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Abstract
The effects of object inconsistencies on attention during scene viewing have been extensively documented in adults. However, comparatively little is known about how these inconsistencies affect scene viewing behaviour during development, particularly across middle childhood following changes to the processing of local elements (i.e. objects) within scenes. The current study tasked children aged 5-6 years, 9-10 years, and adults with exploring natural scenes while their eye movements were recorded. To create object inconsistencies while controlling for potential developmental differences in contextual world knowledge, we manipulated object orientation, adding an inverted and upright object to each scene. Effects of these local-level changes were characterised by the time taken to first fixate the relative objects, the time spent on each object, and the exploration of the overall scene. Our findings suggest that by 5-6 years children are already very good at detecting inverted (relative to upright) objects within natural scenes. However, younger children spend more time viewing inverted objects at the cost of overall scene exploration. While this behaviour towards inconsistent objects became more adultlike with age, differences in broader scene exploration between 9-10-year-old children and adults were also evident, suggesting that the mechanisms driving scene viewing behaviour continue to develop beyond the ages tested here.
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Introduction
Scenes generally contain objects that are both consistent with the environment (e.g., a car belongs in a driveway and not in a bathroom) and arranged in a spatially licensed manner (e.g., a car belongs on a driveway and not floating or on the roof of the house; Henderson & Hollingworth, 1999; Malcolm, Groen & Baker, 2016). Object regularities therefore play an integral role in helping us to efficiently understand and direct attention around the current scene. Recognition of object-scene regularities develops from lived experience and can be utilised to facilitate scene and object categorisation (Davenport & Potter, 2004; Gronau & Shachar, 2015), free-viewing gaze (Hwang, Wang & Pomplun, 2011), visual search (Mack & Eckstein, 2011; Malcolm & Henderson, 2010; Spotorno, Malcolm & Tatler, 2014, 2015).
When inspecting scenes, observers tend to devote increased visual attention to odd objects over more expected, normal objects. For example, if an object is semantically inconsistent with the background scene, attention is held on it for longer (i.e. greater number of fixations, dwell time and returns to these objects (De Graef, Christiaens & D’ydewalle, 1990; Henderson, Weeks & Hollingworth, 1999; Loftus & Mackworth, 1978; Malcolm & Henderson, 2010; Võ & Henderson, 2009, 2011). However, studies remain split on whether such object-scene inconsistencies are recognized in our visual periphery and capture our attention earlier, with some indicating that they do (Becker, Pashler & Lubin, 2007; Bonitz & Gordon, 2008; Gordon, 2004; Underwood, Humphreys & Cross, 2007; Underwood & Foulsham, 2006), others failing to demonstrate this effect (De Graef, Christiaens & D’ydewalle, 1990; Gareze & Findlay, 2007; Gordon, 2004; Henderson, Weeks & Hollingworth, 1999; Võ & Henderson, 2009, 2011), and others suggesting that earlier attention capture may depend on additional object properties such as relative size (Spotorno, Malcolm & Tatler, 2015). This type of object inconsistency requires high-level semantic meaning knowledge of both an object and background, and that they do not belong together. However, even local-level object inconsistencies bias visual attention during scene viewing. These object-intrinsic oddities – where an object is odd independent of its relationship to the background scene (e.g., an inverted object in an otherwise upright scene) – attract attention earlier and hold attention for longer than when it is presented normally (e.g., upright; Becker, Pashler & Lubin, 2007). The combined evidence suggests that during scene viewing, objects that are odd – whether due to their relation to the surrounding environment or their intrinsic properties – affect attention.
In children, attentional behaviour towards objects in scenes depicts an extended and nuanced developmental picture. For example, while at 2 years children can utilise scene context to guide their eye movements, any observed inconsistency effects are heavily moderated by object saliency (i.e., its conspicuity within its environment; Helo et al., 2017). By 4 years, children are knowledgeable about a scene’s spatial information and can demonstrate where objects should appear in scenes with explicit prompting; however, more implicit measures continue to illustrate a weaker consistency effect (i.e. increased time spent viewing highly-expected objects) compared to adults (Öhlschläger & Võ, 2020). Research with younger children therefore suggests that the development of more adult-like attentional behaviour towards objects within complex scenes may follow a protracted development into middle childhood.
One reason that we expect children to attend to consistent and inconsistent objects differently from adults stems from evidence regarding differences in their perception of, and attention to, local and global features. While adults are highly efficient in their processing of scenes and their content, with some suggesting parallel local and global feature processing (Furtak, Mudrik & Bola, 2022; Joubert et al., 2007; Torralba et al., 2006; however see global-to-local theories, e.g. Navon, 1977; Greene & Oliva, 2009), younger children may struggle to attend to and switch between these varying hierarchical levels. Research with illusory contours which compares children’s attention to local and global elements suggests that they are initially actively biased towards local information, before a shift towards more global information is observed from 5 to 9 years (Nayar et al., 2015; Poirel et al., 2008, 2014; Vinter, Puspitawati & Witt, 2010). Limited developmental research also suggests that young children (~4 years) may also attend to and prioritise objects at the expense of global features during scene viewing (Darby et al., 2020; Dillon, 2021; but see Jung et al., 2023), although the focus of such studies did not cover typical objects in natural scenes. Furthermore, some research has suggested that these differences are not so much rooted in an active local bias, but rather a relative lack of global bias and a diminished ability to inhibit attention to highly salient information that leads to difficulties processing visually complex environments (Krakowski et al., 2016, 2018). Such biases could limit children’s abilities to process a scene’s contents and, subsequently, draw out meaningful global information because they are predisposed to attend to individual local elements.
