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ABSTRACT 

When you want to pick up an object, it is usually a simple matter to reach out to 

its location, and accurately pick it up. Almost every action in such a sequence is guided 

and checked by vision, with eye movements usually preceding motor actions (Hayhoe & 

Ballard, 2005; Hayhoe, Shrivastava, Mruczek, & Pelz, 2003). However, most research in 

this area has been concerned about the sequence of movements in complex “everyday” 

tasks like making tea or tool use. Less emphasis has been placed on the object itself and 

where on it the eye and hand movements land, and how gaze behaviour is different when 

generating a perceptual response to that same object. For those studies that have, very 

basic geometric shapes have been used such as rectangles, crosses and triangles.  In 

everyday life, however, there are a range of problems that must be computed that go 

beyond such simple objects. Objects typically have complex contours, different textures 

or surface properties, and variations in their centre of mass.  

Accordingly, the primary goals in conducting this research were three fold: (1) To 

provide a deeper understanding of the function of gaze in perception and action when 

interacting with simple and complex objects (Experiments 1a, 1b, 1c); (2) To examine 

how gaze and grasp behaviours are influenced when you dissociate important features of 

an object such as the COM and the horizontal centre of the block (Experiments 2a, 2c); 

and (3) To explore whether perceptual biases will influence grasp and gaze behaviours 

(Experiment 2b).  

The results from the current series of studies showed the influence of action (i.e., 

the potential to act) on perception in terms of where we look on an object, and vice versa, 

the influence of perceptual biases on action output (i.e. grasp locations). In addition, 

grasp locations were found to be less sensitive to COM changes than previously 
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suggested (for example see Kleinholdermann, Brenner, Franz, & Smeets, 2007), whereas 

fixation locations were drawn towards the ‘visual’ COM of objects, as shown in other 

perceptual studies (for example see He & Kowler, 1991; Kowler & Blaser, 1995; 

McGowan, Kowler, Sharma, & Chubb, 1998; Melcher & Kowler, 1999; Vishwanath & 

Kowler, 2003, 2004; Vishwanath, Kowler, & Feldman, 2000), even when a motor 

response was required. The implications of these results in terms of vision for Perception 

and vision for Action are discussed.  
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Chapter 1: General Introduction 

 

The ability to acquire and integrate visual information for a specific purpose, such 

as typing a letter or driving a car, involves a complex interplay between visual, motor, 

and cognitive processing. When observing the world around us, we move our eyes to 

various locations to acquire information about objects and events in our environment. In 

order to achieve high-detailed vision, eye movements must bring the object of interest 

onto the foveal region of our retina and maintain it there. Although visual information is 

gathered and processed from peripheral areas as well, visual information that lands on the 

fovea provides us with our best visual acuity. Detailed information from more peripheral 

regions drops rapidly the farther the information is from the fovea (Hochberg, 1964). 

Thus, where one directs their gaze is a good indication of what they are attending 

to in the environment. Although we may have high detailed visual information about a 

variety of objects in our visual field, our cognitive system is restricted in a limited 

capacity fashion; not all objects can be attended to at once (Connor, Egeth, & Yantis, 

2004). Instead, we must direct our attention from one region of space to another or from 

one object to another. And, depending on the specific task that one is performing, 

different aspects of the environment or different parts of a specific object itself will be 

fixated.  In this chapter visual processing, eye movements, attention, and reaching and 

grasping physiology and characteristics will be reviewed.  

 

Visual System Function and Organization 

Visual transformations begin when electromagnetic energy reaches the retina in 

the eye. The photoreceptors of the retina project information, via bipolar cells, to retinal 
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ganglion cells that output this information for higher visual processing. Although there 

are multiple subcortical pathways to which visual information travels, the most prominent 

is the retinal output travelling to the lateral geniculate nucleus (LGN) of the thalamus, 

which is the principal subcortical structure providing visual information to the cerebral 

cortex (retinogeniculocortical pathway). Indeed, loss in functioning of this pathway 

results in a loss of visual perception.  Information from the LGN continues to the striate 

cortex where it is then processed by a variety of extrastriate areas, extending deep into the 

temporal and posterior parietal regions of the cortex as two broadly segregated visual 

streams (Livingstone & Hubel, 1988; Maunsell, 1992). These two parallel streams can be 

distinguished on a number of anatomical, physiological and functional features. Incoming 

visual information from the retina is processed by either midget (parvocellular, or P 

pathway), parasol (magnocellular, or M pathway), or bistratified (koniocellular, or K 

pathway) retinal ganglion cells. Parasol cells have large receptive fields, respond 

transiently to visual stimulation and have rapidly conducting axons, all three cone type 

photoreceptors appear to converge upon these cells (Livingstone & Hubel, 1988; Zeki, 

1969). The midget cells, on the other hand, have small receptive fields and respond in a 

sustained manner to visual stimulation and have slower conduction velocities, these cells 

reflect input from only one or two cone types forming a colour-opponent channel 

(Livingstone & Hubel, 1988). Finally, the small number of bistratifed cells have 

moderate spatial resolution and conduction velocities. These cells have very large 

receptive fields with centers always ON to short wavelengths (blue cones) and OFF to 

medium and long wavelengths (red and green cones).  
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The anatomical differences in the M and P parallel streams is maintained at the 

level of the LGN where parasol retinal ganglion cells project to two layers of 

magnocellular layers of the LGN (M pathway) and midget retinal ganglion cells project 

to four parvocellular layers of the LGN (P pathway; Dreher, Fukada, & Rodieck, 1976; 

Leventhal, Rodieck, & Dreher, 1981).  The physiological differences between the M and 

P pathways have also been preserved at this level. Indeed, several reviews have discussed 

the characteristics of these pathways (e.g., Albright, 1993; Livingstone & Hubel, 1988; 

Milner & Goodale, 1995). The P pathway is colour selective (red/green cone opponency) 

and relatively slow with low contrast sensitivity and high spatial resolution, while the M 

pathway is colour blind and relatively fast, with low spatial resolution and high contrast 

sensitivity. Finally, the bistratified retinal ganglion cells send visual information to the 

konicellular layers of the LGN. This third pathway, the K pathway, is thought to receive 

functional input from the short wavelength cones (“S” or “blue” cones) providing the 

blue/yellow dimension of colour vision (Lee, 2004; Martin, White, Goodchild, Wilder, & 

Sefton, 1997; Szmajda, Buzas, Fitzgibbon, & Martin, 2006; Szmajda, Grunert, & Martin, 

2008).  

The primary visual cortex, which is the earliest visual area, is surrounded by 

various visual association areas including visual areas V2, V3, V4/V8 and V5 (also 

known as MT). Beyond V1, visual information is predominantly transmitted via two 

pathways; a dorsal stream which projects from V1 to the posterior parietal lobe and a 

ventral stream, which projects from V1 to the inferior temporal lobe (Ungerleider & 

Mishkin, 1982).  The anatomical and functional differences discussed above for the M 

and P pathways can also be observed at these higher levels of visual processing.  
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Ventral Stream: The ventral stream provides us with our visual perception of 

objects and events in the world as well as codes this information for storage and for use 

in cognitive processes like imagining, planning, and recognition (Goodale, 1998; Milner 

& Goodale, 1995). Investigations with non-human primates have shown that this system 

has strong connections to the medial temporal lobe (which is associated with long term 

memories), the limbic system (involved in emotions) as well as the dorsal stream (which 

is involved in visually guided motor behaviour and motion; Milner & Goodale, 1995). 

The primary pathway of ventral information from V1 is to visual areas V2, V4, and 

finally to the inferior temporal lobe (including the posterior inferotemporal (PIT), central 

inferotemporal (CIT), and the anterior inferotemporal (AIT) areas). Area V2 is involved 

in the processing of simple properties such as orientation, colour, and spatial frequency 

and sends strong connections to area V4, which is tuned for properties such as 

orientation, spatial frequency, colour, and simpler geometric shapes (Harper, 2001). V4 

sends strong connections to PIT as well as has connections to area V5.  

Overall, activations in the ventral stream have been observed during identification 

of form, texture, and colour, as well as during object recognition (Kalanit Grill-Spector, 

2003; Hasson, Harel, Levy, & Malach, 2003). As information moves from the visual 

association areas to the temporal lobe, the cells show remarkable specificity in their 

responses to visual stimuli. For example, the lateral occipital complex (LOC), which is a 

region located bilaterally on the occipitotemporal cortex, is more activated when viewing 

objects when compared to viewing textures or scrambled objects (Culham et al., 2003; 

Grill-Spector, 2003; Grill-Spector, Kourtzi, & Kanwisher, 2001). Within the temporal 

lobe, many of the cells have large receptive fields which allows for generalization across 
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the visual field and the coding of intrinsic features independent of object location (Milner 

& Goodale, 1995). Lesions in the monkey brain provide further evidence for the role of 

the ventral stream in object perception. For example, when monkeys have lesions to the 

inferotemporal cortex (IT), performance on shape discrimination tasks are compromised 

as well as hue discrimination abilities (Huxlin, Sanders, Manchionini, Pham, & Merigan, 

2000).  

While the research presented so far is consistent with the view that the ventral 

cortical visual stream is mainly involved with recognition or perception of the world and 

objects within that world, there is also evidence to suggest that the medial and anterior 

regions of the inferior temporal lobe, specifically the perirhinal cotex and related limbic 

areas, are involved in the encoding of visual memories (Fahy, Riches, & Brown, 1993). 

Indeed, it has been suggested that this stream plays an important role in the long-term 

representation and categorization of objects (James, Humphrey, Gati, Menon, & Goodale, 

2002). Thus, the role of the ventral stream seems to be to form our perceptual and 

cognitive representations of the world, therefore providing both the characteristics of 

objects and their significance to us. 

Dorsal Stream: The dorsal stream, which receives predominantly M input 

(Maunsell, 1992; Maunsell, Nealey, & DePriest, 1990), projects from V1 to the posterior 

parietal cortex (PPC; Ungerleider & Mishkin, 1982), deals with moment to moment 

information about the location of objects and is primarily involved in the visual control of 

skilled movements directed at those objects (Goodale & Humphrey, 1998; Goodale & 

Milner, 1992; Milner & Goodale, 1995). The PPC is located between the visual cortex in 

the occipital lobe and the somatosensory cortex in the post central gyrus. It is therefore 
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well positioned to receive both visual and somatosensory information. In the past, the 

PPC has been considered to be an association cortex, integrating information across 

different modalities, however, information from single cell recordings in monkeys, lesion 

studies, neuropsychological evidence, and brain imaging studies have revealed specific 

parietal functions for reaching and grasping (for review see Castiello, 2005). 

The dorsal stream is associated with motion, representation of object locations, 

and the control of movements. From V1, visual information extends through visual area 

V2, V3, to visual area MT, and finally to the posterior parietal lobe. After area V2, visual 

area V3 is thought to process information related to global motions, while area MT is 

believed to process complex visual motions and seems to contain many neurons sensitive 

to features such as line ends and corners. Additionally, this area is thought to integrate 

local visual motion signals into the global motion of complex objects (Beauchamp, Lee, 

Haxby, & Martin, 2002). Overall, neuroimaging studies have demonstrated that 

activations in the dorsal stream are present during the planning and control of visually 

guided movements such as grasping and pointing (Grafton, Fagg, & Arbib, 1998; Hasson 

et al., 2003; James, Culham, Humphrey, Milner, & Goodale, 2003).  

It should be noted that visual area MT has prominent connections to both the 

dorsal and ventral visual streams. Recently, it has been suggested that projections from 

MT could constitute a third cortical visual stream that is responsible for action 

organization, space perception and action understanding (Rizzolatti & Matelli, 2003). 

However, the characterization of MT is currently under debate. Indeed, it has even been 

suggested that this area may be an extension of the ventral stream, contributing to both 

perceptual representations of the actions of others and the spatial relations among objects 
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(Milner & Goodale, 2006). Even though the functions of the dorsal and ventral cortical 

visual streams are well established, many researchers are now interested in exploring how 

these two streams interact and share visual information (for review see Grafton, 2010). 

Indeed, the functional independence of the dorsal and ventral visual systems in action 

generation is not universally agreed upon. Although Milner and Goodale’s two visual 

systems theory does not dispute interactions between the two systems, it highlights a very 

limited role in the shared visual information available between the systems. For example, 

the theory supports the use of ventral stream information in the planning stages of 

movements, the incorporation of learned information about object properties when 

interacting with familiar objects for grip selection or grip force where known object 

properties such as weight, friction and function would influence how we interact with the 

objects, as well as when performing reach-to-grasp movements “off-line” (i.e. on the 

bases of our memory of a goal objects; for review see Goodale, 2011). Other theories of 

visual system functioning highlight a much more integrated system than that proposed by 

the two stream theory. For example, Glover and Dixon (2002, 2004; Glover, 2004) in 

their planning-control model suggest that early parts of a movement are controlled by the 

ventral cortical stream while it is only late parts of a movement that are controlled by the 

dorsal stream. In this model, the planning stage of a movement incorporates target 

identification and grasp selection, as well as the initial kinematic parameterization of the 

movements such as timing and velocity (in the two stream theory this is solely controlled 

by the dorsal steam), while the control system monitors (and adjusts) motor programs in 

flight (Glover, 2004). In addition to the debate as to how integrated/segregated dorsal and 

ventral visual function is, the two visual system hypothesis also has experienced 
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conflicting data on the structure of these systems. For example, research has shown that  

there is more than just one way to process actions, with potentially three distinct 

processing routes existing dorsally; a parieto-prefrontal pathway, a parieto-premotor 

pathway, and a parieto-medial temporal pathway, which support spatial working 

memory, visually guided action, and spatial navigation respectively (Kravitz, Saleem, 

Baker and Mishkin, 2001). 

 Characteristics of Reaching and Grasping 

When using a precision grasp, the index finger and thumb approach perpendicular 

to the object and close in from opposite directions (Smeets & Brenner, 1999). During a 

stable grasp, a subject’s “grasp line” (the imaginary line joining the contact points of the 

index finger and thumb on the object) will fall close to or across an object’s centre of 

mass (COM; Jeannerod, 1988; Kleinholdermann et al., 2007; Lederman & Wing, 2003; 

Marotta, McKeeff, & Behrmann, 2003). Indeed, research has shown that when grasping 

objects participants adjust their grasp location to coincide with small COM changes 

(Kleinholdermann et al., 2007). 

During visually guided grasping, several changes in grip aperture (separation 

between index finger and thumb) can be observed. During the course of grasping, there is 

first a steady opening between the index finger and thumb, followed by the straightening 

of the fingers, and finally the closing of the grip upon the object (for review see Castiello, 

2005). It is during grasping that the form and orientation of the hand conforms to that of 

the target object (Galletti, Kutz, Gamberini, Breveglieri, & Fattori, 2003).  The point in 

time where grip aperture is the largest (maximum grip aperture: MGA) occurs 60-80% 

through the reach and is highly correlated with the size of the target object (Gentilucci et 
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al., 1991; Jakobson & Goodale, 1991; Jeannerod, 1986; Paulignan, Jeannerod, 

MacKenzie, & Marteniuk, 1991). 

In addition to the hand linearly reflecting the size of an object, other factors can 

influence reach kinematics. Servos, Jakobson, and Goodale (1998) showed that when 

objects of different sizes were lined up relative to their far edges, peak velocity during 

reaching and grasping did not differ across objects. However, when the objects were 

aligned based on the front edge, peak velocity increased with object width; showing that 

while reaching, velocity is calibrated to the far edge of an object (index finger contact 

location). In addition to this, studies have shown that actions to smaller targets (smaller in 

width) result in peak velocity being attained earlier in the movement (Berthier, Clifton, 

Gullapalli, McCall & Robin, 1996). The size of the contact surface (where one positions 

the index finger and thumb) has also been shown to influence movement parameters. 

Objects with smaller contact surfaces generally require more accuracy in the grasping 

movement. Previous research has shown that objects with smaller contact points will 

correspond to longer movement times and earlier occurring MGAs (Bootsma, Marteniuk, 

MacKenzie & Zaal, 1994; Zaal & Bootsma, 1993). 

 The texture of an object has also been shown to influence reach movement times. 

Fikes, Klatzky, and Lederman (1994) demonstrated that reach-to-grasp movements 

towards slippery objects resulted in longer movement times. They attribute these changes 

in velocity to the increase in both the geometric (finger placement) and dynamic (finger 

force due to lower coefficient of friction) precision necessary to successfully grasp 

slippery objects. Additionally, the function of an object or how one intends to use a 

particular object will dictate finger position and hand posture for the effective use of that 
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object. In other words, we would pick up a glass differently for drinking than for putting 

it away. And, depending on the particular glass, we would pick up a wine glass 

differently than a teacup.  

The function of vision however, is actually a very complex interactive process 

between perception and action. Not only do we use vision to identify objects with which 

we are interacting, vision also provides us with visual feedback about the approaching 

hand (towards the object) to enable online corrections (Binsted, Chua, Helsen, & Elliott, 

2001; Riek, Tresilian, Mon-Williams, Coppard, & Carson, 2003), as well as provides 

information about where the contact location on the object is relative to the arm’s motor 

system (Land & Hayhoe, 2001; Soechting, Engel, & Flanders, 2001). Visual information 

alone, however, is of little help in determining other important factors that influence 

grasping such as the friction against the fingers once the fingers have made contact with 

the object. Mechanoreceptive afferents that enable the adaptation of grip forces to the 

friction and weight of manipulated objects are present in the glabrous skin of the hand. 

These include slowly and rapidly adapting type I and II afferents that have been shown to 

respond to the perception of pressure, texture, slippage, and the signalling of movements 

on the skin (Schnitzler, Seitz, & Freund, 2000). Thus, much of our movements are based 

on predictive anticipatory control that also relies on feedback from the fingers for 

maintaining and adapting the control of grip force to the object properties.   

 

Eye Movements 

There are several different types of eye movements that are initiated in order to 

obtain visual information. Indeed, seven classes of eye movements have been 

distinguished based on how they aid vision as well as on their anatomical and 
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physiological substrates (Leigh & Zee, 2006). The control of our vision is dependent 

upon both the control of eye and head movements in space. That is, our vision is 

dependent on the oculomotor system (eye movements in the orbit) and the head 

movement system (moves the orbits in space). Thus, combined head and eye movements 

are called gaze movements. A brief overview of these systems is provided below, with 

particular attention paid to fixation and saccadic eye movements.  

Fixations:  The purpose of a fixation is to maintain the position of an object on the 

fovea of the retina (Leigh & Zee, 2006). The functional significance of a fixation is 

directly derived from the anatomy of the eye itself. Photoreceptors (rods and cones) and 

ganglion cells (midget and parasol) in the primate retina show distinct patterns of 

organization. The peak density of cone distribution corresponds to a central circular 

region called the fovea (Provis, Diaz, & Dreher, 1998). This central area is specialized for 

photopic, daylight vision and, as described previously, is characterized by high contrast 

sensitivity and spatial resolution (Provis et al., 1998) and has been shown to subtend 

approximately one degree of visual angle (Jacob, 1995). Thus, during a fixation, objects 

that fall within this central area, the fovea, will be perceived in detailed colour vision. 

Objects that fall outside this region, that is, in the peripheral regions of the retina, are 

characterized by low spatial resolution rod-mediated scotopic vision (Provis et al., 1998). 

