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Abstract 

 Our everyday interactions with the world are subject to affordance: the interaction that 

exists naturally between an object and the action possibilities inherent within it. Object 

affordances result from complex visuomotor interactions and are reflected in many processes, 

including reaching and grasping behaviours, distance judgments, and object identification. With 

the present study we extended current research on the use of affordances in visual searches of 

arrays to investigate whether guidance by affordance occurs in searches of real-world scenes and 

is the result of knowledge of target function (Experiment 1), and whether it is integrated with the 

use of scene context in guidance of search (Experiment 2). 

 To investigate the contribution of object function to guidance by affordance in real-world 

scenes we tracked participants’ eye movements while they performed visual searches. The target 

objects were invented objects with invented functions that were learned by the participants prior 

to beginning search. By providing participants with information about only the features and 

functions of targets (and not about location) we omitted any effects on search from previously 

learned associations between the objects and their locations in the scene.  This allowed us to 

examine guidance by affordance independently of traditional contextual effects. In Experiment 1 

we compared the searches of participants who learned the functions of the targets to those who 

learned only the targets’ features. Results showed facilitation of visual search by knowledge of 

target function as compared against searches in which target function was not known. 

Experiment 2 compared searches for objects placed in locations congruent and incongruent with 

their function to show that guidance by affordance is benefitted by knowledge of target function 

in congruent searches. We concluded that guidance by affordance results from an understanding 

of the function of an object and the integration of that understanding into an understanding of the 

context of the scene as a whole.
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Chapter 1: Introduction 

A given day may be broken down into a series of tasks that can be further broken down into 

component actions, many of which are performed with little thought or effort. Each action is, in 

turn, the result of a complex series of visuomotor interactions (Clark, 1999; Goodale, 1998). 

Consider, for instance, the first action most people perform in a day: hitting the snooze button. 

This seemingly simple action can easily be broken down into several component parts, such as: 

(1) deciding to silence the alarm, (2) looking for the alarm in your surroundings, (3) identifying 

the alarm once it is found, (4) calculating the distance between yourself and the alarm, (5) 

determining the orientation of the alarm with respect to your position, (6) planning the 

mechanics of the action to be taken, and (7) performing the action. While it can be reasonably 

assumed, however, that steps 1, 2 and 7 occur in the order in which they are listed, the 

intervening steps are not as linear. Research has shown that many of these steps occur 

simultaneously and interact with one another in complex and productive ways (Corbetta, 

Akbudak, Conturo, Snyder, Ollinger, Drury & Shulman, 1998; Gibson, 1977; Sheliga, Riggio & 

Rizzolatti, 1994).  

The visual properties of an object are one factor that affects not only how an action is 

ultimately performed, but how that object is processed in general. It has been well established, 

for instance, that the orientation of an object affects the rate at it is identified, such that an object 

is identified more quickly when it is oriented in a way that would make it easier for the 

individual to use (Vainio, Ellis & Tucker, 2006). This describes a beneficial visuomotor link 

whereby the motor planning for an action performed on an object interacts with the visual 

processing of that same object (Vainio et al., 2006). Other studies have shown that objects are 

located more quickly when their features are congruent with an intended task. In these studies, 
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participants were asked to search for a singleton in an array before performing a grasping or 

pointing motion towards it. Participants performed better on this task when the singleton varied 

on a basis that fit the physical action (e.g. size changes for a grasping motion). These findings 

suggest that the motor system places priorities on search in order to make visual input more 

relevant to physical intent (Bekkering & Neggers, 2002; Wykowska, Schubo & Hommel, 2009). 

Yet another study showed that the distance to the object affects motion planning even when an 

explicit measure of distance is inaccurate (Loomis, da Silva, Fujita & Fukusima, 1992). This 

study showed that even when participants are unable to accurately describe the distance between 

themselves and a target, they are able to accurately approach that target when their eyes are 

closed. This provided evidence that motor planning is based on a distance calculation taken from 

the visual input but not necessarily the same one that is processed for our explicit visual benefit 

(Loomis et al., 1992).  

The visuomotor links between (1) physical orientation and visual identification, and (2) an 

object’s physical properties and visual search, as well as a dissociation between the explicit 

visual calculation of distance and the implicit motor understanding of distance, lead to the 

conclusion that the visual and motor cortices interact across several levels in the production of a 

complete visual percept of the world. In the present study, we expand our current understanding 

of this visuomotor interaction by showing that knowledge of target function also has an effect on 

higher-order, complex visual processing such as that required for searches of real-world scenes 

(Experiment 1) and that this visuomotor interaction arises from an integration of both 

affordance-based knowledge and our understanding of scene context (Experiment 2). 
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The Co-Occurrence of Visual and Motor Processing 

 Interactive visuomotor processes reflect what many evolutionary psychologists believe to 

be the purpose of vision: action (Gaulin & McBurney, 2001). We see the world in order to be 

able to function within it, and our brain appears to be wired specifically with this in mind. The 

trend in psychology to keep the many processes of the brain separate from one another is 

misleading as the brain seldom actually functions in this manner– especially as it relates to 

perception and action (Goodale & Melvin, 1998). A strong argument could be made that there is 

no evolutionary reason for perception without action, and this argument makes sense when 

considered in the context of some findings in research. If the purpose of judging distance is to be 

able to travel (Loomis et al., 1992) or reach (Goodale, Jakobson, & Keiller, 1994; Tucker & 

Ellis, 2001) across that distance, then it makes sense that performance is better when asked to 

physically cross the distance than when asked to explicitly report its size. Similarly, if the 

purpose of perceiving an object is to use it, then it follows that we process it with reference to its 

congruency with our physical position (Vainio et al., 2006). Thus, despite the fact that visual 

processing is often studied as a purely perceptual processes, there is ample evidence that these 

processes are as affected by the action possibilities of an object as by the object`s visual features 

themselves. 

From an early age, people are aware of an interaction between the form of an object and 

its function (Kemler Nelson, Frankenfield, Morris & Blair, 2000). We learn that if something 

possesses a handle, then it is probably intended to be carried, but that if it possesses wheels it is 

intended to be pushed or pulled. In their study, Kemler Nelson et al. (2000) found that by four 

years of age, children are able to use this form-function relationship for the generalization of 

novel object names. In a sample trial, a child was shown a novel object and told that it was called 
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a ‘filsap’, and that the filsap spins and clicks. The child was then asked which of two more novel 

objects was also a filsap. Results showed that the child was more likely to label the object that 

looked like it could spin and click as a filsap than the object that did not, reflecting the formation 

of a cognitive relationship between the filsap and the filsap-like objects based on their visually 

apparent functional similarities. While fundamentally simple, this understanding of the form-

function relationship is integral to the way we see and interact with the world around us and 

remains important throughout our lives (Lin & Murphy, 1997). 

 Early research describing the interaction between visual and motor processes centred on 

object affordance, a concept first discussed by Gibson (1977). Gibson described affordance as 

the interaction existing between an object and the action possibilities inherent within it. Typically 

believed to reflect cross-communication between the motor and visual cortices (Halsband & 

Passingham, 1985), object affordances have been shown across numerous studies in both visual 

processing (Tucker & Ellis, 2001; Vainio, et al., 2006), and visual search (Bekkering & Neggers, 

2002; Goodale et al., 1994; Humphreys & Riddoch, 2001; Wykowska et al., 2009). Early 

evidence of the effect of object affordance on visual search was provided by patient MP. MP 

suffered from unilateral neglect of the left side due to right fronto-temporal-parietal damage and, 

as a consequence of this damage, also experienced a decreased ability to search for and locate 

target objects in his surroundings (Humphreys & Riddoch, 2001). The patient noted, however, 

that while he could not find a target based on its name or features, he was occasionally able to 

locate it if he knew its purpose. To test whether this was the case, Humphrey and Riddoch (2001) 

compared MPs results on a search task to the results from two other patients with similar neural 

damage but unimpaired search. In this task, the patients were asked to locate a target object in an 

array of 10 other objects based on either its name (cup) or the action for which it was intended 
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(to drink from). While the other patients were better able to locate the target when it was defined 

by name, MP was better at locating objects based on their actions. This is especially interesting 

because MP could explicitly state the colours and names of each object, but was unable to apply 

this information to his searches. Based on these findings, Humphrey & Riddoch concluded that it 

is possible to base search on intended action when other guidance information is unavailable. 

Thus, the knowledge of the action performed with an object has an influence not only on low-

level perceptual processes, but also plays a role in affecting high-level visual cognitive processes 

(such as those involved in visual search).  

The effects of object affordance on visual guidance during search have also been shown 

by normal subjects in visual searches of arrays (Bekkering & Neggers, 2002; Wykowska et al., 

2009). Wykowska et al. (2009) examined the effects of response type on visual search priming. 

