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Abstract 

 

 In naturalistic scene processing, individuals adopt multiple resources to facilitate their 

object identification processes. For instance, scene context information contains many cues to 

facilitate recognition of an object, including the scene gist category and other semantically 

related objects. Similarly, individuals’ capacity to allocate attention independently from eye-

movement suggests extrafoveal processing under circumstances where target objects are not in 

the center of fixation. Previous studies have shown that target-related objects or scene context, as 

well as extrafoveal processing of the object, may boost object perception. However, very few 

studies have examined the effect of multiple sources of information on object processing 

simultaneously.  In the present study, we investigated whether scene context and distance from 

fixation would interact and influence individuals’ object identification. Using a modified dot-

boundary paradigm, we manipulated the distance of objects in relation to the fixation so that 

participants have varying difficulty in processing the objects with peripheral vision. Crucially, 

we examined whether individuals’ ability to extract extrafoveal information was modulated by a 

semantically related scene context. Our findings revealed a robust preview effect, although there 

was no scene context effect and nor a context-preview interaction. Altogether, our data suggest 

individuals may have chosen to rely on one route of facilitation when the other path is restricted. 
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Chapter 1  

Introduction 

 

Ability to Extract Extrafoveal Information  

modulates Object Processing in Naturalistic Scenes 

 
 
 
            You just woke up on a Sunday morning and decided to take a shower. You took off your 

clothes and walked into the bathroom. Now you are scanning through the sink, looking for the 

items you will be using in a few seconds: toothbrush, toothpaste, towel, shampoo, and 

conditioner. You grab all these items in no time and rush into the shower.  

             Little do you know, you just demonstrated an amazing ability. You were able to quickly 

identify all the items above before you start to feel it is too cold. Previous studies have suggested 

the object identification process can be facilitated by sources such as context and extrafoveal 

processing. We examined these facilitative factors as well as their mechanisms in boosting 

individuals’ object identification performance. I further explored how these facilitative factors 

would interact with one another in object processing, especially when the difficulty of extracting 

extrafoveal information is enhanced. Specifically, I investigated whether peoples’ ability to 

extract extrafoveal information influence the strength of scene context effect.  

 

Dual-Path of Object Processing  

 

            Traditionally scholars have attributed peoples’ success of recognizing their surrounding 

world solely to the visual sensory path, which involves retina picking up the light energy and 

passing it forward to the visual cortex through the optic nerve. Aside from this bottom-up route, 
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it has also been demonstrated that knowledge and memory facilitate the recognition process. 

When sensory information is limited (i.e., ambiguous object or scene), the intervention of higher 

cognition processes becomes particularly evident (Oliva & Torralba, 2007; Russell & Torralba, 

2008). For instance, the contextual information of the beach and ocean would play a significant 

role in helping individuals identify the cruiser in Figure 1. Instead of processing visual inputs, 

individuals extract cues from the scene to estimate the identity of objects. In fact, the accuracy of 

such top-down driven recognition positively correlates with the strength of associations among 

objects and scenes (Eckstein, Drescher & Shimozaki, 2006; Hoiem, Efros, & Hebert, 2006; 

Torralba, 2003). For instance, it is easier to recall a mailbox sitting on the street sidewalk than if 

it were floating in the air, as mailboxes typically do not disobey gravity in real life (Biederman, 

Mezzanotte, & Rabinowitz, 1982).  

 

 

Figure 1. In this blurry scene of a beach, individuals must rely on their knowledge and contextual information 

provided by the scene to determine the object at the horizon to be a cruiser. 

 
              When incoming visual inputs alone are insufficient to lead to object or scene 

recognition, people rely on knowledge to facilitate the perception process. However, visual 

representations and memory can still facilitate recognition even when the inputs are not 
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ambiguous (Masson, 1991; Norman & Rumelhart, 1975; Rumelhart, 1980). For instance, 

individuals tend to identify target objects shown in a semantically consistent scene faster than 

those shown in an inconsistent scene (Antes & Penland, 1982; Loftus & Mackworth, 1978; 

Nelson & Loftus, 1980; Saida & Ikeda, 1979). Further, people also recall the consistent targets 

with significantly higher accuracy than the inconsistent targets (Antes, Penland, & Metzger, 

1981; Biederman, 1971, 1981; Biederman et al., 1982; Davenport & Potter, 2004; Palmer, 1975).  

 

The Routes and Mechanisms of Cognitive Facilitation in Object Processing 
 

                A semantically consistent scene context can significantly facilitate object processing 

through various routes (i.e., faster identification, more accurate recall, etc.). However, the 

definition of scene context lacks consensus among visual cognition researchers. In earlier 

studies, the context was simply defined and treated as information that accompanies the target 

object. In one case, the context were flanker objects that co-exist with the target object 

(Henderson, 1992), a 2D line drawing defining objects only by contours (Boyce & Pollatsek, 

1992), or a high-resolution line drawing of a 3D computer rendered scene (Biederman et al., 

1982; Henderson, Weeks, & Hollingworth, 1996). However, concerns over ecological validity 

have induced recent studies to adopt real-world natural scenes in object perception studies 

(Davenport, 2007; Davenport & Potter, 2004; Harris, Kaplan, & Pashler, 2008; Castelhano & 

Heaven, 2011; Pereira & Castelhano, 2018). The present study adopts real-world natural scenes 

as contexts for the target objects to ensure ecological validity. Specifically, the present study 

defines scene context as a nameable view of a real-world environment consists of larger-scale 

background elements and smaller-scale foreground objects (Henderson & Hollingworth, 1999).  



4 
 

                In general, the visual cognitive literature to date has featured facilitated object 

processing led by nontarget objects in co-existence (Auckland et al., 2007; Henderson, 1992a; 

Henderson, Pollatsek, & Rayner, 1987), scene gist associations (Boyce, Pollatsek, & Rayner, 

1989; Torralba, Oliva, Castelhano, & Henderson, 2006) as well as spatial regularities 

(Castelhano & Heaven, 2011).  