How might these developmental differences influence the processing of objects (i.e. consistent vs. inconsistent) within the context of visually complex scenes? A shift towards a more adultlike consideration of objects, in line with the processing of local and global features, may occur around middle childhood. During free exploration of natural scenes, children begin to show adult-like values in their fixation durations at 6-8 years. Additionally, younger children (2-6 years) appear to apply a greater number of focal fixations (i.e. fixations which are often centred on objects and found in later stages of scene viewing) and are more influenced by visual saliency compared to older children (8-10 years) and adults (Helo et al., 2014). The prevalence of this focal mode, in which visual attention is directed to object details, may be related to children’s bias towards local features and the earlier maturation of the ventral relative to dorsal pathway (Braddick & Atkinson, 2011). It is also around this time that children’s spatial skills regarding objects appear to change. For example, children’s intrinsic skills (i.e. disembedding, mental rotation, and folding), which entail understanding the size of an object and the arrangement of its parts, improve earlier in childhood (6-8 years) than external skills (i.e. scaling and perspective taking), which require understanding the location of objects in relation to other objects or landmarks within scenes (8-10 years; Hodgkiss et al., 2021). 
Considered together, the above evidence suggests there are changes in how children attend to scenes across middle childhood, which may be partially due to shifts in their ability to process both individual and collections of objects. We anticipate that early in middle childhood, this bias towards objects will predispose children to notice inconsistencies at the local level (e.g. inverted versus upright objects) quickly, with children demonstrating a relatively mature scene/object inconsistency effect. This maturity may not extend to all scene viewing behaviours. Developments in other cognitive processes have been observed at later ages in middle childhood; for example, improved attentional control (Bartgis et al., 2008; Elke & Wiebe, 2017) and ability to ignore distractors (Volkmer et al., 2022). This heightened attention to distractors often observed in young children, would likely present in the current study as increased time spent viewing inconsistent versus consistent objects compared to older children and adults. Prioritisation of such local elements at the expense of wider scene exploration would additionally be consistent with young children’s decreased attentional control and heightened bias towards objects (Darby et al., 2020).
The present study extends the existing research by manipulating object inconsistency at the local, intrinsic level, measuring attentional changes across middle childhood. Specifically, we used eye tracking to characterise how attention is distributed on upright (consistent) and inverted (inconsistent) objects presented within natural scenes. We chose to use object-intrinsic inconsistencies (inversion) as this makes an object unusual both in of itself and within the contextual scene, but also avoids concerns regarding children’s potentially limited knowledge of scene-object semantic relationships (Öhlschläger & Võ, 2020). While children across these age groups may be less familiar with semantic scene-object relationships compared to adults, objects which are inverted should be noticeably inconsistent with the scene across all age groups, allowing us to investigate how children detect such inconsistency amongst other scene information and offer insight into how a local bias may influence attention during scene processing. Such effects would be characterised by eye-movement measures including the time taken to first notice and attend to the inverted object and how long the object was attended for. Following the literature, we expect younger children’s behaviour towards inconsistent objects to be shaped by their bias towards objects (Darby et al., 2020), and their relative lack of attentional control (Bartgis et al., 2008; Elke & Wiebe, 2017; Volkmer et al., 2022); noticing inconsistent objects quickly but failing to ignore and disengage from such objects as older children and adults do. The degree to which inconsistency effects are present across ages will be valuable in understanding children’s ability to detect and subsequently disengage attention from unusual objects in the context of visually-complex, natural scenes.
Methods
Participants
The final dataset included 60 participants: 20 children aged 5-6 years, 20 children aged 9-10 years, and 20 adults (Table 1). These numbers were based on prior eye tracking research with children (Helo et al., 2022). Two participants were excluded for not finishing the task (1 aged 5-6 years, and 1 aged 9-10 years). A further 14 participants were excluded because they failed to attend to our eye tracking areas of interest during at least 75% of test trials, which was taken as an indication that they were not properly following the task instructions and thoroughly visually exploring the scenes presented to them (7 aged 5-6 years, 3 aged 9-10 years, and 4 adults; see Table 1). Children were recruited via the University of East Anglia’s Developmental Dynamics lab’s database of families interested in participating in research, and adults were University students recruited from the School of Psychology. Informed written consent was provided by the adult participants and the parents/legal guardians of the children, and children provided converging verbal assent. Adult participants were reimbursed with course credit, and children received a book voucher and certificate for their participation. This study was approved by the University of East Anglia’s school of psychology ethics committee (ETH2122-0270). 
	Table 1