At the beginning of each trial, participants were given a visual cue indicating whether they would 

have to perform a grasping or pointing action at the end of the trial; they then searched for and 

indicated whether a singleton circle that differed in size or luminance from an array of distractor 

circles was present in that array. Finally, participants performed the action cued at the beginning 

of the trial. This experiment tested whether the cued action had an effect on the manner in which 

search was performed. Results showed that this was the case: singleton-present responses were 

faster for a luminance singleton when a pointing motion was required and faster for a size 

singleton when a grasping motion was required. These findings led Wykowska et al. (2009) to 

conclude that affordance can guide search performance in an action-specific way, such that 

features relevant to the action to-be-performed can be primed while less relevant features are not.  

Bekkering & Neggers (2002) came to similar conclusions in their earlier eye tracking 

study on the aspects of search affected by affordance. In their study, Bekkering & Neggers 
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examined the effects of pointing and grasping tasks on visual search for a specified target (e.g., 

green box oriented at 135o) in an object array of orange and green boxes at orientations of 45o 

and 1350. Each target search was preceded by a 1000- or 2000-Hz tone (indicating orientations of 

45o or 1350; association of tone and angle was counterbalanced across subjects), and a colour 

change in the fixation point from red to orange or green (indicating whether the target was 

orange or green). Participants were then shown the search scene and asked to find a target that 

matched both the orientation and colour criteria provided. Upon locating the target a participant 

had to either point towards it or make a grasping motion towards it. Results revealed priming 

effects for orientation in the grasping condition that manifested as fewer overall number of 

saccades being made to objects in the array that were oriented differently from the target 

orientation. No colour effects were observed for either the pointing or grasping conditions in this 

study.  These results suggest that people experience an increased sensitivity to specific features 

that is dependent on a planned action and that this increased sensitivity is used to more 

efficiently direct gaze when searching through an array. 

Based on the past studies, we suggest that there may be a form of attentional guidance 

based on our understanding, both physical and functional, of an object that affects visual search.  

We name this form of guidance ‘guidance by affordance’ and define it as the interaction between 

the affordance of an object (which may be based either on its form or its function) and the visual 

processes employed to guide visual search to that object. 

The Mechanisms Underlying Guidance by Affordance 

One of the major issues in studies of affordance is that there is a powerful interaction 

between object form and function that makes the mechanisms underlying the phenomenon 

difficult to understand. As mentioned above, this relationship is in early childhood and can be 
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used for other higher-order tasks like sorting and categorizing. In visual search, a search for a 

cup in an array could be guided by our knowledge of its form, as in a feature-based search like 

Wolfe’s Guided Search model (Wolfe, 1994), but it could as easily be guided by our knowledge 

of its function. The breakdown of this interaction was examined in a paper by Marques, Mendes 

& Raposo (2012) in which form-form, form-function and function-function effects were shown 

in two speeded-response association task. In the first task, participants were presented with the 

statement “If an object has feature A, can it generally be said that-” and asked to make a button 

press when they had finished reading the statement. They were then shown the remainder of the 

statement “it also has feature B” and asked to indicate the truth of the statement as quickly as 

possible. ‘Feature A’ and ‘Feature B’ could describe the object’s form or function. The results of 

Experiment 1 showed that participants made stronger associations between a form and a function 

than they did between two forms. In Experiment 2, participants were presented with sequential 

word pairs in which the first word was always a form or a function word and the second word 

was either a form word, a function word or a Portuguese word (e.g. estreito, liso, corta, etc.). 

Participants were asked to indicate whether this second word was a ‘real’ (English) word via 

button press while their reaction times were recorded. Results showed that responses were faster 

when the first word was a function word than when it was a form word, regardless of the word 

type for the second word. Both experiments demonstrated that a greater relationship exists 

between a form and a function than between two forms and, more importantly, that this 

relationship is the result of a more general role of function in object processing and 

representation. 

Because their study was entirely word-based and had no actual images, Marques et al. 

(2012)’s suggestion that our mental representations of objects are based primarily on function 
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can technically only be applied to our semantic representations of objects. Research has shown, 

however, that verbal information about physical features results in activation in the visual cortex 

(Mellet, Tzourio, Crivello, Joliot, Denis & Mazoyer, 1996), so it seems reasonable that this 

preference for function over form would be present for visual processes as well. We might, then, 

reasonably be able to claim that the effects of guidance by affordance are driven by function over 

form, a distinction that could not previously be made.  

Even assuming that effects of guidance by affordance are driven by function there are 

questions about whether, in real-world scenes, these effects would interact with our 

understanding of scene context to affect search. It makes sense, however, that they should.  

Scene context and object function are as intimately tied together as form and function, and for 

much the same reason.  In the application of a form-function relationship we can observe an 

object with a strap and infer that it is intended to be lifted or held.  Similarly, in the application of 

a context-function relationship, we can observe that an object is placed on a counter and can 

infer that it is intended to be manipulated with your hands, and probably while standing.  The 

reverse of these relationships is also true.  If you intend for an object to be lifted or held, you 

may attach a strap to it, and if you intend an object to be used by hand while standing, you may 

place it on a counter.  Whether one determines the other is very much a chicken and egg 

discussion, but the fact remains that there is a powerful relationship between how we use 

something and where we put it, and it is logical that we use this relationship to help us search for 

objects in a scene.  Thus far, however, all research into guidance by affordance has been done 

through the presentation of visual arrays of objects that lack any sort of contextual information 

and thus rely ultimately only on featural and saliency effects for actual guidance. It seems 

unlikely that this is the whole story. 
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Current models of visual search in real-world scene like the Contextual Guided Search 

model (Torralba, Oliva, Castelhano & Henderson, 2006; Ehinger, Hidalgo-Sotelo, Torralba & 

Oliva, 2009) and the SUN (saliency using natural statistics) model (Kanan, Tong, Zhang & 

Cottell, 2009) describe visual search in terms of three main types of guidance: (1) featural 

guidance, in which a greater priority is assigned to regions of the search scene that have similar 

grouping of features as those found in the target, (2) guidance by salience, in which a greater 

priority is assigned to regions of the search scene that ‘stand out’ possessing features that are 

very different from those in the rest of the scene, and (3) contextual guidance in which a greater 

priority is assigned to regions of the search scene that are congruent with existing understanding 

of where that target is typically located. In these models, however, the three types of guidance 

are not treated equally, with featural guidance and guidance by salience being treated as the 

lesser part of search guidance, and the greater portion being attributed to scene context. This 

favouring of contextual guidance in visual search algorithms is important, increasing the 

predictive power of these algorithms from 89% (without context) to upwards of 94%. At an 

accuracy of 94%, however, none of the models have yet accommodated affordance as a guide for 

visual search. The question we must ask, then, is whether the inclusion of guidance by 

affordance into our understanding of visual search strategies will actually increase our predictive 

power in real-world scenes, or if contextual effects overshadow it. 

The only evidence for guidance by affordance in current research comes from a 2006 

study by Neider and Zelinsky in which they investigated the effects of scene context on visual 

search by manipulating the target-context relationship. They found, ultimately, that while some 

targets are constrained by learned associations, these associations are not always sufficient to 

predictably guide search. In their study, Neider and Zelinsky showed participants 90 constructed 
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scenes depicting versions of ‘blimp shows’ in a mountainous desert. The target items used were 

sky-constrained blimps, land-constrained jeeps and scene-unconstrained helicopters. Participants 

were instructed to locate a specific target given its colour and category (blue blimp) while their 

eye movements were tracked. Unsurprisingly, the results showed that participants tended to look 

for sky- and land- constrained objects in their constrained areas; however, searches for the scene-

unconstrained helicopters tended to be focused skyward. This shows that while helicopters are 

known to be found in two different regions in a scene, the visual searches did not reflect that 

duality. It could be argued that this tendency of participants to search for helicopters more in the 

sky than on the ground may reflect a stronger learned association between helicopter-sky than 

between helicopter-ground. However, the skyward preference in helicopter searches may be due 

to a bias towards guidance by affordance: helicopters are found both on land and in the air, but 

their traditional function involves carrying people in flight. Thus, even though the authors 

defined the helicopters as unconstrained search targets, their intended actions (upon invention) 

did in fact constrain their most likely location within the scene context. 

The Present Study 

 In the present study, we look at the relationship between object function  and scene 

context during search. Specifically, we consider three main issues: (1) whether we are able to 

extend our understanding of affordances for use as a search guidance tool in a real-world scene 

context, (2) whether guidance is based on our understanding of the object’s function or whether 

the necessary information is available from its form alone, and (3) whether affordance effects on 

searches are subject to contextual constraints. 

Across two experiments, participants searched for invented objects in real-world scenes 

using the flash-preview moving-window paradigm (FPMW; Castelhano & Henderson, 2007). 
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The use of only invented objects in our tasks was done to prevent past knowledge from 

influencing search performance. On half the trials, the invented objects had been previously 

shown to the participants with respect either to form alone or to both form and function. Using 

the FPMW paradigm allowed us to limit guidance based on features and salient items in the 

periphery and rely on the relationship between the context and the target object. Searches 

performed with this paradigm were constrained by a gaze-contingent moving window that 

allowed participants to view only the small portion (i.e., window) of the scene that they were 

directly fixating. The moving window prevented peripheral information like salient items and 

matching target features from influencing search. Prior to each search, participants viewed a 

preview of the search scene (see Figure 1). This preview allowed them to make informed search 

decisions based on their knowledge of the target and the context of the scene. Due to the fact that 

participants had never viewed these invented objects within a scene context, they had to base 

their decisions of where to look on their knowledge of the object, which may or may not have 

included that object’s function.  