Research has shown that people tend to initiate three to four fixations per second 

(Henderson, 2003; Rayner, 1998; Richardson & Spivey, 2004; Yarbus, 1967), each of 

which typically lasts anywhere from 200-600 ms (Jacob, 1995), although fixation times 

as short as 100 ms have been shown to reliably discriminate fixations from other 

oculomotor activity (Manor & Gordon, 2003).  
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Saccadic eye movements: Saccadic eye movements, sometimes referred simply as 

saccades, are very fast eye movements that bring an object of interest in the periphery 

onto the fovea (Kandel, Schwartz, & Jessell, 2000; Leigh & Zee, 2006). A typical 

saccade is characterized by a rapid acceleration, reaching its peak velocity (900 

degrees/sec)  between one-third and one-half the way through the movement, followed by 

a the deceleration phase (Smit, Van Gisbergen, & Cools, 1987) and an abrupt stop.  We 

typically execute three to four saccades per second (Araujo, Kowler, & Pavel, 2001; 

Irwin, 2004; Rayner, 1998), however, when prolonged viewing of an object is required 

the initiation of a saccadic eye movement can be reduced to as many as one every several 

seconds (Araujo et al., 2001). Saccadic eye movements typically travel anywhere from 1 

to 40 degrees of visual angle and can last anywhere from 30-120 ms (Jacob, 1995). 

Before the initiation of a saccade the vector and landing position have been shown to be 

computed beforehand and, once initiated, little change in the direction and landing 

position of the saccade can be made (Leigh & Zee, 2006; Sparks, 2002). Thus, saccades 

are typically described as ballistic or open loop as the trajectory is programmed prior to 

the movement. However, in the event that the desired target is undershot, the eye will 

make a small corrective saccade of about 0.25 to 0.50 degrees before coming to rest 

(Bahill, Clark, & Stark, 1975). Indeed, during the deceleration phase of the saccade, 

visual information can be used to determine if a corrective saccade needs to be initiated 

(Eggert, Ditterich, & Straube, 1999).  In addition, recent research has shown that saccadic 

trajectory can actually be corrected during a saccade. Suggesting that oculomotor 

commands are monitored as the saccade unfolds, possibly through efference copy, and 

corrected through internal feedback mechanisms that continuously monitor the outgoing 
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motor commands and estimates the current state of the eyes (Ethier, Zee & Shadmehr, 

2008; Xu-Wilson, Tian, Shadmehr & Zee, 2011). 

Vestibular eye movements: The main function of vestibular eye movements is to 

hold images of the world steady on the retina of the eye during brief head rotations and 

translations (Leigh & Zee, 2006). Fixations are maintained during head rotations via 

signals from the vestibular system, known as the vestibular ocular reflex (VOR; Kandel 

et al., 2000). 

Optokinetic eye movements: These eye movements, which responds to slower, 

large images moving across the retina, supplements the VOR and is known as the 

optokinetic reflex (OKR; Kandel et al., 2000). The main function of this system is to 

maintain images of the world steady on the retina during sustained head movements 

(Leigh & Zee, 2006).   

Smooth Pursuit eye movements: Tracking moving objects with the eyes relies on a 

special type of eye movements called smooth pursuit eye movements. These eye 

movements  enables one to hold the image of a moving target on the fovea or allows us to 

hold an image on the retina during linear self-motion (Leigh & Zee, 2006). The smooth 

pursuit system calculates the speed of the moving target relative to the body and moves 

the eyes accordingly, but at a considerably slower speed than saccades (maximum 

velocity around 100 degrees/sec; Kandel et al., 2000). 

Nystagmus quick phase eye movements: The purpose of these eye movements is to 

reset the eyes during prolonged rotation so that the fovea is directed to the oncoming 

scene (Leigh & Zee, 2006). 
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  Vergence eye movements: These eye movements keep the image of focus on each 

fovea by moving the eyes in opposite directions, thus aligning the eyes to look at targets 

at different depths. These convergent or divergent movements ensure that the object of 

interest is fixed on the same location of each retina (Kandel et al., 2000).  

 

Attention 

Even though all types of eye movements serve important functions, studying 

where people are looking in the environment can provide a direct link to the specific task 

(cognitive, motor) in which a person is engaged. In other words, where people are 

fixating in the environment indicates their focus of attention. Attention is the process 

wherein certain features in the environment are selected with respect to others in the 

analysis of incoming information (Fischer & Breitmeyer, 1987) or in the generation of 

purposeful motor responses (Reuter-Lorenz, Hughes, & Fendrich, 1991). Thus providing 

an indirect but real-time behavioural index of ongoing visual and cognitive processing 

(Henderson, 2003). Although our visual system contains parallel pathways for the 

simultaneous processing of different types of visual information, attention to specific 

aspects in our environment limits the amount of information that reaches the higher 

centers of visual processing. That is, selective attention serves to filter out some features 

in the environment while sharpening our perception of others. However, it is not always a 

simple relationship between fixation location and focal attention (i.e., what someone is 

concentrating on). Research has shown that information can be accurately processed 

when objects do not fall within foveal vision. That is, visual-spatial attention can be 

directed either overtly by actively fixating the eyes (the fovea) onto a target or covertly, 

by allocating cognitive resources to process information that is located in another region 
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of space (Irwin, 2004; Posner, 1980). Research has shown that accurate object 

identification for simple geometric shapes has been reported for objects that fall between 

25 and 45 degrees of visual angle from the fovea (Irwin, 2004). This demonstrates that 

the locus of cognitive processing is not necessarily restricted to information that falls on 

foveal regions, but can extend into the visual periphery. However, others have shown that 

this ability highly depends on the type of task being executed. For harder tasks, such as 

letter identification and categorization of words, the information has to be much closer to 

foveal regions, within 15 degrees (Edwards & Goolkasian, 1974). Additionally, the 

ability to attend to and accurately identify and classify objects in the periphery drastically 

declines in peripheral regions when there are multiple items present in that area. For 

example, Viviani and Swensson (1982) found that when a star shaped object had to be 

identified among 15 other disc shaped objects, it had to be located within 4.1 degrees 

from the fixation point to be accurately identified. More recent studies have reported 

similar findings of 5 degrees for accurate identification (Bertera & Rayner, 2000).  

Project Aims 

  The purpose of my research is to develop an improved understanding of visual 

system processes during reaching and grasping and perceptual tasks. More specifically, 

what visual information is extracted from gaze when reaching and grasping an object? 

How do these processes differ during perceptual tasks such as size estimations or same 

different tasks? Do changes in object properties, such as changes in shape and COM 

influence fixation and grasp patterns? And finally, do various perceptual biases influence 

gaze and grasping behaviour?  In the following chapter eye movements during perception 

and action will be explored. 



GAZE STRATEGIES IN PERCEPTION AND ACTION   16 

 

Chapter 2: Eye Movements in Perception and Action 

Introduction 

We use vision to guide the movements of our hands when performing a variety of 

tasks, such as reaching out to pick up a cup of coffee, driving a car, or working on a 

computer. When you want to pick up an object, it is usually a simple matter to look 

where you remember leaving it, reach out to its location, and accurately pick it up.  

Generally,  programming the eye movements that bring the line of sight onto the selected 

object requires two processing stages: selection of an object to look at followed by the 

computation of a fixation/landing position within that object (Deubel, Schneider, & 

Paprotta, 1998). But how do we accurately select which aspects of our environment or 

which specific object properties to concentrate on? When interacting with our 

environment the requirements of visual analysis have been shown to be dependent on the 

ongoing or planned behaviour of the individual (Hamed, Duhamel, Bremmer, & Graf, 

2002) and dependent on the ongoing cognitive demands of that specific task (Yarbus, 

1967). Below an overview of eye movements during perception and action tasks is 

reviewed.  

 

Eye Movements in Perception  

Scene Perception 

Typically, when viewing the world around us we have to direct our attention 

across vast amounts of information, as our visual environment is not usually composed of 

solitary stimuli. Although scenes can be easily identified and the ‘gist’ of that scene 

obtained very rapidly, usually within the duration of a single fixation (Biederman, 

Mezzanotte, & Rabinowitz, 1982; Thorpe, Fize, & Marlot, 1996), we typically make a 
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series of saccades and fixations to direct the foveal region of our eyes to areas of interest.  

Our gaze, however, is not randomly directed to objects and events around us. Gaze 

control is an active process wherein the viewer seeks out task relevant information from 

the environment (Henderson, 2003). During scene perception, past studies have shown 

that viewers tend to orient their gaze on scene locations that provide detailed information, 

rather than empty areas lacking in contextual information (Helsen, Elliott, Starkes, & 

Ricker, 2000; Henderson, 2003).   

The tendency to fixate specific parts of the environment results from an interplay 

between stimulus-driven fixations guided by bottom-up sensory processes and goal-

driven fixations guided by top-down cognitive processes. Investigators have attempted to 

predict where individuals will fixate on a visual scene based on the local elements that 

make up that scene. Researchers use various methods to calculate where in a scene 

individuals are more likely to fixate (a bottom up approach). For example, using scene 

statistics, where known fixation sites are analyzed and compared to less or non fixated 

areas, researchers are able to tell that fixated areas contain more high spatial frequency 

content, edge density (Mannan, Ruddock, & Wooding, 1996, 1997), and higher local 

contrast (Krieger, Rentschler, Hauske, Schill, & Zetzsche, 2000; Parkhurst & Niebur, 

2003; Reinagel & Zador, 1999). 

Alternatively, other approaches take what we already know about cortical visual 

system processing to create saliency maps of a specific visual environment to predict 

which areas are more likely to be fixated. In a typical real world environment there is 

continuous incoming sensory information. To process all of this information would be 

computationally costly and taxing on our sensory systems. In order to solve this problem, 
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our sensory systems (in this case vision) must select the most relevant information to 

process first. Koch and Ullman (1985) proposed that the visual features that contribute to 

attentive selection, such as size, colour, movement, orientation, etc., can be used to 

predict where in a given scene people will normally look. Thus, a saliency map predicts 

what areas of a scene will be fixated based on how different a given location is relative to 

its surround in contrast, edge orientation, colour, motion, depth, etc. Regions that are 

uniform along some dimensions are thought to be less informative than areas that differ 

along these same dimensions (Oliva, Torralba, Castelhano, & Henderson, 2003; 

Parkhurst, Klinton, & Niebur, 2002). Indeed, research has shown that fixation locations 

tend to cluster around image locations of high informational content such as shape 

contours and high spatial frequency content or sharp changes in textural gradients (Marr, 

1982). 

However, it is not only specific features that draw the eye towards certain aspects 

of a scene. We also use stored knowledge about the world around us. This information 

actively influences where we will fixate in space.  Research has shown that fixation sites 

are less strongly tied to visual saliency when the viewer is involved in an active task such 

as searching for a specific object (Henderson, Weeks, & Hollingworth, 1999; Land & 

Hayhoe, 2001; Oliva et al., 2003). In addition, different fixation sequences may be 

elicited depending on the given task. In other words, top down mechanisms are employed 

when searching for objects. For example, when searching for a specific object in a scene, 

you will be more likely to look on the street (bottom half of the picture) when searching 

for a car or look on the top half of the picture if you are searching for an airplane. When 
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compared to a purely bottom up approach, top down information provides an efficient 

shortcut in object identification systems (Oliva et al., 2003).   

 

Visual Search 

Differences in fixation locations can be seen during free viewing tasks where 

people are simply asked to view a scene and during tasks where they are instructed to 

actively search for a specific object. In typical visual search paradigms participants are 

asked to look for a specific item that is embedded in a number of distractor items. 

Previous research has shown that participants are more likely to fixate objects that 

resemble the search item more than objects that are dissimilar (Findlay, 1997) and that 

participants are less likely to return to items that they have already fixated (termed 

inhibition of return; IOR; Klein, 2000). Additionally, when participants have to search 

within clusters of items for a target item, they first orient their gaze to the cluster of 

objects that are closest to the initial fixation point (Araujo et al., 2001). However, instead 

of fixating specific objects within that cluster, initial fixations are oriented to an area at 

the geometric centre of that cluster, subsequent fixations are then oriented to the specific 

items (Zelinsky, Rao, Hayhoe, & Ballard, 1997). 

 

Viewing objects 

When asked to look at an object as a whole, studies have found that the eye is 

drawn to the objects COM (He & Kowler, 1991; Kowler & Blaser, 1995; McGowan et 

al., 1998; Melcher & Kowler, 1999; Vishwanath & Kowler, 2003, 2004; Vishwanath et 

al., 2000). These results have been shown with simple forms such as circles (Kowler & 

Blaser, 1995; Melcher & Kowler, 1999), unstructured forms such as configurations of 
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random dots (McGowan et al., 1998), and complex forms whose COM lies outside the 

boundaries of the shape (Vishwanath & Kowler, 2003). In fact, the COM has been found 

to be a better predictor of where people will fixate on an object when compared to other 

landmarks such as the symmetrical axis of the object (McGowan et al., 1998; Melcher & 

Kowler, 1999). Indeed, fixating areas close to an object’s COM would allow for the best 

overall representation of object shape during viewing. What is notable about these studies 

is that object size and shape are not relevant to the completion of the task as participants 

are just instructed to look at the object. Other perceptual studies, especially those 

dissociating perception from action using the same objects, have used perceptual tasks 

where object properties such as shape and size are relevant to the completion of the task. 

For example, one commonly used perceptual task is a size estimation task (manual 

estimation) wherein the participant has to indicate the width of the object by moving their 

index finger and thumb to match that width (for example see Desanghere & Marotta, 

2008B; Haffenden & Goodale, 1998; Vishton & Fabre, 2003; Westwood, McEachern, & 

Roy, 2001). The characterization of fixation locations during the execution of this type of 

perceptual task has yet to be explored on common objects.  

 

Eye Movements in Action  

Research has shown that the relationship between eye and hand movements are 

intimately linked, with eye movements typically preceding hand movements in both 

pointing (Abrams, Meyer, & Kornblum, 1990; Bekkering, Adam, Kingma, Huson, & 

Whiting, 1994; van Donkelaar, Siu, & Walterschied, 2004) and object manipulation tasks 

(Hayhoe & Ballard, 2005; Hayhoe, Shrivastava, Mruczek, & Pelz, 2003; Johansson, 
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Westling, Backstrom, & Flanagan, 2001; Land & Hayhoe, 2001; Land, Mennie, & 

Rusted, 1999). Such studies have shown that eye movements are typically initiated 

towards the object 40-100 ms prior to movement onset (Biguer, Jeannerod, & Prablanc, 

1982; Land et al., 1999; Prablanc, Echallier, Komilis, & Jeannerod, 1979). Additionally, 

these fixations are linked to where participants are told to grasp an object (i.e. they look 

at the location where they place their fingers; Johannson et al., 2001), and, when 

manipulating the objects, linked to forthcoming grasp sites, obstacles, and landing sites 

where objects are subsequently grasped, moved around, and placed, respectively 

(Johannson et al., 2001). As discussed in previous sections, visual attention is allocated 

with more probability to certain areas of a visual scene than others – dependent on both 

bottom-up and top-down processing. However, it is also clear that the demands of current 

ongoing visually guided behaviour will mediate where one allocates visual attention. The 

close interplay between fixations and movements executed throughout various tasks have 

been investigated during walking (Patla & Vickers, 1997), sports (Land & McLeod, 

2000; Panchuk & Vickers, 2006; Vickers, 1992),  typing (Inhoff & Wang, 1992),  driving 

(Land, 1992; Land & Lee, 1994; Land & Tatler, 2001; Land, 1995), and catching a ball 

(Amazeen, Amazeen, Post, & Beek, 1999; Amazeen, Amazeen, & Beek, 2001). These 

studies have revealed that fixation patterns are tightly linked and very specialized for 

different tasks. For example, while driving, the tangent point of a curve is reliably fixated 

while steering around it (Land & Lee, 1994); during cricket and table tennis, players 

fixate the bounce point of the ball just ahead of the balls impact with that point (Land & 

Furneaux, 1997; Land & McLeod, 2000); while walking, an obstacle is fixated upon 

approach before stepping over it (Patla & Vickers, 1997); and finally, when throwing a 
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ball, participants tend to view the ball at or around the ball’s zenith  to obtain information 

about the balls trajectory and speed to control the timing and position of the hand while 

catching (Amazeen et al., 1999; Amazeen et al., 2001). In summary, fixation patterns and 

locations can vary greatly between tasks, with individual fixations specialized and 

specific for the particular activity that one is carrying out. Indeed, depending on the task, 

specific objects, points on an object, or areas in space will be fixated to gather high 

detailed information during performance. However, information from the periphery is 

also being used in task completion, whether it is to provide visual information about other 

areas of an object we are fixating or surrounding people, places or things. Below is a 

review of the relevant literature of eye movements during various visually guided tasks 

such as pointing, object manipulation and grasping. 

 

Pointing 

The relationship between eye movements and pointing to specific locations or 

targets has been extensively studied in the past. Research has shown a tight coupling 

between eye position and pointing accuracy. That is, pointing errors increase with 

increases in fixation locations from the target object (Bock & Eckmiller, 1986; 

Desmurget et al., 2005; Henriques, Klier, Smith, Lowy, & Crawford, 1998; Neggers & 

Bekkering, 1999; Vercher, Magenes, Prablanc, & Gauthier, 1994). This tight coupling 

has also been shown when pointing to multiple targets. For example, Neggers and 

Bekkering (2000) found that participants could not orient their gaze to a subsequent 

target until the hand had reached the target they were fixated upon, even though 

participants were instructed to saccade to the new target before this point. Not only is 

there a positive relationship between eye position and accuracy, but research has also 
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shown a tight temporal coupling between hand and pointing movements; with the eyes 

arriving at the target object in tandem with the hand reaching peak velocity (Binsted & 

Elliott, 1999; Helsen, Starkes, Elliott, & Ricker, 2000). The functional significance of 

such a relationship would allow for visual feedback mechanisms to assist in hand 

trajectory throughout the reach. Indeed, Desmurget et al. (2005) showed that under 

different visual conditions, such as having view of the target and/or hand, pointing 

trajectories differed only after the hand had reached peak velocity. 

 

Object Manipulation 

Despite the well documented behaviour of eye movements during various 

activities such as reading, typing, playing sports, and driving, only a few studies have 

investigated gaze strategies during object manipulation tasks (Ballard, Hayhoe, Li, & 

Whitehead, 1992; Hayhoe et al., 2003; Johansson et al., 2001; Land et al., 1999; Mennie, 

Hayhoe, & Sullivan, 2007; Smeets, Hayhoe, & Ballard, 1996). These studies have 

investigated gaze behaviour in normal controls while carrying out task sequences such as 

moving blocks to replicate a visible model (Mennie et al., 2007), “tea making” (Ballard et 

al., 1992; Land et al., 1999; Smeets et al., 1996), “sandwich making” (Hayhoe et al., 

2003) and placing an elongated bar to a pre-determined target position (Johansson et al., 

2001).  Such investigations have revealed that distinct visual characteristics, such as 

fixation locations and durations, emerge depending on the task performed.  

When fixation locations are studied relative to ongoing behaviour, one can begin 

to get a clear idea of the function of fixation locations on task performance and 

completion. For example, investigations of fixation locations while making tea (Land et 

al., 1999) have revealed that 1/3 of all fixations are clearly linked with a subsequent 
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action, the remaining 2/3’s of fixations were initiated after the action was complete. 

