrus (see Fig. 2, Table 1).

Regarding the conditional effects, whole-brain paired t-tests revealed a similar pattern, 

highlighting increased activation for congruent compared to incongruent trials in the 

dorsal frontoparietal attention network (FEF and IPS, bilaterally) and occipital regions 

(calcarine cortex and middle occipital gyrus, bilaterally). Furthermore, increased activation 

was observed in the bilateral precuneus (see Fig. 3, Table 1). Signal plots for all clusters 

were consistent, showing stronger activation for the congruent relative to incongruent 

condition (p-FWE = .05), with no voxels showing the opposite effect of significantly 

stronger activation during incongruent trials.

4. Discussion

The present study aimed to identify the brain regions underlying the object-context 

congruency effect and thereby to address inconsistencies in the literature regarding the 

effects of congruence and incongruence on visual processing by implementing a goal-

directed visual search paradigm using naturalistic indoor scenes. Leveraging a large sample 

size and well controlled task design, we provide robust evidence on the neural mechanisms 
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underlying object-context integration. Participants were asked to locate a target object, 

either congruent or incongruent within the scene context, after being presented with a 

word cue describing the target object. We observed behavioral differences suggesting that 

identifying the target objects was more difficult in the congruent scenes (i.e., prolonged 

reaction time), which paralleled our observation of stronger activation during congruent 

trials across a distributed group of brain regions generally linked to visual attention function. 

These findings were broadly consistent with our hypotheses and below we discuss their 

implications for understanding the neural regions and processes underlying the widely 

studied object-context congruency effect.

Behaviorally, we did not observe a significant difference in accuracy between conditions. 

However, participants were significantly faster in the incongruent condition, a finding that 

may reflect a perceptual “popout” effect. Incongruent objects, by violating contextual 

expectations, likely captured attention more rapidly, facilitating their detection. This 

interpretation aligns with previous findings showing that semantically inconsistent objects 

can stand out due to their contextual mismatch, thus triggering early attentional engagement 

(Hollingworth and Henderson, 1998; Pezdek et al., 1989; Underwood et al., 2006; Stirk and 

Underwood, 2007; Santangelo et al., 2015; Borges et al., 2020; Coco et al., 2020; for a 

review see Santangelo, 2015). Conversely, the slower responses during congruent trials may 

reflect the additional attentional effort required to locate objects that blend seamlessly into 

their context. When objects align with the pre-activated schema (elicited by the word cue), 

their integration into the scene becomes so seamless that they lack visual distinctiveness, 

highlighting the well-known consistency effect (Hollingworth and Henderson, 1998; Pezdek 

et al., 1989).

The neural findings complement this interpretation. Across both task conditions, significant 

activation of the left FEF and bilateral IPS, key regions of the dorsal frontoparietal attention 

network, indicated the involvement of top-down, goal-driven attentional control during 

visual search (Corbetta and Shulman, 2002; Corbetta et al., 2008). These regions are 

known to be critical for sustaining and directing goal-oriented attention and mediating 

the deployment of attention based on expectations and schemas (Corbetta and Shulman, 

2002; Corbetta et al., 2008). Specifically, the IPS is thought to facilitate attentional shifts 

within the scene, while the FEF helps coordinate eye movements and maintain attentional 

focus on task-relevant targets (Corbetta and Shulman, 2002; Corbetta et al., 2008). The 

bilateral visual occipital areas were also significantly activated, underscoring the importance 

of detailed visual processing across both conditions. Additionally, the bilateral anterior 

insula was significantly activated. This was not surprising, as the anterior insula is a hub for 

the salience network, which detects and processes behaviorally relevant stimuli, integrating 

attentional demands with task goals (Menon and Uddin, 2010). Its established role in 

mediating interactions between the dorsal and ventral attention networks further highlight 

its role in facilitating transitions between top-down and bottom-up attentional processes 

(Sridharan et al., 2008).

Given the goals of the study, our most important findings were the widespread differences in 

activation favoring the congruent trials. First, we observed significantly stronger activation 

in the bilateral FEF and IPS during congruent relative to incongruent trials, which aligns 
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with the interpretation that congruent trials demand more sustained top-down attentional 

guidance to locate targets embedded in object-rich complex scenes. Essentially, the 

congruent objects likely blended into the background of our naturalistic scenes, requiring 

participants to more strongly engage top-down attentional resources to filter through the 

scene and pinpoint the target. This “blending-in” would require more deliberate guidance of 

the visual search, consistent with the higher activation observed in the dorsal frontoparietal 

attention network. Similar results were found in the study by Santangelo and colleagues 

(2015), in which participants had to encode and subsequently remember the position of a 

target object extracted from the initial scene, with the target object being either congruent or 

incongruent with the context of the scene. Specifically, they found increased activation in the 

dorsal frontoparietal network, namely IPS, during the encoding of semantically consistent 

targets in congruent scenes (Santangelo et al., 2015). We also observed greater activation 

of the bilateral precuneus during congruent trials, which may suggest an additional layer 

of top-down processing related to the integration of task goals and scene context (Cavanna 

and Trimble, 2006). In fact, the precuneus has been implicated in schema-based scene 

understanding, facilitating the alignment of visual information with stored contextual 

knowledge (Aminoff et al., 2007). Thus, during congruent trials, its activation may reflect 

the process of matching the target object to its expected location within the scene, helping 

both attentional allocation and target verification. The precuneus has also been associated 

with sustained attention and visuospatial imagery during complex search tasks, which could 

also explain its stronger involvement in the congruent trials (Grosbras et al., 2005).