	Demographic information of participants

	Age Group
	Age (years)
	Age Range (years)
	Gender (N)
	Number of objects Attended 

	
	Mean
	SD
	Min
	Max
	Female
	Male
	Non-Binary
	Inverted M (SD)
	Upright M (SD)

	5-6 years
	6.16
	0.51
	5.18
	6.82
	10
	10
	0
	34.95 (2.93)
	31.90 (3.49)

	9-10 years
	9.98
	0.60
	9.02
	10.87
	10
	10
	0
	36.50 (2.42)
	34.60 (2.76)

	Adults
	20.39
	1.23
	18.70
	22.80
	16
	3
	1
	38.30 (2.05)
	36.95 (2.93)



Apparatus
An EyeLink 1000 Plus desktop mount eye tracker (v5.15; SR-Research) was used to collect monocular eye movement data at a 1000Hz sampling rate. Stimuli were presented using Experiment Builder (v2.4.1) on a 24-inch monitor (120Hz refresh rate) positioned 60cm away from the participant. A headrest was used during the experiment to reduce movement. 
Stimuli
Forty natural scene images were obtained from an inhouse database and online. Selected scenes consisted of colour photographs of a mix of 20 typical indoor and 20 outdoor scenes scaled to 800 x 600px (visual angle around 24° horizontally and 18° vertically). These scenes were presented on a black background.
Two different objects were inserted into each scene – one upright, one inverted (with these orientations counterbalanced between participants) using Adobe Photoshop (v CC 2017; Figure 1b). All objects were semantically consistent with the scene category; were large enough to be easily recognised (M x = 3.86°, SD = 1.63° range = 1.11 – 8.47°; M y = 4.12°, SD = 1.50°, range = 1.95 – 8.27°); and were placed in spatially consistent locations while ensuring that they did not appear in the scene centre (mean dist. from centre = 9.39°, SD = 1.70°, range = 5.27 – 12.96°). Saliency of upright and inverted objects was compared using the Itti and Koch (2001) MATLAB Saliency Toolbox, generating rankings of region saliency based on relative brightness, colour, contrast and edge orientation. Object saliency was determined by the number of saliency peaks taken to highlight the object, with lower numbers aligning with higher saliency. In instances where the object was not included in a saliency peak, object saliency was recorded as the maximum number of peaks plus 1 (upright ranking, M = 7.08, SE = 0.65; inverted ranking, M = 6.38, SE = 0.63). No significant difference in saliency was found between upright and inverted objects (t = 0.77, p = 0.443).
Procedure
All participants began by completing a binocular, 9-point calibration and validation procedure, presented on a black background (M offset = 0.84°, SD = 0.33°, M maximum offset = 1.48°). On occasion, after successful calibration, this validation procedure was skipped when children presented difficulties completing the procedure and were losing interest in the experiment (N = 20). The eye with the greater accuracy was then selected for recording. Eye-tracking drift checks were performed before the start of each trial (5-6 years M offset = 1.18°, SD = 0.44°, range = 0.27-1.93°; 9-10 years M offset = 1.21°, SD = 0.43°, range = 0.30-1.95°; adult M offset = 1.08°, SD = 0.37°, range = 0.24-1.77°), progressing only when the fixation offset was less than 2° from central target, and recalibration occurred as needed during the experiment; full details regarding participant validation and drift correction can be found in the supplementary materials (supplementary table 1). The start of each trial was initiated by the experimenter, after which a jittered fixation cross appeared on a grey background (for 500, 600, 700 or 800ms), followed by a scene appearing for 5000ms (Figure 1a). While participants viewed scenes, their eye movements were recorded.
Forty scenes were presented, split into five blocks, with trial order randomised within blocks (block order was not randomised). Participants were instructed to memorise the contents of each scene and were not specifically instructed to attend to or ignore the inverted and upright objects. The experiment followed an explorer training narrative, where participants were told to look at everything carefully and remember as much as possible. Three practice scenes, which did not contain any photoshopped objects, were presented at the start of the experiment prior to the first block.
At the end of each block of eight scenes, participants were presented with three cropped images (M x = 7.09°, SD = 1.50°, M y = 6.21°, SD = 1.87°) and asked if they had featured in the stimulus set shown during the block prior. The three memory trials include a section (M x = 6.14°, SD = 1.12°, M y = 5.15°, SD = 1.24°) of one of the scenes in the block (not including the target/distractor object, to avoid drawing additional attention to target objects presented in subsequent blocks), a common but not present object (e.g., a children’s toy), and an uncommon not present object (e.g. a rocket ship). The presentation order of these images was randomised. The purpose of these questions was to encourage participants to attend to the scene images broadly and was not considered an exhaustive measure of scene memory due to the limited number of items shown. For the same reason, performance on these questions was not considered as a criterion for participant exclusion.