However, the exact role of fixations in changes in motor behaviour is less clear. When 

making sandwiches (Hayhoe & Ballard, 2005), a higher proportion of fixations had very 

clear functions for the ongoing behaviour. These fixations were thought to assist with 

four different tasks: locating objects, as well as directing, guiding, and checking ongoing 

behaviour. These results are also supported in simpler object manipulation tasks. For 

example, Johansson et al. (2001) showed that when participants had to reach out and pick 

up a simple rectangular object, move it around an obstacle and place it on a platform, 

participants fixated almost exclusively on the areas critical for the completion of the task 

such as the bar, the obstacle, and the landing position. During these object manipulation 

tasks, the authors found that the approaching hands were hardly ever fixated; it is the 

object itself that is of immediate interest to the visual system. After contact, however, it is 

the destination and/or any obstacles that have to be avoided that are fixated; touch and 

proprioception systems take over monitoring the hand held object during transport 

(Johansson et al., 2001; Land & Hayhoe, 2001). Although these ‘look ahead fixations’ 

are clearly linked to the immediate task at hand, other researchers have shown that the 

use of anticipatory gaze strategies during object manipulation also assists in acquiring 

information about the object for future manipulation (Mennie et al., 2007).  That is, 

Mennie et al., (2007) concluded that fixations that were initiated toward an object before 

movement onset could not only be used to predict upcoming behaviour, but also reflected 

planning during the manipulation task.  
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Grasping Objects 

As mentioned above, research has shown that when picking up objects, fixations 

are linked to where participants are told to grasp an object as well as to any protruding 

obstacles and landing sites during object manipulation tasks (Johansson et al., 2001). 

How fixations change throughout a reach-to-grasp movement and exactly what object 

properties are fixated on real 3D objects has yet to be fully developed. Indeed, little 

research has looked at where on the object people are fixating during basic reaching and 

grasping movements.  

This issue was partially explored in articles by de Grave, Hesse, Brouwer, and 

Franz (2008) who were interested in fixation locations during a reaching and grasping 

task to objects that were either fully visible or that had the index finger, thumb, or both 

grasp locations partially occluded.  They found that first and second fixations on the 

objects were above the object’s COM, as well as above the visible COM (COMvis) in the 

case of partly occluded objects. In both instances fixation locations were towards index 

finger grasp location.  However, similar to Johansson et al. (2001) where participants 

were instructed to grasp the object at a specific location, participants in this experiment 

also had specific grasp locations where they had to place their index finger and thumb.  In 

a later investigation, Brouwer, Franz, and Gegenfurtner (2009) contrasted fixation 

locations when participants were reaching out to grasp an object vs. when they were 

asked to simply view that object. They found that during first fixations to the objects 

there was no difference between tasks; during both grasping and viewing participants 

were looking closer to the COM. During second fixations however, fixations while 
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grasping were found to be significantly higher up on the objects (towards index finger 

location) than those found during viewing.  

 

Conclusions 

When interacting with the world around us, our visual system uses information in 

two primary ways: in the recognition of objects and events around us and in the guidance 

of our movements. Research has shown two cortical processing streams supporting such 

visual functions. As you can imagine, the diverse task of object perception and the visual 

control of action requires attention to different aspects of our visual environment. One 

way to investigate what these different aspects are is to monitor which object properties, 

or where in the environment, people fixate when performing these different tasks. 

However, the distinction between vision for perception and vision for action is not always 

so clear-cut. In everyday life we pick up objects for a specific purpose (e.g., tools), and 

depending on the specific object and purpose different grasp kinematics such as grip 

force and finger placement will be necessary. The dorsal ‘action’ stream cannot compute 

these calculations in isolation. There needs to be top down modulation of actions from 

previously obtained knowledge. The dorsal stream does not have direct access to this 

semantic knowledge, it is a bottom up system working only with visual information that 

falls on the retina (Milner & Goodale, 2007). Thus, in addition to the two streams 

working independently for different tasks, they also work together in the generation of 

purposeful behaviour.  

Accordingly, the purpose of my research is to develop a better understanding of 

eye movements during reaching and grasping and perceptual tasks. More specifically, to 

investigate the relationship between gaze behaviour when we are picking up novel 
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objects that vary in shape (such as symmetry and size) and in surface properties (such as 

gradients of colour/brightness and surface detail). It is my intention to make a direct 

comparison between fixation locations during these action tasks to fixations elicited 

during more perceptual tasks on some of these same objects. In addition to investigating 

how fixation patterns differ between perception and action, I will also be investigating 

how these two streams work together by examining how fixation locations and grasp 

locations change when the location of an object’s COM is learned through visual cues, 

such as the colour of the object, to that location. This research will provide novel insights 

into what object properties grab visual attention when interacting with them and how 

these properties are different between perception and action systems.  
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Chapter 3: Simple vs. Complex Shapes: Experiment 1 

As previously discussed in Chapter 1, the primate visual system has two distinct 

but interactive functions (1) the perception of objects and events around us which 

provides a foundation for our cognitive life, and (2) the control of actions directed to 

objects, where the specific motor output is programmed and guided ‘on-line’. Although 

both visual systems have access to the same information about object properties and 

location, it is still unclear if or what different object properties are fixated when looking 

at identical objects for the purpose of a perceptual vs. an action task. Thus, the 

overarching aims of Experiment 1 are to investigate how gaze patterns differ in 

perception and action tasks (reach to grasp movements). The following questions will be 

investigated in the subsequent three experiments. (1) When grasping symmetrical objects 

with no instructions as to where on the object to grasp, where do we look in preparation 

and execution of a reach to grasp movement (Experiment 1a)?  (2) Are these fixation 

locations different during a manual size estimation task (perceptual task) to those same 

symmetrical objects (Experiment 1a)? (3) Do similar perceptual tasks elicit different 

fixation patterns to computer-generated objects (Experiments 1b, 1c)? (4) Do gaze 

patterns and grasp kinematics change with object complexity (Experiment 1c)?  

 

Experiment 1a: Grasp vs. Estimation of Symmetrical Objects 

Relatively few studies have explored differences in gaze strategies in the same 

participants while performing both a perception and action task to the same objects. 

Those that have, clearly demonstrate that the functional demands of the task will impose 

distinct gaze strategies between perception and action. For example, van Doorn, van der 
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Kamp, de Wit and Savelsbergh (2009) used the Muller-Lyer illusion to investigate 

differences in gaze patterns during a reaching and grasping task and a perceptual size 

estimation task wherein the participant had to indicate the size of an object by separating 

their index finger and thumb. Consistent with previous findings (for example see Otto-de 

Haart, Carey, & Milne, 1999), the Muller-Lyer configuration affected perceptual 

estimations (judgments of the length of lines were affected by arrowheads that were 

surrounding the line) but not grip aperture when picking up these same objects. Similarly, 

differences in fixation locations during perception and action were also revealed. 

Fixations during estimations were concentrated symmetrically towards allocentric 

information (both ends of the objects), while fixations during grasping were concentrated 

asymmetrically towards one end (index finger landing position) and egocentric locations 

(the centre of the line). In a related study exploring differences in gaze strategies between 

perception and action to real objects, Brouwer et al. (2009) compared fixation locations 

between tasks that required subjects to either reach and grasp an object or simply look at 

the object in the absence of any action directed toward it. They found that during first 

fixations on the objects there were no differences between tasks, during both grasping 

and viewing participants were looking closer to the object’s COM. During second 

fixations however, fixations while grasping were found to be significantly higher up on 

the objects (towards index finger location) than those found during viewing. They 

suggest that first fixations on the objects are not influenced by task, but by visual features 

such as the COM.  Second fixations, however, are more tailored to the specific task, such 

as towards index finger grasp location when grasping objects.  
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These results contribute to the large body of literature that has shown distinct 

differences in the processing of visual information for the purpose of perception and 

action (for review see Milner and Goodale, 2006). The purpose of the present experiment 

was to further explore differences in gaze patterns during perception and action tasks. 

Using a similar experimental paradigm as vanDoorn et al. (2007), we asked participants 

to estimate the size of objects for the perceptual task and to reach out and grasp the 

objects for the action task. By using simple symmetrical objects, where no illusory 

manipulations will affect our perception of object width/length, we explored differences 

in gaze strategies between perception and action on real “graspable” objects in a situation 

where the same object properties are important for the completion of both tasks (object 

width). 

Based on previous research it was expected that first fixations, during both 

perception and action tasks, would be drawn towards the object’s COM so as to gain an 

overall representation of object shape. Subsequent fixations during grasping were 

expected to be linked to index finger landing position on the objects, while subsequent 

fixations during estimations would be drawn to allocentric cues and directed towards both 

the top and bottom edges of the objects. 

Method 

Participants 

Twenty-six undergraduate psychology students (14 female) between the ages of 

18 and 38 years (M = 23) participated in this study. All participants were shown to be 

strongly right-handed as determined by a modified version of the Edinburg Handedness 
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Inventory (Oldfield, 1971), and had normal or corrected-to-normal-vision. This research 

was approved by the Human Research Ethics Board at the University of Manitoba. 

Stimulus and Procedure 

Participants were required to perform a grasping task and a perceptual size 

estimation task, in separate blocks of trials, to centrally placed Efron Blocks. The Efron 

blocks differ in shape but are equal in surface area (Efron, 1968), and have the following 

horizontal and vertical dimensions: (1) 15.2cm x 4.2cm, (2) 12.2cm x 5.2cm, (3) 10.2cm 

x 6.2cm, (4) 9.0cm x 7.1cm and (5) 8.0cm x 8.0cm (see Figure 1).  The Efron blocks 

were presented on a 20cm x 20cm vertical presentation board that was positioned 55 cm 

away from a chin rest, which rested on the edge of the table. Two pegs protrude from the 

presentation board to allow for the blocks to be suspended in such a manner that every 

block’s vertical and horizontal center was aligned with the board’s center. The display 

board was positioned beside the computer monitor that was used to calibrate the eyes, 

such that the blocks were suspended vertically at an equal distance from the participant as 

the calibration monitor. Seven infrared light-emitting diodes (IREDs) were positioned 

along the edge of the display board to create a rigid body, the origin of which 

corresponded to the center of the board and, consequently, to the center of each presented 

block (see Figure 2 for set up). 
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Figure 1 

Efron Blocks. 
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Figure 2  

Experimental set up in real life environment (left panel) and in the Motion Monitor 

virtual environment (right panel). 

 

 

 

Reach-to-grasp movements were recorded with an Optotrak Certus 3-D recording 

system (150 Hz sampling rate, spatial accuracy up to 0.01 mm; Northern Digital, 

Waterloo, ON, Canada). Two IREDs were fastened onto the participants’ index finger 

(positioned on the left side of the cuticle), thumb (positioned on the right side of the 

cuticle), and wrist (positioned on the radial portion of the wrist) of their right hand. An 

Eye-link II (250 Hz sampling rate, spatial resolution < 0.5 degrees; SR Research Ltd., 

Osgoode, ON, Canada) was used to record eye-movements in both tasks. Kinematic 

information from both the Optotrak and the Eyelink II was integrated into a common 

frame of reference via MotionMonitor software (Innovative Sports technology, Chicago, 

IL, USA). The Motion Monitor system integrates eye, head, and hand data in a common 

frame of reference. Both eyes were calibrated using a nine point calibration/validation 

procedure on the computer monitor, after which, participants were positioned in front of 

the display board. To ensure accurate calibrations of less than 1 degree error and 
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reliability of binocular eye data, accuracy checks both immediately following calibration 

and after the completion of the experiment were taken by having participants fixate a 

marker on the display while positional eye data was obtained. 

Gaze coordinates (both horizontal X and vertical Y positions) were characterized 

into fixations based on a dispersion algorithm (see Salvucci and Goldberg, 2000), with a 

minimum duration threshold of 150 ms and a maximum dispersion threshold of 1cm. 

Fixations were calculated from the point when participants first opened their eyes until 

they either made contact with the object (in the grasping task) or finished their size 

estimation (indicated by a key tap made by the participant with their left hand).  As pilot 

studies in our lab have shown that participants frequently look at their hand during a 

manual estimation task, all eye movements outside the boundaries of the display board 

were not included in the analysis as these values were outside of the calibration range 

(i.e. the eye angles were too large and accurate fixation could not be detected).  

A within-subject design was utilized wherein all participants performed both the 

grasping and estimation task. In the grasping task, participants were instructed to reach 

out and grasp the presented block “quickly but naturally” using only their index finger 

and thumb. In the estimation task, participants kept their hand stationary on the tabletop 

and estimated the vertical height of the presented block by moving their index finger and 

thumb. Task order was counterbalanced between participants. Within each task, each 

block was randomly presented 12 times, for a total of 60 trials per task. Sessions took 

approximately one hour to complete. 

Dependent variables involved in subsequent analyses include: (1) eye positions 

along the horizontal X- and vertical Y-axes, as well as fixation durations (ms); (2) 
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maximum opening between the index finger and thumb while grasping (MGA); (3) grasp 

axis location, which was calculated by generating a ‘grasp line’ for each trial. The grasp 

line was generated by creating an imaginary line drawn from the index finger grasp 

position to the thumb grasp position. The grasp axis location was determined by 

measuring the shortest perpendicular distance from each grasp line to the object’s 

horizontal center; and (4) perceptual estimations of size (distance between index finger 

and thumb at completion of perceptual judgment). Analyses were carried out on the mean 

values computed across repeated trials in a given condition. Significance levels of p<0.05 

were used. For any main effects or interactions, Bonferroni adjusted planned comparisons 

were carried out. Any violations of sphericity underwent Greenhouse-Geisser correction 

methods. 

Results 

Fixation Data 

Across all subjects, a total of 3953 fixations were detected during grasping and 

4378 fixations during estimations. On average, participants made 2.03 and 2.32 fixations 

per trial during grasping and estimation tasks respectively. Paired sample t-tests revealed 

that the mean number of fixations elicited during each task was not statistically different 

(t(25)=-1.67, p=0.12). In 94% of all experimental trials, a first fixation was detected 

(1490 first fixations during grasping and 1427 first fixations during estimations); in 85% 

of those trials a subsequent (second) fixation was detected (1337 second fixations during 

grasping and 1305 second fixations during estimations). Fixations were not detected in 

6% of trials due loss of eye data (e.g. loss of corneal reflection or IRED interference), and 

these trials were excluded from any further analyses. 
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Paired sample t-tests were carried out to explore any differences in position and 

duration of first fixations when there were multiple fixations present vs. one fixation 

only. Analyses revealed no overall differences in fixation positions along the X- or Y- 

axes (p>0.05) between these groups. However, differences in fixation durations were 

observed. Single fixation trials were found to be significantly longer in duration 

(p’s<0.05) than first fixations in multiple fixation trials for both grasping (single fixations 

trials, M = 417 ms, SE = 49; multiple fixation trials, M = 204 ms, SE = 6) and estimation 

tasks (single fixations trials, M = 391 ms, SE =54; multiple fixation trials, M = 209 ms, 

SE = 8). Given the small number of single fixation trials (153 trials during grasping and 

121 trials during estimations), and the differences in the fixation duration between 

groups, single fixation trials were kept separate from subsequent analyses.  

For the eye data, a repeated measure Analysis of Variance (rmANOVA) was 

carried out to explore differences in fixation strategies (first fixation vs. second fixation 

locations for trials where multiple fixations were present) across tasks (grasping vs. 

estimation) and blocks (five Efron shapes).  

Horizontal X-axis 

There were no significant main effects of task [F(1,25)=0.53, p=0.47], fixation 

[F(1,25)=0.37, p=0.55], or block [F(4,100)=1.55, p=0.19] along the horizontal axis of the 

objects. A task by block interaction [F(4,100)=9.47, p<0.001] showed that with decreases 

in object length, fixation locations during estimations moved from the left to the right of 

the object’s COM (see Figure 3B), whereas fixations during grasping moved from 

rightward positions towards the object’s COM (except for block 4; see Figure 3A). A 

cross over in fixation position was seen for the shortest block 5, that is, fixation locations 
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during estimations were positioned more to the left of fixations during grasping on all 

blocks except block 5.  

Vertical Y-axis 

Significant main effects were found for both fixation [F(1,25)=14.24, p=0.001] 

and block [F(4,100)=16.69, p<0.001], including a significant interaction of task by block  

[F(4,100)=3.57, p=0.009]. The main effect of fixation showed that across both tasks, 

second fixations were found to be significantly closer to the object’s COM (M = 1.30 cm 

above COM, SE = 0.26) than first fixations (M = 1.72 cm above COM, SE = 0.30). 

Across blocks however, overall fixation locations (first and second fixations collapsed) 

were shown to move higher up on the objects with increases in block size. The task by 

block interaction showed that overall fixation positions were higher on all blocks during 

grasping when compared to estimations (p’s<0.05), except to the second smallest object 

(block 2, p=0.59; see Figure 4A, 4B).  

Fixation Duration 

 A significant main effect of task [F(1,25)=5.34, p=0.03] and fixation 

[F(1,25)=95.34, p<0.001] was observed. Fixations during grasping were found to be 

significantly shorter in duration (M = 260 ms, SE = 8) than fixations during estimations 

(M = 295 ms, SE = 17). Across tasks, first fixations were significantly shorter in duration 

(M = 209 ms, SE = 6) than second fixations (M = 346 ms, SE = 17; see Figure 5A and 5b 

for durations across task and fixations). 
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Figure 3  

Shows the average first and second fixation locations across blocks along the horizontal 

X-axis (cm) while grasping (A) and making perceptual estimations (B) to real objects in 

Experiment 1a. Figure 3C shows fixation locations while making perceptual estimations 

to computer-generated objects in Experiment 1b. Positive fixation positions represent 

fixation locations to the right of the object’s horizontal midline. Error bars represent the 

standard error of the mean. 

 

 



GAZE STRATEGIES IN PERCEPTION AND ACTION   39 

 

Figure 4 

Depicts the average first and second fixation locations across blocks along the vertical Y-

axis (cm) when grasping (A) and making perceptual estimations (B) to real objects in 

Experiment 1a. Figure 4C shows fixation locations while grasping and making perceptual 

estimations to computer-generated objects in Experiment 1b. Positive fixation positions 

along the vertical axis represent fixation locations above the object’s COM. Error bars 

represent the standard error of the mean. 
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 Figure 5  

 

Represents the mean fixation durations (ms) for first and second fixations when grasping 

(A) and making perceptual estimations (B) to real objects in Experiment1a, and making 

perceptual estimations (C) to computer-generated objects in Experiment 1b. Error bars 

represent the standard error of the mean. 

 

 

 

Perceptual Estimations 

A one-way rmANOVA with five levels of block size was carried out on the 

perceptual size estimations to determine if larger estimations occurred with increases in 

block size.  A significant main effect of block was found [F(4,100)=181.87, p<0.001]. 

Post hoc comparisons revealed significant increases in manual estimations between all 

blocks (p’s<0.05 see Table 1B).  
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Grasping Data 

A one-way rmANOVA ran on MGA, with five levels of block size, showed a 

significant main effect of block [F(4,100)=78.43, p<0.001]. Significant increases in MGA 

were observed across all blocks (p’s <0 .05; see Table 1A).  

 

Table 1 

Displays participants mean MGA for Experiment 1a, and their mean perceptual 

estimations of size for Experiments 1a and 1b. Mean values are measured in cm. Standard 

errors are enclosed in parentheses. 

 

To characterize grasp location along the horizontal dimension of the blocks, a 

one-way rmANOVA was carried out on the average grasp axis location across the five 

blocks. A significant main effect of block was observed [F(4,100)=4.17, p=0.004]. 

Participants’ grasp axis were closer to the object’s COM for the shorter blocks (4 and 5) 

compared to the longer blocks. These differences were significant between blocks 5 and 

2. However, one sample t-tests did not show grasp locations to be different from 0 

(p’s>0.05), the object’s COM. When compared to first fixation locations across blocks, a 

rmANOVA revealed no significant differences between grasp axis locations and first 

fixation locations [F(1,4)=2.15, p=0.16] along the X-axis (see Figure 6). 
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Figure 6 

Displays the mean fixation and grasp locations when grasping the Efron shapes in 

Experiment 1a. Negative values along the X-axis represent locations to the left of the 

object’s horizontal center while positive values along the Y-axis represent locations 

above the object’s vertical center. 