In addition to allowing us to use the FPMW paradigm, eye tracking in the present study 

allowed us to use measures that informed us on the manner in which guidance in visual search is 

affected by affordances.  It allows, for instance, the separation of components of visual search 

into those factors that reflect the guidance of gaze to the target and those factors that reflect the 

identification or recognition of the target once it has been located.  It also informs us on the 

nature of the guidance effects being found: that is, whether they are the result of more or fewer 

fixations prior to (or following) target fixation, longer or shorter durations of fixations on targets 

and distractors in the scene, isolated or large regions of search, or rapid or slow verifications of 

the target.  In essence, this study not only allows us to examine the effects of affordance in 
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searches of real-world scenes (and thus to improve our understanding of affordance effects in a 

more realistic venue) but to examine the particular aspects of search and processing that are 

affected. 

 

 

Figure 1: (Top) An example of a search scene and (Left) the same search scene as it appears with a moving 
window (bottom). 

 

In Experiment 1, we investigated whether we are able to use our understanding of 

affordances to facilitate visual search by comparing guidance effects for objects for which only 

feature information was known versus those that were also functionally defined. In Experiment 

2, we further examined the interaction between context and object function by comparing 
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searches in which the target object placement was either congruent or incongruent with its 

function. 
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Chapter 2: Experiment 1 

Methods 

Participants 

Thirty-two Queen’s University undergraduate students (18 female) between the ages of 

18 and 26 (M=20.22, SD=2.86) participated in this experiment. Participants received either 

$10/hr. or course credit as compensation for their participation in the study. 

Apparatus and Stimuli   

The stimuli consisted of 36 invented objects created in HomeDesign 5.0 (DataBecker)1. 

Each object was assigned an invented function that did not resemble that of an item already 

existing in the real world. Each function described the action that would be performed on the 

object and described its intended use (see Appendix B). Although there is a tight link between 

how you perform an action (e.g., with hands vs. feet) and where you are likely to find it in a 

scene due to such actions (e.g., table top vs. floor), the descriptions contained no information 

about the context or placement of the object. For the search phase, objects were incorporated into 

one of 36 scenes (38.1o X 28.6o) depicting spaces around a house (six scenes each of offices, 

bathrooms, kitchens, living rooms, back yards and workshops). Regions of the scenes in which 

objects were placed were controlled such that an equal number of objects were located in the top, 

middle and bottom thirds of the scene contexts (though not necessarily the top, middle and 

bottom thirds of the pictures, as in some cases the ceiling, counters or floors –contextual tops, 

middles and bottoms- accounted for greater than one third of the image) for each participant. To 

                                                        
1 For the study phase invented objects ranged in size from 100 X 100 pixels to 150 X 150 
pixels, to accommodate objects that possessed narrow or small components that were 
harder to see at smaller presentation sizes without making the remainder of the objects 
appear overly large. The average size of the objects presented was 111.43 X 103.43 pixels. 
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reduce potential confounds in ability to accurately recognize the target object due to viewpoint 

changes, all targets were shown from roughly the same viewpoint in the study and search phases. 

In addition to the 36 experimental stimuli, four practice trials were included in the study. 

These practice trials were identical to the experimental trials except that the search targets were 

familiar objects (i.e., a computer, a laundry hamper, a plant and a clock). 

In both the study and search phases of the experiment, stimuli were presented on a 21-in 

CRT monitor at a resolution of 800 X 600 and a refresh rate of 100 Hz. In the study phase, head 

movements were unrestrained. During the search phase, participants’ head movements were 

constrained by a head and chin rest and their eye movements were tracked using an EyeLink 

2000 eye tracker (SR Research) sampling at 1000 Hz. 

Design 

The current experiment conformed to a 2 (Familiarity) X 2 (Group) mixed factorial 

design.  For the Familiarity Condition, half the search targets were studied prior to visual search 

(Studied), while the other half was viewed immediately prior to the search (Novel). By 

comparing Studied to Novel objects across several behavioural and eye tracking measures, we 

were able to examine any effects on visual search that arose from prior exposure to a target 

object.  

For the Studied search targets, participants were divided into one of two Study Group 

conditions (N = 16 each): (1) Function Group, in which participants studied an image of the 

target object with a description of its function and (2) Form Group, in which participants studied 

only an image of the target object. Thus, both groups were exposed to the visual features of the 

targets, but only the Function Group had knowledge of the objects’ function.  
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Procedure 

The experiment had two phases: the study phase and the search phase. After signing the 

consent forms, participants began the study phase. Instructions were the same for all participants 

within each group, although they differed slightly between groups to reflect the differences in the 

tasks (see Appendix for the instruction scripts that were used). In the study phase, participants 

were shown 18 object images (half of the total possible 36 search targets), which consisted of an 

image of an invented object. The images shown were counterbalanced across participants and 

conditions. For the Function Group, the object image was paired with the object’s name and a 

description of its function. In the Form Group, no text was presented with the object image (see 

Figure 2 for examples of both types of image presentations). Participants were instructed to study 

each object for a memory test that focussed on either its function in the Function Group or its 

visual features in the Form Group. Each object was presented individually on the screen and 

remained on the screen until that participant pressed a button to move onto the next object. Once 

all 18 objects had been viewed, participants were offered the choice of studying all the objects 

again (participants were allowed to go through the study phase as many times as they felt they 

needed) or proceed to the memory test.  
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Figure 2: A sample study trial from the Function Group test (top) and a sample trial for the 
same target from the Form Group test (bottom).  
 

After studying the objects, the Function and Form Groups performed a four-alternative 

forced-choice (4AFC) memory test. The Function Group was required to select the object’s true 

function among a list of it and three distractor functions. Distractor functions were created so that 

they had both a different function and required a different action from the target’s true function, 

but would not be expected to be found in a different location in the scene (examples of the target 

and distractor functions can be found in Figure 3). The Form Group was required to select the 

studied object from a group including three other similar-looking decoys. Decoys were created 
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by changing a feature of the object, such as changing the colour of one of its components, 

removing a component, or changing the in size or shape of a component (see Figure 3 for sample 

trials from each test). Participants completed the study phase once they performed at an accuracy 

level of 88% or greater (fewer than 3 mistakes) and moved on to the search phase. Otherwise, the 

program automatically returned participants to the beginning of the study phase to repeat the 

task. Participants who failed to achieve the required accuracy score after three attempts at the 

memory test were excluded from the study and their participation was terminated at that point. 

Participants’ accuracy scores, time spent studying each target and the number of times through 

the tests were recorded.  

 
 

 
 
Figure 3: A sample test trial from the Function Group test (top) and a sample trial for the same 
target from the Form Group test (bottom). The correct answer in both samples here is 1. 
Correct answers were randomized during the task. 
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 Prior to beginning the FPMW task on the eye tracker, the eye tracker was calibrated using 

a nine-point calibration screen and the average spatial error was ensured to be no greater than 

.4°, with the maximum error never higher than .7°. Additionally, participants’ calibration was 

tested on a five-point grid before each trial began to maintain accurate tracking. Participants 

were recalibrated when the calibration error exceeded the error criteria. 

In the search phase, the flash-preview moving-window paradigm (FPMW; Castelhano & 

Henderson, 2007) was used. Each trial consisted of four parts: (1) a target-absent preview of the 

search scene presented for 250ms, (2) a visual mask for 50ms, (3) the target object presented on 

a blank grey background for 2000ms, and (4) the search scene. Participants used a gaze-

constrained moving window to search around the scene until they had located the target. The 2° 

radius moving-window was centred on the current fixation of the participant (see Figure 4) and 

locked to the current gaze position. Outside the window, the screen was grey. The 2° window 

allowed the scene to be viewed in the fovea and parafovea, but restricted peripheral vision. Once 

the target was located, participants were instructed to make a button press while fixating on the 

target. Each search trial ended either when the participant pressed the response button or 20s had 

elapsed from the search scene onset. 

Participants completed four practice trials followed by 36 experimental trials. 

Participants’ accuracy scores, response times, and eye movements were recorded. Target objects 

were counterbalanced across conditions and participants. The experiment lasted approximately 

one hour. 
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Figure 4: An illustration of the sequence of images as they would be presented to the 
participant during the eye tracking phase of this study.  The trial progression was the same for 
all trials, both in the Form and Function groups. 

 

Results 

Study Phase 

 During the study phase participants were required to perform with an accuracy of 88% or 

greater. The average accuracy of the Function Group on their successful test was .95 (SD = .04). 

