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A B S T R A C T 

In a recent series of studies, Tucker and Ellis (Ellis & Tucker 2000; Tucker & Ellis 1998) 

have proposed that objects automatically prime components of potential actions that they 

afford. Recent work, however, suggests that perhaps some form of cognitive coding or 

attentional mechanism may be responsible for the orientation effect described by Tucker and 

Ellis (1998) (Lyons et al., 2001; Anderson et al, 2002; Phillips & Ward, 2002). The primary 

purpose of the experiments reported here was to further examine the orientation effect and to 

investigate whether attention is captured by the action-relevant properties of objects. As a 

means of investigating whether attention was indeed directed to the action-relevant feature of 

an object, we assessed eye movement behaviour during the perception of an object. In 

Experiment 1, we sought to perform a conceptual replication of Tucker and Ellis (1998) 

original experiment and attempt to replicate the orientation effect. Thus, participants made 

speeded judgements of the vertical orientation of a common household object that was 

presented in varying vertical and horizontal orientations. The results revealed an absence of 

eye movements which suggested that attention may not be overtly captured by the action-

relevant property (the handle) of the object presented. In addition, our reaction time (RT) 

results did not reveal an interaction between horizontal orientation and response. In 

Experiment 2, we asked participants to judge the horizontal, instead of the vertical, 

orientation of the presented object to examine the orientation effect when horizontal 

orientation was actually relevant to the task. The pattern of eye movements replicated much 

of those found in Experiment 1. In contrast to the RT results of Experiment 1, there was a 

trend toward an orientation effect such that participants responded more quickly when the 

arrangement of the horizontal orientation overlapped with the response set. Taken together, 



the results of Experiment 1 and 2 suggest a potential influence for intention and the relevant 

stimulus dimension for task performance. In Experiment 3, we examined how intentional set 

of participants impacts the influence of the objects' action-relevant features by varying the 

relevant stimulus dimension and stimulus-response mapping instructions. The results 

showed that when the horizontal orientation was the relevant dimension to identify, the 

handle orientation had an influence on the response hand but not when the vertical 

orientation was the relevant dimension. This would suggest that RT was unaffected by the 

orientation of the object along the task-irrelevant dimension. 
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1. INTRODUCTION 

One needs only to glance around to experience the wealth of information that our visual 

system provides. For example, when you decide to reach for a cup of coffee on the kitchen 

table, your visual system will extract information about the cup's properties (i.e. location, 

shape, and orientation), the table, and the relationship of the cup relative to oneself and 

surrounding objects. Intuitively, it makes sense for the visual system to extract and integrate 

all of the above information so that one is aware of the surroundings before beginning to plan 

an appropriate reaching movement to the cup of coffee. Once the information has been 

processed and the appropriate action selected, the planned action can then be executed. 

From a review of relevant literature, it is apparent that visual processing, culminating 

in action, does not have to occur in the serial manner suggested above. Indeed, it has been 

suggested that seeing an object can automatically "afford" (Gibson, 1966)1 an action even in 

the absence of a movement. For example, recent evidence has shown that the simple viewing 

of a functional object or "tool" 2 (e.g., scissors, hammer) can prime or activate motor-related 

areas of the brain (e.g., Creem-Regehr & Lee, 2005; Grafton, Fadiga, Arbib & Rizzolatti, 

1997), or even draw attention to its location once its affordance properties have been realized 

(Handy, Grafton, Shroff, Ketay, & Gazzaniga, 2003).3 A number of recent studies by Tucker, 

Ellis, and colleagues (e.g., Ellis & Tucker, 2000; Derbyshire, Ellis, & Tucker, 2006; Grezes, 

' The term "affordance" was first introduced by James Gibson (1966) to encapsulate the notion that features of 
our environment, or the properties of an object, can indicate and influence future action. The handle on a door, 
for instance, affords a pul l ing action, while a lever, suitable to grasp, implies a turning action. Gibson 's (1979) 
theory of affordances suggests that objects afford all possible actions, and thus actions afforded by an object are 
unconstrained by one's capacity to perceive action possibilities. 
2 A tool can be described as an object that is functionally specific for a particular task. Consider a cooking 
spatula consisting of an elongated handle with a flat f lexible metal head on the end of it. If we grasp the spatula 
by the handle it is l ikely to afford a scooping, l i ft ing, or f l ipping type action; however, there are less 
conventional ways to manipulate the same tool. Should something fall down the side of the stove out of our 
reach, that same spatula could be grasped by the flat end in order to slide its thin handle down a narrow 
opening. Despite the number of different ways an object can be manipulated, there is generally one explicit 
function with which it is associated. 
3 For a brief review, see Appendix A . 
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Tucker, Armony, Ellis, Passingham, 2003; Symes, Tucker, & Ellis, 2005; Tucker & Ellis, 

2001) have argued that the action-relevant, or affordance properties, of objects potentiate the 

action possibilities that might be associated with them. The impetus for these investigations 

was an earlier study by Tucker and Ellis (1998) in which the authors argued that the 

perception of an object can automatically prime the actions afforded by that object, 

irrespective of a person's intention. 

1.1 Graspable Objects Automatical ly Pr ime M o t o r Responses 

Tucker and Ellis (1998) presented photographs of household objects (e.g., frying pan, teapot, 

and hammer) to participants (see Figure 1.1). These objects were selected because they had a 

specific action-relevant feature (i.e., their graspable surface, or handle). Participants were 

asked to judge the vertical orientation of the presented object using left and right key-press 

responses. The objects were presented either right-side up or upside-down, and with either 

the graspable surface oriented leftward or rightward. The basic premise of this paradigm 

(modeled after stimulus-response compatibility protocols - see Proctor & Reeve, 1990, for 

review) was that if the action-relevant feature (i.e. the handle) of the object was represented 

automatically and primed the action associated with it, then there should be preferential 

facilitation of the response hand most suited to perform the action. This, in turn, should 

facilitate speeded responses by that hand. 
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Figure 1.1: Examples of the type of stimuli used by Tucker and El l is 
(1998). 

The basic pattern of results is shown in Figure 1.2. Although the horizontal 

orientation of the graspable surface was irrelevant to the task, reaction times were 

nevertheless influenced by the object's horizontal orientation. 

—•—Left H and 
—•—Right Hand 

Left Right 
Horizontal Orientation 

Figure 1.2: Mean RTs and error rates as a function of left-right object 
orientation and response. (Figure adapted from Tucker & El l i s , 1998). 

A s shown in Figure 1.2, responses based on the object's vertical orientation were faster i f the 

graspable surface of the object was also oriented to the side corresponding to the appropriate 
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response. Based on their findings, Tucker and Ellis (1998) concluded that, "certain action-

related information—in this case the hand most suited to grasp the object—is represented 

automatically, regardless of intention, when the object is viewed in the peripersonal space" 

(p. 836). Tucker and Ellis argued that the facilitative influence of the irrelevant handle 

orientation on responding was supportive of the proposal that perceived objects automatically 

afford an appropriate action (cf. Michaels, 1988). The orientation of the graspable surface 

facilitated the motor response associated with it and therefore preferentially activated the 

hand most suited to perform that response. 

This "orientation effect" is reminiscent of the well-known Simon effect (e.g., Simon 

& Rudell, 1967) in which properties of the stimulus (in the case of the Simon effect, the 

object's spatial location) that are irrelevant to the task remain a determining factor of 

response latencies. Explanations of the Simon effect have typically been based upon 

variations of either "cognitive coding" or "attention-orienting" hypotheses. Coding-based 

accounts (e.g., Wallace, 1971) propose that it is the correspondence between stimulus codes 

and response codes as the critical factor in determining response times. Attention-based 

accounts argue for the influence of attentional biases on responding (e.g., Simon, 1990; 

Verfaille, Bowers, & Heilman, 1988). These two accounts have also been unified by 

proposals which suggest that the stimulus code may arise due to a reorienting of attention 

(e.g., Umilta & Nicoletti, 1992). 