                 Although co-existing objects and scene gist both contribute to the general scene 

context facilitation in object identification, the underlying mechanisms of facilitation differ 

drastically (Antes, Penland, & Metzger, 1981; Biederman et al., 1982; Boyce, Pollatsek, & 

Rayner, 1989; Friedman, 1979). Object processing facilitated by co-existing objects, or intra-

level facilitation, requires people to identify the scene-defining object. Successful identification 

automatically activates associated concepts and lowers the identification threshold (Anderson, 

1976; Collins & Loftus, 1975). Moreover, successful identification activates the appropriate 

schema frame for the scene context, which ultimately boosts the recognition of other targets 

(Friedman, 1979; Henderson, Pollatsek, & Rayner, 1987). For instance, recognizing a pig in the 

farm facilitates target recognition by lowering the recognition threshold of all farm animals, 

while simultaneously activates the schematic frame of the farm. 

                 There are two problems with generalizing the intra-level facilitation to explain 

facilitated object processing induced by other sources such as scene gist and spatial regularity. 

First, a scene contains much more information than mere objects. Scene gist (e.g., scene category 

may disagree with specific objects), spatial configurations (e.g., the location and size of objects), 

and pose (e.g., directions objects face towards) all contain a distinctive layer of information to 

formulate object estimation. Biederman and his colleagues (1982) manipulated multiple types of 

inconsistency such as probability (e.g., whether the target object is associated with the scene), 
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size (e.g., whether the target object is sized correctly), and support (e.g., whether target object 

has any support base). They asked participants to perform a retrospective detection task. Their 

findings suggested that people make more mistakes when the number of spatial inconsistencies 

increases in the scenes. Similarly, Davenport (2007, Experiment 3) manipulated scene 

consistency and co-existing object relatedness in a target recall study. Participants recall the 

objects with the highest accuracy when they are 1) accompanied by related objects and 2) placed 

in a semantically consistent scene, versus when the objects are presented only with 1) or 2) or 

neither. Both studies reveal an additive effect contributed by various components of scene 

context on object identification. 

                  However, the gist perception literature shows the co-existing object induced 

facilitation does not share the same mechanism with other forms of facilitation. Previous 

literature on intra-level facilitation suggests people recognize the target object (e.g. a cow) within 

a scene after activating the schema frame of the scene (e.g. a farm). The schema frame activation 

also happens after the identification of the scene-defining object (e.g. a red barn on the meadow)  

(Friedman, 1979; Henderson, Pollatsek, & Rayner, 1987). In other words, facilitated object 

processing is the product of a series of sequential activation. However, studies have shown that 

people complete scene gist perception quicker than object perception. While object perception 

typically requires up to 150ms post-stimulus, gist perception only takes as brief as 20ms post-

stimulus (Greene & Oliva, 2009; Thorpe, Fize, & Marlot, 1996). Thus, people may be able to use 

global scene-emergent features to aid their recognition before successfully identifying a 

nontarget object (Antes, Penland, & Metzger, 1981; Biederman et al., 1982). 

The schema hypothesis (Henderson, 1992) also proposed that the activation of stored 

memory representations of scenes creates expectancy, which leads to facilitated object 
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processing. However, Henderson also found this interpretation of the facilitation mechanism 

does not apply to intra-level facilitation. Specifically, this theory predicts worse performance in 

identifying objects accompanied by semantically inconsistent objects than the baseline condition 

(i.e. irrelevant objects) due to misleading expectations. However, the findings do not support this 

prediction (Henderson, 1992b, Experiment 2).  

               One way to interpret these seemingly inconsistent findings is to acknowledge the 

distinctiveness of different routes of cognitive facilitation and their underlying mechanisms. For 

instance, while global scene features may induce cognitive facilitation on object processing 

through creating expectations, intra-level object recognition may achieve the same through 

spread activation. The independence of these facilitation routes has also been revealed by the 

literature. Castelhano and Heaven (2010) found participants recognize target objects faster when 

they are placed at a spatially expected location but a semantically inconsistent scene, compared 

to a semantically associated scene but an inconsistent location, or both inconsistent scene and 

location. For example, participants were quicker and more accurate in finding a mug on a 

nightstand in the living room than on the floor of the same room, as countertops are more 

relevant to mugs than floors (Torralba et al., 2006). The authors argued that if location 

consistency were nested within semantic consistency, participants would not be able to benefit 

from location consistency if the target object was not semantically associated with the scene in 

the first place. Thus, these findings suggest that facilitated perception induced by spatial 

associations represents a separate knowledge system working in parallel with scene semantics.  

 

Extrafoveal Processing and Preview Benefit in Object Processing 
 

A semantically and spatially consistent context may not be the sole factor in facilitated 

object processing within scenes. An extrafoveal preview of the object may lead to facilitation as 
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well. Attentional movements are independent of eye movements (Bashinski & Bacharach, 1980; 

Eriksen & Yeh, 1985; Posner, 1980; Posner & Cohen, 1984; Remington, 1980; Tsai, 1983). 

While individuals fixate on an object with their foveal vision, their attention can move and 

extract information from extrafoveal regions (Posner, 1980; Posner, Cohen, & Rafal, 1982). 

Although visual acuity falls rapidly with increasing retinal distance from the fovea and the 

processing of objects beyond fixation point tends to be ambiguous and incomplete, partially 

analyzed information still can facilitate object processing (Loftus & Mackworth, 1978; Nelson & 

Loftus, 1980; Parker, 1978). In other words, although extrafoveal processing often does not 

generate sufficient information for identification, generated information still weighs in on 

programing the next saccade and fixation (Loftus & Mackworth, 1978; Parker, 1978). Further, if 

the previewed object were later fixated, the partially analyzed information integrates into the new 

central vision-extracted information, speeding up the object identification process. Such 

facilitations on object processing from extrafoveal preview are commonly referred to as 

“preview benefit” (Henderson, Pollatsek, & Rayner, 1989; Pollatsek, Rayer, & Collins, 1984; 

Pollatsek, Rayner, & Henderson, 1990; Irwin, 1991). 