Accuracy levels remained high (92.36%) when Function Group participants were re-tested after 

the eye tracking component of the study. The average accuracy of the Form Group on their 

successful test was .94 (SD = .05). Accuracy levels in the re-test at the end of the study were the 

same as those for the Function Group (92.36%). Participants in the Function Group spent an 

average of 27,160 ms (SD = 11,469) studying each object and were able to achieve the required 

level of accuracy after an average of 1.38 (SD = .50) attempts. Participants in the Form Group 

spent an average of 24,434 ms (SD = 12,811) studying each object and were able to achieve the 

required level of accuracy after an average of 1.94 (SD = .57) attempts. Participants in the Form 

Group did not differ from the Function Group in the amount of time they spent studying the 

objects [t(31) = .04, n.s.], but they did make significantly more attempts at the memory test 

before they were able to complete it successfully [t(31) = 3.20, p = .006].  
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Search Phase 

To assess the search phase, we calculated two types of measures to investigate the effects 

of functional knowledge of a target on the performance of a visual search: (1) behavioural and 

(2) eye movement measures. Behavioural measures consisted of accuracy and reaction times 

(RT). Eye-movement measures were further divided into Attentional Guidance measures that 

reflected the initial search performance until the target was fixated and Verification measures 

that reflected processing of the target object once it was fixated. This was done in accordance 

with past studies that have shown differential effects of top-down influences on these separate 

processes in search (Castelhano & Heaven, 2010; Castelhano et al., 2008; Malcolm & 

Henderson, 2009; Rutishauser & Koch, 2007; Sheinberg & Logothetis, 2001). For the 

Attentional Guidance measures, we examined: elapsed time to target, number of fixations before 

the target was fixated, and scan path ratio. For the Verification Measures, we calculated first 

gaze duration and total time on target, as well as the total verification time. Each measure is 

defined below. Fixations on the target were defined as any fixation for which the centre of the 

fixation fell within the target region (a rectangular space spanning the entire height and width of 

the object in question with a 1° border). For each measure, trials that were outside three standard 

deviations of the mean were excluded from the analysis.  The percentage of data loss resulting 

from these exclusions ranged between 0 and 2.56% dependent on the measure. 
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Table 1: A summary of means for accuracy and verification measures in Experiment 1.  

 

 Analyses on each search phase measure were performed using a 2(Group) x 2(Familiar) 

mixed factor ANOVA (the assumption of normality was upheld, W  between 0.12 and 0.99). 

Additionally, planned comparisons were performed to examine whether functional knowledge 

affects performance on visual search differently than featural knowledge. Planned two-tailed 

paired-samples t-tests were performed on RT and all eye-movement measures.  

Accuracy 

 A correct trial was defined as a trial in which the target object was fixated within the last 

three fixations before a button press (on the left pointing arrow on a Microsoft gaming controller 

that was held in both hands) was made. Incorrect trials were those for which either no response 

was made or the target was not fixated within 3 trials of the response. Overall search accuracy 

rates were high (83%). An ANOVA on the effects of target knowledge on accuracy revealed that 

Group [F(1,30) = 9.99, p = .004] differed significantly in that the Function Group performed 

significantly better than the Form Group. However, there was no main effect of Familiarity 

[F(1,30) = 2.58, n.s.] and no Group x Familiarity interaction [F(1,30) = 2.58, n.s.]. 

 Only correct trials were analysed for the RT and eye movement measures. 

Reaction Time 

 Reaction time (Figure 5) was measured as the amount of time that passed between the 

onset of the moving-window search scene and the button press signalling location of the target. 

  Function Group Form Group 

 Novel Study Novel Study 

Behavioural Measures M SD M SD M SD M SD 

 Accuracy (%) .87 .08 .87 .08 .75 .12 .81 .10 

Verification Measures         

 Total time on target (ms) 801.11 389.36 817.53 389.03 737.07 276.56 690.22 253.03 

 Decision gaze duration (ms) 750.63 355.30 799.50 343.94 684.08 250.90 678.36 247.22 

 Verification time (ms) 1055.32 505.21 1003.51 504.83 917.95 363.46 866.32 371.09 

 

 

 

 

 

 

 

 

 

  Novel Study 

 Congruent Incongruent Congruent Incongruent 

Behavioural Measures M SD M SD M SD M SD 

 Accuracy (%) .81 .13 .81 .14 .86 .10 .79 .16 

 RT (ms) 6790 1478 7097 2394 4933 1161 8778 2027 
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Results showed a main effect of Familiarity [F(1,30) = 6.10, p = .02.] in which Studied items 

were found more quickly than Novel items, and a significant interaction [F(1,30) = 4.13, p = 

.05.], which showed that there was a difference in the effects of Familiarity between the two 

Groups. There was no significant main effect of Group [F(1,30) = 1.86, n.s.]. Planned 

comparisons revealed that the Function Group were significantly faster at locating the Studied 

targets [t(31) = 3.21, p = .006] than the Novel targets [Δ = 1640 ms], but no such effect existed in 

the Form Group [t(31) = 0.43, n.s.; Δ = 160 ms]. 

 

Figure 5: The effect of Familiarity on reaction time as it relates to the Function vs. the Form Group. Error 
bars represent the standard error of the mean. 

 

Attentional Guidance Measures 

 Three attentional guidance measures were calculated to reflect the extent to which 

participants’ knowledge of the target influenced their eye movements. Elapsed time to the target 

and number of fixations before the target both measure the efficiency of attentional guidance. 

The scan path ratio is a measure of how efficient participants' scan path was over the entire 

search compared to the most direct scan path possible.  
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Elapsed Time to Target 

 Elapsed time to target (Figure 6) was calculated as the total time that elapsed between the 

onset of the search scene and the beginning of the first fixation on the target. A shorter elapsed 

time to target suggests either a greater degree of guidance with participants able to more 

effectively select possible target candidates or shorter fixation times reflecting faster rejections of 

some distractors as the target. The results of the ANOVA revealed a main effect of Group 

[F(1,30) = 5.49, p = .03], Familiarity [F(1,30) = 4.36, p = .05.], and a Group x Familiarity 

interaction [F(1,30) = 5.43, p = .03]. Planned comparisons showed that the interaction was the 

result of an effect of Familiarity in the Function Group such that elapsed time to target was 

shorter for Studied than for Novel objects [t(31) = 3.26, p = .005; Δ = 1326 ms]. No such effect 

was present in the Form Group [t(31) = .95, n.s.; Δ = 72]. This suggests that functional 

knowledge is a driving force in guidance by affordance. 

 

Figure 6: The effect of Familiarity on elapsed time to target as it relates to the Function vs. the Form Group. 
Error bars represent the standard error of the mean. 

 

 

0 

1000 

2000 

3000 

4000 

5000 

6000 

7000 

Function Group Form Group 

El
ap

se
d 

Ti
m

e 
to

 T
ar

ge
t (

m
s)

 

Novel 

Study 



 

  25 

Number of Fixations to Target 

 Fixations to target (Figure 7) is a count of the number of fixations made prior to the first 

fixation in the target region, but does not include the first fixation on the target. It is a measure 

that is conceptually similar to the previous elapsed-time measure, however fixation count may 

more accurately reflect differences in frequency of fixations. 

The analysis of the number of fixations to target revealed a similar trend to that found in 

the elapsed time to target data. Although there was no main effect of Group [F(1,30) = 1.39, 

n.s.], there was a significant effect of both Familiarity [F (1,30) = 6.19, p = .02] and Group x 

Familiarity interaction [F(1,30) = 8.67, p = .006]. Planned comparisons revealed a Familiarity 

effect in the Function Group [t(31) = 3.41, p = .004; Δ = 6.00] but not in the Form Group [t(31) = 

0.29, n.s.; Δ = .51]. This, again, suggests that guidance is affected by knowledge of the object’s 

function and not merely based on its form. 

 

Figure 7: The effect of Familiarity on number of fixations to target as it relates to the Function vs. the Form 
Group. Error bars represent the standard error of the mean. 
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Scan Path Ratio 

The scan path ratio was calculated as the total distance travelled by the eyes during 

search divided by the shortest possible distance between the initial fixation on the search scene 

and the target centre. The ratio reflects the efficiency of the search by showing the extent of 

deviations from the optimally most direct route to the target. A value of 1 signifies a perfectly 

optimal search pattern (no deviations) and increasing values signify increasingly greater 

deviations from optimality. Similar to what we found in the previous two measures, scan path 

ratio revealed no main effects of either Group [F(1,30) = 1.42, n.s.] or Familiarity [F(1,30) = 

1.83, n.s.], but did reveal a significant Group x Familiarity interaction [F(1,30) = 5.83, p = .02] 

(see Figure 8). Planned comparisons showed that for Function Group [t(23) = 2.88, p = 0.02] the 

scan path was more optimal for Familiar object searches than for Novel object searches [Δ = 

1.53]. The Form Group, again, had no such effect [t(23) = .97, p = n.s.; Δ = .63]. This effect of 

object function on scan path ratio further the findings of the previous two measures to show that 

function, more than form, guides visual search.  

 

Figure 8: The effect of Familiarity on scan path ratio as it relates to the Function vs. the Form Group. Error 
bars represent the standard error of the mean. 
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Verification Measures 

 Three verification measures were calculated to determine the extent to which 

participants’ knowledge of the target affected recognition of target object was once it was 

fixated. In the present study, the measures were: decision gaze duration, total time on target, and 

verification time. 