 

Summary  

The goal of Experiment 1a was to contrast gaze locations on simple symmetrical 

objects during a grasping task and a perceptual size estimation task to real objects. When 

first fixation locations on the objects were compared, we see that across tasks fixations 

were drawn to the horizontal midline of the blocks, in a position between the COM and 

top edge. This position is consistent across blocks, with overall fixation locations moving 

higher up on the objects with increases in block height. Additionally, in both tasks, first 

fixations were positioned significantly higher on the objects than second fixations, which 
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were towards the object’s COM. In contrast to the findings from Brouwer et al. (2009), 

our data suggests that participants in the perceptual size estimation task and the grasping 

task were first fixating an area towards the top edge of the object for all blocks, which we 

found matched index finger grasp location in the grasping task, and was then followed by 

a subsequent fixation towards the object’s COM. This subsequent lower fixation would 

still allow the index finger location to be in or close to foveal view, while at the same 

time allowing the rest of the object to be monitored relative to the approaching hand 

during the grasp, perhaps to monitor both index finger and thumb placement at the same 

time.  

  Slight differences were also noted in fixation positions along the X- and Y-axes 

between tasks. Fixations during estimations were to the left of all fixations during 

grasping except on the shortest block 5, where they were positioned to the right of 

grasping fixations. As well, overall fixation positions during grasping were positioned 

higher up on the all the blocks, except for block 2 (second smallest in width), when 

compared to estimation fixations. However, no significant differences in the overall 

location of these fixations were observed between tasks. Between tasks, the main 

differences in visual processing emerged in the duration of the fixations elicited when 

performing the tasks. Fixations during the perceptual task were found to be significantly 

longer in duration than those elicited when performing the reach to grasp movement. 

 

Experiment 1b: Computer Size Estimation Task 

 Experiment 1b was designed to examine gaze strategies when looking at 

computer generated objects during a perceptual task and compare these fixation locations 
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to those elicited when interacting with real ‘graspable’ objects in Experiment 1a. To keep 

the same object properties relevant across studies (object width) participants were once 

again required to manually estimate the size of computer-generated Efron shapes that 

were identical in size as those used in Experiment 1a. However, there were some 

important differences between this Experiment and Experiment 1a. Here, participants 

estimated object size after object presentation, requiring participants to rely on their 

memory of object shape. Estimations were made without visual feedback of their hand. 

Instead, participants made their estimations by adjusting the size of a digitized object on 

the computer screen until it matched the width of the previously presented block. Once 

finished, participants pressed the spacebar to proceed to the next trial. The computer 

generated objects used in this study were not expected to influence fixation locations 

(when compared to real objects), rather the methodology was selected to create responses 

(the manual estimation of size) that were more reliant on the memory of object size 

(ventral stream task) to further examine where participants were looking on these objects 

during a perceptual task. Based on previous research it was expected that participants 

would first fixate areas close to the COM to gain an overall representation of object 

shape, second fixations were expected to be directed to allocentric cues such as the top 

and bottom edges of the objects. 

Method 

Participants 

Eighteen undergraduate psychology students (13 female) between the ages of 18 

and 23 (M = 19) were recruited for participation in this study. All participants were 

shown to be strongly right-handed as determined by a modified version of the Edinburg 
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Handedness Inventory (Oldfield, 1971), and had normal or corrected-to-normal-vision. 

None of the participants in this study participated in Experiment 1a. This research was 

approved by the Human Research Ethics Board at the University of Manitoba. 

Stimulus and Procedure 

 Participants were seated 55 cm away from a 19” LCD monitor (with a resolution 

of 1024 x 768) with their head stabilized by a chin rest. Their hand was occluded from 

vision and positioned directly in front of them. An Eye-link II (250 Hz sampling rate, 

spatial resolution < 0.5 degrees; SR Research Ltd., Osgoode, ON, Canada) was used to 

record eye-movements throughout the experiment. Because occluding the hand would 

interfere with the Optotrak's camera-based motion tracking system, we recorded finger 

and hand kinematic data using the Flock of Birds ‘miniBIRDs’ magnetic motion tracking 

device (up to 144 HZ sampling rate, static resolution of 0.5 mm, static accuracy 1.8 mm; 

Ascension Technology Corporation, USA) In this experiment, participants estimated the 

size of computer-generated Efron blocks that were the same size and colour as those used 

in Experiment 1a. 

At the start of each trial participants fixated a fixation dot that randomly appeared 

in one of the 4 corners of the computer screen. The purpose of the fixation dot was to 

correct for any camera movements during the experiment (as a drift correction was 

performed while looking at the dot) and to ensure that participants were not starting each 

trial with their eyes fixated in the same spot on the computer screen. After the drift 

correction, a brief black and white mask was displayed (150 ms) followed by the 

presentation of one of the five Efron blocks positioned in the centre of the screen (white 

block against black background). At this point the participant was instructed to view the 
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object for as long as they want and then push the space bar to continue. It was during this 

viewing phase that eye data was collected for analyses. After the presentation of another 

black and white mask (150 ms) participants had to make an estimation of the previously 

seen blocks height by adjusting the height of a white bar (1 cm wide) on the screen. The 

height of the white bar was programmed to change in real time in relation to the distance 

between miniBIRD magnetic markers, which were attached to the participants’ index 

finger and thumb. As such, participants could adjust this bar to a larger or smaller height 

by moving their index finger and thumb closer or farther apart (identical to Experiment 

1a). Once their estimation was complete, participants pressed the space bar to continue 

onto the next trial. Each participant was randomly presented with 21 trials of each block, 

for a total of 105 trials. Each testing session took approximately one hour. Analyses were 

carried out on the mean values computed across repeated trials in a given condition. 

Significance levels of p<0.05 were used. For any main effects or interactions, Bonferroni 

adjusted planned comparisons were carried out. Any violations of sphericity underwent 

Greenhouse-Geisser correction methods. 

Results 

Fixation Data 

Within this study, participants had an average of 6 fixations per trial. In 94% of 

all experimental trials, a first fixation was detected. In 89% of these trials a subsequent 

(second) fixation was also detected. Paired sample t-tests were carried to explore any 

differences in position and duration of first fixations when there were multiple fixations 

present vs. a single fixation only. Analyses revealed no overall differences in fixation 

positions along the X- or Y- axes or in fixation durations (p’s>0.05). Thus, all trials 
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where at least one fixation was detected were included in subsequent analyses. To 

explore differences in fixation strategies across blocks, a rmANOVA was carried out on 

fixation sequence (first vs. second fixation locations) across the five Efron shapes. Eye 

positions along the X- and Y-axes, as well as fixation durations (ms) were considered.  

Horizontal X-axis 

No significant differences between first and second fixation locations were 

observed [F(1,17)=0.01, p=0.92]. On average, first and second fixations were both 

located 1.4 cm to the left of the COM (SE’s = 0.52 and 0.64 respectively). There was, 

however, a significant main effect of block [F(4,68)=3.52, p=0.01]. Generally, as block 

size decreased in length (along the horizontal axis) fixation locations moved from 

leftward positions closer to the object’s COM. However, post hoc comparisons did not 

reveal any significant differences in these fixation shifts (see Figure 3C). 

Vertical Y-axis 

A significant main effect of fixation [F(1,17)=16.79, p=0.001] revealed that first 

fixations were closer to the object’s COM (M = 1.5 cm above COM, SE = 0.29)  than 

second fixations (M = 1.9 cm above COM, 0.32; see Figure 3C). A significant main 

effect of block [F(4,68)=7.32, p<0.001] and a fixation by block interaction [F(4,68)=4.51, 

p=0.003] was also observed. As block size increased, mean vertical gaze positions across 

fixations moved higher up on the objects. Significantly higher fixations were observed on 

block 5 when compared to blocks 1, 2, and 3. The fixation by block interaction revealed 

that higher fixation positions were mainly mediated by changes in second fixation 

positions which were significantly higher up on all objects except blocks 1 and 2 (see 

Figure 4C).  
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Fixation Duration 

A significant main effect of fixation duration [F(1,17)=23.80, p < 0.001] showed 

that first fixations were significantly shorter in duration (M = 224 ms, SE = 6) than 

second fixations (M = 292 ms, SE = 17; see Figure 5C).  

Perceptual Estimations  

A one-way rmANOVA on the perceptual estimations across the five levels of 

block size, yielded a significant main effect of block [F(4,68)=147.45, p<0.001]. 

Specifically, significant differences in size estimations were observed between all blocks 

(p’s<0.05), indicating larger estimations as a function of block height (see Table 1C). 

Summary  

When performing a perceptual task (manual size estimation task) to computer 

generated objects, participant’s fixation patterns were consistent with findings from other 

perceptual tasks where participants were required to look at the object without any action 

directed to it (Brouwer et al., 2009) with first fixations closer to the objects COM than 

second fixations, which were higher up on the objects (along the vertical Y-axis). Other 

allocentric cues such as the bottom edge were not fixated. In addition, fixations were 

found to move closer to the object’s horizontal center with decreases in block size, with 

an overall leftward bias in fixation positions observed. Finally, second fixations on the 

objects were significantly longer in durations than first fixations. 

 

Between Group Comparisons of Experiments 1a and Experiment 1b 

To explore differences in fixation locations between experiments, analyses were 

carried out comparing first and second fixation locations during the perceptual 
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estimations to real (Experiment 1a) versus computer-generated (Experiment 1b) objects 

(estimation-estimation comparison); and between first and second fixation locations 

when grasping real objects (Experiment 1a) versus estimating the size of computer- 

generated objects (Experiment 1b; estimation-grasping comparison). Specifically, 

rmANOVA’s, with the within subject factors of fixation (first fixation, second fixation) 

and block (5 Efron shapes), and between subject factor of task (Exp.1a, Exp.1b) were 

carried out for the X- and Y-axes and duration variables for the above-mentioned 

comparisons.  

Between study effects revealed significant differences in fixation locations along 

the horizontal X-axis only for both the estimation-estimation comparison [F(1,42)=8.86, 

p=0.01] and the estimation-grasping comparison [F(1,42)=11.75, p=0.001]. In both 

instances, fixations to computer-generated objects were significantly more to the left of 

the object’s COM (M = 1.4 cm to the left of the object’s COM, SE = 0.38) than those 

found on real objects which were located to the right of the object’s COM during both 

grasping (M = 0.34 cm, SE = 0.32) and estimations (M = 0.19 cm, SE = 0.34). A fixation 

by block by task three way interaction along the horizontal X-axis for both estimation-

estimation comparisons [F(4,168)=3.49, p=0.01] and estimation-grasping comparisons 

[F(4,168)=3.33, p=0.01] showed significant differences between studies for first and 

second fixations on all five blocks with first and second fixations in Experiment 1b 

significantly to the left of all first and second fixations elicited in Experiment 1a (see 

Figure 3). 

Within-subject effects revealed a fixation by task interaction along the Y-axis in 

both the estimation-estimation comparison [F(1,42)=33.51, p<0.001] and the estimation-
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grasping comparison [F(1,42)=18.51, p<0.001]. When grasping or estimating the size of 

real objects, first fixations in both tasks were found to be significantly closer to the 

object’s top edge (M’s = 1.78 cm (SE = 0.29) and 1.66 cm (SE = 0.29) respectively) than 

second fixations, which were closer to the object’s COM (M’s = 1.41 cm (SE = 0.27) and 

1.19 cm (SE = 0.27) respectively; see Figure 4A and 4B). When viewing computer-

generated objects, an opposite pattern in fixation locations was observed. First fixations 

were found to be significantly closer to the object’s COM (M = 1.50 cm above COM, SE 

= 0.35) than second fixations, which were towards the object’s top edge (M = 1.91 cm 

above COM, SE = 0.33; see Figure 4C). 

A fixation by task interaction [F(1,42)=8.20, p=0.01] for fixation duration 

revealed significant differences in second fixation durations between estimations in 

Experiment 1a and Experiment 1b (estimation-estimation comparison), with second 

fixations in Experiment 1a (M = 374 ms, SE = 24) significantly longer in duration than 

second fixations in Experiment 1b (M = 292 ms, SE = 29; see Figure 5). No differences 

in first fixation durations were observed. A fixation by task interaction for fixation 

duration was also observed between grasping fixations in Experiment 1a and estimation 

fixations in Experiment 1b [F(1,42)=7.30, p=0.01]. First fixations when grasping were 

found to be significantly shorter in duration (M = 202 ms, SE = 5) than first fixations 

during estimations (M = 224 ms, SE = 6; see Figure 5). No differences in second fixation 

durations were observed. 

Summary 

When fixations during the perceptual task to computer-generated objects were 

compared to fixations during the perceptual and grasping task to real objects, we found 
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task differences with respect to fixation locations along the horizontal X-axis, in fixation 

durations, and fixation patterns. Although information about the height of the objects 

could be obtained by looking anywhere on the blocks, participants were looking 

significantly more to the left of the object’s COM when compared to fixations when 

estimating or grasping real objects. Other distinct differences between experiments were 

in the fixation patterns elicited in each task and in the duration of these fixations on the 

objects. When viewing real objects in perception and action, first fixations were located 

significantly closer to the object’s top edge than second fixations, which were closer to 

the object’s COM. When viewing computer-generated objects, an opposite pattern in 

fixation locations was observed, similar to the pattern observed in Brouwer et al. (2009). 

First fixations were found to be significantly closer to the object’s COM than second 

fixations, which were towards the object’s top edge. However, first and second fixation 

locations between experiments were not significantly different in terms of their vertical 

locations on the blocks. Thus, although differential patterns in vertical fixation positions 

were observed, it is along the horizontal axis that differences emerge in fixation locations 

when interacting with real or computer-generated objects. Finally, comparisons between 

tasks revealed that participants tended to look at the objects for a significantly longer 

duration during first fixations to computer-generated objects when compared to grasping 

real objects, and longer durations in second fixations when estimating real objects 

compared to second fixations when estimating computer generated objects. It is possible 

that the longer fixation durations during second fixations to real objects is reflectant of 

the final positioning of the distance between index finger and thumb when making the 

perceptual estimation. Whereas visual feedback of the object was constant when viewing 
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real objects, participants did not have this feedback when viewing computer generated 

objects. In addition, it should be noted that the differences observed between tasks 

(fixation duration and position along the horizontal X-axis) could potentially be 

accounted for by the different task demands between studies. In Experiment 1b 

participants had the additional factors of object memory, occluded vision of the hand, and 

visuomotor transformations of the manual size estimations  (occluded movements of 

index finger and thumb to coincide with movement of bar on computer screen).  

 

Experiment 1c: Complex Objects 

In everyday life we are not always reaching out to grasp simple symmetrical 

objects. Our visuomotor system must deal with complex calculations such as surface 

curvature and differences in an object’s COM. Indeed, the role of vision in grasping is 

not only to activate appropriate grasp schemas, but also to determine accurate positioning 

of the fingers on the objects (Jeannerod, Arbib, Rizzolatti, & Sakata, 1995).  The few 

studies that have investigated gaze behaviour while grasping, have utilized very simple 

objects such as triangles and crosses - where the positioning of the fingers is limited to 

certain areas of the shape (such as the tip of the triangle, or the limited surface area 

available at the top and bottom of a cross). Thus, the goal of this project was to 

investigate fixation and grasp patterns while grasping more complex objects called 

‘Blake Shapes’. In addition to this, fixation patterns were also explored while performing 

a perceptual ‘same-different’ task on these same complex objects as well as the 

symmetrical objects used in Experiment 1a (Efron shapes). 
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The Blake shapes that were used in this study have an asymmetrical design and, 

in order to grasp these shapes effectively, they must be picked up through or close to the 

object’s COM (stable grasp points) or the object may potentially slip out of the 

participants’ fingers. In order to successfully carry out this task, the object must be 

considered in its entirety. For the grasping task, it was expected that participants would 

either display longer fixation durations or make more fixations on the objects when 

grasping asymmetrical compared to symmetrical objects. It was unclear whether fixation 

locations on asymmetrical objects would involve locations that were directed towards 

thumb position or if they would be concentrated towards index finger location and areas 

above the object’s COM as was expected with symmetrical shapes. In addition, fixation 

and grasp patterns were predicted to be biased towards the object’s COM.  Finally, to 

fully characterize differences in reach kinematics when reaching for symmetrical and 

asymmetrical shapes, the following dependent measures were also investigated: MGA, 

time to MGA, peak velocity, time to peak velocity, and total reach time. Based on the 

literature reviewed in the introduction, the following results were predicted. When 

grasping both asymmetrical and symmetrical objects, increases in MGA were expected 

with increases in block height, with MGA occurring 60-80% through the reach-to-grasp 

movement for the symmetrical objects and before 60% through the movement for the 

asymmetrical objects. Peak velocity was expected to increase with increases in object 

height, with peak velocity obtained earlier in the movement for smaller objects (in 

height). Finally, longer movement times were expected to emerge when grasping the 

asymmetrical objects. For the perceptual same-different task, it was expected that 
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participants would fixate towards the object’s COM, regardless of object position or 

orientation of the asymmetrical shapes. 

Method 

Participants 

Fourteen undergraduate psychology students (9 female) between the ages of 18 

and 30 (M = 21) were recruited for participation in this study. All participants were 

shown to be strongly right-handed as determined by a modified version of the Edinburg 

Handedness Inventory (Oldfield, 1971), and had normal or corrected-to-normal-vision. 

None of the participants in this study participated in Experiment 1a or Experiment 1b. 

This research was approved by the Human Research Ethics Board at the University of 

Manitoba. 

Stimulus and Procedure 

 Each participant performed both the grasping and perceptual task. Task order was 

counterbalanced across participants. For the grasping task, all equipment was identical as 

that described in Experiment 1a, with the exception that the display board (and thus the 

objects) were positioned over the calibration screen rather than beside it). The stimuli 

used in this task were five different asymmetrical objects (Blake shapes; Blake, 1992) as 

well as the five Efron blocks used in Experiment 1a (see Figure 7). The Blake shapes 

have smoothly bounded contours and lack clear symmetry. Thus, the positioning of stable 

grasp locations requires the analysis of the entire shape. Although each block group 

(symmetrical, asymmetrical) varied in shape, each block corresponded to a specific block 

height and block length such that decreases in block length corresponded to increases in 

block height (see Figure 7). Thus, each of the 5 blocks in each block group had a matched 
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object in the opposite block category with identical maximum vertical and horizontal 

dimensions. In addition, each block in the asymmetrical category was either presented 

with the COM oriented to the left or right of the object’s horizontal midline (objects were 

the mirror image of themselves), resulting in three block groups: asymmetrical objects 

COM left (COML), asymmetrical objects COM right (COMR), and symmetrical objects. 

Figure 7 provides an example of the Blake shapes with their COM oriented to the left of 

the object’s horizontal midline.  

For the grasping task, after eye calibration was complete, participants were 

positioned in front of the display board and the IREDs for the Optotrak were fastened to 

their index finger, thumb and wrist. At the start of each trial participants held their right 

hand stationary on the start button with their index finger and thumb together and their 

eyes closed. The experimenter signalled the beginning of each trial with verbal 

instructions for the participant to open their eyes. At that point, participants reached out 

as quickly, but as naturally as they could, and grabbed the object with their index finger 

and thumb and placed it on the table in front of them. After the completion of the trial, 

participants returned to the starting position with their index finger and thumb on the start 

button and their eyes closed, until given the verbal command to start the next trial. The 

shapes were always presented with their longest axis on the horizontal plane such that, 

for the asymmetrical objects, their COM was oriented to the left or right of the actual 

center of the object on any given trial. For analyses purposes, the beginning of all trials 

started when wrist velocity reached 5 cm/sec and ended when wrist velocity decreased to 

10 cm/sec. These parameters were set in place for two purposes. First was to protect from 

false start or end times, for example, in a situation where participants may have moved 
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their wrist (an increase in velocity) before actually starting their reach-to-grasp 

movement or any movements after the reach had been completed. Second, was to 

establish the duration of the reach-to-grasp movement so that times to other kinematic 

measures such as MGA, peak reach velocity, and total reach times, could be calculated 

and compared between conditions. Each object within each block groups was randomly 

presented 5 times, for a total of 75 experimental trials. Sessions took approximately one 

hour to complete.  