Data Analysis
Eye tracking data was exported using EyeLink Data Viewer (v4.3.1, SR-Research). To investigate the presentation of scene-object inconsistency effects, we quantified participant eye movements into four different measures. To see how quickly participants were able to notice the objects and thus address any age-related differences in scene-object processing time, we measured latency to first fixation which was defined as time (in ms) taken from scene onset to first fixation in the interest area of each added object. Interest areas (upright distractor and inverted target objects) were defined by the space occupied by the relevant objects plus M x = 0.69° (SD = 0.13°) and M y = 0.67° (SD = 0.09°), and fixations were considered on the object if they fell within this defined interest area. We also measured dwell time, to quantify the extent to which participant attention was captured by the objects overall, which was defined as the total time (in ms) spent fixating in an interest area for each added object. For trials where participants did not fixate on the interest area, dwell time was entered as missing values. To complement dwell time data and explore how participants sampled information from objects, we recorded number of fixations to each interest area which was defined as the total number of fixations that fell within the interest area across the duration of a single trial. This may be particularly relevant to our developmental sample, across which we would expect changes in children’s representations of both an object’s parts, but also of the spatial relationships which are present between an object and other elements of a scene (Hodgkiss et al., 2021). Here, a fixation begins when the preceding saccade ends, and ends when the subsequent saccade begins, with eye movements defined as a fixation when the velocity of the eye rests below a threshold of 30°/s, and acceleration threshold of 8000°/s². Finally, to address the extent to which children were able to follow the task and explore the scene more broadly, exploration of scene was defined as the number of regions visited during each trial, with each scene divided into 48 100x100px regions.
Results
All analyses were conducted using R Studio (v2024.09.0). Analysis script and ready to analyse data files are available here https://osf.io/ykuad/?view_only=2ec5f8d26fd14c8095107e9161d324b5. 
To quantify the extent to which participants demonstrated a relative scene-object inconsistency effect, we generated difference scores (from individual participant means) between inverted and upright objects for each measure. These difference scores allowed us to compare the children’s performance to adults, as we found significant differences in variance of scores across age groups (i.e. greater variability within the children’s groups relative to adults) which made traditional analyses comparing the effects of object orientation problematic. Normality was first checked using Shapiro Wilks (stats package v4.4.1) and Levene’s tests (car package v3.1-3; Supplementary Tables 2 and 3 for output). Subsequently, difference scores were compared to 0 using t-tests (stats v4.4.1 and effsize v0.8.1 packages), or Wilcoxon signed ranks test (stats package v4.4.1) in cases of non-normal distribution, to determine if participants were viewing upright and inverted objects differently. We then explored the effects of age group (5-6 years, 9-10 years, adults) on difference scores using independent ANOVAs (type 1; stats v4.4.1, effectsize v1.0.1 and emmeans v1.11.0 packages) or Kruskal-Wallis rank sum tests (stats v4.4.1 and rstatix v0.7.2 packages). Analyses for latency to first fixation, dwell time and number of fixations were also repeated with normalised difference scores, the results of which can be found in the supplementary materials.
Overall behavioural performance in the memory task was high: adults completed the task with a mean accuracy of 89% (SE = 2%), 9–10-year-old children with 83% (SE = 2%), and 5-6-year-old children with 83% (SE = 3%). As this task was not considered an exhaustive measure of participant memory of scenes and objects, we did not choose to analyse these results further.
Latency to First Fixation
All age groups demonstrated a significant scene-object inconsistency effect, fixating on the inverted object more quickly than upright objects, with difference scores significantly different to 0; ts> 3.32, ps < .01 (Bonferroni corrected; Table 2). An independent groups ANOVA revealed no main effect of age (F(2,57) = 2.32 p = .108, η2 = .08), with children demonstrating similar difference scores in their latency to first fixation as adults (Figure 2a).
	Table 2