Another interesting feature of our results was the significant anterior insula activation 

observed across both task conditions. This region has not been widely reported in object-

context congruency studies and this might stem from the nature of the current task. 

Specifically, in the current study, participants were asked to actively search for and locate 

targets according to a word cue that appeared before the realistic scene. In this structured, 

goal-directed task, the anterior insula may play a critical role in detecting and prioritizing 

semantically relevant stimuli by aligning its processing with the specific demands of the 

task. In other words, rather than allowing attention to be entirely captured by incongruent 

objects in a purely bottom-up manner, the anterior insula may help integrate the semantic 

information into the primary top-down goal of locating the target object described by the 

word cue. This would support the idea that the anterior insula acts as a mediator, balancing 

the need to respond to semantic features while ensuring that attentional resources remain 

focused on the task’s objectives (Menon and Uddin, 2010; Sridharan et al., 2008).

Overall, our findings expand prior research by showing how the naturalistic content of 

scenes and an ecologically valid search task converge to shape both behavioral and neural 

responses to object-context congruency. Unlike studies employing rapid recognition or 

categorization tasks, where congruent objects often facilitate processing, our structured 

visual search paradigm required sustained top-down attention over longer presentation 

times, thereby allowing deeper semantic integration of the scene and making congruent 

objects more difficult to detect. Consequently, incongruent objects stood out due to semantic 

mismatch, likely facilitating search through a pop-out effect. This adds a valuable piece 

to earlier work by reconciling previously inconsistent findings and demonstrating that, 

under more ecologically valid, goal-directed conditions, the attentional demands of detecting 
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congruent objects can paradoxically increase, engaging dorsal frontoparietal regions more 

strongly. Such insights underscore the importance of considering real world task demands, 

highlighting the flexibility of the attentional mechanisms involved when resolving the 

object-context semantic associations.

Before closing, it is important to note the limitations of this study. First, for neuroimaging, 

we relied on fMRI alone. While offering great spatial precision, fMRI lacks the temporal 

resolution needed to capture rapid attentional shifts during visual search. Future research 

could utilize a combined fMRI/EEG approach, or leverage magnetoencephalography (MEG; 

Wilson et al., 2016), to enable a more dynamic evaluation of real-time attentional 

deployment. Such a spatiotemporal mapping approach would enable behavioral and neural 

responses to be linked with greater precision, shedding light on the temporal evolution of 

semantically driven mechanisms. Such integrations could provide a more comprehensive 

understanding of the neural dynamics underlying attentional processing in structured and 

ecologically valid tasks. A second limitation is that we used only one behavioral task 

and only naturalistic scenes. Although this approach was intentional and enabled stronger 

conclusions regarding realistic visual search, future research should systematically vary task 

difficulty, stimulus complexity, and stimulus duration to investigate how these factors affect 

attentional processes and associated neural activation. For instance, manipulating object 

size or contrast relative to the background could reveal how such variations modulate 

both behavioral performance and activity in key attentional networks. Exploring these 

elements in a more controlled, multifactorial design would significantly enhance our 

understanding of attention in real-world contexts. Moreover, while the use of naturalistic 

indoor scenes increases the ecological validity of this study, it also introduces variability 

in scene complexity and object distinctiveness, although we controlled for such visual 

characteristics. These factors may modulate attentional demands differently across trials, 

potentially interacting with congruence to shape performance. A third limitation is that 

our study did not include detailed analyses correlating trial-level behavioral performance 

with neuroimaging data. While such an approach was beyond our current scope, future 

studies could employ advanced techniques (e.g., single-trial modeling, multivariate pattern 

analysis, or connectivity methods) to better capture how subtle variations in neural activity 

relate to behavioral outcomes. A fourth limitation is that the current study focused 

exclusively on attentional dynamics without considering the potential influence of emotional 

or motivational salience. Exploring the interplay between semantic and emotional relevance 

could uncover competitive or additive mechanisms that influence attentional deployment 

and should be a goal of future research. Specifically, incongruent objects with emotional 

valence might activate distinct neural pathways, either competing with or amplifying the 

effects of semantic inconsistency, thereby modulating performance. Investigating these 

factors could reveal critical interactions between attentional and affective systems, offering 

a more nuanced understanding of how multiple cognitive dimensions shape attentional 

processing. Finally, we focused on healthy adults and future work should address how 

object-context congruency is affected in healthy aging and/or those with psychiatric and 

neurological conditions. These populations often exhibit changes in attentional networks, 

and examining whether impairments in dorsal attention network activity are compensated 
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by increased engagement of salience-processing regions, such as the anterior insula, could 

provide valuable clinical insights.