1.2 Affordance or Cognitive Coding? 

In the present series of experiments, we revisited the orientation effect observed by Tucker 

and Ellis (1998). One of our interests was in determining whether the action-relevant 



property (e.g., a graspable handle) of an object can capture overt visual attention. There may 

be reason to suspect that Tucker and Ellis's (1998) action priming effects were brought about 

by a mechanism that involved attention orienting or cognitive coding. This suspicion comes 

from studies to follow Tucker and Ellis (1998). Lyons and colleagues (Lyons, 2001; Lyons, 

Weeks, & Chua, 2000) performed a variation of Tucker and Ellis' experimental protocol in 

which they included phtotographs of "neutral" objects that had symmetrical graspable 

surfaces. Figure 1.3 shows an example of a vase with two handles that could be grasped with 

either the left or right hand, on either the left or right side. 

Figure 1.3: Examples of stimuli used by Lyons et al. (2000). (a) and (b) one-
handled objects; (c) neutral or two-handled object. (From Lyons et al., 2000). 

Lyons et al. found that the orientation effect originally identified by Tucker and Ellis was 

eliminated across all stimuli when neutral objects were included in the stimulus set (see 

Figure 1.4). 
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— * — L e f t H and 

—a—Right H a n d 

Lett Neu t ra l R i g h t 

Horizontal Orientation 

Figure 1.4: Mean RTs as a function of handle orientation and response. 
(Adapted from Lyons et al., 2000). 

That is, the graspable surface (i.e. the handle) no longer had an influence on responding. 

Lyons et al. argued that these results questioned Tucker and Ellis's assertion that these 

objects' graspable surfaces automatically afforded and primed the potential action. Lyons et 

al. proposed that the sensitivity of these object-based compatibility effects to task context 

may imply some form of cognitive coding mechanism as opposed to an affordance-based 

mechanism. Lyons et al. proposed, for example, that the response priming that Tucker and 

Ellis observed may be due the orienting of attention to a salient object feature, or a salient 

perceptual asymmetry (e.g., the protruding handle) in the object. 

A role for attention has also been recently suggested by other investigators (e.g., 

Anderson, Yamagishi, & Karavia, 2002; Phillips & Ward, 2002). Anderson and colleagues 

(2002) have also argued for an attentional account of the orientation effect. They presented 

line drawings of two types of stimuli: a pair of scissors which handles either oriented left or 

right, and a clock face that indicated a time of about 3:15 or 8:45. Participants judged 

6 2 0 A 

5 6 0 -

5 5 0 -

5 4 0 -• 



whether the stimuli were oriented clockwise or counter-clockwise. Participants were faster at 

judging orientations when the required response (left or right hand) was congruent with the 

side of the handle of the scissors, or with the hands of the clockface. While the results for the 

scissors could be taken in support of Tucker and Ellis's (1998) action potentiation, Anderson 

et al. argued that the results for the clockface stimuli instead suggested that stimulus 

asymmetries resulted in an attentional bias toward the asymmetry. A similar result was found 

when they used non-object stimuli that had a perceptually salient asymmetry. Anderson et al. 

argued that the latter stimuli (clockface, non-object shape) would not be expected to afford a 

particular action, and thus the orientation effects observed could not have been due to an 

automatic potentiation of a motor response. 

1.3 Do Action Relevant Properties of Objects Capture Attention? 

Motivated by the studies of Lyons (2001; Lyons et a l , 2000) and Anderson et al. (2002), we 

reconsidered the orientation effect observed by Tucker and Ellis (1998) from a perspective 

that investigates further a potential role for an attention orienting mechanism. Based on the 

work by Handy et al. (2003), Tucker and Ellis (1998, 2000), and others (e.g., Anderson et al. 

2002), the basic issue addressed centred about the following question: when an object - a 

tool - is presented to an observer, is attention oriented initially to a feature that informs the 

observer of the object's affordance (i.e. the object's action-relevant feature)? Following the 

logic suggested by Lyons (2001), this orienting of attention could result in the generation of a 

stimulus code (e.g., Umilta & Nicoletti, 1990, 1992) that subsequently influences the 

selection of a response to the object. If the direction in which attention is shifted is spatially 

compatible with the side of response, then responses would be expected to be facilitated. In 
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addition, once the affordance of the object has been recognized as a result of attention to an 

object's action-relevant feature, attention may be kept engaged to the location of the object 

(and perhaps the specific action-relevant feature). This latter point would be consistent with 

the recent observations noted by Handy and colleagues (2003) on how graspable objects 

appear to "grab" attention. 

The primary purpose of the experiments reported here was to further examine the 

orientation effect (Tucker & Ellis, 1998) and investigate whether attention is captured by the 

action-relevant properties of objects. As a starting point for these investigations, we opted to 

examine whether the presentation of a functional object (e.g. a "tool" with a graspable 

handle) resulted in the overt orienting of attention towards its action-relevant feature (i.e., the 

graspable handle).4 As a means of investigating whether attention was indeed directed to the 

action-relevant feature of an object, we assessed eye movement behaviour immediately 

following presentation. We expected that a significant portion of saccades to be generated 

initially toward the action-relevant feature of the object when it was presented. We also 

selected to use real objects, rather than photographs (e.g., Lyons et al., 2000; Phillips & 

Ward, 2002; Symes et a l , 2005; Tucker & Ellis, 1998, 2004) or line drawings (e.g., 

Anderson et al. 2002). The basic rationale for this decision was the expectation that any 

4 It is well-established that attention can be oriented covertly - i.e., in the absence of eye movements (e.g., 
Posner, 1980). However, evidence has also supported a tight coupling between attention shifts and eye 
movements (e.g., Deubel & Schneider, 1996; Rizzolatt i , R igg io , Dascola & Umi l ta , 1987; Sheliga, Riggio, & 
Rizzolatt i , 1994). Evidence for a relation between attention and eye movements has been found in studies that 
have examined whether attentional capture and oculomotor capture measure the same underlying attentional 
processes. For example, Ludw ig and Gilchrist (2002) have shown that oculomotor and attentional capture may 
have similar underlying processes when the response requires directional local ization. Based on the line of 
reasoning that attentional capture and oculomotor capture may both be a means of measuring the locus of 
attention (particularly when the eyes are free to move), we used oculomotor capture as a tool to try and identify 
where attention was being directed. 
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affordance-based effects should be more robust when an actual object, rather than a visual 

representation of an object, is presented. 

In Experiment 1, we sought to perform a conceptual replication of Tucker and Ellis 

(1998) original experiment and attempt to replicate the orientation effect. Thus, participants 

made speeded judgements of the vertical orientation of a common household object that was 

presented in varying vertical and horizontal orientations. In Experiment 2, we asked 

participants to judge the horizontal, instead of the vertical, orientation of the presented object 

to examine the orientation effect when horizontal orientation was actually relevant to the 

task. In both experiments, we assessed eye movement behaviour concurrently with manual 

response performance during the task. In Experiment 3, we examined how intentional set of 

participants impacts the influence of the objects' action-relevant features by varying the 

relevant stimulus dimension and stimulus-response mapping instructions. 
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2. E X P E R I M E N T 1 

Adopting the stimulus-response compatibility protocol used by Tucker and Ellis (1998), 

participants were presented with common functional objects ("tools" - e.g. a cup, a tea pot, a 

small pitcher) that were oriented either right-side up or upside-down, and with their handle 

oriented either to the left or right. Participants made a left or right key press response 

according to the vertical orientation of the object. Horizontal orientation was irrelevant to the 

task. Eye movements were recorded as a means of inferring where attention was directed 

when the object was presented. If the action-relevant handle of the objects prime the 

associated response, then we expected that responses to the vertical orientation of the objects 

would be facilitated when the handle was oriented congruently with the hand making the 

response (e.g., Tucker & Ellis, 1998). If the same action-relevant handle also captured overt 

visual attention, then we expected that small amplitude saccades would be directed toward 

the handle subsequent to object presentation and preceding the manual response. 