 For the perceptual task, participants were required to make same/different 

perceptual judgments between the asymmetrical (COML), asymmetrical (COMR) and the 

symmetrical objects described above. Participants were seated 55 cm away from a 19” 

LCD monitor (running at a resolution of 1024 x 768) with their chin in a chin rest. Same-

different judgments were recorded via response keys pressed on the keyboard by the 

participant. An Eye-link II (250 Hz sampling rate, spatial resolution < 0.5 degrees; SR 

Research Ltd., Osgoode, ON, Canada) was used to record eye-movements throughout the 

task. In this same/different task two separate block pictures were viewed in turn, followed 

by a response screen. Between each block presentation a 150 ms black and white 

checkerboard mask was flashed. Within each block group, each object shape was 

presented first in the sequence 8 times, for a total of 120 experimental trials. In the 

subsequent block picture, for the asymmetrical objects (COML, COMR), 8 trials 

contained the same block shape (4 trials in a different orientation) and 8 trials contained a 

different block shape (each different Blake shape presented two times each in a different 

orientation).  For the symmetrical Efron shapes in the subsequent block picture, 4 trials 

contained the same object and 4 trials contained a different Efron shape (each different 



GAZE STRATEGIES IN PERCEPTION AND ACTION   57 

 

shape presented 2 times). In addition, to prevent participants from looking at one central 

location on the screen, stimuli could appear in one of two locations on the display screen 

(to the left or right of the fixation cross). This was to help ensure that fixation locations 

were mediated by object shape as locations varied between trials. The second presented 

object could appear on either the same or opposite side of the screen as the first presented 

object (for half the trials they appeared on the same side of the screen (4 trials), and half 

they appeared on the opposite side of the screen (4 trials)).  Of the objects on the same or 

different side of the screen half the trials were the same object as the first object (2 trials) 

and half were different object (2 trials).  Participants were given five practice trials before 

beginning the experiment. On each trial, participants started by fixating on a central 

fixation cross and pressing the space bar (this performed a drift correction prior to each 

trial to ensure accurate data throughout the experimental session). Once the space bar was 

pressed, the fixation-cross disappeared, followed by a brief mask. At this point one object 

appeared on the screen. Participants were instructed to look at the object and then press 

the space bar to advance to the next object. After another brief mask, a second object 

appeared on either the same or opposite side of the screen. After viewing this object 

participants pressed the space bar and then entered their response via a key board press as 

to whether the objects were the same or different. For the asymmetrical objects, 

responses were considered correct if the same object was presented on the second 

presentation, regardless of whether it was a mirror image pair of the first object. 
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Figure 7 

Shows the Efron Shapes (dashed lines) and Blake shapes used in Experiment 1c. Each 

shape from each block category is matched in height and length, such that decreases in 

length result in consistent increases in height in both block categories. Blocks are divided 

into three groups, (1) Symmetrical objects (Efron Shapes), (2) Asymmetrical objects 

(center of mass oriented left (COML; Blake shapes), and Asymmetrical objects (center of 

mass oriented right (COMR; Blake shapes). As an example, the Blake shapes in this 

Figure demonstrate COML objects. Maximum horizontal and vertical block dimensions 

are as follows: (1) 15.2 cm x 4.2 cm, (2) 12.2 cm x 5.2 cm, (3) 10.2 cm x 6.2 cm, (4) 9.0 

cm x 7.1 cm, (5) 8.0 cm x 8.0cm  
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Results 

Kinematic Data, Grasping task 

Of all Experimental trials, 96% of trials were valid, 4% were lost due to loss of 

IRED signal from the camera (due to obstruction). To fully characterize reach kinematics 

when reaching for symmetrical and asymmetrical shapes, the following dependent 

measures were investigated: MGA, time to MGA, peak velocity, time to peak velocity, 

total reach time, and grasp axis location.  To explore differences between block groups, 

rmANOVA’s, with within subject variables of block type (asymmetrical objects 

(COML); asymmetrical objects (COMR); symmetrical objects) and block size (five 

different block sizes within each block category), were carried out. That is, a series of 3 

(block type) x 5 (block size) rmANOVA’s were carried out on the above-mentioned 

dependent measures. Analyses were carried out on the mean values computed across 

repeated trials in a given condition. Significance levels of p<0.05 were used. For any 

main effects or interactions, Bonferroni adjusted planned comparisons were carried out. 

Any violations of sphericity underwent Greenhouse-Geisser correction methods. 

MGA 

No significant differences in MGA between block types was observed 

[F(2,26)=2.25, p=0.13]. A significant main effect of block [F(4,52)=121.70, p<0.001] 

showed that across block types, MGA was increasing with block height. Planned post hoc 

comparisons revealed significant increases (p’s<0.05) in MGA between all block sizes 

except block size 3 with 4 (see Figure 8). 
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Figure 8  

Shows the mean MGA (cm) across block sizes, collapsed across block type 

(Asymmetrical objects (COML); Asymmetrical objects (COMR); Symmetrical objects) 

in Experiment 1c. Error bars represent the standard error of the mean. 

 

 

Time to MGA 

No significant main effects of block type [F(2,26)=1.19, p=0.32], block size 

[F(4,52)=0.59, p=0.67], or any interactions between the two [F(8,104)=1.28, p=0.26] 

were observed. On average participants obtained MGA 75% through the reach-to-grasp 

movement. 

Peak Velocity 

No significant main effects of block type [F(2,26)=0.29, p=0.75], block size 

[F(4,52)=3.33, p=0.07, sphericity corrected], or any interactions between the two 
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[F(8,104)=2.91, p=0.07, sphericity corrected] were observed. On average participants 

peak velocity was 113 cm/sec (SE = 5). 

Time to Peak Velocity 

No significant main effects of block type [F(2,26)=0.48, p=0.63] were observed. 

There was however a main effect of block size [F(4,52)=3.33, p=0.02].  Bonferroni post 

hoc comparisons revealed that participants reached peak velocity significantly sooner 

(36% through the reach) when reaching for the largest objects in width (block height 5) 

when compared to the smallest objects in width (block height 1), which was obtained 

later at 38% through the reaching movement.  

Total Reach Time 

No significant main effects of block type [F(2,26)=1.67, p=0.21], block size 

[F(4,52)=0.20, p=0.94], or any interactions between the two [F(8,104)=1.67, p=0.11] 

were observed. On average participants reach-to-grasp movement was 594 ms (SE = 38). 

Grasp Axis 

Significant main effects of block type [F(2,26)=28.74, p<0.001] and block size 

[F(4,52)=7.90, p<0.001], as well as a block type by block size interaction was observed 

[F(8,104)=11.03, p<0.001]. For the asymmetrical objects (COML), grasp locations were 

found to be significantly more to the left (M = 0.43 cm to the left of the block’s 

horizontal center, SE = 0.06) when compared to asymmetrical objects (COMR) and 

symmetrical objects (M’s = 0.41 cm (SE = 0.09) and 0.29 cm (SE = 0.19) to the right of 

the block’s horizontal center respectively). No significant differences were observed 

between the symmetrical objects and asymmetrical objects (COMR).  Collapsed across 

block type, significant differences in grasp locations were observed between block size 5 



GAZE STRATEGIES IN PERCEPTION AND ACTION   62 

 

with blocks 2 and 3. Overall, grasp locations were more to the left (M = 0.19 cm to the 

left of the object’s horizontal center, SE = 0.07) for the shortest block 5, when compared 

to blocks 2 (M = 0.31 cm to the right of the horizontal center, SE = 0.16) and 3 (M = 0.01 

cm to the left of the horizontal center, SE = 0.07). The block type by block size 

interaction showed differences in grasp locations within each block category 

(asymmetrical objects (COML), asymmetrical objects (COMR), symmetrical objects). 

For the asymmetrical objects (COML), grasp locations were significantly more to the left 

when grasping block 4 when compared to all other blocks. For asymmetrical objects 

(COMR), grasp locations were significantly more to the left when grasping block size 5 

(the shortest in width) when compared to blocks 4, 2 and 1. In addition, grasp locations 

for block 3 were positioned significantly more to the left of grasp locations to blocks 2 

and 4. For the symmetrical objects, no significant differences in grasp locations were 

observed (see Figure 9).  In addition, one sample t-tests were carried out for each block 

size in each block group to explore whether grasp locations were significantly different 

from 0, the object’s horizontal center. The analysis revealed that grasp locations for all 

the symmetrical objects did not significantly differ from 0 (p’s>0.05). Whereas, for the 

asymmetrical objects, grasp locations were significantly further from the object’s 

horizontal midline for all blocks except the asymmetrical (COML) block size 2 and the 

asymmetrical (COMR) block size 3 (see Figure 9). 
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Figure 9 

Shows the grasp axis location along the horizontal X-axis (cm) when grasping 

Asymmetrical (COML), Asymmetrical (COMR) and Symmetrical objects in Experiment 

1c. Negative values represent grasp locations to the left of the object’s horizontal center. 

Error bars represent the standard error of the mean. 

 

 

Fixation Data  

Gaze coordinates (both horizontal X and vertical Y positions) were characterized 

into fixations based on a dispersion algorithm (see Salvucci & Goldberg, 2000), with a 

minimum duration threshold of 150 ms and a maximum dispersion threshold of 1cm. In 

97% of all experimental trials a first fixation was detected. Of those trials, 90% of trials 

had multiple fixations while 10% had one fixation only detected. Fixations were not 

detected in 3% of trials due to loss of eye data (e.g. loss of corneal reflection or IRED 

interference), and these trials were excluded from any further analyses. To explore 
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differences between fixation locations (first and second fixations) across block types 

(asymmetrical objects (COML); asymmetrical objects (COMR); symmetrical objects), 

and block sizes (block sizes 1-5, see Figure 7), a 2 fixation x 3 block type x 5 block size 

rmANOVA was carried out for fixation durations and positions along the X- and Y- axis 

separately. To examine differences in the number of fixations between block types and 

block sizes a 3 block type x 5 block size rmANOVA was carried out on the mean number 

of fixations elicited throughout the reach to grasp movement. In addition, to explore 

whether first fixation locations support grasp locations for each block type, a 2 location 

(first fixation location, X-axis, grasp axis location) x 5 block size rmANOVA was carried 

out for each block type (asymmetrical objects (COML); asymmetrical objects (COMR); 

symmetrical objects). For all analysis, significance levels of p<0.05 were used. Analyses 

were carried out on the mean values computed across repeated trials in a given condition. 

For any main effects or interactions, Bonferroni adjusted planned comparisons were 

carried out. Any violations of sphericity underwent Greenhouse-Geisser correction 

methods. 

Horizontal X-Axis  

 A significant main effect of block type [F(2,26)=12.46, p<0.001] showed that 

participants average fixation locations were significantly more to the left (M = 0.13 cm to 

the right of the horizontal center, SE = 0.23) when grasping the asymmetrical objects 

(COML) when compared to asymmetrical objects (COMR; M = 0.68 cm to the right of 

the horizontal center, SE = 0.25; p<0.001). No differences in fixation locations to 

symmetrical objects were observed (M = 0.33 cm to the right of the object’s horizontal 

center, SE = 0.33) when compared to asymmetrical fixation locations. A significant block 
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type by block size interaction [F(8,104)=6.20, p<0.001] showed differences in fixation 

locations within each block category (asymmetrical objects (COML), asymmetrical 

objects (COMR), symmetrical objects). For the asymmetrical objects (COML), fixation 

locations were significantly more to the left when grasping block 4 when compared to 

block 3. For asymmetrical objects (COMR), fixation locations were significantly more to 

the right when grasping block size 4 when compared to block sizes 2, 3, and 5. For the 

symmetrical objects, no significant differences in fixation locations were observed across 

block sizes (see Figure 10). 

 

 

Figure 10 

Shows the mean fixation locations along the horizontal X-axis (cm) when grasping the 

Asymmetrical (COML), Asymmetrical (COMR), and Symmetrical objects in Experiment 

1c. Negative values represent fixation locations to the left of the object’s horizontal 

center. Error bars represent the standard error of the mean. 
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Vertical Y-Axis 

 A significant main effect of block type [F(2,26)=9.55, p=0.001] showed that 

fixation locations to both asymmetrical objects (COML, COMR) were significantly lower 

on the objects (M’s = 2.05 cm (SE = 0.34) and 2.00 cm (SE = 0.35) above the vertical 

center respectively) compared to fixations to symmetrical objects (M = 2.37 cm above 

vertical center, SE = 0.34). 

 A significant main effect of block size [F(4,52)=8.82, p<0.001] showed that as 

block size increased in height, fixation locations generally moved progressively higher up 

on the objects relative to the blocks vertical center. Post hoc comparisons showed these 

differences to be significant between block height 5 (M = 2.51 cm, SE = 0.40) and 4 (M = 

2.34 cm, SE = 0.36) with block heights 2 (M = 1.86 cm, SE = 0.31) and 1 (M = 1.89 cm, 

SE = 0.28). A significant block type by block size interaction [F(8,104)=3.23, p=0.02; 

sphericity corrected] showed that vertical fixation locations to symmetrical objects were 

located significantly higher up on the objects for block heights 3 and 4 when compared to 

asymmetrical objects (COMR) to block height 3 and asymmetrical objects (COML, 

COMR) to block height 4 (see Figure 11). 

Fixation Durations 

 A significant main effect of fixation [F(1,13)=42.44, p<0.001] showed that first 

fixations were significantly shorter in duration (M = 221 ms, SE = 10) when compared to 

second fixations on the objects (M = 298 ms, SE = 16). 

Mean Number of Fixations 

 No significant main effects of block type [F(2,26)=0.14, p=0.87] or block size 

[F(4,52)=0.20, p=0.94], or any interactions between the two [F(8,104)=1.19, p=0.31] 
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were observed. Regardless of block type, participants made an average of 2.50 fixations 

throughout the reach to grasp movement. 

 

Figure 11 

Displays the vertical fixation locations (cm) when grasping the Asymmetrical (COML, 

COMR) and Symmetrical objects in Experiment 1c. Positive values represent fixation 

locations above the object’s vertical center. Error bars represent the standard error of the 

mean. 
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First fixation locations (X-axis) vs. grasp axis locations 

 A significant main effect of location (first fixation location vs. grasp axis 

location) was observed for the asymmetrical objects (COML) [F(1,13)=8.90, p=0.01]. 

Post hoc comparisons revealed that across blocks, grasp locations to the asymmetrical 

objects (COML) were significantly more to the left (M = 0.43 cm to the left of the 

object’s horizontal center, SE = 0.06) of first fixation locations on the same objects (M = 

0.22 cm to the right of the object’s horizontal center, SE = 0.24; see Figure 12). 

A significant location by block interaction was observed for the asymmetrical 

objects (COMR) [F(4,52)=3.38, p=0.02]. Post hoc analysis revealed that fixation 

locations supported grasp locations for all blocks except block 5, where first fixations 

were significantly more to the right (M = 0.38 cm to the right of the object’s horizontal 

center, SE = 0.19) of grasp locations (M = 0.22 cm to the left of the object’s horizontal 

center, SE = 0.09; see Figure 12). In addition, a significant location by block interaction 

was also observed for the symmetrical objects [F(4,52)=4.62, p=.003], however post hoc 

comparisons did not reveal any significant differences in first fixation and grasp locations 

across blocks (p’s>0.10; see Figure 12). 
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Figure 12 

Displays first fixation and grasp axis locations along the horizontal X-axis (cm) across 

block size for each block group separately (Asymmetrical (COML), Asymmetrical 

(COMR), Symmetrical objects) during the grasping task in Experiment 1c. Negative 

values represent fixation locations to the left of the object’s horizontal center. Error bars 

represent the standard error of the mean. 
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Perception 

Overall, participants responded correctly 93% of the time to the same/different 

task. Of all experimental trials, on the first presented object, 96% of trials had a first 

fixation detected. On 4% of trials fixation data was lost due to system error (i.e. loss of 

corneal reflection or ired interference). Of those trials where a first fixation was detected, 

85% of those trials had a subsequent 2
nd

 fixation detected on the objects. To explore 

differences between fixation locations (first and second fixations) and position of the 

objects (left vs. right of the fixation cross) across block types (asymmetrical objects 

(COML); asymmetrical objects (COMR); symmetrical objects) and block sizes (block 

sizes 1-5, see Figure 7), a 2 fixation x 2 position x 3 block type x 5 block size rmANOVA 

was carried out for fixation durations and positions along the X- and Y- axis separately. 

To examine differences in the number of fixations between positions, block type, and 

block sizes, a 2 position x 3 block type x 5 block size rmANOVA was carried out on the 

mean number of fixations elicited throughout the task. Analyses were carried out on the 

mean values computed across repeated trials in a given condition for the first presented 

object only. For all analysis, significance levels of p<0.05 were used. For any main 

effects or interactions, Bonferroni adjusted planned comparisons were carried out. Any 

violations of sphericity underwent Greenhouse-Geisser correction methods. 

Horizontal X-axis  

 A significant main effect of block size [F(4,52)=3.81, p=0.01] showed that 

fixations were positioned more to the left when looking at block size 3 (M = 0.06 cm to 

the left of the horizontal center, SE = 0.15) when compared to fixation locations when 
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looking at block sizes 2 and 4 (M’s = 0.36 cm (SE = 0.12) and 0.32 cm (SE = 0.16) to the 

right of the object’s horizontal center). 

 A significant block size by block type interaction [F(8,104)=2.50, p=0.02] 

showed significant differences in fixation positions across block types for block sizes 3 

and 5. For block size 3, fixations to asymmetrical objects (COMR) were found to be 

significantly more to the right (M = 0.27 cm to the right of the object’s horizontal center, 

SE = 0.20) of fixations to that same block size for symmetrical objects (M = 0.47 to the 

left of the object’s horizontal center, SE = 0.21). For block size 5, fixations to 

asymmetrical objects (COMR) were found to be significantly more to the left (M = 0.11 

cm to the right of the object’s horizontal center, SE = 0.10) of fixations to asymmetrical 

objects (COML; M = 0.50 cm to the right of the object’s horizontal center, SE = 0.13). 

A significant fixation by block size by block type three way interaction 

[F(8,104)=2.84, p=0.01] showed that collapsed across position on the screen, differences 

in fixation locations were seen for the symmetrical objects, with first fixations 

significantly more to the left on block length 1 (M = 0.76 cm to the left of the horizontal 

center, SE = 0.29) when compared to block length 2 (M = 0.20 cm to the right of the 

horizontal center, SE = 0.27) and second fixations significantly more to the left on block 

length 3 (M = 0.95 cm to the left of the horizontal center, SE = 0.33) when compared to 

block lengths 4 and 5 (M’s = 0.61 cm (SE = 0.21) and 0.47 cm (SE = 0.09) to the right of 

the horizontal center). 

A main effect of position [F(1,13)=201.23, p<0.001] showed that fixations to 

objects located on the left side of the fixation cross were located on average 3.33 cm (SE 

= 0.23) to the right of the object’s horizontal center, whereas fixations to objects located 
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on the right side of the fixation cross were located 3.10 cm (SE = 0.25) to the left of the 

object’s horizontal center. A significant fixation by position interaction [F(1,13)=113.38, 

p<0.001] showed significant differences in first and second fixation positions across 

objects when positioned on both the left and right side of the fixation cross. For objects 

positioned on the left side of the fixation cross, first fixations were found to be positioned 

4.73 cm (SE = 0.28) to the right of the object’s horizontal center with second fixations 

significantly closer to the object’s midline (M = 1.94 cm to the right of the object’s 

horizontal center, SE = 0.26). For objects positioned on the right side of the fixation 

cross, first fixations were found to be 4.47 cm (SE = 0.25) to the left of the object’s 

horizontal center, with second fixations located significantly closer to the midline (M = 

1.55 cm to the left of the object’s horizontal center, SE = 0.32). 