	T-test comparisons of difference scores (latency to first fixation to inverted versus upright objects) to 0

	Age Group
	Mean Score to Upright Object in ms (SE)
	Mean Score to Inverted Object in ms (SE)
	Mean Difference in ms (SE)
	Comparison to 0

	
	
	
	
	t statistic
	df
	p
	d

	All
	2217 (26)
	2009 (30)
	-208 (30)
	-6.89
	59
	<.001
	0.89

	
	
	
	
	
	
	
	

	5-6 years
	2241 (44)
	2025 (65)
	-216 (54)
	-3.99
	19
	<.001
	0.89

	9-10 years
	2232 (48)
	1950 (52)
	-282 (59)
	-4.79
	19
	<.001
	1.07

	Adults
	2178 (45)
	2051 (37)
	-127 (38)
	-3.32
	19
	<.01
	0.74

	Note. Values reported to 0 decimal places. P values are Bonferroni corrected.



Dwell Time
We observed significant variance in the dwell time data across age groups and non-normal distribution within groups (see Supplementary Tables 1 and 2); we investigated the effects of object orientation and age group using non-parametric tests. First, difference scores within each age group were compared to 0 using Wilcoxon signed rank tests (continuity corrected). There were significant effects of inconsistency across all age groups, with participants spending more time fixating on the inverted than upright object; ps < .01 (Table 3). 
A Kruskal-Wallis rank sum test revealed a significant effect of age group (H(2)) = 24.36, p < .001, η2 = .39). Post-hoc pairwise Wilcoxon rank sum tests (Bonferroni corrected) showed significant differences in dwell time scores between 5-6- and 9-10-year-olds (p < .01, r = .70), and 5-6-year-olds to adults (p < .001, r = .82), with no differences observed between 9-10 years and adults (p = .079, r = .45). This suggests 5-6-year-old children spent significantly longer viewing the inverted (compared to upright) objects relative to older children and adults (Figure 2b).
	Table 3

	Wilcoxon signed rank tests of difference scores (dwell time on inverted versus upright objects) to 0

	Age Group
	Mean Dwell Time Upright Object in ms (SE)
	Mean Dwell Time Inverted Object in ms (SE)
	Median Difference in ms (SE)
	Comparison to 0

	
	
	
	
	V statistic
	p
	r

	All
	701 (18)
	968 (39)
	212 (37)
	1771
	<.001
	0.814

	
	
	
	
	
	
	

	5-6 years
	727 (37)
	1223 (78)
	364 (79)
	210
	<.001
	0.88

	9-10 years
	656 (22)
	870 (42)
	196 (40)
	207
	<.001
	0.85

	Adults
	720 (32)
	812 (36)
	88 (27)
	177
	<.01
	0.6

	Note. Values reported to 0 decimal places. P values are continuity corrected.