2.1 Methods 

2.1.1 Participants 

Twelve (seven females and five males; all right-handed; M age 24.8 years) members of the 

student population of the University of British Columbia participated in this experiment. A l l 

had normal or corrected-to-normal vision. The study was conducted in accordance with the 

ethical guidelines set by the University of British Columbia. Each participant provided 

informed consent and was compensated $10 for their time. A l l but one were na'ive as to the 

purpose of the study. 
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2.1.2 Apparatus and Stimuli 

Participants were seated in a height adjustable chair directly in front of the display apparatus 

which rested on a table (see Figure 2.1 for schemata of setup). A chin rest was attached to the 

table at a height of 28 cm and was used to stabilize the viewing position at a distance of 58 

cm. Two custom-built response boxes were used to record button-press responses made with 

the index finger of each hand (response buttons were separated by 42 cm). Participants were 

asked to wear a head band to provide comfort when fitted with the head mounted eye tracker. 

Display apparatus 

Figure 2.1: Schemata of experiment setup. Participants were fitted with the 
A S L eye tracker. A chin-rest was placed at the front of the table and the 
stimulus display apparatus was positioned at the opposite end of the table. The 
response apparatus was placed on the table and participants were sitting in 
height adjustable chairs. 

The stimulus set selected for this experiment consisted of six common household 

objects with handles (e.g., watering can, tea cup, milk jug, teapot and coffee mugs) that could 

be associated naturally with a grasping action. These objects differed in their size and shape. 
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Colour was consistent across all objects (white). A l l stimuli were presented in each of two 

horizontal (handle left, handle right) and vertical (right side up and upside down) orientations 

(see Table 1 for details of the stimulus set). 

Teacup 
Dimensions: 
Height 8.7 cm 
Width 11.6 cm 

Milk jug 
Dimensions: 
Height 10.2 cm 
Width 12.2 cm 

Gravyboat 
Dimensions: 
Height 8.8 cm 
Width 15.5 cm 

Watering can 
Dimensions: 

I Height 9.9 cm 
Width 15.6 cm 

Coffee mug 
Dimensions: 
Height 11.3 cm 
Width 11.1 cm 

Teapot 
Dimensions: 
Height 8.8 cm 
Width 14.5 cm 

Table 1.1: Stimulus set used in Experiments 1 and 2. Note. In Experiment 3, 
only the coffee mug was presented. 

Stimuli were placed inside a wooden box (40 cm height X 30 cm width X 25 cm 

depth) which had a one-way mirror fitted on the front. The one-way mirror allowed the 

experimenter to place the stimulus inside the display box hidden from the participant's view. 

The mirror became transparent when a set of 4 light emitting diodes (LED) strips affixed 

inside the top of the box was illuminated, allowing participants to view the object inside. A 

piece of black felt was affixed to the back of the display apparatus allowing the experiment to 
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remove and replace the object in between trials without being detected (see Figure 2.2 a and 

b). A custom written E-Prime script (Psychology Software Tools, Pittsburgh, PA) was used 

to display the stimulus for each trial in order for the experimenter to place the appropriate 

object; to control the onset of the lights in the display apparatus; and to record the button 

press responses. 

An Applied Science Laboratories (ASL) Model H6 eye tracker unit (Applied Science 

Laboratories, Bedford, M A ) was used to record eye movements. The eye position signal was 

sampled at 120 Hz. This is a monocular system, measuring the left eye only. The A S L unit 
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tracks the eye line of gaze by measuring the position of the pupil in relation to the position of 

the corneal reflection (CR). Since the position of the CR remains constant, any rotation of the 

eye can be measured by the amount of separation between the CR and the pupil. This reflects 

a change in the point of gaze. 

A careful calibration was conducted at the beginning of each session. During 

calibration, participants were instructed to look at a nine points scene (arranged in a 3 X 3 

matrix) for which the positions in the scene image were known. While the participant fixated 

on each point, the eye position was measured by the A S L system. A mapping between the 

two sets of points was generated which allowed the system to assess the participant's point of 

gaze in the scene for any frame by using this established mapping. The evaluation was 

conducted up to three times during a single session to ensure that the eye movements were 

being measured with a high level of accuracy. Re-calibrations were carried out when the 

fixation cross no longer accurately reflected the point of gaze of the participant. 

2.1.3 Design and Procedure 

The experiment consisted of ten practice trials followed by one block of 144 experimental 

trials in which each of the six objects were presented twenty-four times. The order of 

stimulus presentation was randomized and the factors of vertical orientation (right side up, 

upside down) and handle orientation (left, right) were fully balanced (e.g., 36 presentations X 

2 vertical orientations X 2 handle orientations = 144 trials).5 

5 Participants also completed a block of 48 trials after the experimental trials in which they were asked to 
purposefully make an eye movement to the object's handle prior to executing a response. The rationale for 
including such a block was to ensure that saccades directed to the handle could be distinguished from those 
trials in the experimental condition in which no eye movement was made. This was also a means of ensuring 
that the visual angle from the center of the mass to the handle was large enough that i f an eye movement was 
made to the handle it could be identified. 
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Participants were instructed to identify the vertical orientation of the stimulus (i.e., 

right side up or upside down) by making either a left or right button press with the 

appropriate hand according to a distinct mapping condition. Mapping was counterbalanced 

across all participants. The horizontal orientation of the object was irrelevant to the task; 

however, we did not draw attention of this to the participants. An emphasis was made on 

responding as quickly as possible while maintaining accuracy. A trial consisted of an inter-

trial interval of approximately four seconds, during which time a red fixation point was 

centrally displayed on the mirror. Once the stimulus was placed inside the display box, the 

experimenter would say, "Ready", at which time participants would be required to stabilize 

their eye gaze by fixating on the red point. Participants were not given any information with 

respect to eye movement behaviour during the trial. In addition, participants were also asked 

to refrain from blinking during a trial since a blink would constitute no eye data. Once the 

experimenter triggered the start of the trial with a key-press, a constant fore-period of 1000 

ms followed after which time the lights inside of the display box was illuminated, allowing 

the participant to view the object inside. The stimulus remained in view until a response was 

made. Participants were not given feedback on response latencies or response errors. 

2.1.4 Data Reduction 

Gaze position data from the A S L eye tracker were saved during each trial and later imported 

into custom-written software for further analyses. Each trial was subjected to an analysis 

identifying the presence of a saccadic eye movement. When a saccade was present, markers 

were placed at the beginning and the end of a saccade, in turn providing such information as 

saccadic RT, saccade duration (ms) and the magnitude of the visual angle (degrees) traversed 
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by the saccade. Because we were assessing potential eye movements to the object handles, 

horizontal saccades were of primary interest. 

The block of trials completed after the experimental block served as a control to 

ensure that when participants shifted their eyes voluntarily to the handle of the object, a 

distinct change in the horizontal coordinates could be identified. An assessment of the control 

data revealed that a saccade made to the handle of the object was readily identifiable 

according to a pre-defined change in amplitude and latency. A saccadic eye movement was 

characterized as a change in amplitude of at least 1.5 degrees and a latency of less then 50 

milliseconds. Saccadic latency was recorded as the time in milliseconds from the initiation of 

the eye movement to when the eye movement terminated (identified by a plateau in the 

amplitude). Saccadic eye movements were identified in all participants during the control 

block. In some trials saccades were directed to the opposite side of the handle or to the spout 

of objects such as the watering can, gravy boat and teapot. In addition, some saccades were 

made post-reaction time and may be the result of having completed a block of trials in which 

responses were made as quickly and accurately as possible without instructed eye movement. 