Decision Gaze Duration 

In the eye-movement literature, gaze duration is usually defined as the sum of all 

fixations within a defined region before the eyes move to a different location in the scene. Here, 

we looked at only those gaze durations immediately associated with the response decision. 

Hence, the decision gaze duration is calculated as the sum of all fixations made in the target 

region immediately prior to the making of a correct response and does not include fixations made 

to the target before the final gaze. The decision gaze duration allows us to measure the time it 

took participants to recognize the target object while excluding any prior glances to the target 

that did not lead to a response.  

The results of this measures yielded no effect of Group [F(1,30) = .37, n.s.] or Familiarity 

[F(1,30) = 0.55, n.s.], and no interaction [F(1,30) = 0.88, n.s.]. Similarly, the planned 

comparisons showed no effect of Familiarity on the Function [t(23) = .40, n.s.] or Form [t(23) = 

.13, n.s.] Group. The lack of a difference may indicate that there is no difference in how the 

targets were processed and that knowledge of the function plays little or no role in the 

verification of an object as the target.  
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Total Time on Target 

Total time on target was measured as the total amount of time a participant spent fixated 

on the target. In some cases, total time on target may be identical to the decision gaze duration, if 

the target is gazed at only once during the trial. If the target is fixated multiple times, however, 

the total time on target will be greater than the decision gaze duration as it includes all fixations 

on the target and not simply those made within a single gaze. 

Results showed no significant main effects of Group [F(1,30) = .73, n.s.] or Familiarity 

[F(1,30) = .17, n.s.] and no interaction [F(1,22) = .72, n.s.]. Similarly, no significant effects were 

found for Familiarity in the Function Group [t(23) = .12, n.s.] or Form [t(23) = .61, n.s.] when 

planned comparisons were run. This supports the notion that knowledge of the function of the 

object plays little role in being able to recognize it as the target.  

Verification Time 

 Verification time was calculated as the amount of time from the first fixation on the target 

until the response. It served as a global measure of the amount of time it takes participants to 

recognize the target object from the initial fixation on the target until the response was made. 

Thus, unlike previous measures, verification time included any time spent fixated on other 

regions than the target region during which recognition processing of the target may be on going. 

As was the case with our other measures, verification time, too, shows no effect of Group 

[F(1,30) = .84, n.s.] or Familiarity [F(1,30) = 1.46, n.s.] and no interaction between the two 

[F(1,30) < 0.001, n.s.]. Planned comparisons agreed with these findings, showing no differences 

between Novel and Studied objects in the Function [t(23) = .29, n.s.] or Form [t(23) = .43, n.s.] 

Groups. These findings are in agreement in there was little or no effect of the prior knowledge of 

the target object on recognition processes.  
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Discussion 

 Experiment 1 showed that we are able to use knowledge of object function to guide 

search in real-world scenes. All three attentional guidance measures supported this conclusion, 

consistently showing a strong search performance benefit by knowledge of an object’s function. 

Search performance was worse for all cases in which object function was unknown. The 

specificity of this effect to those searches in which the participant knew the function of the target 

object indicates that function (and not form) is the main factor contributing to guidance by 

affordance. 

Interestingly, the data failed to show any effects of knowledge of object function on the 

verification measures, suggesting that the type of knowledge about the object does not affect the 

ability to recognize it as the target object. This is in contrast with some studies of affordance in 

which object identification is facilitated by that object’s affordance (Vainio, et al., 2006), but can 

likely be explained through the differences in the tasks. In early affordance studies, participants 

were asked to identify the target object; however, in the present study participants were only 

required to recognize –and not identify- the target. This is possible even without any prior 

knowledge of the object as participants were shown the target before search and had simply to 

perform a match between the preview of the target and the target once it was fixated.  

 We can conclude from Experiment 1 that guidance by affordance is sufficiently robust to 

persist in real-world scenes and that its effects are largely the result of knowledge of the target’s 

function.  Because this study used the FPMW paradigm we can additionally conclude that the 

type of guidance used had to be based on an interaction between function and context.  We 

further explore the use of this relationship between an object’s function and its placement within 

the context of a scene in Experiment 2. 
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Chapter 3: Experiment 2 

Guidance by affordance as a strategy in visual searches of real-world scenes makes the 

most sense if it results from the integration of our understanding of the object’s function with 

scene context. In Experiment 2, we examined this context-function integration by manipulating 

function-location congruency. Participants were shown functionally known and unknown 

(Studied and Novel) targets in locations that either fit or did not fit with the object’s function 

(Congruent and Incongruent). If it is true that function contributes to guidance by use of scene 

context and an object is in a location that is congruent with its function, then search performance 

should be more efficient than if it is placed in a location incongruent with its function. 

Methods 

Participants 

 Twenty-four Queen’s University undergraduate students (15 female) between the ages of 

18 and 22 (M=19.13, SD=1.26) participated in this experiment. All participants received either 

$10/hr. or course credit as compensation for their participation in the study. No individual who 

participated in Experiment 1 participated in Experiment 2. 

Apparatus and Stimuli 

The apparatus and stimuli used in Experiment 2 were the same as in Experiment 1. The 

only difference between the two experiments was that in 50% of the searches, targets were 

placed in locations incongruent with their associated function (see Figure 9 for an example).  
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Figure 9: The target object was a device that must be ‘flicked’ to turn off all electronics within direct line of 
sight. Top: The target placed in a location that is congruent with its function. Bottom: The target placed in a 
location that is incongruent with its function. 

 

Design 

Experiment 2 conformed to a 2 (Familiarity) X 2 (Location) repeated measures design.  

The Familiarity condition was similar to the one used in Experiment 1, with the exception that all 

Familiar items were studied for function (as in Function Group of Experiment 1). As before, half 

of the search targets were studied prior to the beginning of the visual search task (Studied) and 

the other half were only previewed for 2 s immediately prior to the beginning of search (Novel). 
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For the Location condition, half of the Studied and Novel targets were placed in locations 

within the scene that were congruent with their functions (Congruent), while the other half were 

placed in locations that were incongruent with their functions (Incongruent). Congruent and 

Incongruent placements were counterbalanced such that an equal number of targets appeared in 

the top, middle and bottom regions of the scene in context.  

Procedure   

The procedure for Experiment 2 was similar to Experiment 1, with the exception that all 

participants studied 18 target objects’ function prior to the search phase. In addition, Studied and 

Novel targets were placed either in Congruent or Incongruent locations. Congruency of targets to 

their locations was based on the functions assigned to those objects, and this function-based 

assignment of targets to congruent and incongruent locations was used in both the studied (where 

function was known) and the novel (where it was not known) conditions. The Location condition 

was counterbalanced across target objects and across participants, such that each participant saw 

each target once but targets appeared in both Congruent and Incongruent locations across 

participants. 

Results 

Study Phase 

In the study phase in Experiment 2 participants spent an average of 28,239 ms (SD = 

8,555) studying each object and were able to achieve the required level of accuracy (88%) after 

an average of 1.58 (SD = .72) attempts. The average accuracy for the successful test was .97 (SD 

= .04). Accuracy levels remained high (93.75%) for the re-test after the completion of the eye 

tracking phase. 
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Search Phase 

To investigate the effects of target location on functionally defined or undefined context 

searches, we again considered three types of measures: behavioural, guidance and processing. 

Table 2 summarizes the distribution of means for all measures in Experiment 2.  

Table 2: A summary of means for accuracy and verification measures in Experiment 2. 

 

 All measures were analysed using a within-subjects 2 (Location) X 2 (Familiarity) 

ANOVA (the assumption of normality was upheld, W  between 0.11 and 0.99). Additionally 

planned comparisons in the form of two-tailed paired-samples t-tests were performed to directly 

examine how Familiarity influenced visual search when the target was in Congruent or 

Incongruent locations on all measures excepting accuracy. In addition, we explored the possible 

benefit or cost of having objects in Congruent or Incongruent locations when their functions 

were known in the reaction time and eye tracking measures. For these analyses, post hoc paired 

samples t-tests were performed and a Bonferroni correction was performed (αFW = .05, α = .006).  

Accuracy 

 Overall accuracy rates were high (80.56%) and did not differ by Familiarity [F(1,23) = 

1.00, n.s.] or by target location [F(1,23) = 1.59, n.s.], nor did they interact [F(1,23) = 2.71, n.s.]. 

As in Experiment 1, only correct trials were analysed in reaction time and eye-movement 

analyses. 