 As the initial interpretation of extrafoveal processing, the Zoom hypothesis argues that 

the region of pictures or scenes that individuals extract information from is dynamic (Eriksen & 

Yeh, 1985; Rayner, 1975). According to this hypothesis, the distribution of attention is initially 

across the whole scene but then would zoom onto an object.  However, Henderson, Pollatsek, 

and Rayner (1989) suggest the zoom model does not best describe peoples’ deployment of 

attention in previews. In their study, they instructed participants to verbally respond whether a 

given object is in an array of four object words, which are displayed upon eye fixation at one of 

four corners on a rectangular monitor screen. In each trial, participants began by looking at the 
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center of the display (where there was no object) after successful calibration. They then made a 

saccade from the center of the display towards the upper left position and subsequently looked 

around the display in a counter-clockwise direction to view all four objects. In the baseline 

condition, experimenters masked all four object words when participants fixate at the center 

initially. In the Zoom condition, all four object identities were available at initial center fixation. 

According to the zoom hypothesis, the initial screen-wide expansion of attention would extract 

preview information from all four objects that would facilitate the subsequent processing during 

ordinal revealing. However, there was no significant facilitated processing from participants in 

the zoom condition compared to the baseline condition.  

On the other hand, participants spent significantly less time fixating on objects in the One 

+ Next condition. In contrast to the baseline condition and the Zoom condition, participants can 

see two object names per fixation in the One + Next condition: the object participants fixated at 

and the object at their next fixation. Identical to the baseline condition, the objects were also 

masked during the initial center fixation. This result favours a sequential attention model - that 

extrafoveal information is extracted from the object that is placed at the location towards which 

the next fixation will land. In conclusion, the authors found facilitated object identification as a 

function of the information available in the next fixation, but not the information available at the 

start of each trial.  

In the present study, I examined how factors that facilitate object processing would 

interact with one another and influence object identification. Specifically, I examined whether 

scene context would exert a greater influence on object perception when individuals encounter 

difficulty in extracting information from peripheral vision.  To address the question, I adopted 

the Dot-Boundary paradigm, which I turn to next.  
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The Dot-Boundary Paradigm  
 

To examine the relations of scene context and extrafoveal preview in object processing, 

we used the Dot-Boundary paradigm (Pereira & Castelhano, 2018; Rayner, 1975). At the start of 

each trial, a target name is displayed. On each trial, participants were instructed to fixate on a 

suddenly onsetting red dot after moments of scene free viewing. Once fixations on the red dot 

are recorded, another suddenly onsetting preview object appears at a near or distant extrafoveal 

location. Then, the preview object changes into the target object during the saccade from the red 

dot to the preview object launched by the participants. The preview object can be either identical 

or visually dissimilar to the target object.  

Agreeing with the sequential attention model (Henderson, Pollatsek, & Rayner, 1989), 

the Dot-Boundary paradigm permits the accurate extraction of preview information by clearly 

marking the preview object to be the location of next fixation. Preview and target object onset 

after fixation on the dot also ensures the preview benefit is not modulated by exposure during 

free scene viewing.  

The Dot-boundary paradigm is a novel approach developed recently for accurate 

manipulation of fixation during visual processing (Pereira & Castelhano, 2018; Rayner, 1975). 

However, the paradigm does not escape from broader challenges other paradigms also tend to 

encounter. Although the paradigm features objects for individuals to attend on, it lacks the tool to 

detect and warn unmotivated participants who are not following instructions by fixating properly 

on site. In other words, it also suffers from motivation-related impairments on data quality. In 

addition, the extent to which the paradigm extends to real-world scene viewing is arguable. 

Unlike the paradigm, real-world scene viewing usually does not feature the sudden appearance of 
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one object among a set of stable objects (Brockmole & Henderson, 2008). Therefore, the range 

of research questions meant to be answered by the paradigm could be limited. The paradigm is 

ideal for object identification or bottom-up attentional capture studies. However, it lacks the tool 

to examine multiple moving objects in real-time, which could be required by motion perception 

or perceived animacy studies.  

The Mechanisms of Preview Benefit 
 

              Aside from the standard low-level priming, previous studies also examined if semantic 

mechanisms also contribute to preview benefit. Early studies on lexical reading showed no 

integration of semantic information across saccades (Altarriba, Kambe, Pollatsek, & Rayner, 2001; 

Hyona, & Haikio, 2005; Rayner, Balota, & Pollatsek, 1986; Rayner, 2009; Rayner, McConkie, & 

Zola., 1980). However, given the difficulty of extracting meaning from words at the extrafoveal 

vision, these findings should not be generalized to object recognition in scenes (Rayner, 2009). 

Yet, early lexical reading literature is also the first to highlight preview benefit as a function of 

extraction difficulty. Studies have found that when the fixated word is difficult to process, readers 

get little or no preview benefit from the word to the right of the fixated word (Henderson & Ferreira, 

1990; Kennison & Clifton, 1995; White, Rayner, & Liversedge, 2005). Similarly, the preview 

benefit is more significant when the fixated word is easy to process (Balota et al., 1985; Drieghe 

et al., 2005). These results suggest that the preview benefit relies on the availability of cognitive 

resources. Tricky words, whether in content or font, require more effort to process and thus lead 

to longer fixations, shorter saccades, and more returns to previous texts (Rayner, 1998; Rayner, 

Reichle, Stroud, Williams, & Pollatsek, 2006; Slattery & Rayner, 2009). Ultimately, the resources 

available for extracting preview information is restricted, and the preview benefit decreases.  
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                There is a less consensus attitude in scene perception literature on whether individuals 

could integrate semantic information of an object across saccades. Some studies show that initial 

saccades in scenes are not influenced by semantic information in extrafoveal regions (De Graef, 

1998; De Graef, Christiaens, & d’Ydewalle, 1990; Henderson, Weeks, & Hollingworth, 1996; but 

see Underwood & Foulsham, 2006; Underwood, Humphreys, & Cross, 2007). Other studies 

showed participants might find unusual or emotional objects quicker than the regular objects (e.g., 

a green stop sign replacing the red sign, a baby replacing a ball thrown in the air). These studies 

suggest violations of semantic regularities that would influence subsequent fixations can be 

detected from extrafoveal regions (Becker, Pashler, & Lubin, 2007; Harris, Kaplan, & Pashler, 

2008; Rayner, Castelhano, & Yang, 2009).    