Reaction time data were recorded with the E-Prime script used to control the 

experimental apparatus and monitor the response buttons. Reaction times were recorded in 

milliseconds. 

2.2 Results and Discussion 

2.2.1 Reaction Time 

Two participants were removed from the analysis because the bulk of their reaction times 

(RTs) exceeded 1000 ms. Errors and reaction times (RTs) more than 2 standard deviations 
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away from each participant's condition means were excluded from analysis. 3.1 % of the 

experimental trials were removed as errors and 3.9 % of the trials were removed as outliers, 

leaving 93.0 % of the raw data as correct response trials. The condition means for correct 

response RTs were calculated across all objects for each participant. These data were 

subjected to a mixed analysis of variance (ANOVA) with the between-subjects factor of 

Response Mapping (right-hand-upright/left-hand-inverted or left-hand-upright/right-hand-

inverted [UR-DL or UL-DR, respectively]), and the within-subjects factors of Horizontal 

Orientation (left orientation, right orientation) and Response (left hand, right hand). 

Analysis revealed only a significant main effect for Horizontal Orientation, F (1, 8) = 

6.613, p = .0331. Responses when the handle was to the left (Af = 634 ms) were faster than 

when the handle was to the right (Af = 644 ms). No other main effects or interactions reached 

significance. Of particular interest, the interaction between Horizontal Orientation and 

Response (i.e., Tucker and Ellis's orientation effect) failed to reach significance, F (1, 8) < 1. 

As shown in Figure 2.3, there was no benefit of the handle orientation being congruent with 

the side of response. 
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Figure 2.3: Mean RT as a function of horizontal orientation and hand of 
response. 

2.2.2 Eye Movements 

Figure 2.4 shows examples of voluntary saccades to the object handle. These traces were 

obtained from trials performed during the post-experiment control block, in which 

participants made volitional saccades to the handle of the presented object. The grand 

average magnitude of eye movements in the horizontal direction was approximately 6-7 

degrees across all conditions and participants. The grand average of the saccade duration 

was approximately 42 ms. During these voluntary saccade trials, the grand mean saccadic RT 

across all conditions and participants was approximately 410 ms. 
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Figure 2.4: Examples of eye movement recordings in which a saccade was 
observed. Top and middle panel: saccades were directed to the right of 
fixation. Bottom panel: saccade was directed to the left of fixation. 
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Figure 2.5: Typical examples of eye movement recordings during the 
experimental block of trials. In contrast to the post-experiment block, no 
saccades were observed during these trials. 



21 

Figure 2.5 shows examples of eye movement recordings during the experimental 

block of trials. In stark contrast to the traces shown in Figure 2.4, no saccades were 

detectable during these experimental trials. An assessment of the eye movement recordings 

revealed that there were no overt orienting eye movements during stimulus presentation. In a 

typical trial, participants would begin by fixating on the fixation light in the center of the 

display. Upon stimulus presentation, horizontal eye movements remained stationary up until 

the time a response was made. The absence of any eye movement in the horizontal direction 

was reflected in the recordings as a relatively stable flat line (see Figure 2.5). We inferred 

from this observation that the action-relevant feature of the objects (i.e., the handle) did not 

induce overt shifts of attention.6 

2.2.3 Summary 

The purpose of this first experiment was to examine whether the task irrelevant handle 

orientation facilitated spatially compatible responses and to identify whether overt orienting 

of the eyes to the graspable features of the object occurred. While covert attention cannot be 

discerned from the eye recordings, what can be established from the eye recordings is 

whether overt attention was being captured by some element of the stimulus. Tucker and 

Ellis (1998) proposed that "certain action-related information—in this case the hand most 

suited to grasp the object—is represented automatically when the object is viewed in the 

peripersonal space" (p.836). Eye movements made during the course of a trial were of 

particular interest because they are an observable indicator of where overt attention was 

6 Three participants did shift their horizontal gaze to the graspable surface on a few trials. However, this only 
accounted for 2.4 % o f al l the trials in the experimental block. A comparison o f the mean saccade duration in 
the few trials that an eye movement was made with those in the control block revealed a latency of 34 ms, a 
slight difference of about 8 ms. In contrast to the saccades generated in the control block, saccadic reaction 
times were longer (~ 517 ms) than those in the control block (~ 410 ms). 
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being allocated. The absence of eye movements during the experimental block, in contrast to 

the control block, suggested that attention was not being overtly captured by the graspable 

surface of the object presented. Futhermore, our reaction time results did not support Tucker 

and Ellis's (1998) argument. There was no facilitation in reaction time when the irrelevant 

horizontal orientation was congruent with the response hand (see Figure 2.3). 
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3. E X P E R I M E N T 2 

The orientation effect (Tucker & Ellis, 1998) was not reproduced in Experiment 1. We 

expected to find the orientation effect if, as Tucker and Ellis argued, the action-relevant 

graspable feature of the objects had an automatic influence on the motor response. This was 

despite the task instructions which made .the graspable feature (and its orientation) irrelevant 

to the task. However, one possible explanation for the findings of Experiment 1 was that 

participants were told that the goal of the task was to identify the vertical orientation of the 

presented stimuli. Intention may influence response selection such that it can override 

information in the environment that is detected by the actor. As a result, the horizontal 

orientation was rendered irrelevant to the required task since it did not provide necessary 

information to the identification of the vertical orientation of the stimulus. Taking this into 

consideration, if the horizontal orientation was made relevant dimension to identify, it may 

then be coded as part of the stimulus. The expected result would be an orientation effect in 

which the left-right codes of the horizontal orientation is spatially mapped onto the left-right 

response set. Consequently, when the horizontal orientation and the response hand were 

compatible (left-left, right-right), responding would be faster as opposed to when they were 

incompatible (left-right, right-left). Experiment 2 was designed to determine if the horizontal 

dimension, when made relevant to the task, could facilitate speeded responses when it was 

congruent with the side of response. 
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3.1 Methods 

3.1.1 Participants 

Twelve (nine females and three males; all right-handed; M 24.5 age years) new participants 

from the student population of the University of British Columbia took part in this 

experiment. A l l had normal or corrected-to-normal vision. The study was conducted in 

accordance with the ethical guidelines set by the University of British Columbia. Each 

participant provided informed consent and was compensated $10 for their time. A l l were 

naive to the purpose of the study. 

3.1.2 Apparatus and Stimuli 

The apparatus and stimulus set were identical to the Experiment 1. A l l stimuli were presented 

in both horizontal (handle left, handle right) and vertical (right side up and upside down) 

orientations. 

3.1.3 Design and Procedure 

The design was similar to the preceding experiment with differences only in the instructions 

given to participants. Rather than identifying the vertical orientation, participants were asked 

to judge the horizontal orientation of the object using left and right button press responses 

(right-hand-right-handle/left-hand-left-handle or right-hand-left-handle/left-hand-right handle 

[RR-LL or RL-LR, respectively]). The response mapping conditions can be described as 

being either "compatible" or "incompatible". In the compatible mapping, participants made a 

right button press when the handle was oriented to the right and a left button press when the 

handle was to the left. In the incompatible mapping, a left response would be made when the 
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handle was pointing to the right and a right response when the handle was to the left. 

Mapping instructions was counterbalanced across all participants. 

Ten practice trials were followed by 144 experimental trials. The order of stimulus 

presentation was randomized and the factors of vertical orientation (right side up, upside 

down) and handle orientation (left, right) were fully balanced (e.g., 36 presentations X 2 

vertical orientations X 2 handle orientations = 144 trials). 