Number of Fixations
We observed a non-normal distribution of data within age groups (Supplementary Table 1), and thus used Wilcoxon signed rank tests (continuity corrected) to assess the effect of object inversion on number of fixations. All age groups demonstrated a significant inconsistency effect with a greater number of fixations allocated to the inverted than upright object, with difference scores significantly different to 0; ps < .05 (Table 4).
As we did not find significant differences in variance across groups (Supplementary Table 2), we used an independent groups ANOVA to investigate age related differences. Here, we found a significant main effect of age group on difference scores (M diff. = 0.82, SE = 0.11, F(2,57) = 13.44, p < .001, η2 = .32). Post-hoc pairwise t-tests (Bonferroni corrected) found significant differences between the scores of 5-6-year-old children (M diff. score = 1.48, SE = 0.22) and 9-10-year-old children (M diff. score = 0.66, SE = 0.14; p <.01, d = 1.13), and 5-6-year-olds and adults (M diff. score = 0.31, SE = 0.12; p <.001, d = 1.60), but not between 9-10-year-olds and adults (p = .432, d = .47). This suggests 5-6-year-old children allocated significantly more fixations to examine the inverted object relative to older children and adults (Figure 2c).
	Table 4

	Wilcoxon signed rank tests of difference scores (number of fixations to inverted versus upright objects) to 0

	Age Group
	Mean Fixation N to upright object (SE)
	Mean Fixation N to inverted object (SE)
	Median Difference N (SE)
	Comparison to 0

	
	
	
	
	V statistic
	p
	r

	All
	2.72 (0.07)
	3.53 (0.11)
	0.68 (0.11)
	1747
	<.001
	0.79

	
	
	
	
	
	
	

	5-6 years
	2.66 (0.11)
	4.14 (0.22)
	1.39 (0.22)
	209
	<.001
	0.87

	9-10 years
	2.60 (0.10)
	3.26 (0.15)
	0.53 (0.14)
	207
	<.001
	0.85

	Adults
	2.89 (0.13)
	3.20 (0.14)
	0.24 (0.12)
	167
	<.05
	0.52

	Note. Values reported to 2 decimal places. P values are continuity corrected.