These seemingly contradictory results may be reconciled by the presence of a moderator – 

the ability to extract extrafoveal information during the task. In their study, Brockmole and 

Henderson (2008) manipulated the presence of a motion cue that accompanies the onset of the 

target. The onset of the target and the motion cue would occur when participants launched saccade 

in the process of viewing fully-coloured photographs. They found targets that violated semantic 

regularity were fixated sooner than those that did not violate only when the motion cue is absent. 

Further, studies that did not find the extraction of semantic information from extrafoveal regions 

all used colourless line drawings. In contrast, studies that found the extraction of semantics from 

extrafoveal regions used full-colour photographs. These observations are consistent with lexical 

reading literature that the cognitive load undertook, or the difficulty of extraction may moderate 

the extraction of semantic information from extrafoveal vision. When the task of extracting 

information from extrafoveal vision is relatively easy (or greater ability to extract information) 
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such as when processing a simple word, an object in a full-colour photograph, or without attention 

being taken away by a motion cue, preview benefit may be produced from a semantic aspect.  

 

The Combinatory Effect of Scene Context and Preview Information 
 

Previous studies that manipulated both context and the extrafoveal preview showed 

interesting results in regards to interactions of scene context and preview availability (Boyce & 

Pollatsek, 1992; Henderson, 1992). In his study, Henderson (1992) instructed participants to 

begin each trial by fixating on the left side of the screen. They then would launch a horizontal 

saccade to the right and fixate on a target object (i.e. shoes) to the right. The target object can be 

accompanied by related (i.e., socks) or unrelated (i.e. hammers) flanker objects. In half of the 

trials, the target object is masked until fixation. By examining naming latency, Henderson (1992) 

found significant preview benefit, such that participants spent less time naming the target object 

when a preview was present (M = 563 ms) versus absent (M = 724 ms). However, there was a 

decreased preview benefit when the target was accompanied by related flankers (M = 113 ms) 

than neutral flankers (M = 144 ms). Besides, the context helped target object identification when 

the preview is not available (M = 40ms), but not when it is available (M = -13 ms). These 

findings imply that contextual information and preview availability, although facilitate object 

identification, respectively, may collide and provide hinder on object identification when present 

simultaneously.   

Similarly, Boyce and Pollatsek (1992) found context-induced-facilitation only when the 

targets appear far (7) from the initial fixation of the scene, but not when they appear at a close 

distance (3). Findings from both studies suggest that simultaneously providing two paths of 

resources for object facilitation may not lead to performance as good as when only one route is 

available. Although both studies discussed above (Henderson, 1992; Boyce & Pollatsek, 1992) 
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suffered from insignificant results, small sample size, and uncontrolled confounds, these results 

raised an interesting hypothesis. Specifically, people might modify their strategy of boosting 

object processing based on the availability of sources of facilitation (i.e., scene context and 

extrafoveal preview).  

 

Eye-Movement Measures of Object Processing 
 

 The measures of eye-movements in object processing have undergone several 

modifications in the past few decades. Early paradigms and measures included asking participants 

to examine each scene freely in preparation for a memory recall task. The primary measure in these 

paradigms was the total fixation time on the target object, which was either semantically consistent 

or inconsistent with the scene (Friedman, 1979; Loftus & Mackworth, 1978). However, the total 

fixation measure fails to distinguish object identification from post-object identification processing, 

such as memorization. With this measure, the data would not be informative as experimenters 

cannot dissect the cognitive processes during the fixation. Later studies have also shown that object 

identification and post-object identification processes can be very different for the same object. 

For instance, participants tend to identify semantically inconsistent or unusual objects quicker yet 

fixate on them longer (Boyce & Pollatsek, 1992; Rayner, Castelhano & Yang, 2009).  

To distinguish object identification from post-object identification processes, 

experimenters began to explicitly ask participants to identify the target as soon as possible through 

naming. Compared to the task recall paradigm featuring total fixation time, the object-naming 

measure reflects the time required to identify the object instead of integrating it within the scene 

(Boyce & Pollatsek, 1992; Henderson, Pollatsek, & Rayner, 1987). However, naming time could 
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also be extended by factors beyond object identification, such as difficulty in name retrieval (e.g., 

tip-of-the-tongue phenomenon) (Brown & McNeil, 1966; Potter & Faulconer, 1975).  

 In the present study, we have adopted the Dot-Boundary paradigm that features a 

match/mismatch discrimination task. The paradigm asks participants to respond as soon as they 

identify the target. Crucially, we have included three eye-movement measures to demonstrate the 

results: first fixation duration (length of first fixation duration on the target), first gaze duration 

(sum of all fixation durations on the target within the first visit), and total time (sum of all fixation 

durations on the target).  

The three measures represent three timestamps along the entire identification process. The 

distinction among measures is crucial, given that individuals perceive different aspects of scenes 

at different phases (Epstein & Baker, 2019; Henderson & Hollingworth, 1999; Ullman, 1996). For 

instance, early vision features extraction of physical properties such as depth, texture, and 

representations of edges and surfaces, which can be measured by the first fixation duration (Murray, 

Kersten, Olshausen, Schrater, & Woods, 2002). The complete identification of objects that involve 

mapping from visual representations to meanings would follow and arrive slightly more than 350 

ms post-stimulus. Such cognitive processes can be measured by first gaze duration (Evans & 

Treisman, 2005; Fei-Fei, Iyer, Koch, & Peronna, 2007). Finally, the total time variable reflects 

scene context-integrated object perception as the measure captures the duration of the revisits to 

the target region.   

Therefore, these measures reflect distinctive cognitive processes along the path of object 

identification. Similarly, the difference between total time and first gaze duration measure would 

also indicate any excessive hesitation among participants. In summary, these three eye-movement 

measures of object identification also serve as validity checks for each other. 
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The Present Study  
 

In the current study, we investigate whether the scene context would exert greater 

influences on object identification when peoples’ ability to extract visual information is 

constrained. To limit the availability of visual information, I manipulated the position of preview 

of the object in relation to participants’ current fixation. Although many studies have shown both 

scene context and extrafoveal preview may be able to facilitate object processing, it is still 

unclear how these two sources of facilitation influence object processing within scenes. 