3.2 Results and Discussion 

3.2.1 Reaction Time 

Errors and reaction times (RTs) more than two standard deviations away from each 

participant's condition means were excluded from this analysis. 4.3 % of the experimental 

trials were removed as errors and 3.3 % of the trials were removed as outliers, leaving 92.4 % 

of the raw data as correct response trials. The condition means for correct response RTs were 

calculated across objects for each participants. These data were subjected to a mixed analysis 

of variance (ANOVA) with the between-subjects factor of Response Mapping (compatible or 

incompatible) and the within-subjects factors of Vertical Orientation (upright, inverted) and 

Response (left hand, right hand). 

Participants in the compatible (RR-LL) mapping group (M = 523 ms) appeared to 

make faster responses than those in the incompatible (RL-LR) mapping group (M = 572 ms). 

However, this between-subject effect was not statistically significant, F ( l , 8) = 1.22, p -

.2955. There were also no other effects or interactions that reached significance (all Fs <= 

1.0). 
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Figure 3.1 shows the mean reaction times as a function of the horizontal orientation 

of the stimulus and the hand of response. Such a pattern is typical of what would be expected 

for a prototypical spatial compatibility effect. That is, when the stimulus was horizontally 

oriented to the right, right-hand responses (M = 520 ms) were faster than left-hand responses 

(Af = 581 ms) and when the stimulus was oriented to the left, left-hand responses (M = 526 

ms) were faster than right-hand responses (M = 562 ms). An advantage for the "compatible" 

mapping was expected, which would have indicated that the responses in the R R - L L 

(compatible) mapping were faster than responses in the R L - L R (incompatible) mapping. 

However, the pattern of results shown in Figure 3.1 is typically obtained from a repeated-

measures design, in which participants perform under both mappings. In the present study, 

mapping was a between-subjects factor. One reason that the mapping effect did not reach 

significance may be due to large between-subjects variability since there was only six 

participants in each group. 
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Figure 3.1: Mean RT as a function of left-right handle orientation and hand 
of response. 
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3.2.2 Eye Movements 

The pattern of eye movements replicated much of those found in Experiment 1 (a general 

absence of eye movements during stimulus presentation). The same criterion used in 

Experiment 1 to define a saccade was applied to the current experiment. No orienting eye 

movements were detected which would suggest that the action-relevant property of the 

stimuli was not capturing overt attention. When responding to the horizontal orientation of 

the presented stimulus, participants maintained a relatively stable horizontal eye position (see 

Figure 3.2), with the exception of two participants. These two participants made saccadic 

eye movements to the handle location in 56.6% of their combined experimental trials. A 

comparison of the eye movements made by these two participants with their eye movements 

in the control block (in which participants were asked to look at the handle prior to making a 

response) revealed no difference in saccadic RT. The mean onset of a saccade made during 

the experimental block was 331 ms across all conditions while the saccadic RT was 336 ms 

during the control block. Therefore, there was little difference in the oculomotor behaviour in 

the control condition as opposed to the experimental condition (see Figure 3.3). 
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Figure 3.2: Examples of eye movement recordings in which no saccade was 
observed. These trials were typical of the experimental block. 



Figure 3.3: Examples of eye movement recordings in which a saccade 
was made, (a) Saccade directed to left oriented handle of stimulus during 
an experimental trial, (b) saccade directed to left oriented handle of 
stimulus during a control trial (c) saccade directed to right oriented 
handle of stimulus during experimental trial, (d) saccade directed to right 
oriented handle of stimulus during control trial. 
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3.2.3 Summary 

The purpose of this experiment was to resolve whether the horizontal (left-right) orientation 

can have an influence over the execution of a response with a particular hand when 

identifying that object. The premise was that the orientation effect found by Tucker and Ellis 

(1998) could be elicited when the horizontal orientation was now relevant to the task at hand. 

One reason for the failure to replicate the orientation effect in Experiment 1 may be because 

the handle was not being coded as part of the stimulus and that the goal of the task (to 

identify the vertical orientation of the stimulus) had a stronger influence on response 

selection. By making the horizontal orientation relevant to the task, perhaps it could now be 

coded as part of the stimulus and the effect would be revealed. Although there appeared to be 

a trend for the orientation effect, the results were not statistically significant. 

In the present experiment, we monitored eye movements, as in Experiment 1. The 

results again showed that no overt horizontal eye/orienting movements were observed, 

despite the change in instructions, emphasizing the horizontal orientation of the objects. 

Taken together, the results of Experiment 1 and 2 suggest a potential influence for 

intention and the relevant stimulus dimension for task performance. In the next study, we 

adopted a fully repeated-measures design to further examine the possible role of intention. 

Participants completed similar tasks as outlined in the two previous experiments. However, 

they not only identified the vertical orientation of the stimuli in a session but also the 

horizontal orientation. Eye movement data were no longer collected in Experiment 3 since 

Experiment 1 and 2 have already established that saccadic eye movements do not appear 

necessary to carry out the task. 
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4. E X P E R I M E N T 3 

Tucker and Ellis (1998) have claimed that, "information (actual action possibilities) must be 

present if the intentions one forms are to relate to the world" (pg. 833). This implies that 

irrespective of how one intends to act upon an object that objectstill affords a particular set 

of actions that can be made toward it. It is thus surprising that Tucker and Ellis only 

examined the influence of one dimension (vertical orientation). One way that intention can be 

manipulated is to instruct participants to attend to different dimensions of the stimuli in 

separate blocks of trials. 

In the present experiment, participants identified the vertical object orientation, as in 

Tucker and Ellis's experiment, in a set of trials and the horizontal object orientation in 

another set. Rather than assigning participants to separate mapping conditions, as carried out 

in Experiment 1 and 2, participants performed both mappings in separate trial blocks. 

4.1 Methods 

4.1.1 Participants 

Nine (five females and four males; all right-handed; M age 23.1 years) members of 

the student population of the University of British Columbia participated in this experiment. 

A l l had normal or corrected-to-normal vision. The study was conducted in accordance with 

the ethical guidelines set by the University of British Columbia. Each participant provided 

informed consent prior to participation. Participants were naive as to the.purpose of the 

experiment. 
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4.1.2 Apparatus and Stimuli 

Participants sat in a height adjustable chair at a table facing a white cardboard screen (see 

Figure 4.1 a and b for illustration of setup). The screen had a cutout which was 

approximately 20.1 cm (height) by 17.8 cm (width). A chin rest was attached to the table at a 

height of 28 cm and was used to stabilize the viewing position at a distance of 58 cm. We 

used liquid-crystal goggles to limit the amount of visual information available to the 

participants during each trial and between trials. Participants placed their left and right index 

finger on two telegraph keys approximately 42 cm apart. Eye movements were not monitored 

in the present experiment. The display setup allowed for participants to actually reach and 

touch the cup (although they were not require to do so - see Future Directions). 

Figure 4.1: (a) Experiment setup and apparatus, (b) setup from participant's 
point of view. 

The stimulus set selected for this experiment differed from Experiment 1 and 2. 

Rather than using a variety of common household objects, the stimuli for Experiment 3 was 

simplified and made up of six different types of cups, all white in colour and varying in shape 

and size (see Figure 4.2). A l l stimuli were presented in each of two horizontal (handle left, 

handle right) and vertical (right side up and upside down) orientations. 
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4.1.3 Design and Procedure 

Participants performed two block of trials for each combination of the Relevant Dimension 

condition. In the Vertical Relevant, participants were asked to judge the vertical orientation 

of the object, irrespective of the horizontal orientation. In the Horizontal Relevant condition, 

participants were asked to judge the horizontal orientation of the object, irrespective of the 

vertical orientation. For each relevant dimension, participants performed according to one of 

two Mapping rules. When the vertical orientation was relevant, participants performed one 

block of trials under an UR-DL mapping and a one block under the UL-DR mapping. When 

the horizontal orientation was relevant, participants performed one block of trials under an 

RR-LL mapping and a one block under the RL-LR mapping. The order of presentation of the 

relevant dimension and mapping were alternated between subjects. 