In conclusion, these findings provide novel insight on the roles of congruence and 

incongruence in a goal-driven visual search task using naturalistic scenes. Some studies 

emphasize the facilitative role of congruence in visual processing by aligning with 

schemas in order to optimize attention (Bar and Aminoff, 2003; Biederman, 1972), 

while others have highlighted the attention-grabbing capabilities of incongruent stimuli 

(Loftus and Mackworth, 1978; Bonitz and Gordon, 2008). The present study builds on 

this framework by demonstrating that incongruent objects facilitate faster reaction times 

due to their distinctive nature, while congruent objects require stronger engagement 

of top-down schema-driven attentional mechanisms likely due to their natural blending 

into the scene, which ultimately results in slower behavioral responses and stronger 

activation. Our functional mapping results underscore the robust involvement of the 

dorsal frontoparietal attention network in congruent trials, likely reflecting the sustained 

engagement of top-down attentional processes. Additionally, the anterior insula may play 

a role in aligning or integrating the semantic information content of the stimuli with the 

current top-down goals related attentional processes. Together, these findings offer insights 

into the dynamic interplay between top-down and bottom-up mechanisms when processing 

congruent/incongruent object-scene associations in the context of a goal-driven visual search 

task, emphasizing the critical role of task structure in determining the relative attentional 

engagement. Importantly, this work leveraged a well-controlled task design and a large 

sample size of 71 participants, a critical advantage over traditional fMRI studies in this area, 

which often suffer from small sample sizes that can limit generalizability. By addressing 

these limitations, the robustness of our findings offers a more reliable foundation for future 

research on the neural underpinnings of object-context congruence.
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Fig. 1. Task Design & Behavioral Results.
(Top panel): Each trial began with a 500 ms cue word indicating the target item, followed 

by a 1000 ms fixation cross. The target object was then presented within an indoor scene 

for 4000 ms, during which participants freely searched for the target. Participants responded 

as to the side of the target object (left or right) using a button pad and responses were 

recorded during the scene presentation and within 1000 ms after its offset. A variable 

inter-trial interval of 750 to 1250 ms followed. “Congruent trials” featured objects consistent 

with the scene, while “incongruent trials” featured objects inconsistent with the scene. 

(Bottom panel): While the accuracy data did not show any conditional differences, there 

was a significant reaction time (RT) difference, with participants being slower during 
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congruent compared to incongruent trials. Asterisks indicate significant differences between 

conditions. *p = .001.
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Fig. 2. Overall task effect.
Three-dimensional rendered projections and cross-sections showing dorsal frontoparietal 

activations, as well as activations in the bilateral anterior insula, occipital visual cortices, and 

other regions, elicited by the overall effect of task execution. The task execution contrast 

averaged activity across conditions (correct trials only). Results are displayed at a cluster-

level corrected p-FWE = .05, with a minimum cluster size of 200 used for visualization only.
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Fig. 3. Brain Regions Exhibiting Stronger Activation in the Congruent Condition.
Three-dimensional rendered projections and cross-sections showing dorsal frontoparietal 

(FEF and IPS bilaterally), precuneus, and visual occipital cortical regions where activation 

was stronger during congruent compared to incongruent trials. No brain regions exhibited 

stronger activation during incongruent trials. Results are displayed at a cluster-level 

corrected p-FWE = .05, with a minimum cluster size of 200 used for visualization only.
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Table 1
MNI coordinates and statistical values for task and conditional effects.

Cluster Peak

Contrast Region p-FWE-corr k t-value x, y, z

Overall task effect R Fusiform Gyrus <.001 21,699 20.55 30, −48, −10

L Fusiform Gyrus 19.63 −30, −50, −10

R Inferior occipital gyrus 15.06 40, −78, −6

L Inferior occipital gyrus 14.75 −28, −88, 10

R Middle occipital gyrus 15.52 32, −84, 16

L Middle occipital gyrus 14.70 −30, −84, 14

R Intraparietal sulcus 7.77 22, −64, 48

L Intraparietal sulcus 5.60 −26, −48, 46

L Precentral gyrus 9.94 −34, −22, 48

L Anterior insula 9.78 −28, 22, 0

L Frontal eye field .002 566 7.94 −22, −4, 50

R Anterior insula .043 272 7.33 32, 20, 8

R Cerebellum .001 645 7.62 16, −60, −44

Congruent vs. Incongruent R Calcarine cortex <.001 1237 6.44 12, −86, −4

L Calcarine cortex <.001 1080 5.65 −14, −92, −2

R Middle occipital gyrus .001 995 4.63 32, −70, 36

R Intraparietal sulcus 4.26 26, −66, 46

R Precuneus 3.68 6, −60, 46

L Precuneus 4.21 −4, −58, 46

L Middle occipital gyrus <.001 1355 5.05 −30, −78, 38

L Intraparietal sulcus 4.36 −22, −62, 40

R Frontal eye field .004 706 5.68 26, 6, 50

L Frontal eye field .005 678 6.02 −24, 4, 50

L/R: left/right hemisphere; k: cluster size; coordinates are in MNI space and reflect peak voxel.
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