Specifically, with the Dot-Boundary paradigm, we manipulated the difficulty of extracting 

extrafoveal preview information to examine if the change in preview benefit would influence the 

context effect.  

After providing informed consent, participants were instructed to determine if the target 

word describes the target object in each trial via a button press on a gaming pad. After moments 

of free viewing of the scene, we adopted the Dot-Boundary paradigm such that a red dot 

appeared on the screen. Once participants fixated on the red dot, a preview object (e.g. a vase of 

flower) appeared. During the saccade from the red dot to the preview object, the preview object 

either change into a visually dissimilar target object (e.g. a sculpture) or an identical object (e.g. 

a vase of flower). The Dot-Boundary paradigm assures that participants obtain the extrafoveal 

preview information as the algorithm imitates a One + Next scenario (Henderson, Pollatsek, & 

Rayner, 1989). See Figure 3 for an example of a trial sequence of the paradigm. 

In the present study, we propose three hypotheses. My Hypothesis 1 is that scene context 

and extrafoveal benefit may boost object processing in scene perception in an additive manner. 
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This hypothesis is in line with studies that showed facilitated object processing induced by each 

distinctive component (i.e., scene gist, object relations, spatial configuration) may be 

combinatory (Castelhano & Heavens, 2011; Davenport, 2007; Pereira & Castelhano, 2018). 

Under this hypothesis, each component represents distinctive knowledge that evaluates the object 

separately from the other components. I predict that the most significant boost in object 

processing takes place when the target object appears in a semantically consistent scene, and 

preceded by an identical preview object at a close visual distance. Hypothesis 2 is that scene 

context and extrafoveal benefit may synergistically facilitate object processing. This hypothesis 

predicts identical results as Hypothesis 1, but the discrepancy in boost may be disproportionate. 

Hypothesis 3 is that scene context, and extrafoveal preview may interact with each other in a 

trade-off manner. Specifically, peoples’ ability to obtain an extrafoveal preview benefit may 

modulate the magnitude of the scene context effect. 
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Chapter 2  

Methods 
 
 

Participants. Ninety-two Queen’s University undergraduate students, with normal or 

corrected-to-normal vision, participated in exchange for course credit or CAD$12/hr 

compensation. Three participants did not complete the experiment properly, leaving a total of 89 

participants.  

Apparatus & Stimuli. 624 black and white photographs of various indoor and outdoor 

scenes (800 x 600 pixels; 38.1   28.6 ) were collected from the Internet and used as stimuli. 

Multiple edits such as the red dot and target-objects were made using Adobe Photoshop. Target-

objects were selected for each image. There were three context conditions (Consistent, 

Inconsistent, and Context), two preview conditions (Dissimilar and Identical), and two visual 

distance conditions (4 and 10), for a total of twelve images created for each target. See Figure 

2 for example images for each condition. 

 

Consistent Inconsistent Control 

   

Identical Dissimilar 
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Figure 2. An overview of the experimental stimuli. Participants were instructed to identify the target object (i.e., a 

vase of flower), highlighted by a white oval in the upper panel. The target is either placed in a consistent scene (i.e., 

bedroom), an inconsistent scene (i.e., kitchen), or a mask. The lower panel illustrates the preview conditions. The 

target object can be preceded by either an identical object (i.e. a vase of flower) or a dissimilar object (i.e. a 

sculpture). 

 

 The scene image without the target object nor preview object served as the preview 

image. Across all conditions, a red dot cue (2  2) was placed in the scene for fixation. For 

Dissimilar previews, objects with different shapes were placed in the same location as the target. 

For Identical previews, objects identical to the target objects were placed in the same location as 

the target. For the 4 and 10 visual distances, the preview objects were placed 4 and 10, 

respectively, away from the red dot. The display changes from the preview object to the target 

object during the saccade when participants’ gaze surpasses the boundary of the red dot, while 

vision was suppressed.  

  Participants’ eye-movements were tracked with an EyeLink 1000 eye-tracker (SR 

Research), with the sampling rate of 1000 Hz. Although viewing was binocular, only eye-

movement from the right eyes was tracked. Participants were seated 60 cm away from the 

monitor, with their head fixated on a chin rest. A 9-point calibration check ensured calibration 

error was kept within 1.0. The stimuli were displayed on a 21 cathode ray tube (CRT) monitor, 

with 800  600 resolution and 100Hz refresh rate.  

Procedure. The present study features a 322 mixed design. The context is 

manipulated between-subject (Consistent, Inconsistent, and Control contexts), while preview 
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information (Dissimilar and Identical previews) and visual distance (4 and 10) are manipulated 

within-subject. Participants were instructed to determine if the target name describes the target 

object through pressing the leftmost and the rightmost buttons on a gaming pad (Left arrow = 

“Yes”; B = “No”) in each trial.  

   For each trial, the target name is displayed for 2000 ms, followed by a fixation cross for 

500 ms. A preview scene without preview or target objects is displayed for 500 ms, followed by 

a red dot cue (2  2). Participants were instructed to fixate at the red dot before the experiment. 

Once the signal was read at the center coordinate of the red dot cue, a preview object appeared at 

a linear distance of either 4 or 10 away from the dot. The preview object changed to the target 

object when the eye-tracker records saccade over the boundary of the dot. Participants then 

determined whether the target object matches with the target name through button presses. There 

were four practice trials at the beginning of the experiment. The experiment lasted around 20 

minutes. See Figure 3 for an example of the trial sequence.   
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Figure 3. Example trial sequence of a consistent context, dissimilar preview condition trial. The preview object and 

target object are highlighted with a pink oval.  
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Chapter 3  

Results 
 
 
Data Analysis. 

While the eye-movement measures are of dominant interests, we also analyzed 

behavioural measures such as reaction time and accuracy. For the eye-movement analyses, the 

target regions were defined as a 1.5 border away from the target edges. To prevent biasing 

results, trials in which participants did not directly fixate on the target region were excluded from 

the analyses. To rule out the influence of anticipatory saccades and inattention, participants who 

have over 30% of trials in which the latency of the initial saccade to the target was shorter than 

80 ms or longer than 800 ms, respectively, were removed. Consequently, 3 participants were 

excluded from further analysis whose data exceed the criterion, leaving a total of 89 participants 

for analysis.  