Trials began with a constant foreperiod of 1250 ms during which time vision was 

occluded (translucent state). After this time, the liquid-crystal goggles became transparent 

allowing participants to view the stimulus presented to them. Once the participant selected 

their response, the goggles shut which occluded vision allowing the experimenter to swap the 
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stimuli. Participants were given a block of 10 practice trials for each mapping condition and 

prior to the experimental blocks. The order of stimulus presentation was randomized and the 

factors of vertical orientation (right side up, upside down) and handle orientation (left, right) 

were fully balanced (e.g., 30 presentations X 2 vertical orientations X 2 handle orientations = 

120 trials). Participants completed one block of 120 trials for each mapping by relevant 

dimension combination for a total of 480 trials. 

4.2 Results and Discussion 

4.2.1 Reaction Time 

Errors and reaction times (RTs) more than two standard deviations away from each 

participant's condition means were excluded from this analysis. 1.6 % of the experimental 

trials were removed as errors and 4.3 % of the trials were removed as outlier, leaving 94.1 % 

of the raw data as correct response trials. The condition means for correct response RTs were 

calculated across all objects for each participants. These data were subjected to a repeated 

measures A N O V A with the independent variables of Relevant Dimension (vertical, 

horizontal), Horizontal Orientation (left, right), Vertical Orientation (upright, inverted) and 

Response (left hand, right hand). 

Analysis revealed a main effect for Relevant Dimension, F ( l , 8) = 75.215, p < .0001. 

Specifically, participants were faster to identify the horizontal orientation of an object (Af = 

376 ms) than the vertical orientation of an object (Af = 466 ms). A significant two-way 

interaction between Horizontal Orientation and Response Hand was also evident, F ( l , 8) = 

11.687, p = .0091 (see Figure 4.3). Responses were facilitated whenever the handle 

orientation and response side were congruent. Right hand responses demonstrated 
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significantly faster R T when the handle was oriented to the right (M = 405 ms) than to the 

left (M = 434 ms). Conversely, for responses made with the left hand, objects horizontally 

oriented to the left ( M = 411 ms) yielded faster RT than those oriented to the right ( M = 434 

ms). 
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Figure 4.3: Mean R T as a function of horizontal orientation and hand of 
response. 

In addition, Relevant Dimension also reliably interacted with both Horizontal 

Orientation and Response Hand, resulting in a significant three-way interaction, F ( l , 8) = 

13.369, p = .0064. A s shown in Figure 4.4 a, when the horizontal orientation was the relevant 

dimension, the handle orientation had an influence on the hand executing the response. 

However, when the goal of the task was to identify the vertical orientation, the interaction 

between the orientation of the handle and the hand making the response was not apparent 

(see Figure 4.4 b). In other words, the horizontal orientation of the stimulus only had an 

influence over a response when it was the dimension that is relevant to the task. 
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Figure 4.4: Three-way interaction between relevant dimension, horizontal 
orientation and hand of response as a function of RT. (a) When the horizontal 
dimension is relevant to the task, (b) when the vertical orientation is relevant. 

4.2.2 Summary 

By having all participants complete each of the four response mapping conditions, a 

more robust and powerful test of the orientation effect was performed. In Experiment 1 and 

2, participants were only assigned to one mapping condition and it was possible that an 

orientation effect was not found because of between-subject variability. One way to reduce 

this variability was to run a fully repeated-measures design. Experiment 3 also aimed to 

resolve the impact of intention on response selection. To manipulate intention, participants 

were instructed to identify either the vertical orientation or the horizontal orientation of the 

stimulus in distinct blocks of trials. Such a design allowed a thorough assessment of the 

influence that the relevant and the irrelevant dimension had on RT. 

When attending to the vertical orientation of an object, Tucker and Ellis (1998) found 

strong effects with respect to the influence of the irrelevant horizontal object orientation 

(specifically, the orientation of the action-relevant object handle) on the speed of response. 
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Our results were not consistent with their finding. Despite a Horizontal Orientation X 

Response Hand interaction, the three-way interaction of Relevant Dimension X Horizontal 

Orientation X Response Hand indicated that the dimension that was being identified had an 

important an influence on this interaction. Therefore, when participants were asked to 

identify the horizontal orientation of the stimulus, the orientation of the stimulus' handle 

offered pertinent information with respect to the selection of the correct response. Thus, the 

handle was presumably coded as a salient stimulus feature and its correspondence with the 

code for the response determined response performance. In the Figure 4.5 a and b, it was 

evident that reaction time was unaffected by the orientation of the object along the task-

irrelevant dimension. When the horizontal orientation was relevant to the goal of the task 

(see Figure 4.6 a), the congruency (orientation) effect between handle orientation and side of 

response was clearly evident. Vertical object orientation did not have the same impact even 

when it was the relevant dimension. But this is perhaps not surprising, as the stimulus and 

response dimensions were orthogonal to each other (i.e., vertical stimulus dimension versus 

horizontal response dimension). 
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Figure 4.5: Influence of the irrelevant dimension on the speed of response, (a) 
The influence of the horizontal object orientation when identifying the vertical 
orientation, (b) the influence of the vertical object orientation when 
identifying the horizontal orientation. 
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Figure 4.6: Influence of the relevant dimension on the speed of response, (a) 
The influence of the horizontal object orientation when identifying the 
horizontal orientation, (b) the influence of the vertical object orientation when 
identifying the vertical orientation. 
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5. G E N E R A L DISCUSSION 

The present studies were motivated primarily by the work of Tucker and Ellis (1998), who 

argued that the action-relevant properties of objects automatically potentiate the action 

possibilities afforded by those properties. We used protocols that were typical of stimulus-

response compatibility paradigms, in which we examined whether the spatial congruence 

between the orientation of the action-relevant feature of an object and the hand most suited to 

perform the associated action, influenced the speed of simple motor responses. Following the 

lead of Tucker and Ellis (1998), we presented participants with objects that had graspable 

handles (i.e., the "action-relevant feature"), and examined whether simple manual responses 

(discrete key presses) were facilitated when the handle was on the same side of space as the 

hand that was responding. We used actual objects, rather than photographs (cf. Tucker and 

Ellis, 1998), based on our intuition that if objects did indeed prime the actions they afforded, 

these effects would be more robust with real objects (rather than their facsimiles). 

A second source motivating these studies came from recent suggestions (e.g., 

Anderson et al., 2002; Lyons, 2001) that object asymmetries leading to attentional orienting 

or attentional biases, rather than object affordances, may have been the critical factor 

underlying Tucker and Ellis's (1998) observations of "action potentiation by seen objects." 

The possibility that attention orienting may play a role in Tucker and Ellis' orientation effect 

were based on earlier suggestions that spatial compatibility effects (or variants such as the 

Simon effect) could be brought about by the spatial correspondence between attention shifts 

and manual responses (e.g., Nicoletti & Umilta, 1989; Umilta & Nicoletti, 1990; 1992). 

Since the object presented in the current studies (and particularly in Tucker and Ellis (1998)) 

were asymmetrical in nature (with a protruding handle), the asymmetrical feature -
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independent of whether or not it was action-relevant (i.e., graspable), could have resulted in 

attention orienting toward it. In this instance, spatial codes would be generated for both the 

stimulus and response sets and based on the degree of correspondence between the two, 

response selection would be affected. The outcome would be either a benefit or detriment in 

the time to make a response. To that end, we monitored oculomotor behaviour during task 

performance in the present experiments, to examine whether object identification was 

associated with overt attentional capture by the action-relevant feature of the object. (We 

realize that this examination of overt orienting was only a starting point, as it is possible that 

attention could be oriented covertly, in the absence of eye movements). 