  Novel Study 

 Congruent Incongruent Congruent Incongruent 

Behavioural Measures M SD M SD M SD M SD 

 Accuracy (%) .81 .13 .81 .14 .86 .10 .79 .16 

Verification Measures         

 Total time on target (ms) 657.95 178.54 662.61 168.75 661.24 164.33 683.55 151.52 

 Decision gaze duration (ms) 630.38 162.67 639.83 170.82 647.27 170.22 661.73 155.93 

 Verification time (ms) 748.84 177.44 832.46 245.78 778.92 193.87 831.26 202.74 
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Reaction Time 

 RT results (Figure 10) showed no main effect of Familiarity [F(1,23) = .06, n.s.], but did 

show a significant effect of Location [F(1,23) = 34.16, p < .001] where search performance was 

faster for Congruent locations, and a significant interaction [F(1,23) = 23.05, p < 0.001]. Planned 

comparisons revealing a significant effect of Location in the Studied object searches [t(23) = 

10.64, p < 0.001], such that RTs were shorter when objects were in locations congruent with 

their functions when the target function was known [Δ = 3845 ms]. There was no such effect for 

Novel objects [t(23) = 0.54, n.s.; Δ = 307 ms]. This shows that knowledge of a target’s function 

facilitates visual search for congruently located targets over searches for incongruently located 

targets.  

Additionally, post-hoc tests explored the apparent benefit of Congruent locations in the 

study condition over those in the Novel condition and the apparent cost of Incongruent locations 

in the study condition over those in the Novel condition. Analyses showed that for the Congruent 

and Incongruent location [t(23) = 5.46, p <0.001 and t(23) = 2.74, n.s., respectively], knowledge 

of a target’s function facilitated visual search for that target when the target was placed in a 

location congruent with its function, but there was no significant cost for visual searches when 

the target was incongruently placed. This analysis suggests that guidance by affordance uses 

contextual information in its facilitation of visual search. 
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Figure 10: Describes effect of target location on reaction times as it relates to the Familiarity conditions. 
Error bars represent the standard error of the mean. 

 

Attentional Guidance Measures 

 The same three guidance measures used in Experiment 1 (elapsed time to the target, 

number of fixations before the target and scan path ratio) were used to provide a measure of the 

extent to which guidance by functional knowledge of a target was affected by the congruency 

between an object’s function and its location in the scene. 

Elapsed Time to Target 

 As in Experiment 1, elapsed time to the target was defined as the amount of time (in ms) 

that passed between the onset of the search scene and the first fixation on the target. The results 

revealed no main effects of Familiarity [F(1,23) = 0.22, n.s.], but significant effects of Location 

[F(1,23) = 32.03, p < .001], where Congruent targets were found faster, and a significant 

interaction [F(1,23) = 23.27, p < .001] (see Figure 11). Planned comparisons showed that there 

was an effect of location on visual search such that the target was found more quickly when the 

target had been studied and was in a location that is congruent with its function [t(23)=10.31, p < 
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.001; Δ = 3793 ms], but not when the target is Novel [t(23) = .58, n.s.; Δ = 319 ms]. This 

revealed a benefit of functional knowledge in Congruent object searches over Incongruent object 

searches.  

Post hoc tests further revealed that knowledge of target function benefits search for 

Congruent stimuli [t(23) = 5.31, p < .001], but there was no evidence of a cost to Incongruent 

target searches between studied and novel trials [t(23) = 2.79, n.s.]. This supports the idea that 

guidance by affordance is facilitated by an integration of both functional and contextual 

knowledge. 

 

Figure 11: The effect of location on elapsed time to target as it relates to the Familiarity conditions. Error 
bars represent the standard error of the mean. 
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Incongruent ones, and a significant interaction [F(1,23) = 28.66, p < .001]. Planned comparisons 

showed that an effect of location was significant only for the Familiar object searches [t(23) = 

9.85, p < .001] such that fewer pre-target fixations were made during searches for object in 

Congruent locations than Incongruent locations [Δ = 13.67]. No Location effect was found for 

Novel object searches [t(23) = 0.41, n.s.; Δ = .78]. This, again, revealed a benefit of functional 

knowledge in Congruent object searches over Incongruent object searches. Similarly, post hoc 

tests revealed a pattern identical to that seen in the previous two measures. A benefit of 

knowledge of target function in Congruent searches was found over Congruent searches where 

the function was not known [t(23) = 5.89, p < .001], but no evidence of a cost to Incongruent 

target searches between Study and Novel trials [t(23) = 2.80, n.s.]. These results further support 

our belief that effects of functional knowledge on visual search are supported by the use of 

contextual knowledge of a scene. 

 

Figure 12: Describes effect of Location on fixations to target as it relates to the Novel and Study conditions. 
Error bars represent the standard error of the mean. 
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Scan Path Ratio 

 As in Experiment 1, the scan path ratio was defined as a ratio of the most direct path 

over the path taken by participants from the onset of the search scene until the target was first 

fixated and reflects the efficiency of search performance. The ANOVA of scan path ratio 

revealed no main effect of Familiarity [F(1,23) = 1.25, n.s.], but significant effects for both 

Location [F(1,23) = 8.45, p = 0.008] and the interaction [F(1,23) = 10.78, p = .003] (Figure 13). 

Consistent with the previous analyses, planned comparisons showed the scan path ratio was 

smaller for searches where the target location was Congruent than when the target location was 

Incongruent [t(23) = 9.31, p < .001; Δ = 2.51]. No effect of Location was seen for Novel object 

searches [t(23) = 0.27, n.s.; Δ = .03].  

Similarly, the pattern of results in the post hoc tests resembled that found in the previous 

three measures. A benefit of knowledge of target function in Congruent searches was found 

[t(23) = 4.25, p < .001], but there was no evidence of a cost to Incongruent target searches 

between Study and Novel trials [t(23) = 1.34, n.s.]. These results further support the notion that 

effects of functional knowledge on visual search are supported by the use of contextual 

knowledge of a scene. 
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Figure 13: Describes effect of Location on scan path ratio as it relates to the Novel and Study conditions. 
Error bars represent the standard error of the mean. 

 

Verification Measures 
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n.s.] or target Location [F(1,23) = .33, n.s.] and no interaction [F(1,23) = .22, n.s.].   Similarly, 

no significant effects were found for Location in Novel target searches [t(23) = .09, n.s.] or in 

Studied target searches [t(23) = .49, n.s.]. 

Verification Time 

 Verification time, the total amount of time that passed between the first fixation on a 

target and the making of a response, was similarly non-significant. There were no effects of 

Location [F(1,23) = 4.14, n.s.], Familiarity [F(1,23) = .37, n.s.], and the interaction was also not 

significant [F(1,23) = .23, n.s.].  Planned comparisons agreed with these findings, showing no 

differences between Congruent and Incongruent target placements in the Novel [t(23) = 1.37, 

n.s.] and Studied [t(23) = .92, n.s.] conditions. 

Discussion 

 Experiment 2 showed that knowledge of an object’s function interacts with our 

knowledge of scene context to facilitate visual search. This effect was evident in two robust 

findings: (1) when the object function was known, participants consistently performed better on 

visual searches for congruently located objects than incongruently located object, and (2) there 

was an overall benefit for visual search performance for congruently placed objects when the 

function was known than when it was unknown but there was no cost for incongruently located 

objects when the function was known than when it was unknown. This benefit of function and 

location in context was present across all the attentional-guidance eye movement measures. 

 In a recent study, Malcolm and Henderson (2010) found that targets placed in locations 

incongruent with the context in which they are located consistently take longer to process than 

target placed in locations congruent with the context.  In contrast to this previous research, 

verification measures in Experiment 2 failed to show any significant effects of location or 
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knowledge of object function. While this provides further support for the idea that the benefits of 

functional knowledge in target searches occurs mainly as a result of attentional guidance, based 

on previous results, an effect of target location might have been expected. The failure to find a 

location effect could reflect one of several differences between the present study and previous 

research. First, the targets objects in the present study had never been seen in context before, so 

there was only a violation of affordance-based expectation and not one of the previously learned 

associations between the object and context. Second, the longer verification times in previous 

studies could reflect the cognitive effort of adapting an old learned association between a target 

and its location with the new incongruent location, instead of simply creating a new learned 

association entirely. Finally, the target objects in the present study were unique and did not 

resemble objects already existing in the real world and so could have be recognized more easily. 
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Chapter 4: General Discussion 

 In Experiment 1, we observed shorter elapsed times to target, fewer fixations to the 

target, and smaller scan path ratios in the Study condition for the Function Group as compared 

against the Novel condition, while no such difference existed between the Novel and Study 

conditions in the Form Group. This supports both the idea that the affordance-based search 

facilitation in array searches described by Bekkering and Neggers (2002) and Wykowska et al. 

(2009) can be applied to real world scenes, and that these affordance effects are mainly due to 

the knowledge of an object’s function than its form. Experiment 2 further described the manner 

in which guidance by affordance is applied to visual searches in real-world scenes by showing 

shorter elapsed times to target, fewer fixations to the target, and smaller scan path ratios for 

Congruent location searches than Incongruent location searches in the Study condition, but no 

effect of congruency in the Novel condition. Furthermore, Experiment 2 showed a benefit to 

Congruent location searches in the Study condition over the Novel condition, but no cost for 

Incongruent location searches under the same conditions. These results suggest that not only can 

we use guidance by affordance in visual searches of real-world scenes, but also that our 

contextual knowledge of those scenes is actually beneficial to this type of search. 