 A significant block size by position interaction [F(4,52)=82.10, p<0.001]  

showed that in both positions on the screen, as block size decreased in length, fixation 

locations moved progressively closer to the object’s horizontal center. Post hoc analysis 

showed fixations to objects located on the left side of the fixation cross to be significantly 

further from the object’s horizontal center for block sizes 1 and 2 when compared to sizes 

3, 4, and 5. For objects located on the right side of the fixation cross, fixations moved 

closer to the object’s horizontal center with decreases in object length, with significant 

differences between all blocks except block sizes 2 with 3, and 4 with 5 (see Figure 13). 

A significant fixation by block size by position three way interaction [F(4,52)=8.56, 

p<0.001] showed that across all blocks in both left and right positions on the screen, first 

fixations were significantly further from the block’s horizontal center when compared to 

second fixations on the objects (p’s <0.05; see Figure 14). 
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Figure 13 

Shows the mean fixation positions (first and second fixations) along the horizontal X-axis 

(cm) collapsed across block type (Asymmetrical (COML), Asymmetrical (COMR), 

Symmetrical objects) in both positions on the screen (located to the left or right of the 

fixation cross) during the perceptual task in Experiment 1c. Negative values represent 

fixation locations to the left of the object’s horizontal center. Error bars represent the 

standard error of the mean. 
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Figure 14 

Shows first and second fixation locations along the horizontal X-axis (cm) collapsed 

across block type (Asymmetrical (COML), Asymmetrical (COMR), Symmetrical 

objects), for blocks located on the left and right of the central fixation cross during the 

perceptual task in Experiment 1c. Negative values represent fixation locations that are to 

the left of the block’s horizontal center. Error bars represent the standard error of the 

mean. 

 

 Finally, a significant block type by position interaction [F(2,26)=7.87, p=0.01; 

sphericity corrected] revealed no differences in overall fixation locations between the 

asymmetrical (COML), asymmetrical (COMR) and symmetrical objects when the objects 

were positioned on the left side of the fixation cross. However, when objects were 

positioned on the right side of the fixation cross, fixations to symmetrical objects were 
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significantly further to the left when compared to both COML and COMR oriented 

asymmetrical objects (see Figure 15).   

 

Figure 15 

Displays the overall fixation locations (first and second fixations), collapsed across block 

size, along the horizontal X-axis (cm), for each block type (Asymmetrical (COML), 

Asymmetrical (COMR), Symmetrical objects) when performing the perceptual task in 

Experiment 1c. Negative values represent fixation locations to the left of the object’s 

horizontal center. Error bars represent the standard error of the mean. 

 

Vertical Y-axis 

 A significant main effect of fixation [F(1,13)=24.14,p<0.001] showed that across 

block types, size, and position on the screen, first fixations were significantly lower on 

the objects (M = 0.34 cm above the vertical COM, SE = 0.89) when compared to second 

fixations on the objects (M = 0.82 cm above the vertical COM, SE = 0.13; p<0.001). 
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 A significant main effect of block size [F(4,52)=4.51, p<0.001] showed a general 

increases in fixation locations relative to the blocks vertical center as block height 

increased. Post hoc analysis revealed that fixations to the tallest block height 5 (M = 0.87 

cm above vertical COM, SE = 0.14) were significantly higher when compared to block 

sizes 1, 2, and 4 (M’s = 0.48 cm (SE = 0.09), 0.49 cm (SE = 0.09), and 0.51 cm (SE = 

0.09) respectively). A significant fixation by block size interaction [F(4,52)=9.36, 

p=0.001; sphericity corrected] showed that first fixations on each block were located 

significantly closer to the vertical center than second fixations on those same objects 

which were closer to the top edge (see Figure 16). 

 A significant block size by block type interaction [F(8,104)=2.32, p=0.03] 

showed relative uniformity in vertical fixation locations across all block sizes except 

block 3 where fixations to symmetrical objects were found to be significantly higher up 

on the object when compared to asymmetrical (COML) fixations (see Figure 17). 

 Finally, a significant fixation by position interaction [F(1,13)=8.23, p=0.01] 

showed no significant differences in first fixation locations across the blocks when 

compared across  left and right positions on the screen (M’s = 0.35 cm (SE = 0.09) and 

0.34 cm (SE = 0.09) above the vertical center respectively). Second fixations, however, 

were found to be located significantly higher up on the objects when the blocks were 

positioned on the left side vs. the right side of the fixation cross  (M’s = 0.97 cm (SE = 

0.14) and 0.68 cm (SE = 0.15) above the vertical center respectively). 
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Figure 16 

Shows first and second fixation locations for each block size along the vertical Y-axis 

(cm), collapsed across block type (Asymmetrical (COML), Asymmetrical (COMR), 

Symmetrical objects), during the perceptual task in Experiment 1c. Positive fixation 

values represent locations positioned above the object’s vertical center; error bars 

represent the standard error of the mean. 
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Figure 17 

Depicts the average fixation positions (first and second fixations) along the Y-axis (cm) 

for each block type (Asymmetrical (COML), Asymmetrical (COMR), Symmetrical 

objects) across block size when performing the perceptual task in Experiment 1c. Positive 

fixation values represent locations above the object’s vertical center; error bars represent 

the standard error of the mean. 

 

 

 

Fixation Durations 

 A significant main effect of block type [F(2,26)=8.74, p=0.001] showed that 

overall fixation durations were significantly longer when looking at the symmetrical 
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objects (M = 246 ms; SE = 9) when compared to the asymmetrical objects COML and 

COMR (M’s = 235 ms (SE = 6) and 231 ms (SE = 7) respectively). 

Mean Number of Fixations 

 A significant main effect of block type [F(2,26)=6.86, p=0.02; sphericity 

corrected] showed that on average participants elicited 4 fixations per trial when viewing 

the asymmetrical (COML) objects, and 3 fixations per trial when viewing the 

asymmetrical (COMR) and symmetrical objects. However, bonferroni adjusted post hoc 

comparisons did not show these differences to be significant, although they approached 

(p’s = 0.06 and 0.06 for the asymmetrical (COMR) and symmetrical objects respectively 

when compared to asymmetrical (COML)). 

 

Summary 

The purpose of this study was to fully investigate differences in kinematic and 

fixation behaviour when grasping or making a perceptual same-different judgment to 

simple symmetrical objects and more complex asymmetrical shapes. Although each 

block group (Symmetrical, Asymmetrical) varied in shape, each block corresponded to a 

specific block height and block length, with asymmetrical objects either oriented to the 

left or right of the object’s horizontal center, resulting in three block groups 

(asymmetrical objects (COML), asymmetrical objects (COMR), symmetrical objects). 

Within each block group, decreases in block length corresponded to increases in block 

height (see Figure 7). Thus, each of the 5 blocks in each block group had a matched 

object in the opposite block category with identical maximum vertical and horizontal 

dimensions.  
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Grasping Task 

For the grasping task, various kinematic (MGA, time to MGA, peak velocity, time 

to peak velocity, and grasp location) and fixation (first and second fixation locations 

along the horizontal X-axis, vertical Y-axis, and fixation durations) variables were 

monitored while performing a reach to grasp movement.  

Kinematic Data  

When grasping both symmetrical and asymmetrical objects, increases in MGA 

were observed with increases in block height. Differences in the time it took to reach 

MGA did not vary between groups, with MGA reached at 75% through the reach-to-

grasp movement. When reaching for the asymmetrical and symmetrical objects, peak 

reach velocity did not vary across block groups. On average participants peak velocity 

was 113 cm/sec. Although peak velocity did not vary across block groups, participants 

did reach peak velocity quicker for the largest width block (reached at 36% through the 

reach) when compared to the smallest width block, which was reached later at 38% 

through the reach. When considering total reach time, differences did not emerge 

between block groups or block size; it took participants on average 594 ms to complete 

the reach to grasp movement.  

When grasping the asymmetrical objects, variations in COM locations did 

affected grasp axis location. Grasp locations were more to the left for asymmetrical 

objects (COML) when compared to asymmetrical objects (COMR) and symmetrical 

objects. No significant differences in grasp locations were observed between the 

symmetrical objects and asymmetrical objects (COMR). Additionally, within the 

asymmetrical (COML and COMR) block groups, grasp locations were found to vary with 
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variations in block size, with differences observed is grasp axis locations for the 

asymmetrical objects (COML, COMR) when grasping block lengths 4 and 5 respectively. 

Grasp locations did not vary as a function of size when grasping the symmetrical objects, 

for all block sizes, grasp locations were positioned close to the object’s horizontal center. 

Fixation Data 

 When grasping asymmetrical objects (COML), fixations were significantly more 

to the left than fixation locations when grasping asymmetrical objects (COMR). Within 

each of these block categories, grasping to block size 4 was resulting in differences to 

emerge in the horizontal positions of the fixations. For the asymmetrical objects 

(COML), fixations to block 4 were significantly more to the left when compared to 

fixation locations to block size 3. For the asymmetrical objects (COMR), fixations to 

block size 4 were significantly more to the right with compared to fixations to block sizes 

2, 3, and 5. Fixations to symmetrical objects were not influenced along the horizontal X-

axis with variations in block size; participants were on average looking 0.33 cm to the 

right of the object’s horizontal center and this location did not significantly differ from 

either asymmetrical (COML or COMR) fixation locations (means of 0.13 cm and 0.68 

cm to the right of the object’s horizontal center respectively). In all block groups, overall 

fixation locations (first fixations and second fixations collapsed) increased with block 

height.  However, across groups, overall fixation locations were positioned significantly 

lower on the objects for the asymmetrical objects (COML and COMR) when compared 

to the symmetrical objects. These differences were largely mediated by higher fixation 

locations to block heights 3 and 4 when grasping the symmetrical objects. In all block 

groups, first fixations were found to be significantly shorter in duration than second 
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fixations. Finally, regardless of block type, participants made an average of 2.50 fixations 

throughout the reach to grasp movement. 

When comparing first fixation locations along the X-axis and grasp axis locations, 

fixation locations were found to support grasp axis locations for all the symmetrical 

objects and all grasp locations for the asymmetrical objects (COMR) except for block 

length 5 where first fixations were significantly more to the right than grasp locations. 

For the asymmetrical objects (COML) first fixations were found to be positioned 

significantly more to the right of grasp axis locations.  

Perceptual Task 

 For the perceptual same-different task, fixation locations (X- and Y-axis) and 

durations for the first presented objects were analyzed.  

Fixation Data  

When looking at all block groups, the position of the blocks on the screen had a 

large effect on fixation locations. For both asymmetrical (COML, COMR) and 

symmetrical objects, first fixations on the objects were found to be significantly further 

from the object’s horizontal center than second fixations when the objects were 

positioned on both the left and right side of the fixation cross. In all block groups, objects 

placed on the left side of the fixation cross resulted in fixations that were located to the 

right of the object’s horizontal center (with second fixations significantly closer to the 

object’s center than first fixations) and objects located on the right side of the fixation 

cross resulted in fixations that were located to the left of the object’s horizontal center 

(with second fixations significantly closer to the object’s center than first fixations). In 

both these cases, fixation locations moved progressively towards the block’s center with 
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decreases in block length, regardless of block group or position. Between block groups, 

differences in mean fixation locations emerged when the objects were positioned on the 

right side of the fixation cross. Fixations to symmetrical objects were significantly further 

to the left of the object’s horizontal center when compared to fixations on both COML 

and COMR oriented asymmetrical objects. Additionally, in all block groups, first 

fixations were significantly closer to the object’s vertical center than second fixations on 

the objects, with a general increase in these positions (first and second fixations 

collapsed) with increases in block height. Finally, participants were found to exhibit 

longer fixation durations when looking at the symmetrical vs. the asymmetrical objects 

(COML, COMR). Differences in the number of fixations elicited to each block group 

were not observed. 

 

Experiment 1: Discussion 

Research in the area of eye movements and object manipulation has typically 

focused on complex tasks that involve a series of movements, like making tea or tool use, 

where fixation locations to general ‘target areas’ have been described. Exactly where the 

eyes are looking on a real 3D object and whether fixation locations change throughout a 

simple reaching and grasping movement to various object shapes has yet to be fully 

explored. Furthermore, differences in fixation locations when performing different 

perceptual tasks, such as size estimations or same different tasks on those same objects 

has not been previously reported. Therefore, the purpose of Experiment 1 was three fold: 

(1) to examine how gaze locations differ when performing a perceptual task and a 

reaching and grasping (action) task, (2) to examine gaze strategies and kinematics while 
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grasping complex and simple shapes, and (3) to examine how gaze locations differ 

between various perceptual tasks to the same stimuli.  

 Experiments 1a and 1b were aimed at exploring differences in gaze strategies 

when grasping symmetrical objects and comparing these fixation locations to those same 

objects when viewing real and computer generated objects during a perceptual size 

estimation task. Results showed that when grasping or estimating real objects in 

Experiment 1a, fixations in both tasks were first drawn towards the top edge of the 

objects, with a subsequent fixation towards the object’s COM, with fixations during 

estimations positioned on the left (except for the shortest block) of fixations during 

grasping. Although these slight differences were seen in the position of fixations between 

tasks, no significant differences in the overall location of these fixations between tasks 

was observed. Within each task, the pattern of fixations and overall locations were the 

same.  

The main difference that emerged between tasks was in fixation duration. Fixation 

durations were longer in the perceptual size estimation task compared to the grasping 

task. One possible explanation for this difference is that it might be indicative of longer 

processing time for visual analysis of the block during perceptual estimations. Indeed, 

previous research has shown that fixation duration increases with the demands of the task 

(De Greef, Lafeber, van Oostendorp, & Lindenberg, 2009; Just & Carpenter, 1976; Van 

Order, Limbert, Makeig, & Jung, 2001). Even though we are well practiced in reaching 

out and grasping simple objects quickly and effectively, we are not well practiced in 

consciously estimating the size of objects for perceptual purposes. Thus, when making 
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perceptual size estimations, participants are holding their fixations for longer periods of 

time to acquire the information necessary to indicate the height of that object. 

The similarities observed in fixation locations and patterns between perception 

and action tasks to real objects do not seem to be a consequence of the requirements and 

mechanics of the manual estimation task. The perpetual estimation task to remembered 

computer-generated objects in Experiment 1b, where the same mechanics and object 

properties were essential for the completion of the perceptual task used in Experiment 1a 

to real objects, resulted in differences in fixation patterns, locations along the x-axis, and 

in fixation durations and number. Although information regarding object height could be 

obtained by looking at any point on the blocks, participants were looking significantly 

more to the left of the object’s COM when viewing computer-generated objects when 

compared to estimating or grasping real objects. These leftward biases are similar to 

those seen in other perceptual tasks using symmetrical shapes. For example, when 

participants are asked to indicate the mid-point of a line (line bisection task) they place 

the subjective mid-point to the left of the true centre, a phenomenon known as 

pseudoneglect (Bowers & Heilman, 1980). This leftward bisection bias has been 

demonstrated with a variety of stimuli such as gaps, rods, space (McCourt, Freeman, 

Tahmahkera-Stevens, & Chaussee, 2001) and wedge-shaped horizontal lines (McCourt & 

Garlinghouse, 2000), and under varying conditions such as tactile and visual bisection 

(Jewell & McCourt, 2000). Additionally, research has shown that leftward bisection 

errors are accentuated with increases in object length (Jewell & McCourt, 2000; 

McCourt, Mark, Radonovish, Willison, & Freeman, 1997; Werth & Poppel, 1998). We 

found a similar effect in our perceptual estimation results in both Experiment 1a and 1b 
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with respect to horizontal fixation positions. Fixation locations were more to the left for 

the longest objects compared to fixation locations for the shorter blocks. 

Although it is possible that participant’s second fixations during the estimation 

task to real objects could have been on the hand (rather than the object), potentially 

biasing the location of subsequent fixations during this perceptual task to locations 

similar to those we found when grasping, it is not likely the reason why we saw virtually 

identical patterns in fixation locations in the perception and action task. Indeed, we see 

the same fixation locations for first fixations in perception and action to real objects, and 

different first fixation locations between perceptual tasks to real and computer generated 

objects, patterns apparent before participants have any opportunity to look at their hand 

during the estimation task to real objects.  Rather, the identical pattern in fixations 

between perception and action when interacting with real objects may be the result of 

interacting with the objects themselves. Behavioural evidence has suggested that our 

perception of an object is automatically linked to an action representation, even when we 

are not directly interacting with that object. For example, Tucker and Ellis (1998) 

demonstrated that the speed of a key press response was directly influenced by the 

position of an object’s handle, although the orientation of the handle was irrelevant to the 

completion of the task (deciding if the object was upright or inverted). In this task, 

responses were faster if the orientation of the handle was congruent with the hand that 

was used to respond. These authors suggest that action related information about objects 

is represented automatically whenever an object is viewed. In further support, Tucker and 

Ellis (2001) had participants view objects and make a precision or power grasp if they 

thought the objects were natural or manufactured. Although the grasp itself was irrelevant 
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to the completion of the task, responses could be either congruent or incongruent with the 

visual object presented (i.e. a precision grasp would be used if you were to pick up a pea). 

Their results showed that grasp congruency influenced the speed of response, again 

suggesting that object perception may be automatically linked to an action representation.  

Gaze strategies and reaching kinematics in perception and action were further 

explored in Experiment 1c, which was aimed at exploiting differences in reach 

kinematics and gaze strategies while grasping more complex asymmetrical shapes 

(compared to simple symmetrical shapes), as well as examining how gaze strategies 

differ when performing a perceptual same/different task to computer generated objects 

identical to those used when grasping.  

Based on previous research, increases in MGA were expected with increases in 

block height, with MGA occurring 60-80% through the reach-to-grasp movement for the 

symmetrical objects (Jeannerod, 1986; Paulignan, Jeannerod, MacKenzie, & Marteniuk, 

1991) and before this point for asymmetrical (complex) objects (Zaal & Bootsma, 1993). 

Peak velocity was expected to increase with increases in object height (Servos et al., 

1998), with peak velocity being obtained earlier when reaching to smaller targets (smaller 

in height; Berthier, Clifton, Gullapalli, McCall & Robin, 1996). Finally, longer 

movement times were expected to emerge when grasping objects with smaller contact 

points (the asymmetrical objects; Bootsma, Marteniuk, MacKenzie & Zaal, 1994; Zaal & 

Bootsma, 1993) when compared to the symmetrical objects where index and thumb 

placement could be located at any position along the horizontal axis. However, the results 

from this study did not reveal any differences in grasp characteristics between groups 

(Symmetrical vs. Asymmetrical (COML, COMR) objects) for measures of MGA, time to 



GAZE STRATEGIES IN PERCEPTION AND ACTION   88 

 

MGA, peak velocity, or total reach time. Despite increases in object complexity, reach-

to-grasp movements were largely uniform across block groups for the above-mentioned 

measures. One possible explanation for this is, because all block groups had identical 

maximum horizontal and vertical dimensions, and were kept at a constant distance from 

the participant, kinematic responses for the above mentioned measures were affected in a 

similar manner. In addition, with regards to fixation variables, participants did not elicit 

more fixations or look at the objects longer when grasping the asymmetrical (COML, 

COMR) when compared to the symmetrical objects.  

 Despite the relative uniformity of the kinematic measures across block groups, 

block size exerted some effect on these variables. One small difference that was 

observed, and, in contrast with previous studies showing that peak velocity is obtained 

earlier during a reach to smaller targets (smaller in height, Berthier et al., 1996), results 

from this study showed  peak velocity was actually obtained significantly sooner for the 

largest objects in height when compared to the smallest objects in height. However, in the 

above-mentioned study, simple cylindrical objects were used. In the current study, these 

results are a product of collapsed means across both the complex and simple objects. 