 
 

Reaction time. Participants’ reaction time was measured from the onset of preview object to 

behavioural response of key pressing. Mean and standard deviation values across conditions are 

shown in Table 1. We found a main effect of preview, such that participants took a shorter time 

to react to target objects that were preceded by an identical preview object versus a dissimilar 

preview object (F(2, 86) = 85.23, p < .001). We also found a main effect of distance, such that 

participants took less time to react to target objects that appeared at 4 away from the fixation 

than those appeared at 10 away (F(2, 86) = 6.23, p < .015). The boosted reaction times towards 

identical preview objects are the first indicators that participants may have extract extrafoveal 

information to facilitate identification when directly fixating the target.  
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Table 1: Mean and standard deviation of Reaction Time across all conditions 

 Preview and Distance Conditions 

 Visually Dissimilar Identical 

 4 10 4 10 

 

   Consistent 1307 (351) 1413 (406) 1104 (348) 1213 (330) 

   Inconsistent 1345 (337)   1304 (373) 1102 (365) 1145 (386) 

   Control 1287 (371) 1366 (309) 1125 (284) 1169 (308) 

 

 

Target Processing. The mean and standard deviation values of the target processing measures 

are shown in Figure 4-6. We analyzed three standard target processing measures: First Gaze 

Duration (sum of fixation durations in the target region within the first visit), Total Time (sum of 

fixation durations within the target region across all visits), and First Fixation Duration (duration 

of the first fixation in the target region). I manipulated context between-subject across three 

conditions (Consistent, Inconsistent, and Control). For within-subject independent variables, 

there were two preview conditions (Identical and Dissimilar) and two distance conditions (4 and 

10).  I conducted a 322 (Scene Context  Preview  Distance) mixed effect ANOVA on all 

measures. First Gaze Duration and Total Time revealed main effects of preview (F(2, 86) = 

95.36 , p < .001; F(2, 86) = 91.90, p < .001, respectively), such that target objects preceded by an 

identical preview object (M = 416, SD = 182; M = 428, SD = 188, respectively) received 

significantly shorter gaze than those that were preceded by visually dissimilar objects (M = 533, 

SD = 193; M = 548, SD = 206, respectively). See Figures 4 and 5 for the graphic presentation of 

dependent variables across the experimental conditions.  
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Figure 4. First gaze duration mean values for each context condition across preview and distance conditions. Error 

bars: ±1 SE. 
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Figure 5. Total time processing mean values for each context condition across preview and distance conditions. 

Error bars: ±1 SE. 
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              Additionally, we found a main effect of preview and distance in First Fixation Duration 

(Figure 6). Target objects that were preceded by an identical preview object had a shorter first 

fixation duration (M = 242, SD = 72) than when preceded by the dissimilar preview (M = 296, 

SD = 82). Targets that appeared at a farther distance (M = 242, SD = 67) also had a shorter first 

fixation than those that appeared at a near distance (M = 296, SD = 85).   

              Interestingly, we also found a distance-preview interaction in the first fixation duration. 

There was a stronger preview benefit when preview objects were displayed near to the fixation 

(M Near-Dissimilar – M Near-Identical = 333 – 260 = 73 ms) than when they were displayed far 

(M Far-Dissimilar – M Far-Identical = 258 – 225 = 33 ms). This discrepancy in preview benefit 

can be attributed to the exceedingly long fixation on near-dissimilar preview target objects (M = 

333 ms) compared to the far-dissimilar preview target object (M = 258 ms). Paired sample t-tests 

showed that while there is no significant difference across measures as a function of distance for 

identical previews, near displayed dissimilar preview objects tend to show longer first fixation 

(t(88) = 11.18, p < .001), and first gaze duration (t(88) = 2.08, p = .041), but not total time 

processing (t(88) = 1.06, p = .291) compared to far displayed dissimilar preview objects.   

              Finally, we did not find a significant main effect of context across any target processing 

measures (F(2, 86) = 0.08 , p = 0.924 first gaze duration; F(2, 86) = 0.06, p = 0.947 total time 

processing; F(2, 86) = 1.27 , p = 0.287 first fixation duration).
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Figure 6. First fixation duration mean values for each context condition across preview and distance conditions. 

Error bars: ±1 SE.
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Chapter 4  

Discussion 
 
 

The current study examined the combined and individual effects of scene context, 

preview availability and difficulty in extracting visual information on object identification within 

complex natural-world scenes. Specifically, we investigated whether individuals’ ability to 

extract extrafoveal information would modulate the strength of scene context effect. In the 

experiment, we used the dot-boundary paradigm (Pereira & Castelhano, 2018; Rayner, 1975). In 

each trial, participants fixated on a red dot before launching a saccade to a suddenly appeared 

object. Their task was to decide if the target object matches with the word shown in the 

beginning. We manipulated the difficulty of extracting extrafoveal information by setting its 

visual distance from the fixation.  

There are three crucial aspects of our findings. We found a robust main effect of preview 

availability throughout the target processing measures, such that individuals spent less time in 

their first fixation, first gaze, and total processing time when an identical preview preceded the 

target object. This finding indicates that individuals were extracting extrafoveal visual 

information in object identification across fixations. The discovery of facilitated object 

processing due to preview aligns with previous literature on preview benefit (Henderson, 

Pollatsek, & Rayner, 1989; Henderson, 1992; Pollatsek, Rayer, & Collins, 1984). Specifically, 

our data support the view that the acquisition of partial information from peoples’ extrafoveal 

vision can speed up their object identification in a subsequent fixation. 

 The preview-distance interaction can be attributed to the exceedingly long fixation 

durations on near-dissimilar preview target objects compared to the far-dissimilar preview target 

object, potentially led by a more readily processed dissimilar preview. In other words, 
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individuals may have longer fixations due to increased awareness of the change of identity 

between the preview object and the target object when they were displayed closer to the central 

vision. However, similar context-preview interactions were not observed in first gaze duration 

nor in total time processing. Thus, the higher quality preview of a dissimilar object led to 

increased awareness, but not impaired object identification. 

            Finally, we did not find a main effect of context across any target processing measures. 