Experiment 1 served as a conceptual replication of Tucker and Ellis (1998). 

Participants identified the vertical orientation of the presented objects with left and right 

manual responses. The horizontal orientation of the objects (and their handles) were task 

irrelevant. The findings did not corroborate the orientation effect observed by Tucker and 

Ellis (1998). Reaction times were not influenced by the irrelevant horizontal object 

orientation. Furthermore, no overt orienting eye movements were detected during stimulus 

presentation. 

Experiment 2 was intended to examine whether the horizontal orientation of the 

graspable surface of the objects could have an impact on responding if it were the task-

relevant dimension. Participants identified the horizontal orientation of the stimulus object, 

with vertical orientation being task-irrelevant. The results did not show the expected reaction 

time advantage for the congruent spatial mapping. Although group differences in reaction 

time were in the expected direction, there may have been insufficient power in the between-

subject design to yield a significant effect. Nevertheless, the results for our measure of overt 
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orienting again failed to reveal consistent capture of the eyes. This was the case despite task 

instructions which now deemed the orientation of the object handles as task relevant. 

Taken together the eye movement (or lack thereof) results of Experiments 1 and 2 

indicate that overt orienting of attention to the action-relevant feature of the stimulus was not 

required to accomplish the tasks. From an object affordance perspective (e.g., Ellis & Tucker, 

2000; Tucker & Ellis, 1998), this suggests that the action-relevant feature of an object do not 

result in overt attention orienting. From a perspective of stimulus feature coding (e.g., 

Anderson et al., 2002), this suggests that salient spatial asymmetries in stimulus objects also 

do not necessarily result in overt orienting. What we are not able to conclude at this point, is 

whether covert shifts of attention play a role. This remains an issue for future work. 

In Experiment 3, we shifted our focus toward a closer examination of the potential 

role of intention and the relevant stimulus dimension in task performance. Experiment 3 

combined the task protocols in Experiments 1 and 2 into a single design. What was clearly 

demonstrated was that intention can modulate the purported priming effect described by 

Tucker and Ellis (1998). When the horizontal orientation was relevant to selection of a 

response, the vertical orientation did not interfere. Moreover, an orientation effect emerged 

such that response benefited from a correspondence between the horizontal orientation and 

the hand of response. Of primary interest, however, was the influence that the horizontal 

orientation would have when participants were instructed to identify the vertical orientation 

of the stimulus. No orientation effect was elicited. Taken as a whole, these findings highlight 

the strong role for goal representations and that the automatic potentiation of actions 

associated with a particular object feature is not as robust as suggested. 
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Together, the present experiments provide evidence that call into question the 

argument that motor responses are generated according to the action most suited (e.g., hand 

most suited to grasp an object) for the visually perceived object. What these experiments also 

show is that the visually asymmetrical stimuli do not necessarily induce an attentional bias 

that can be observed by oculomotor capture, as proposed by Lyons et al. (2000). Our 

speculation is that the orientation effect (Ellis & Tucker, 2000; Symes et al., 2006; Tucker & 

Ellis, 1998) is due to perceptual biases (perhaps an attentional bias involving covert - not 

overt - attention) brought about by the asymmetrical geometric shapes of the stimuli 

(Anderson et al., 2002), and not due to affordance properties of the stimuli. When these 

asymmetrical properties are the relevant dimension of the task (Experiment 3), they are 

coded during the translation of the stimulus to the appropriate response. When they are not 

task-relevant, they do not form a necessary part of the stimulus code, which may explain the 

lack of robustness of the orientation effect. We should note that a recent study by Tucker and 

Ellis themselves (Symes et al., 2006) did not show a strong replication of the orientation 

effect. 

Given our results, how can we reconcile our initial conclusions with findings from the 

neuroimaging literature (see Appendix A) that show that viewing a functional object (e.g., 

scissors, hammer) can activate motor-related areas of the brain (e.g., Creem-Regehr & Lee, 

2005; Grafton, Fadiga, Arbib & Rizzolatti, 1997; Handy, Grafton, Shroff, Ketay, & 

Gazzaniga, 2003)? Based on our work, we do not and cannot dispute existing evidence that 

suggest the priming of neural networks by action-relevant objects (e.g., tools). In these 

studies, the action-relevant objects were typically presented or compared with other non

action relevant objects. The results indicate that the tools generated motor-related cortical 
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activity. Based on our experiments, we are limiting our conclusion to the task context 

investigated by Tucker and Ellis (1998). Specifcally, we are unable to support the proposal 

that an action-relevant feature within an action-relevant object (i.e., the handle of a tool) 

automatically primes afforded actions. The tool itself as a whole may prime a general motor 

response (e.g., activate premotor cortical areas - as suggested by Graton et al., 1997) or draw 

attention away from a non-tool object (e.g., Handy et al., 2003), but we were not able to find 

evidence of a specific action-priming effect at the level suggested by Tucker and Ellis 

(1998). 

There is one last caveat that we must also consider with our present studies. At this 

point, we have only examined a very constrained response context - simple key presses. 

However, an important factor that warrants investigation is how action intention can modify 

the means with which action-relevant properties are processed. For example, Bekkering and 

Neggers (2002) have demonstrated that the type of action intended (i.e. pointing or grasping) 

can alter the selective visual processing of action-relevant properties when completing a 

visual search task. In their study, participants were instructed to saccade and to point or grasp 

the target object in an array which also made up of distractors; the target object was 

identified by orientation or colour. Eye movements were analyzed to indicate where spatial 

attention was allocated. Erroneous initial saccades were fewer in number when the target 

object was based on orientation and the intended action was a grasp as opposed to a pointing 

movement. In contrast, erroneous initial saccades were equally likely when directed to a 

target object defined by orientation or colour. 

Bekkering and Neggers's (2002) findings demonstrate that different types of actions 

(e.g., key presses, pointing, grasping) can modify where attention is allocated and what 
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object features capture attention. Converging support for the influence of action intention on 

selective attention is provided by Weir et al. (2003). These authors showed that when 

participants performed reaching and grasping actions toward different types of objects (e.g., a 

knob that required turning, or a switch that required pulling), other distractor objects only 

interfered when the actions that they afforded were incongruent with what the participant was 

intending to do (see also Pavese & Buxbaum, 2002). Therefore, consideration of how the 

type of action intended (e.g., key press versus grasp) can influence the degree to which 

attention might be captured by a tool's action-relevant feature is warranted. Based on 

Bekkering and Negger's (2002) findings, we would predict that a grasping action to an object 

should be a more favourable condition with respect to the object handle's affordance, in 

contrast to a key press action. Since the graspable feature of an object supplies information 

necessary to physically interact with it, visual attention should be captured by those features. 

Our current efforts are now directed toward this issue. 
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APPENDIX A 

A. W H A T M A K E S T O O L S SPECIAL? 

A tool can be described as an object that is functionally specific for a particular task. 

Consider a cooking spatula consisting of an elongated handle with a flat flexible metal head 

on the end of it. If we grasp the spatula by the handle it is likely to afford a scooping, lifting, 

or flipping type action; however, there are less conventional ways to manipulate the same 

tool. Should something fall down the side of the stove out of our reach, that same spatula 

could be grasped by the flat end in order to slide its thin handle down a narrow opening. 

Despite the number of different ways an object can be manipulated, there is generally one 

explicit function with which it is associated. Creem-Regehr and Lee (2005) best describe the 

dissociation between tools and other sorts of objects stating that even though a rock, for 

example, can be grasped, it does not "have a semantic identity tied to an action 

representation" as perhaps say a hammer (p. 457). Neuroimaging studies support the idea that 

tool properties relay a particular set of actions. 