 The improved search performance in the Study condition of the Function group over all 

other conditions in Experiment 1 enhances research into affordance by showing that function, 

more than form, drives the effects in guidance by affordance.  The intimate relationship existing 

between form and function in the real world, like having handles on objects that are meant to be 

lifted, has been a problem in previous work on affordances because it has made it impossible to 

know whether the observed affordance effects (Bekkering & Neggers, 2002; Wykowska et al., 

2009) occur because of the form of an object or because of our understanding of how that object 
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is used.  By using invented objects as targets in search, and by providing participants with either 

the function or the form of these objects, we were able determine which of these two factors 

operates in guidance by affordance.  As in the study by Marques et al. (2012), in which they 

suggested that function might be the greater component of our semantic understanding of 

affordance, we suggest that it may also be the greater component of our visual understanding as 

well. 

 Post-hoc analyses in Experiment 2 showed that context effects are beneficial to searches 

where the target is Studied and it location is Congruent as compared to when the target is Novel. 

This ability to integrate our contextual and affordance-based knowledge is interesting when 

considered in terms of the current computational models of visual search. These models reflect a 

greater influence on visual search by contextual guidance than by other forms of guidance 

(Ehinger et al., 2006; Kanan et al., 2006), but define context in a limited fashion as the learned 

associations between a target and objects and locations within a scene. As described earlier, 

however, there is a close relationship between function and context such that knowledge of one 

should suggest some knowledge of another.  For instance, if we know that we are meant to pull 

on an object, we would expect it to be located at mid-height on a person to facilitate pulling.  

Inversely, if we see that an object is placed in a scene at mid-height on a person, we would 

expect that it requires us to perform some sort of hand-based motion.  It is this precise 

relationship that was manipulated in the present study. By placing targets in locations in a scene 

that did or did not ‘fit’ with function-based expectations, we showed that people are more 

efficient at finding congruently located targets and, therefore, that people apply their knowledge 

of the function-context relationships to visual search.  With the present study, then, we suggest 
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that the current learned associations definition of contextual guidance in visual search models be 

expanded to include affordances, in the form of function-context relationships, as well. 

 Interestingly, considering the robust effects found for guidance by affordance on our 

measures of attentional guidance, neither Experiment 1 nor Experiment 2 showed any evidence 

for effects on verification times. This is in contrast with other studies that have found that 

atypical (Castelhano, Pollatsek & Cave, 2008) or incongruently located (Biederman et al., 1982; 

Malcolm & Henderson, 2010) objects require longer processing times. The difference between 

the present and past studies suggests that there may have been different recognition strategies 

employed in the present study, like: (1) a typical search requires that target features be 

remembered to allow for differentiation from other objects in the scene, while targets in the 

present study could be recognized simply on the basis of their featural uniqueness, (2) 

participants may not have experienced the same level of verification difficulty at an ‘out of 

place’ target simply because, while the target function suggests a possible location, the 

participant has no actual experience with the object in that location and therefore no real conflict 

existed, and (3) functional knowledge simply may not affect target processing regardless of its 

effects on guidance; when faced with a target for which only functional and featural (and no 

experiential) knowledge is available, we may process them simply by their features alone. Taken 

together, the invented objects used in the present study may have been recognized using different 

strategies than those one would use for a familiar object. 

 Taking these three possible recognition strategies, we considered physical results in 

relation to past studies that also employed the FPMW (Castelhano & Heaven, 2010; Castelhano 

& Henderson, 2007) to see if they might suggest where the difference lies.  Specifically, we 

considered how the mean RT, elapsed time to target, fixations to target, scan path ratio, and 
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verification time in the present study compared to those in other similar studies.  While RT, 

elapsed time to target, and verification times in the present study were similar to those found 

previously (Castelhano & Henderson, 2007), fixations to target and scan path ratio were much 

higher, with previous ranges between 3.29 and 11.30 (current means starting at 15.75), and 3.30 

and 3.50 (current means starting at 5.77) respectively (Castelhano & Heaven, 2010; Castelhano 

& Henderson, 2007).  This increase in the number of fixations and scan path ratio without an 

increase in elapsed time to target suggests that each individual fixation in this study had to be 

shorter than those made in previous studies.  This, in turn, may suggest that participants were 

relying on different recognition processes from the very beginning, such as using the uniqueness 

of the target to identify it. 

 In the present study, there was also an interesting (though not significant) trend 

suggesting that form may also contribute to guidance to some degree. The attentional guidance 

eye movement measures in Experiment 2 showed that participants located congruent objects 

more efficiently than incongruent objects even when they had no functional knowledge of those 

objects. This is likely because participants may have been able to infer where a target belonged 

based on its features. For example, a flat-bottomed object belonged on the floor and countertop, 

while hanging objects belonged in higher locations. Because objects were built with their 

functions in mind, so that they looked like they might be capable of being used for their assigned 

function, and because objects were assigned to congruent and incongruent locations based on 

their functions, there was a tenuous connection linking form to location in the scene.  It seems 

that participants may have been able to manipulate this connection, at least to some degree, to 

facilitate search.  This connection between form and likely location is very similar to that used 

by Kanan et al. (2009)’s SUN model of visual search. In the SUN model the learned associations 



 

  46 

being used to guide search are based on the relationship between target features and the context, 

rather than the relationship between whole objects and context (as is the case in the Guided 

Search model by Ehinger et al., 2009). The SUN model prioritizes search using the likelihood of 

a particular feature or series of features occurring in a particular region of the scene –like a large 

flat bottom being prioritized to a floor. Such guidance by features was also paralleled by findings 

in a recent study by Sigurdardottir, Michalak and Sheinberg (2012) in which the shape of a 

completely Novel object directed attention in the direction in which the object was deemed to be 

pointing. Even though these results were non-significant in the current study, they hint at another 

manner in which contextual information is integrated with affordance in the guidance of visual 

search. 

 In this study we showed that guidance by affordance is the result of an integration of 

contextual knowledge with knowledge of object function.  There are some limitations, however, 

that needed to be addressed before coming to that conclusion.  The first issue is that the 

differences between the Function and Form groups could be attributed as much to qualitative 

differences in the style of search employed as to the type of information extracted from the 

target.  For instance, when asked about how they performed searches, Form group participants 

were more likely to reply that they had used a grid-style search than were Function group 

participants, who typically reported using their knowledge of target function or its form (in novel 

searches) to search.  This difference shows an inequality between the groups; however the 

claimed use of non-grid based searches (and the claimed use of affordance-based searches) by 

Function group participants even in novel trials coupled with the difference existing between the 

search facilitation in these trials, still supports the use of function over form in guidance by 

affordance.  In future studies, consideration could be made for semantic effects in gaze 
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strategizing –a series of object searches without any indication of real-world employ (as was the 

case in Form group searches) might not be sufficient to encourage natural searches.  The 

inclusion of some semantic description –even if it does not imply a location within the scene- 

may encourage a more natural search strategy in the Form group instead of the grid-style 

searches that were chosen.   

Another consideration in the present research is that, while it is aimed at examining the 

effects of affordances in visual search in a more realistic environment, actual physical-motion in 

participants is discouraged –from the moving of the head to other physical motions that might 

disrupt calibration of the eye-tracker.  This affects the findings of the current study in two ways.  

On the one hand the inability of participants to rotate and tilt their heads makes the searches 

slightly less natural than searches in which three-dimensional motion of the head is allowed. This 

is, however, not thought to affect search strategies to a great degree.  Research has shown that 

searches on head-mounted eye trackers are performed similarly to searches on remote eye 

trackers (eye trackers that are not head-mounted and allow a freer range of motion; Mello-Thorns 

et al., 2006), so this is not thought to be a significant factor in the current study.  On the other 

hand, this same inability of the participants to move in general actually enhances the present 

research by showing that the effects of affordance on visual search are not the result of an 

intended action, but the of the potential for an action to be made.  In previous studies of guidance 

by affordance an action was planned and held in memory while performing the search so that the 

guidance effects could be caused either by the planned motion and the motor activation that is 

maintained as a consequence, or by motor activation resulting from the mere understanding of an 

object’s affordance that facilitates search regardless of intent.  With the present study, we have 

shown the latter to be the case.  
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The current research also has broader implications and can be practically applied to areas 

such as learning and robotics.  One of the main things we were able to provide with the present 

study was an example of the guidances available to us when we are searching for items we have 

never seen before.  In learning and education, this is a common occurrence –we are constantly 

introduced to new objects and benefit from being able to interact with them with some sort of 

authority instead of simply starting from scratch in our interactions with each new item to which 

we are introduced.  By understanding the factors underlying this useful authority, we are better 

able to (1) introduce these objects to the user in a way that best facilitates their understanding of 

and interactions with it, and (2) design and place ‘new’ objects to make the best use of this 

authority.  Additionally, as technology progresses closer and closer to the invention of high-

functioning robotics and artificial intelligences, it becomes important not only to provide 

programs with information that is currently relevant, but also to build in algorithms that allow for 

adaptation and ‘learning’.  A robot or AI that is of great use one year may be of much less use a 

year or two after its invention simply because it no longer has the software to allow it to interact 

with a ‘new’ or ‘updated’ environment.  Since the rate at which technology advances makes 

changing a robotic or AI program with every advance impractical, provision of programming 

that allows for adaptation (such as the association of context, affordance, motion and search) 

would allow for an original program to remain relevant for a longer period of time.  