These results are contrary to various previous studies suggesting that scene context facilitates 

object identification in scene perception (Antes, Penland, & Metzger, 1981; Davenport & Potter, 

2004; Loftus & Mackworth, 1978; Nelson & Loftus, 1980). However, other studies also implied 

that the scene context effect might be moderated by cognitive load individuals are experiencing 

during the experiment.   

 

  

Figure 7. Individuals are significantly faster in finding the irregular object (red-circled) in full-colour photographs 

(Harris, Kaplan, & Pashler, 2008), but not in line drawing scene context (Henderson, Weeks, & Hollingworth, 1996) 

than regular objects 

 

 

The Limits of Contextual Effect  
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 The conflicting presence of contextual effect can be found in research that measures the 

deployment of fixations and efficiency in recalling the target object. Some researchers argue 

individuals cannot integrate semantic information across saccades, and thus will not benefit from 

the consistent semantic cues provided by scene context (De Graef, 1998; De Graef, Christiaens, 

& d’Ydewalle, 1990; Henderson, Weeks, & Hollingworth, 1996). Others argue individuals are, 

in fact, faster in detecting semantically violating objects (Becker, Pashler, & Lubin, 2007; Harris, 

Kaplan, & Pashler, 2008; Rayner, Castelhano, & Yang, 2009). A more recent study shows that 

individuals tend to not benefit from context effect when they are cognitively loaded but would 

benefit when not under cognitive load (Brockmole & Henderson, 2008). Although the 

Brockmole and Henderson study deviated from standard paradigms as the authors directly 

manipulated the cognitive load by attracting individuals’ attention away using a motion cue, the 

cognitive load hypothesis remains valid. A review of past research suggests that studies that did 

not find context effect tend to adopt black and white line drawings as their scene stimuli 

(Henderson, Weeks, & Hollingworth, 1996; Hollingworth & Henderson, 1998). In contrast, 

those that found context effect have used full-colour photographs that are easier to be identified 

(Castelhano & Heaven, 2011; Davenport & Potter, 2004; Harris, Kaplan, & Pashler, 2008) (see 

Fig.7 for a comparison of stimuli).       

   A similar explanation can also be found in a study that shows individuals are better at 

recalling objects and scene context when they are semantically consistent (Davenport & Potter, 

2004). Previous studies that did not find contextual facilitation in object recall have also adopted 

black and white line drawings (Hollingworth & Henderson, 1998, 1999). Several researchers 

argued that the full-colour photographs tend to improve recognition of objects and scenes and 

their relations regarding each other (Cheng & Simons, 2001; Oliva & Schyns, 2000; Wurm, 
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Legge, Isenberg, & Luebker, 1993). Therefore, the strength of the scene contextual facilitation 

relies on the quality of the scenes. From a cognitive perspective, high-quality scenes (i.e., full-

colour, photograph, high-resolution) provide a higher starting point below the recognition 

threshold and require less cognitive effort to reach recognition than the more ambiguous scenes 

(Castelhano & Henderson, 2008; Oliva & Schyns, 2000; Xu, Kankanhalli, & Zhao, 2019).  

 

A Hypothetical Explanation and Future Directions 

               
Overall, the implication of my findings favours Hypothesis 3 that preview information 

may interact with context effect but not in a synergistic manner. Participants did not perform 

significantly better in trials where both scene context and more fully extraction of preview could 

facilitate identification, compared to trials with either path alone. In other words, object 

identification did not vary as a function of amounts of facilitative factors. Crucially, the data 

suggested semantic coherence of scene context did not exert significant influences on peoples’ 

performance. Crucially, Henderson (1992) also did not find a context main effect in his study. 

However, his data showed that contextual facilitation on object identification did emerge when 

the target was not available for preview or when it is less familiar. In other words, the strength of 

the context effect may be modulated by stimuli complexity. This insight provides a possible 

interpretation for our data. The difficulty of successfully perceiving the current scene stimuli 

(i.e., black and white photographs) within milliseconds may have encouraged participants to 

ignore contextual information and rely entirely on the preview information during object 

identification. In other words, participants could have favoured extracting preview information 

from both 4 and 10 over perceiving the scene context throughout the study. 

Such interpretation is strongly supported by Boyce and Pollatsek’s study (1992). Most 

importantly, using 2D line drawing of scenes and object contours, they showed scene context 
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facilitation on object identification when the object is displayed at a distant place (i.e. 7)  but not 

at a near place (3) from fixation. Agreeing with Henderson’s study (1992), when preview and 

scene context are both available, the scene context seems to only facilitate object processing 

when the objects cannot be easily identified. These findings suggest that individuals’ 

performance on object identification may not have benefited from scene context due to an 

inherently-built processing habit. Specifically, individuals’ reliance on knowledge or 

expectations derived from environmental cues negatively correlates with the amount or quality of 

the information provided by feedforward visual inputs (Oliva & Torralba, 2007). However, 

future studies are required to examine the hypothesis as there is insufficient data, either 

supporting or rejecting the hypothesis. 

The present study shares some significant similarities with Henderson’s study (1992). 

Both studies manipulated the preview availability of target objects and a form of context. While 

Henderson adopted 2D line drawing flanker objects, the present study used natural scenes. 

Further, both studies found a robust preview main effect and did not find the main effect of 

context. Most importantly, both studies suggested the contextual constraint does not speed the 

identification of a to-be-fixated extrafoveal target object after fixation. If a coherent context were 

to help identification of the extrafoveal target further, then I should have observed greater 

preview benefit or faster processing of target objects preceded by identical preview objects in 

consistent context condition (compared to inconsistent and control context condition).  Although 

the identity of context differs between the current study (i.e. natural scenes) and Henderson’s 

study (i.e. 2D object drawing), they both were meant to serve as cues for participants to process 

to aid target identification.  
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  Through comparing the word cognition studies, Henderson (1992) attributed the 

absence of main context effect to insufficient time and motivation for participants to process the 

context as they were only instructed to name the target object (Balota & Rayner, 1983; Balota et 

al., 1985; Henderson et al., 1987; McClelland & O’Regan, 1981). This speculation also serves as 

a plausible explanation for the present study, as participants’ sole goal was to determine if the 

target object matches with the word given at the beginning of every trial.  