Given that higher accuracy is required when grasping the largest in height asymmetrical 

object (smaller contact points) vs. the smallest in height object, obtaining peak velocity 

sooner would result in slower movements in the deceleration phase of the reach, which 

may reflect the higher accuracy needed in digit placement for that object. In addition, 

across all block groups, MGA was shown to increase with block size, results consistent 

with previous literature (Gentilucci et al., 1991; Jakobson & Goodale, 1991; Jeannerod, 
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1986; Paulignan et al., 1991). Increases in peak velocity as a function of object size was 

not observed.   

The main difference that did emerged was in where participants were grasping 

and fixating on the objects. Not surprisingly, grasp locations were more to the left for the 

asymmetrical objects with leftward oriented COMs than the asymmetrical objects with 

rightward oriented COMs and symmetrical objects whose COM was located at the 

horizontal midline. The patterns of fixation locations were consistent with where 

participants were grasping the objects, fixation locations were positioned more to the left 

when grasping the asymmetrical objects (COML) when compared to fixation locations 

when grasping the asymmetrical objects (COMR), fixations to the symmetrical objects 

were located between the two.  In addition, first fixation locations were found to support 

grasp locations for both symmetrical (consistent with findings from Experiment 1a) and 

asymmetrical (COMR) objects, with the exception of block length 5. However, when 

grasping asymmetrical objects (COML), first fixation locations were significantly 

different from grasp locations. Despite the leftward oriented COM, participants were 

looking to the right of the horizontal midline, albeit only slightly and still more to the left 

than fixations when grasping asymmetrical objects with rightward oriented COMs and 

symmetrical objects, but these locations did not support the leftward grasp locations seen 

when grasping those objects.  

Finally, just as the pattern of fixation locations varied across the horizontal X-

axis, fixations between groups also differed along the Y- axis. Participants were looking 

lower on the objects, closer to the object’s COM, when grasping asymmetrical objects 

when compared to symmetrical objects. One possible explanation for this, due the 
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complexity of the asymmetrical objects where both index and thumb locations would 

have to be closely monitored for accurate digit placement, is that participants were 

keeping a more central fixation location to keep both areas close to foveal view. Thus, the 

influence of object complexity is more apparent in gaze behaviour than other kinematic 

variables as described above.  

For the perceptual same-different task, it was expected that participants would 

fixate towards the object’s COM, regardless of object position or orientation of the 

asymmetrical shapes. What was immediately apparent in this task was the influence of 

block position on fixation locations. Each trial started with participants fixating on a 

central fixation cross, after which an object would appear on either the left or right side of 

that location. Overall, block locations to the left of the fixation cross resulted in fixations 

that were located to the right of the object’s horizontal center (regardless of orientation of 

the asymmetrical object’s COM) and objects located on the right side of the fixation cross 

resulted in fixations that were located to the left of the object’s horizontal center. In both 

instances, second fixations were significantly closer to the object’s horizontal center than 

first fixations. Additionally, in both positions on the screen, as block size decreased in 

length, fixation locations moved progressively closer to the object’s horizontal center. On 

the other hand, along the vertical Y-axis, first fixations were closer to the object’s vertical 

center than second fixations, with an overall  increase in fixation positions relative to the 

blocks vertical center with increases in block height (consistent with fixation patterns 

observed during the perceptual size estimation task to computer generated objects in 

Experiment 1b).  
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In many perceptual eye tracking studies, participants are usually instructed to 

“look at the object as a whole”, instructions designed to capture what happens when 

people look from object to object during natural viewing (for example see Cohen, 

Schnitzer, Gersch, Singh & Kowler, 2007; He & Kowler, 1991; Kowler & Blaser, 1995; 

McGowan et al., 1998; Melcher & Kowler, 1999; Vishwanath et al., 2000; Vishwanath & 

Kowler, 2003; Vishwanath & Kowler, 2004). These studies suggest that where we fixate 

on an object is computed by averaging across all stimulated locations within the selected 

target (spatial pooling), resulting in fixations landing near the object’s COM. Also, 

previous research has shown that under these instructions participants do not fixate any 

local features of the objects (such as regions of highest luminance, regions of local 

concavities or convexities; Vishwanath & Kowler, 2004). Under these instructions, 

fixations land quite close to the object’s COM, with vertical and horizontal position 

falling less than 0.40 of a degree to that location (for example see Vishwanath and 

Kowler, 2003; Melcher and Kowler, 1999). In the present study, where there were no 

instructions on how to look at the object, we did see fixation locations move 

progressively closer to the object’s horizontal center along the X- axis, and progressively 

above the object’s vertical center along the Y- axis (with variations of object length and 

height respectively). However, the deviations in fixation positions from the object’s 

midpoint along the horizontal axis were much larger than seen in the above-mentioned 

studies (positions ranging from 1 cm to 7 cm (1 cm = 1.04 degrees at a viewing distance 

of 55 cm) depending on fixation (1
st
 vs. 2

nd
 fixation). Although, first fixations along the 

vertical axis were comparable in position to the above-mentioned studies (within 0.35 cm 

of the vertical center overall), second fixations however moved 1 cm above this point).  
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What is interesting to note in this Experiment is the absence of a block type 

(asymmetrical objects (COML); asymmetrical objects (COMR); symmetrical objects) by 

position interaction. Based on previous literature examining fixation locations to objects 

where participants are instructed to ‘look at the object as a whole’, fixations cluster 

around an object’s COM, even when the object is located to the left or the right of a 

central fixation dot (for example see Vishwanathe & Kowler, 2003; Vishwanath & 

Kowler, 2004). Based on findings from these studies it was expected that COM 

orientation of the asymmetrical objects would bias fixation locations in that direction. 

However, as noted above, regardless of COM locations across objects, fixation positions 

were much further from that location than seen in other studies and fixation locations 

were mainly mediated by object position on the screen rather than the COM of the object. 

However, the maximum vertical and horizontal dimensions of the objects used in the 

current study were much larger than those used in previous experiments. For example, 

Melcher and Kowler (1999) used target shapes that subtended 2 to 6 degrees at its widest 

portion, whereas other studies have used stimuli with maximum dimensions of 3 

(Vishwanath & Kowler, 2003) or 4 degrees (Vishwanath & Kowler, 2004). In the current 

investigation, the largest horizontal and vertical dimensions corresponded to 15.63 and 

8.32 degrees respectively, considerably larger than those seen in the above-mentioned 

studies.  When you consider the 1 degree of area that a typical fixation approximately 

encompasses, it is not hard to imagine why fixation locations are positioned close to a 

small object’s COM when instructed to look at the whole object.  It is possible that the 

larger horizontal and vertical dimensions, combined with the differing task demands in 

the current investigation are mediating fixation locations more so than COM orientation 
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for the asymmetrical objects. Participants were still successfully carrying out the 

same/different task; fixating any area relatively close to the object’s horizontal center 

would still give participants accurate information about the object’s shape.  As the 

positions of the blocks on the screen did seem to exert such large influences on gaze 

position in the current investigation, it is unclear whether centrally placed shapes (as 

presented in Experiment’s 1a and 1b) would result in more similar fixation patterns as 

seen in the perceptual task to computer generated objects in Experiment 1b. Or, vice 

versa, whether fixation locations would be influenced when grasping or estimating object 

size to real and computer generated objects if positions were also varied across trials. 

Some differences that emerged across block types that did not depend on position 

were in fixation durations. Fixations were found to be significantly longer in duration 

when looking at the symmetrical objects when compared to the asymmetrical (COML, 

COMR) objects, despite having a similar number of fixations across block groups for 

each trial. This could reflect a harder discrimination task for the symmetrical objects. 

Whereas the asymmetrical shapes are each quite distinct, the symmetrical objects only 

varied in size. The longer fixation times could reflect the longer processing time needed 

to memorize the exact size of the objects (similar as Experiment 1a), as mentioned 

previously, research has shown that fixation durations increase with the demands of the 

task (De Greef et al., 2009; Just & Carpenter, 1976; Van Order et al., 2001). 

 

Conclusions 

Results from the current series of studies suggest that when viewing real objects 

the ‘graspability’ of these objects may be mediating where we look – during both a 
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perception or action task. Indeed, recent evidence suggests that ventral stream processing 

is not only involved in generating our perceptual representations of the world (for review 

see Milner & Goodale, 2006) but also contributes to initial action planning (Dijkerman, 

McIntosh, Schindler, Nijober, & Milner, 2009; van Doorn et al., 2007). Fixation locations 

and patterns when grasping or estimating the size of real objects are different than the 

pattern and location of fixations when estimating the size of computer generated objects. 

What seems to be consistent across conditions, that is, whether we are grasping an 

object or making a perceptual response to real or computer-generated objects, is the 

importance of the upper half of the objects, as areas below the COM are rarely fixated. 

Although this bias towards the top half of the object has been previously demonstrated 

while grasping (Brouwer et al., 2009; Desanghere & Marotta, 2008A), with fixation 

locations drawn to index finger landing position which has been shown to typically fall 

across the object’s COM (Jeannerod, 1988; Kleinholdermann et al., 2007; Lederman & 

Wing, 2003; Marotta et al., 2003), it also holds true for perceptually mediated responses. 

Indeed, these studies are the first to reveal consistencies in fixation locations with 

incremental increases in object height, demonstrated when grasping objects and making 

perceptual size estimations to real and computer-generated objects. However, since the 

objects were ‘graspable’ and therefore not overly large, fixations to the upper half of the 

objects would still permit the lower half to be maintained in peripheral vision. Indeed, 

when we grasp more complex objects we can see the influence of object shape on our 

vertical fixation positions. Although fixations were still above the object’s vertical COM, 

they were significantly lower on the objects when compared to grasping symmetrical 

objects whose maximum vertical and horizontal lengths were identical to the more 
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complex shapes. Thus, although fixations are drawn towards areas above the COM, 

object shape mediates the position of these along the vertical axis. Fixations closer to an 

object’s COM would allow both contact areas of the block to be better monitored while 

grasping, which would facilitate accurate placement of the digits on more complex 

objects.   
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CHAPTER 4: Manipulating the Center of Mass: Experiment 2 

In our normal interactions with objects there are a range of computational 

demands that our visuomotor system must handle. Objects range in complexity of shape, 

texture, weight and function. We do not typically reach out and grab unfamiliar objects, 

unless it is our first time encountering that object. We normally reach out to objects that 

serve some kind of function (such as a tool) and for some end purpose. Whereas 

Experiment 1 was aimed at providing a deeper understanding of the function of gaze 

during different perceptual tasks and gaze functions during grasping simple and complex 

objects, the next series of studies are aimed at exploring how gaze and grasp behaviours 

change when COM location is manipulated by changing object shape (Experiment 2a), 

surface properties (Experiment 2b), or object weight (Experiment 2c).   

 

Experiment 2a: Manipulating the COM: Object shape  

The goal of this project is to investigate the extent that COM changes influence 

fixation and grasp locations. Even though previous research has shown that participants 

grasp objects across or close to the COM (Kleinholdermann et al., 2007; Marotta et al., 

2003), the COM and the horizontal centre of these objects are very close in proximity 

(within 3 mm). Thus the purpose of this study is to dissociate these features by using 

complex asymmetrical objects modelled after the Blake Shapes used in Experiment 1c 

and symmetrical objects with only one axis of symmetry (see Figure 18).  In this study 

the COM of these objects will be dissociated from the object’s horizontal centre at three 

different distances for each object shape.  The shapes will always be presented with their 

longest axis on the horizontal plane such that the object’s COM will be oriented to the 
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left or right of the actual center of the object on any given trial. Presentation will be 

counterbalanced so that each orientation of the object on this axis is equally presented. It 

was expected that participant’s grasp axis and fixation locations would be shifted away 

from the horizontal centre of the objects, towards the object’s COM, and this distance 

would increase with increases in COM locations from that point. 

 

Figure 18 

Displays the two Symmetrical and one Asymmetrical object used in Experiment 2a. Each 

block shape was manipulated such that the COM of each object was located at three 

distances from the object’s horizontal center: 0.5 cm, 1 cm, and 1.5 cm.  

 

 

 

Method 

Participants 

Fifteen undergraduate psychology students (11 female) between the ages of 18 

and 32 (M = 20) were recruited for participation in this study. All participants were right-

handed as determined by a modified version of the Edinburg handedness inventory 
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(Oldfield, 1971) and had normal or corrected-to-normal-vision. This research was 

approved by the Human Research Ethics Board at the University of Manitoba. 

Stimulus and Procedure 

 All equipment was identical as that described in Experiment 1a, with the 

exception of the display board, and thus the objects, positioned over the calibration 

screen. The stimuli used in this task were one asymmetrical object (modelled after the 

Blake shapes) and two symmetrical objects with one axis of symmetry. Each object was 

presented in three variations, with the COM at 0.5 cm, 1 cm and 1.5 cm from the 

horizontal centre of the block (total of 9 objects). Each object was presented 16 times (8 

presentations with the COM oriented to the left and 8 presentations with the COM 

oriented to the right of the subjects midline), for a total of 144 trials.  

After eye calibration, participants were positioned in front of the display board 

and the IREDs for the Optotrak were fastened to their right index finger, thumb and wrist. 

At the start of each trial participants held their hand stationary on the start button with 

their index finger and thumb together and their eyes closed. The experimenter signalled 

the beginning of each trial with verbal instructions for the participant to open their eyes. 

At that point, participants reached out quickly, but as naturally as they could, and grabbed 

the object with their index finger and thumb and placed it on the table in front of them. 

After the completion of the trial, participants returned to the starting position with their 

index finger and thumb on the start button and their eyes closed, until given the verbal 

command to start the next trial. Sessions took approximately one and a half hours to 

complete. Analyses were carried out on the mean values computed across repeated trials 

in a given condition. Significance levels of p<0.05 were used. For any main effects or 
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interactions, Bonferroni adjusted planned comparisons were carried out. Any violations 

of sphericity underwent Greenhouse-Geisser correction methods. 

 

Results 

Grasp Location 

To investigate whether changes in COM were affecting grasp locations, a 3 block 

shape x 3 COM change (0.5 cm, 1 cm, 1.5 cm variations) x 2 orientation (COM left, 

COM right) rmANOVA was carried out. A significant main effect of block 

[F(2,28)=7.33, p=0.003] showed that  grasp axis locations were significantly further away 

from the block’s horizontal center for block 2 (M = 0.80 cm to the right of the block’s 

midline, SE = 0.21) compared to block 3 (M = 0.36 cm to the right of the block’s 

midline, SE = 0.14, see Figure 19). A significant main effect of orientation 

[F(1,14)=30.88, p<0.001] and a block by orientation interaction [F(2,28)=13.53, p<0.001] 

were also observed. When the object’s COM was oriented to the left of the horizontal 

midline, grasp axis locations were significantly more to the left (M = 0.05 cm to the right 

of the midline, SE = 0.23) than when the COM was oriented to the right of the horizontal 

center (M = 1.16 cm to the right of the midline, SE = 0.20). The block by orientation 

interaction showed no differences between blocks in grasp axis locations when the blocks 

were oriented to the right of the horizontal center. When the COM was oriented to the 

left, grasp axis locations for block 3 were significantly more to the left than grasp axis 

locations for blocks 1 and 2 when the COM was oriented to the left (see Figure 20). No 

significant main effects of size or any block or orientation by size interactions were 

observed (p’s > 0.05).    
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Figure 19 

Shows the mean first fixation and grasp axis locations along the horizontal X-axis for the 

three different block types. Negative values represent positions that are located to the left 

of the object’s horizontal midline. Error bars represent the standard error of the mean. 
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Figure 20 

Shows the mean first fixation and grasp axis locations along the horizontal X-axis across 

orientations for the three different block types. Negative values represent positions that 

are located to the left of the object’s horizontal midline. Error bars represent the standard 

error of the mean. 

 

 

 

Fixation Analysis 

Gaze coordinates (both horizontal X and vertical Y positions) were characterized 

into fixations based on a dispersion algorithm (see Salvucci & Goldberg, 2000), with a 

minimum duration threshold of 150 ms and a maximum dispersion threshold of 1cm. On 

average participants made 2.03 fixations per trial. In 98% of all trials a first fixation was 

detected. Fixations were not detected in 2% of trials due to loss of eye data (e.g. loss of 

corneal reflection or IRED interference), and these trials were excluded from any further 

analyses.   
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To look at fixation locations across blocks, orientation, and size, a 2 orientation 

(COM to the left or right of the midline) x 3 size (COM 0.5 cm, 1 cm ,1.5 cm away from 

horizontal center) x 3 block shape rmANOVA was  carried out to look at changes in first 

fixation locations across the objects.  Eye positions along the horizontal X- and vertical 

Y- axis, as well as fixation durations were considered.  

Horizontal X-Axis 

A significant main effect of block [F(2,28)=3.86, p=0.03] showed that fixation 

locations to block 1 were positioned more to the right (M = 0.61 cm to the right of the 

object’s midline, SE = 0.25) of fixations to block 2 and 3 (M’s = 0.42 cm (SE = 0.27) and 

0.44 cm (SE = 0.23) to the right of the object’s midline respectively). However, 

Bonferroni post hoc comparisons did not show these positions to be significantly 

different (see Figure 19). 

A significant main effect of orientation [F(1,14)=21.95, p<0.001] showed that 

first fixations were significantly more to the left (M = 0.17 cm to the right of the object’s 

horizontal midline, SE = 0.24) when the object’s COM was oriented to the left than when 

the COM was oriented to the right of the object’s horizontal midline (M = 0.81 cm to the 

right of the midline, SE = 0.27). A block by orientation interaction [F(2,28)=4.49, 

p=0.02] showed that when the block’s COM was oriented to the left, fixations were 

significantly more to the left for block 3 compared to block 1. When the COM was 

oriented to the right, fixations to block 3 were significantly more to the right when 

compared to block 2 (see Figure 20). 

A significant size by orientation interaction [F(2,28)=12.28, p<0.001] showed that 

when the COM was oriented to the left, fixation locations moved progressively towards 
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the object’s horizontal midline with increases in COM from that point (note: participants 

started with a rightward bias). COM distances of 0.5 cm, 1 cm, and 1.5 cm away from 

horizontal center resulted in mean fixation locations of 0.37 cm (SE = 0.20), 0.14 cm (SE 

= 0.24), and 0.02 cm (SE = 0.29) to the right of the horizontal midline respectively. These 

differences were significant between size 1 with sizes 2 and 3. When the COM was 

oriented to the right of the midline, fixation locations moved progressively to the right 

from the horizontal center with increases in COM locations (M’s = 0.61 cm (SE = 0.28), 

0.87 cm (SE = 0.25), and 0.94 cm (SE = 0.28)). Significant differences were observed 

between size 1 with sizes 2 and 3 (see Figure 21). 

Vertical Y-Axis 

A significant main effect of block [F(2,28)=4.42, p=0.02] showed that first 

fixations to block 3 (M = 1.77 cm above the object’s vertical center, SE = 0.36) were 

significantly higher up on the block when compared to block 2 (M = 1.54 cm above the 

object’s vertical center, SE = 0.32). First fixations to block 1 were located 1.71 cm (SE = 

0.36) above the object’s vertical center. A significant main effect of size [F(2,28)=3.90, 

p=0.03] showed that as COM locations were positioned further from the horizontal center 

(resulting in decreases in block height at the horizontal center of the blocks) fixation 

locations moved closer to the object’s vertical center (M’s = 1.80 cm (SE = 0.36), 1.65 

cm (SE = 0.34), and 1.58 cm (SE = 0.33) respectively). Significant differences were 

observed between the tallest block size (size 1, COM distance of 0.5 cm) and the shortest 

block size (size 3, COM distance of 1.5 cm).  
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Fixation Duration 

No significant findings across block, size, or orientation (p’s>0.05) were 

observed. On average first fixations were 230 ms (SE = 9) in duration. 