Exploration of Scene
To address how explorative participants were when viewing the scenes, we conducted an independent groups ANOVA comparing the mean number of regions visited by each age group. Here, we found a significant effect of age group on number of regions visited (F(2,57) = 22.64, p < .001, η2 = .44). Post-hoc pairwise t-tests (Bonferroni corrected) were then conducted. 5-6-year-old children visited the fewest regions (M = 8.89, SE = .23), with 9-10-year-olds visiting significantly more regions (M = 9.77, SE = .16, t(57) = -3.310, p <.01, d = 1.05), and Adults visiting the most regions (M = 10.68, SE = .17), significantly more than both 5-6 (t(57) = -6.728, p < .001, d = 2.13) and 9-10-year-old children (t (57)= -3.418, p < .01, d = 1.08; Figure 2d).
Discussion
The current study explored the development of attention to intrinsically-odd objects in scenes through middle childhood. We presented children aged 5-6 years, 9-10 years, and adults with natural scenes as part of a scene memory task, while object inconsistency was manipulated at the local level by inverting specific objects. Eye movements to the inverted and upright objects were recorded across viewing time, including latency to first fixation, number of fixations, overall dwell time and scene exploration. We found that children aged 5-6 years, like older children and adults, noticed and attended to inverted objects quickly, with all age groups demonstrating shorter latencies to first fixation on inverted than upright objects. However, compared to adults and older children, those aged 5-6 years spent more time viewing inverted relative to upright objects, and allocated a greater number of fixations to these inverted objects at the cost of wider scene exploration. While children aged 9-10 years were similar to adults in their processing of inverted versus upright objects, they did not explore scenes to the same extent.
When considering latency to first fixation, we found that 5-6-year-old children noticed inverted (relative to upright) objects more quickly, in a way which is similar to older children and adults (no age differences). We hypothesised that children’s susceptibility to a local processing strategy in other contexts (Krakowski et al., 2016, 2018; Nayar et al., 2015; Poirel et al., 2008, 2014; Vinter, Puspitawati & Witt, 2010) and their potential bias towards objects within scenes (Darby et al., 2020; Dillon, 2021) could benefit their ability to notice such scene-object inconsistencies. However, in contrast to older children and adults, 5-6-year-old children spent significantly longer viewing and examining the inverted objects relative to the upright controls. This may relate to a number of developmental factors, including changes in attentional control towards visual stimuli. Prior research suggests that such attentional mechanisms develop significantly over the course of middle childhood (Bartgis et al., 2008; Elke & Wiebe, 2017; Volkmer et al., 2022). Here, we predicted that attentional control towards inverted objects would improve with age, and this is consistent with our findings as 9-10-year-old children were more adult-like in their ability to disengage from the inverted object (i.e. spent less time viewing the inverted object relative to upright) compared to 5-6-year-old children. In addition to dwell time, we also found that 5-6-year-old children allocated a greater number of fixations to inverted compared to upright objects than the older children or adults, examining these objects more extensively. Together these findings suggest that younger children are dedicating more time and resources to process the inverted objects. Here, younger children may require longer to consider why such inverted objects are not consistent with the rest of the scene and may see value in their inconsistency within the scene. In contrast, adults and potentially even older children, are quicker to recognise, understand and adapt to the inverted object and its consistent presence across trials.
This tendency to closely examine that which is novel and unusual, even if not task relevant, may be particularly advantageous to young children as they learn about the world. For example, research suggests that when learning categories, young children (~4 years) distribute their attention more broadly, and are more likely to recall both category relevant and irrelevant information compared to 7-year-olds and adults (Deng & Sloutsky, 2015). These effects are also found during visual search tasks, as children aged 4-5 years demonstrate greater recognition for task-irrelevant object features than adults (Plebanek & Sloutsky, 2017). Even children in middle childhood (7-10 years) have been found to be particularly adept at learning both task-relevant and irrelevant information and are much more sensitive to task-irrelevant features than adults (Frank et al., 2021). While increased attention to these novel features may be disadvantageous to the goal of broader scene exploration, such mechanisms could benefit children’s learning of typical scene-object relationships. Further research is required to directly investigate the effects that scene-object inconsistencies have on children’s learning of scene-object relationships, in addition to how this may interact with goal-oriented behaviours.
The consequences of such examination of and time spent on the inverted object were evident in the limited exploration of scenes demonstrated by the 5-6-year-old children. Furthermore, despite demonstrating a more adult-like ability to disengage from the inverted object, 9-10-year-old children did not explore the scenes to the extent of adults. Research suggests children around this age do not yet demonstrate the same influences of top-down knowledge and expectations on scene processing as adults and are more explorative when image features are lower in saliency (Açık et al., 2010). Even at 9-10 years, children may not yet process features within complex natural scenes to an adultlike level, an effect potentially related to the protracted development of neural regions within the scene-selective network (Chai et al., 2010; Meissner, Nordt & Weigelt, 2019). To better understand the dynamics between attentional development, scene complexity, saliency, and exploration there is scope to further explore the changes that occur from 5-6 to 9-10 years that encapsulate this shift towards more adultlike processing, and subsequently how this continues to develop in later childhood.
Recruiting a large and diverse sample for future work will support the robustness and generalisability of reported findings. Our target for the sample was based on a previously published eye tracking study with children in this domain (Helo et al., 2022), but this work was investigated processing in individuals with developmental language delay: a harder-to-reach population. Moreover, we did not expect to exclude almost a third of the children we tested based on concerns about data quality and understanding of the task. We observed higher variability in the responses of younger children, which is often observed in developmental research including that of executive functioning across middle childhood (Rincón-Pérez et al., 2021). It would be valuable to further investigate the individual differences which contribute to such variability within the same age group, including but not limited to, differences in language development (Helo et al., 2022), culture (Köster et al., 2018; Senzaki et al., 2016) and background (Last et al., 2018), as well as sensitivity towards object saliency which has previously been identified as a guiding factor for young children (Helo et al., 2014). We hope the current study provides a basis for future research to examine these differences in further detail, testing more children, to better understand the development of scene processing across this time.
Conclusion
We provide evidence that attention to object inconsistencies in scenes, measured through eye movements towards inverted objects in scene images, develops substantively across middle childhood. We found that, like adults, by 5-6 years children quickly detect and attend to inverted (relative to upright) objects within scenes; potentially facilitated by their bias towards local scene information. However, at 5-6 years children consistently allocated more time and resources towards examining and processing inverted compared to upright objects than 9-10-year-old children and adults, at the cost of wider scene exploration. Our findings suggest that while some aspects of object processing in scenes appear adultlike by 5-6 years, processing of the scene more broadly continues to follow a protracted developmental trajectory across middle childhood. Further research is required to better understand the complex relationship between cognitive development and natural scene processing across childhood.
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