A . l Neuroimaging Research 

A. 1.1 Tool Viewing Activates Pre-motor Areas 

It has been suggested that object potentiation requires the automatic activation of 

motor patterns/schemas (Arbib, 1997; Jeannerod, 1994). P E T (Positron Emission 

Tomography) studies have supported this assertion. Activation of F5 neurons in the premotor 

area has been observed in monkeys during the passive viewing of different shaped objects 

such as a plate, a ring, a cube, a cylinder, a cone, or a sphere (Murata, Fadiga, Fogassi, 

Gallese, Raos & Rizzolatti, 1997). Grafton, Fadiga, Arbib & Rizzolatti (1997) have 

investigated i f a similar response could be observed in humans. Using P E T to localize 
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cortical activity, three different viewing conditions were tested: passive observation of a tool 

(e.g. scissors, hammer), silent identification of the tool, or silent identification of the action 

associated with the tool. Each of these conditions resulted in the activation of the left 

precentral sulcus, which is a component of the premotor cortex and more specifically a sector 

where arm/hand movements are represented. Furthermore, activation in this area increased 

when participants silently distinguished the action related to the tool. Grafton et al. (1997) 

suggested that "man-made tools form a special category of objects that are strongly 

associated with specific movements" (p.234) and that the exclusive response for a particular 

tool is stored as a motor representation in the dorsal premotor cortex for future retrieval. 

Their statement is supported by Murata et al.'s (1997) findings in the passive observation 

condition. 

In previous studies, the objects presented as stimuli are ones familiar to the 

participant and its function is recognizable (Murata et al., 1997, Grafton et al., 1997). One 

issue that has yet to be considered is whether a physically manipulable object that has no 

recognized function activates similar motor processing brain regions. Is it the graspable 

nature of a tool from which its motor representation evolves or the semantic knowledge about 

the tool's function that triggers motor processes? Perhaps it is some combination of the two. 

Creem-Regehr and Lee (2005) aimed to resolve this issue by gauging the neural activity 

using f M R I during the presentation of an image of a 3-D tool or a 3-D shape (see Creem-

Regehr and Lee, 2005, for example of stimuli). The objects in both categories were graspable 

but differed in their recognized function; a tool was characterized by its graspable surface 

(i.e. handle) while a shape did not have a specific graspable region but could still be clutched 

(e.g. cylinder). Participants were required to complete both a passive viewing and imagined 
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grasping task in attempt to determine whether passive visual perception resulted in action 

potentiation and i f the intention to act on the object modified neural activation. Consistent 

with Grafton et al.'s (1997) finding, premotor regions were active during the passive viewing 

of tools. The posterior parietal area, which has not been previously identified as an area of 

activation, was also stimulated. These areas of activation were not, however, elicited during 

shape presentation. Creem-Regehr and Lee (2005) reasoned that i f no overt action is 

necessary to activate areas of the brain that select the appropriate movement toward an object 

then that object must strongly afford a particular action when merely viewing it. Evidently, 

this is the case for tools which have a recognized function as opposed to shapes which do not. 

When instructed to imagine grasping the tools or shapes a temporal-parietal frontal network 

became active. However, the site and magnitude of premotor and parietal cortex activation 

differed for the two stimulus arrays and the middle temporal gyrus and fusiform gyrus was 

activated when viewing tool stimuli only. These findings imply that recognizing the specific 

function of a tool has an impact on its representation for action and could be attributed to 

prior awareness of potential motor responses. 

To date, the neuroimaging studies reviewed have explored the distinctive properties 

of tools which automatically prime specific motor representations. However, these studies 

have been limited to the simple act of viewing an object, naming the object or action, or 

imagining the action. But does the pattern of cortical activation vary when making a motor 

response? A n d how does the congruency of the action afforded by an object and the required 

response influence cortical activity? These were questions that Grezes, Tucker, Armony, 

El l i s and Passingham (2003) addressed following a behavioural study which had participants 

making either a precision or a power grip response depending on whether the image of a real 
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graspable object was natural (e.g. cucumber) or manufactured (e.g. screw) (Tucker & El l i s , 

2001). They anticipated faster reaction times (RT) when the type of grip afforded by the 

object matched the response type and slower RTs when the two did not correspond, despite 

the irrelevance of object size on response selection. Neural activity was measured by means 

of event-related f M R I and the same stimulus set and procedures from the aforementioned 

study were used. A s predicted, the behavioural results reflected faster motor responses for 

congruent trials in contrast to incongruent trials. Once more, activation was noted in the 

dorsal premotor cortex as well as the anterior parietal and inferior frontal cortex. When 

correlations between behavioural responses and cortical activation were assessed, Greves et 

al. (2003) remarked that those participants with a larger R T difference between congruent 

and incongruent trials also had an increase in activation in the formerly cited areas. They 

attributed this to a sort of competition between executing the desired response (intention) and 

the automatic responses that are primed by the visual input (implicit processing). 

A. 1.2 Tools Capture Visual Attention 

Keeping with a competition model, Handy et al. (2003, 2005) asked whether "the 

implicit recognition of action-related object attributes lead to an orienting of visual spatial 

attention to the locations of graspable objects" (p. 421). Their study design was based on the 

argument that objects "compete" for access to what is a limited cortical processing capacity, 

such that one's selective attention—and neural processes—are biased towards the most 

competitive objects within a given visual scene. Both of Handy et al.'s (2003, 2005) studies 

provide evidence that when visual attention is grabbed by an object, not only does the 

cortical response to that object increase, but there is a reduction in the magnitude of the 

cortical response to other, non-attended objects. In Handy et al.'s (2003) experiment, 
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participants were asked to maintain fixation while one of four different object pairings were 

presented on either side of it: tool-right, tool-left, no tool or both tools (see Handy et al., 

2003, for timing and sequence of events and different trial types). The different categories of 

objects (tools vs. non-tools) were not disclosed to participants and they were reminded that 

the objects had no bearing on the task at hand. Participants were instructed to base their 

button press response on the location of the target which was a "square wave grating" 

superimposed on one of the two objects (see F ig . 2a). Event-related potentials elicited by the 

target were evaluated as a function of displaying the tool in the left or right visual field and 

the upper or lower visual field. Interactions were identified for the visual field that the target 

was displayed and trial type. Spatial attention was oriented toward tools but only when it was 

presented in the right visual hemifield or the upper visual field, although the latter had a 

stronger bias rather than an absence in the opposite visual field. Handy et al. (2003) reasoned 

that a right visual field advantage may be due to the recognition of action-related properties 

of the bilateral display. A n d with the knowledge that there is a lower hemifield advantage in 

directing visually guided actions relative to the upper hemifield, this offered supportive 

evidence that visual field asymmetries exist with respect to visuomotor processing. Their 

argument that visual field asymmetry can be explained in relation to a right visual field 

advantage in visuomotor processing was substantiated in an experiment using event-related 

f M R I in which dorsal regions of premotor and prefrontal cortices showed significantly 

greater activity during tool-right relative to tool-left trials. Handy et al.'s study thus 

demonstrates that tools can capture visual attention toward it, even when it is irrelevant to the 

task. This finding demonstrates that graspable tools can modulate where visual attention is 

directed. 
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APPENDIX B 

There were also deviations in the recording larger than 1.5 degrees and lasting longer than 50 

m. These deviations can be attributed to drift which was the result of the pupil contracting in 

response to the onset of the display lights. The possibility that these deviations were merely 

saccades can be countered by the fact that the duration of these drifts was longer than 100 ms 

and as mentioned previously, saccades were defined as being less than 50 ms in duration. 

Drifts were apparent in the data of three participants. 

Time (sec) 

Figure B l . l : Example of drift in eye movement recording. The arrows denote 
the start and end of the deviation. Note: the duration over which the eye 
recording deviates is approximately 350 ms. 