Finally, future studies should also examine if individuals would pick the least cognitive 

resource-consuming path to facilitate their object perception in scenes instead of taking 

advantage of multiple paths. Considering the variety of facilitative factors that may exist in the 

scene (i.e., related objects, consistent scene, spatial expectancy, etc.), future studies could 

manipulate the co-existence of these factors. For instance, does preview benefit increase or 

decrease when the target is in a plain semantically coherent scene with no other related objects, 

versus a scene that is filled with associated objects? Do individuals take advantage of as many 

facilitative factors to aid their target identification as possible? These questions are 

underexplored. Preview benefit does not join the context effect in the facilitation of object 

identification (Boyce & Pollatsek, 1992; Henderson, 1992). However, a related object that holds 

specific spatial information regarding other objects (i.e. anchor objects) within a scene would 

facilitate target identification more than a mere semantically consistent co-object (Boettcher, 

Draschkow, Dienhart, & Võ, 2018). Further, future studies can also examine how impairing 

semantic regularity would influence peoples’ reliance on spatial regularity or vice versa. 

Specifically, does the ambiguity of scene context influence the extent to which individuals rely 

on spatial regularities in object facilitation? 
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Theoretical Implications on the Top-down / Bottom-up dichotomy 

The present study sheds new insights on how to think about top-down and bottom-up 

processes theoretically. The present study only found facilitation on object identification from 

preview availability, but not scene context effect. However, preview object identification also 

involves recurrent processing, as neurons in both low and high hierarchical levels were found to 

convey feedback-incorporated information immediately following the initial feedforward sweep 

(Lamme, 2004; Koivisto, Railo, Revonsuo, Vanni, & Salminen-Vaparanta, 2011; Reilly, Wyatte, 

Herd, Mingus, & Jilk, 2011; Sugase, Yamano, Ueno, & Tawane, 1999; Tovee, 1994). These 

activities spread across neural regions and challenge the traditional notion of the hierarchical 

order of processing. For instance, recurrent processing in V1 and V2 region contributes to scene 

categorization started long before and diminished long after higher area (i.e. occipital lobe) along 

the ventral pathway shown its earliest response (Koivisto et al., 2011). Such recurrent or re-

entrant processing is neither equivalent to feedforward information provided by stimuli exposure 

nor any goals or intentions that drive hypothesis testing (Awh, Belopolsky, & Theeuwes, 2012; 

Melloni, Van Leeuwen, Alink, & Muller, 2012).  

In the present study, I found facilitated object perception driven by preview information, 

but not by semantically coherent scene contexts. The pattern highlights that preview information 

and scene context facilitate object perception through different mechanisms. While scene 

contexts facilitate object perception through activating semantically related expectancies, 

preview information triggers recurrent processing of objects in both lower and higher cortical 

regions at a much earlier stage (Henderson, 1992; Railo et al., 2011). Unlike seeking cues from 

expectation or knowledge, recurrent processing involves neurons conveying information beyond 

feedforward visual inputs long before visual recognition takes place. Therefore, the finding that 
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only preview facilitated object processing but not scene context suggests recurrent processing is 

a more efficient path to aid object perception compared to knowledge-based facilitation. Further, 

these interactive neural activities do not represent the feedforward visual inputs nor descend 

from higher cognitions such as motive, goals or intentions (Rauschenberger, 2010). Therefore, 

my thesis joins other studies in challenging the dichotomy framework (Awh et al., 2012; Lamme 

& Roelfsema, 2000; Rauschenberger, 2010; Rauss & Pourtois, 2013). I also suggest either 

redefinition of the concepts (Engel, Fries, & Singer, 2001), or complete abandonment of the 

framework (Di Lollo, Enns, & Rensink, 2000).  

 

Conclusion 

 

             In summary, the present study provides evidence that individuals rely on their 

extrafoveal vision to facilitate object identification in natural scenes. In addition to identical 

previews facilitate object identification, we further found exceptional high first fixation duration 

when dissimilar preview objects are more fully processed. Thus, our finding is supported by data 

yielding bi-directional results. However, our inability to find substantial preview-context 

interaction effect prevents us from drawing decisive conclusions on how preview information 

and scene context interact to influence object identification. We speculate that due to difficulty in 

extracting information from our scene context stimuli, individuals would rely on extrafoveal 

preview regardless of extraction difficulty. However, such speculation is not supported by the 

evidence in our study and thus requires future studies to verify. Nonetheless, the present study 

reveals the factors that facilitate object identification in natural scenes as well as the moderating 

effect from the difficulty of taking advantage of these factors.  
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Appendix I – List of Sample Trials and Stimuli  

 

Context 
Condition 

Preview 
Condition 

Scene 
Category 

Preview 
Object 

Target Object Spatial 
Relation 

Consistent Identical Street 
sidewalk 

Street Bench Street Bench On the 
side walk 

Consistent Identical  Dining room Wine bottle  Wine bottle On the 
table 

Consistent Identical Girl’s 
bedroom 

Big bird doll Big bird doll On the 
chair 

Consistent Identical Kitchen Cutting board Cutting board On the 
stand 

Consistent Dissimilar Street 
sidewalk  

Car tire Street bench On the 
sidewalk  

Consistent Dissimilar Dining room Chandelier Wine bottle On the 
table 

Consistent Dissimilar Girl’s 
bedroom 

Toast Big bird doll On the 
chair 

Consistent Dissimilar Kitchen Lion doll  Cutting board On the 
stand 

Inconsistent Identical Living room Street Bench Street Bench Floating 
within 
sofa 

Inconsistent  Identical Living room Big bird doll Big bird doll Floating 
near 
couch 

Inconsistent Dissimilar Living room Car tire Street Bench Floating 
within 
sofa 

Inconsistent Dissimilar Factory Chandelier Wine bottle Floating 
beside 
pipe 

Inconsistent Dissimilar Living room Toast Big bird doll Floating 
near 
couch 
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Inconsistent Dissimilar Living room Lion doll Cutting board On the 
couch 

Control Identical Scrambled 
Mask 

Bench Bench n/a 

Control Dissimilar Scrambled 
Mask  

Bench Car Tire n/a 

 