Understanding the manner in which people interact with and process objects during their first 

encounters is critical to this adaptability. 
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Chapter 5: Conclusions  

 Current accounts of guidance by affordance are limited by the intimate relationship 

between form and function as well as by a lack of understanding of how it is affected by 

contextual considerations in real-world scenes. By comparing searches for targets in which either 

the target function or the target form was known, the present study separated knowledge of form 

from function to determine that it is function that drives guidance by affordance. Additionally, by 

manipulating the congruency of target location with target function within real-world scenes we 

were able to show that our understanding of target affordances can be integrated with our 

understanding of scene context to further facilitate guidance by affordance. Ultimately, we have 

extended our understanding of the visuomotor interactions that occur in our every day lives, and 

provided evidence for a previously unrecognized guide to visual search. 

 In the present study we expanded our understanding of affordance effects on visual 

search by showing that they are largely the result of an understanding of target function and that 

they are benefitted by an integration of scene context and affordance knowledge. We also 

provided evidence that, despite these guidance effects and in opposition to current research, our 

understanding of an object’s affordance has little or no effect on the actual processing of the 

target once it is fixated. Finally, trends in the data suggest a new line of inquiry: that of 

contextual guidance of visual search by feature-to-location learned associations instead of the 

more typical object-to-location associations. 
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Appendix A 

Instruction Script for Function Group 

In this study, you will be asked to study and learn the names, functions and appearances 

of 18 new objects. You will then be tested on this information before being asked to search out 

these objects in several scenes. Your eyes will be tracked only during the search portion of the 

study. 

In the first part of the study, an ‘invented’ object will appear on the left of the screen, and 

a description of how it is used and what it does will appear on the right. Each object and its 

function will remain on the screen until you press ‘1’, at which point the next object will appear. 

You cannot ‘move backwards’ to return to an object once you’ve passed it. However, if 

you feel that you need to study them again, follow the instructions on the end screen in order to 

return to the start to go through all the objects again. You may do this as many times as you feel 

you need to. 

To help you learn them, several participants have suggested techniques like imagining 

yourself using the object being shown, or learning them on the first time through and then testing 

yourself on the second time through by covering up the function and trying to recall it without 

prompting. 

Once you feel you’ve learned the objects and their functions well enough, follow the 

instructions on the end screen to proceed to the test. In this test, a picture of one of the objects 

you just studied will appear in the middle of the screen. Please leave this object there until you 

feel that you have remembered its function, then press ‘Enter’ to see the MC options. 



 

  56 

If you pass this test, the program will close and we will move on to the eye-tracking 

phase. If you do not do well enough on the test, the program will automatically return you to the 

beginning to study all the objects again.  

You will be given three chances to pass the test. If you are not able to successfully 

complete the task on your third attempt, you will be receive credit for the time you have 

participated, but will be excused from the remainder of the study.  

 

Instruction Script for Feature Group 

In this study, you will be asked to study the appearances of 18 new objects. You will then 

be tested on this information before being asked to search out these objects in several scenes. 

Your eyes will be tracked only during the search portion of the study. 

In the first part of the study, an ‘invented’ object will appear in the center of the screen. 

Please study that object in detail, paying attention to such things as the width and height, colour, 

and shape of each component making it up. Each object will remain on the screen until you press 

‘1’, at which point the next object will appear. 

You cannot ‘move backwards’ to return to an object once you’ve passed it. However, if 

you feel that you need to study them again, follow the instructions on the end screen in order to 

return to the start to go through all the objects again. You may do this as many times as you feel 

you need to. 

Once you feel you’ve learned the objects well enough, follow the instructions on the end 

screen to proceed to the test. In this test you will be shown four similar-but-different versions of 

the objects. The objects will differ such that: a component of the object may be a different 
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colour, the colour of the entire object may change, a part of the object may change shape or size, 

etc. 

If you pass this test, the program will close and we will move on to the eye-tracking 

phase. If you do not do well enough on the test, the program will automatically return you to the 

beginning to study all the objects again. 

You will be given three chances to pass the test. If you are not able to successfully 

complete the task on your third attempt, you will be receive credit for the time you have 

participated, but will be excused from the remainder of the study.  
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Appendix B 

All target objects, the congruent and incongruent locations in the scenes in which they are 

found, and the functions assigned to them. 

Object Congruent Incongruent Function 

   

Grip handle to extend your 
reach while scrubbing both 

tank and base of toilet. 
 

   

After drying off, drop your 
towel on this device.   The 

weight activates it, causing it 
to extend to full height to 

facilitate drying. 

   

Place make-up brushes into 
this device for cleaning.  

Orient brushes bristle side 
down. 

 

   

Stretch band to fit this device 
around brushes, combs, 

blowdryers and straighteners 
to provide additional light 

directly to the attended 
location while styling hair. 

   

Insert your toothbrush into 
this device to clean and dry 
the bristles before putting it 

away. 
 

   

Pull downward on this device 
to dispense shampoo or 

condition directly onto your 
head. 
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Object Congruent Incongruent Function 

   

Set this device  near the 
location of interest.  It will 

scan under furniture for 
dropped or misplaced items. 
Emits a sound if an object is 

located. 

   

Use handle to roll back and 
forth over animal messes to 

clean any surface. 
 

   

Fit your open books carefully 
into this device.  It will hold 
your book open to the page 
being read, turn the page in 

response to vocal commands, 
and protect the binding from 

damaging wear and tear. 

   

Place unopened mail into this 
device and it will keep track 

of the amount of time it 
remains unopened. Alerts 

reader when an item has been 
left unattended for longer than 

a week. 

   

Press this device against a 
vertical surface.  It affixes to 

and cleans that (and 
surrounding) surfaces.  Leaves 

behind no messy drips or 
streaks. 

   

Flick the switch on this device 
to scan all line-of-sight 

electronics and shut them off. 
 

   

Slide back and forth along the 
ground to clean under hard to 

reach places (like ovens, 
stoves and refrigerators). 
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Object Congruent Incongruent Function 

   

Step into device to clean bare, 
shoed, or stocking feet of 

spilled kitchen messes before 
they are tracked through the 

house. 

   

Feed dish towels through this 
device to clean them of major 

food and kitchen messes. 
 

   

Position the end of this device 
in or near ingredients while 
cooking. It will keep melted 

ingredients warm so that they 
do not solidify until ready. 

   

Nudge this device to start it 
swinging.  It will draw in any 

smoke produced while 
cooking to prevent the fire 

alarm from sounding. 

   

Insert a new cartridge into the 
ceiling mount every fourteen 
days.  The cartridge emits a 
glow that causes bacteria to 

fluoresce to help you maintain 
a clean, safe kitchen. 

   

Gently kick this storage 
device to make it roll towards 
you.  Add or remove anything 
you need from it, then kick it 
again to make it return to its 

previous location. 

   

Rock back and forth over 
damaged flooring to repair 

and renew that area. 
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Object Congruent Incongruent Function 

   

Invert and rub onto paper and 
other surfaces to remove ink 
smudges and other damaging 

stains. 
 

   

Peel the non-adhesive backing 
from this device and place 

sticky side against overheated 
electronics to provide cooling 

air for up to 3 hours. 

   

Attach to the surface to be 
tested and this device will 

measure the amount of 
temperature change radiated 
through that surface.  It then 

uses this information to 
determine the effectiveness of 

the surrounding insulation. 

   

Hold the handle and pull out 
and down.  This device will 

shift to lower items from out-
of-reach to a more 
comfortable level. 

   

Hold this device over 
chemical spills (like oils and 

paints) to contain and 
neutralize fumes. 

 

   

Stomp on this device to 
instantly disable a powertool 

in case of injury or 
malfunction. 

 

   

Push buttons to release nuts 
and bolts from any of the 6 
compartments into the tray. 
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Object Congruent Incongruent Function 

   

Run a saw blade along the 
open side of this device to 

sharpen the teeth. 
 

   

Attach or remove this 
movable light source from any 
surface to bring illumination 
closer to the project at hand. 

 

   

Check the sponge insert in this 
device regularly.  The sponge 

absorbs water before wall 
damage can occur, but 

becomes less effective as the 
sponge changes from coarse to 

slippery to the touch. 

   

Use handles to push this 
device around your lawn.  It 

draws leaves in, mulches 
them, then releases them as a 

natural, organic fertilizer. 

   

Rotate the dial on this device 
to change temperature 

settings. Once set, this device 
radiates heat or cold to 

moderate temperatures for 
delicate plants. 

   

Press and clamp your 
disposable dinnerware into 
this device to prevent them 
from blowing away while 

outside. 

   

Activate this device by 
depressing the handle.  It will 

begin to vibrate gently in 
order to dislodge dirt from 

outdoor surfaces and furniture. 
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Object Congruent Incongruent Function 

   

Pull on chain to sprinkle 
plants with stored rain water. 

 

   

Stick onto a vertical surface 
with good sun exposure and 

this device will change colour 
to indicate current UV levels. 

 

 