First Fixation location (X-axis) vs. grasp axis location 

To explore whether first fixation locations supported grasp locations for each 

block type across changes in COM distance and orientation, a 2 location (first fixation 

location X-axis, grasp axis location) x 3 block type x 3 COM distance x 2 orientation 

rmANOVA was carried out. Results revealed a significant location by block by 

orientation three way interaction [F(2,28)=6.50, p=0.01]. Post hoc analysis showed that 

first fixations supported grasp locations (collapsed across size) for all blocks in both 

orientations, except for block 3 (Blake shape) when the block’s COM was oriented to the 

left of the horizontal center. In this instance fixation locations were found to be 

positioned significantly more to the right (M = 0.05 cm to the left of the object’s 

horizontal center, SE = 0.21) of grasp locations (M = 0.60 cm to the left of the object’s 

horizontal center, SE = 0.19; see Figure 20). 
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Figure 21 

Displays first fixation positions across the three COM distances (collapsed across block) 

for both leftward and rightward oriented COMs. Negative values represent positions that 

are located to the left of the object’s horizontal midline. Error bars represent the standard 

error of the mean. 

 

Summary 

It was expected that participants grasp axis would be shifted away from the 

horizontal centre of the objects, towards the object’s COM, regardless of whether the 

COM was located to the right or left of the centre of the object and this distance would 

increase with increases of COM locations from that point. Fixation locations were 

expected to support index finger location, with changes on the horizontal X-axis 
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consistent with grasp locations and fixations along the Y-axis to be located towards the 

top edge of the objects, above the object’s COM. 

 Results from the current study show a distinct effect of orientation on grasp 

locations. Leftward oriented COMs were significantly more to the left than grasp axis 

locations when the COM was oriented to the right. However, these grasp locations were 

still located to the right of the object’s horizontal center for the symmetrical objects 

regardless of orientation. For the asymmetrical Blake shape (block 3), grasp locations 

were significantly more to the left when the blocks were oriented in that direction (M = 

0.60 cm to the left of the object’s horizontal midline) when compared to the other two 

shapes.  

Orientation of object COM was also influencing fixation locations in a similar 

manner. First fixations were found to be significantly more to the left with leftward 

oriented COMs when compared to rightward oriented COMs. However, discrepancies 

between grasp locations, fixation locations, and changes in COM were observed. 

Regardless of orientation, significant increases of distance for grasp locations from the 

center of the blocks were not observed with increased distances of COM. Unlike grasp 

locations, fixations were influenced by changes in size, with fixations to objects with 

COM distances of 1 cm and 1.5 cm away from the horizontal center significantly further 

away from fixation locations to the objects with the COM closest to the object’s 

horizontal center (0.5 cm) in both orientations. It seems that orientation of COM exerts 

the largest influence on grasp and fixation locations. Increased distances of COM from 

the horizontal center of the blocks is less important, with no differences across COM 

changes in grasp locations with increases in COM locations.  
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Experiment 2b: Manipulating the COM: Visual patterns and Attentional Biases 

In this study, the influences of attentional biases on grasp and eye movement 

locations when picking up symmetrical objects was explored.  Data from Experiment 1a 

shows us that participants typically look at, and pick up, symmetrical objects close to 

their midline (with slight rightward grasp and fixation biases). In contrast to this, when 

participants are asked to judge the midpoint of a symmetrical object during a perceptual 

task, research has shown that non-neurological participants show an attentional bias to 

the left half of a stimulus. For example, when participants are asked to indicate the mid-

point of a line (line bisection task) they place the subjective mid-point to the left of the 

true centre, a phenomenon known as pseudoneglect (Bowers & Heilman, 1980). This 

leftward bias has been shown to be quite robust and has been demonstrated in the 

bisection of gaps, rods, space (McCourt et al., 2001) and wedge-shaped horizontal lines 

(McCourt & Garlinghouse, 2000), and under varying conditions such as tactile and visual 

bisection (Jewell & McCourt, 2000).   

This leftward attentional bias has also been demonstrated in tasks where 

participants are required to make a forced choice judgment between two objects that are 

either left/right reversed luminance gradients, gradients of numerosity (less to more stars) 

or gradients in size (small to large). During these tasks participants would have to judge 

which object (top or bottom) had darker/lighter sides, the side with more/fewer stars (see 

Figure 22), and larger/smaller sides, respectively. Regardless of the type of stimulus 

presented or the type of assessment being made, participants exhibit large leftward 

response biases in their responding (Nicholls, Bradshaw, & Mattingley, 1999). Despite 

these leftward biases, however, other research has shown that when participants are asked 
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to visually bisect these pairs of stimuli (stare at the horizontal midpoint), a rightward 

bisection bias is elicited (Rhode & Elias, 2007). Additionally, when visually bisecting 

single presentations of these stimuli (so the side that is darker, more numerous, or larger 

is presented on either the left or right of the object’s midline) participants’ visual 

bisection is still to the right of the object’s centre (Elias, Robinson, & Saucier, 2005).  It 

has been suggested that the consequence of the rightward errors observed in the visual 

bisection of these stimuli would allow for a greater portion of the object to be in the ‘left” 

half of the stimulus. That is, the subjectively ‘‘left’’ half of the two stimuli will contain 

more of the salient features (more dark, numerous, large). Therefore, the rightward 

bisection errors and leftward perceptual biases might not be an opposing event. Instead, 

they could both be the result of the same misperception (Elias et al., 2005; Rhode & 

Elias, 2007). 

The purpose of this study was to explore whether these perceptual biases 

influence motor behaviour. Namely, will gradients of brightness and numerosity 

influence participants grasp axis and fixation locations when picking up symmetrical 

objects that vary in these different gradients? Based on the literature, several outcomes 

were possible. (1) Regardless of orientation (i.e. darker side, more stars oriented to the 

right/left) participants will grasp the objects across the COM and fixation locations will 

support index finger placement, (2) participants will exhibit a rightward bias for the 

greyscale and star stimuli in their fixation and grasp locations, or (3) visual gradients will 

influence grasp and fixation data by making the COM shift towards the side with the 

most visual features (i.e. more dark) and an effect of orientation will be observed. 
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Participants were expected to exhibit a leftward perceptual bias during line bisection and 

decisions of brightness and numerosity. 

Figure 22 

Shows left/right reversed gradients of brightness (A; greyscale stimuli) and numerosity 

(B; star stimuli) and a white control block (C). 

 

 

 

Method 

Participants 

Sixteen undergraduate psychology students (12 female) between the ages of 18 

and 27 (M = 20) were recruited for participation in this study. All participants were 

required to be right-handed as determined by a modified version of the Edinburg 
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handedness inventory (Oldfield, 1971) and have normal or corrected-to-normal-vision. 

This research was approved by the Human Research Ethics Board at the University of 

Manitoba. 

Stimulus and Procedure 

All equipment was identical as that described in Experiment1a with the exception 

of the display board positioned over the calibration monitor. Before Eyelink II and the 

Motion Monitor set up, a manual line bisection task (Lezak, 1995) was administered. The 

test was presented on standard 8.5x11-inch white paper and consisted of 20 line bisection 

trials and three line lengths. Lines lengths were 14.5 cm, 12 cm, and 8 cm and were 

presented on the paper in a staggered randomised order (left, right, centre). Participants 

were instructed to attend to each line separately and make a mark where they perceived 

the centre of the line to be. After set up of TMM and Eyelink II, participants performed 

two tasks, a reaching and gasping task and a perceptual judgment task. The order of each 

task was counterbalanced between participants. For the perceptual judgment task, 

participants started each trial with their eyes closed and their hands on the table in front 

of them. At that point the experimenter placed two stimuli on the vertical presentation 

board (see Figure 22). Participants were instructed to open their eyes and make a 

judgment of whether the top stimuli or the bottom stimuli contained “more stars” or “is 

darker”. The presentation of the desired features on the top and bottom was 

counterbalanced so that the desired features (darker, more stars) were on the left and right 

side in each location an equal number of times. After the participant’s response was 

recorded they were instructed to close their eyes until the next trial began. Each stimulus 

type was presented randomly with the desired features on the top right (and bottom left) 
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16 times and the top left (bottom right) 16 times. For the grasping task, participants were 

instructed to reach out as naturally as they could and pick up the presented stimuli upon 

experimenter instruction to open their eyes. Three types of stimuli, the greyscale block, 

star block, white block (single blocks) were randomly presented. Each greyscale and star 

object was presented 16 times in each orientation (more stars/darker side oriented left or 

right) and the control block was presented 16 times, for a total of 80 trials. Each 

experimental session took approximately 1.5 hours to complete. Analyses were carried 

out on the mean values computed across repeated trials in a given condition. Significance 

levels of p<0.05 were used. For any main effects or interactions, Bonferroni adjusted 

planned comparisons were carried out. Any violations of sphericity underwent 

Greenhouse-Geisser correction methods. 

Results 

Bias scores  

An asymmetry score was calculated for judgments of brightness and numerosity 

to quantify the direction and magnitude of any perceptual biases. Following procedures 

outlined by Mattingley et al. (1994), asymmetry scores were calculated by subtracting 

leftward choices from rightward choices and dividing the result by the total number of 

items (see Mattingley, Bradshaw, Nettleton, & Bradshaw, 1994). Possible scores could 

range from -1.0 and +1.0, with negative scores indicating a leftward bias. Results showed 

a slight leftward bias for the star task (-0.02) and a mild leftward bias for the greyscale 

task (-0.14). For line bisection, participant’s estimation of the lines centre was calculated 

from the horizontal centre of the line such that negative numbers represent a leftward 
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bisection bias. One sample t-tests showed a significant leftward line bisection bias 

(overall bisection bias of -1.14 mm; t(15)=-2.17, p=0.047) from 0, the center of the line.  

Perceptual Task 

 For the judgments of brightness and numerosity, fixation locations were grouped 

in several ways. First, two regions of interest (ROI) were established; one encompassing 

the top object and one encompassing the bottom object. Within each object, the number 

of fixations, fixation duration and fixation locations were calculated. To determine 

whether more fixations were elicited towards the top or bottom object (ROI1, ROI2), if 

orientation of the desired qualities had an effect, or if there was an effect of stimulus type 

on the number of fixations elicited, a 2 ROI (top, bottom stimuli) x 2 orientation (desired 

features located on the left or right of the object) x 2 stimulus type (greyscale, star) within 

subject rmANOVA was carried out on the average number of fixations elicited towards 

each stimulus across trials. Results showed a significant main effect of ROI 

[F(1,15)=38.11, p<0.001]. There were significantly more fixations elicited to the top 

object (M = 3.21, SE = 0.28) than the bottom object (M = 1.45, SE = 0.26) regardless of 

object type or orientation of features. 

To compare fixation locations and durations between each object pair a 2 stimulus 

type (greyscale, star) x 2 ROI (top, bottom stimuli) x 2 orientation (desired features 

located on the left or right of the object) within subject rmANOVA was carried out on the 

X- and Y- axis, and duration of first fixations.  It should be noted here that results reflect 

fixations from 13 participants (rather than 16) as three participants did not reliably fixate 

the bottom object in all conditions. 

Horizontal X-axis  
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 A significant main effect of orientation [F(1,12)=7.83, p=0.02] showed that across 

ROIs (top and bottom ROI collapsed) the mean fixation values along the X-axis were 

0.97 cm (SE = 0.22) to the right of the object’s midline when the desired features (darker, 

more stars) were located on the left side of the top object (right side of bottom object) and 

0.16 cm (SE = 0.39) to the left of the object’s midline when the desired features were on 

the right side of the top object (located on bottom left). However, an orientation by ROI 

interaction [F(1,12)=40.01, p<0.001] showed that for the top object, fixation locations 

were located to the left of the object’s midline (M = 0.71 cm, SE = 0.35) when the 

desired features were on the top left and to the right of the object’s midline (M = 1.73 cm, 

SE = 0.51) when the desired features were on the top right.  Similarly, fixation values for 

the bottom object coincided with the location of the desired features (M = 2.66 cm to the 

right (SE = 0.33) and 2.06 cm to the left (SE = 0.54) of the object’s midline when the 

desired features were located on the right and left of the object respectively). Differences 

between fixation values across ROI’s and orientations were significant (p’s<0.05; see 

Figure 23). 

Vertical Y-axis 

 A significant main effect of ROI [F(1,12)=570.70, p<0.001] showed that when 

participants were looking at objects in ROI2 (positioned under ROI1) fixations were 

significantly lower than fixations to objects in ROI1 (see Figure 23).  
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Figure 23 

Displays first fixation locations along the horizontal X- and vertical Y-axis in Experiment 

2b when performing the perceptual task. ROI1 represents the greyscale or star object 

when positioned on top of a matching block with reversed gradients. 0 cm along the 

vertical Y-axis represents the point where ROI1 and ROI2 meet. Error bars represent the 

standard error of the mean. 

 

 

 

Fixation Duration 

 A significant main effect of ROI [F(1,12)=10.45, p=0.01] showed that 

participants elicited significantly longer fixations when looking at ROI2 (M = 252 ms, SE 

= 11) compared to ROI1 (M = 211 ms, SE = 6).  

 

Grasping Task 

Grasp Locations  

To examine whether the surface properties of the greyscale and star stimuli were 

affecting grasp axis location a one-way rmANOVA, with 5 levels of stimulus type 
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(greyscale (darker side oriented left), greyscale (darker side oriented right), star (more 

stars oriented left), star (more stars oriented right), control block) was carried out. A 

significant main effect of stimulus type was observed [F(4,60)=4.46, p=0.003]. Although 

grasp locations were closer to the object’s horizontal center when grasping the control 

block (M = 0.57 cm to the right of the object’s horizontal center, SE = 0.34) when 

compared to the greyscale (darker side oriented left and right; M’s = 0.82 cm (SE = 0.31), 

0.92 cm (SE = 0.36) to the right of the object’s horizontal center respectively) and the star 

objects (more stars oriented left and right; M’s = 0.91 cm (SE = 0.32) and 0.96 cm (SE = 

0.35) to the right of the object’s horizontal center respectively), planned Bonferroni post 

hoc comparisons did not reveal any of these differences to be significant (p’s>0.05; see 

Figure 24). Despite the non-significant results of the post-hoc comparisons, one-sample t-

tests (comparing grasp locations for each object to 0, the object’s horizontal center, and 

thus the object’s COM) revealed that grasp locations were significantly further from the 

center of the objects for the Greyscale (darker side oriented left [t(15)=2.61, p=0.02] and 

right [t(15)=2.58, p=0.02]) and the Star stimuli (more stars oriented left [t(15)=2.83, 

p=0.01]  and right [t(15)=2.78, p=0.01]), but not the control block [t(15)=1.68, p=0.11]. 
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Figure 24 

Displays first fixation and grasp axis locations along the horizontal X-axis (cm) across 

the five different block types while grasping in Experiment 2b. Negative positional 

values represent locations to the left of the object’s horizontal center. Error bars represent 

the standard error of the mean. 

 

Fixation Locations 

To examine differences in fixation positions across the five block types (greyscale 

(darker side oriented left), greyscale (darker side oriented right), star (more stars oriented 

left), star (features oriented right), control block), a series of one-way rmANOVA’s, with 

five levels of block type, were carried out on the X- and Y- positional variables, and on 

fixation durations separately. No significant main effects of block type were observed in 

fixation positions along the horizontal X- [F(4,60)=0.13,p=0.97] or vertical Y- 

[F(4,60)=2.33,p=0.07] axis, or fixation durations [F(4,60)=0.58,p=0.68]. Across block 
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types, participants were fixating positions 0.50 cm (SE = 0.16) to the right of and 0.86 cm 

(SE = 0.26) above the object’s horizontal and vertical center respectively, with fixations 

lasting on average 222 ms (SE = 9). Additionally, a one way rmANOVA, with five levels 

of block type (greyscale (darker side left, right), star (more stars oriented left, right), 

control block), was carried out on the average number of fixations elicited throughout the 

grasp. Results did not reveal any significant differences across the five block types 

[F(4,60)=1.58, p=0.19]. Across block types, participants made on average 2.30 fixations 

(SE = 0.12) while carrying out the reach to grasp movement. Finally, a 2 location (first 

fixation X-axis, grasp axis location) x 5 block type (greyscale (darker side left, right), star 

(more stars oriented left, right), control block) rmANOVA was carried out to examine 

whether fixation locations supported grasp locations when picking up the objects. Results 

did not reveal any significant main effects of location [F(1,15)=1.21, p=0.29], block type 

[F(4,60)=1.56, p=0.20], or any interactions between the two [F(4,60)=1.83, p=0.13]. 

Across block types, fixation locations supported grasp locations, with the mean positions 

of the two across block types 0.50 cm (SE = 0.16) and 0.84 cm (SE = 0.33) to the right of 

the object’s horizontal center respectively.  

Summary 

Based on the literature, several outcomes were possible. (1) Regardless of 

orientation (i.e. darker side, more stars to the right/left of the object’s horizontal center) 

participants will grasp the objects across their COM and fixation locations will support 

index finger placement, (2) participants will exhibit a rightward bias in their fixation and 

grasp locations to the greyscale and star stimuli, or (3) gradients would influence grasp 

and fixation data by making the COM shift towards the side with the most visual features 
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(i.e. more dark) and an effect of orientation will be observed. Participants were expected 

to exhibit a leftward perceptual bias during line bisection and decisions of brightness and 

numerosity. 

Consistent with previous literature participants exhibited an overall leftward 

bisection bias when indicating the midpoint of a line, as well as mild to moderate biases 

for judgments of numerosity and brightness.  Fixation analysis revealed that participants 

were looking at the sides of the objects that contained ‘more stars’ or were ‘darker’ and 

were thus doing the task. As noted in the results, three participants did not consistently 

fixate the bottom object during the perceptual task. However, this is not interpreted as 

those participants not correctly meeting the task demands as visual information about 

object ‘numerosity’ and ‘brightness’ could be gathered from peripheral vision for the 

perceptual comparisons. When grasping and looking at single greyscale and star stimuli, 

orientation of the features (more stars, darker side) did not influence grasp locations or 

fixation positions on the objects. In both instances participants were grasping the objects 

and looking at positions on the objects that were to the right of their horizontal center. 

When compared to the white control block, grasp locations for the greyscale and star 

blocks were not significantly different.  However, when compared to the object’s 

horizontal center (COM), grasp locations deviated significantly from this point for the 

greyscale and star stimuli, but not the control block. Finally, fixation locations supported 

grasp locations throughout the reach to grasp movement. 
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Experiment 2c: Manipulating the COM: Object weight  

Grasping and manipulating objects involves very complex processes and 

computations that happen quickly and unconsciously. When we reach out to pick up an 

object, the properties of that object are reflected in our anticipatory movements. Even 

though visual features such as object size, shape, and texture determine the characteristics 

of our grasp, grasp characteristics also depend on non-visual properties of the objects 

such as its weight, friction, and rigidity. These intrinsic and extrinsic object properties 

elicit different types of grasps, arm trajectories, and arm velocities. Furthermore, even 

how we intend to use the object will be reflected in the shape of the hand during the 

grasp. Although the computations necessary to perform successful movements are 

predominantly computed in the dorsal cortical visual pathway and our perceptions of the 

world by the ventral cortical visual pathway, these two systems do not act in isolation. 

Learned perceptual information plays a role in visually guided movements. As discussed 

in the introduction, visual information can differentially affect dorsal (action) and ventral 

(perceptual) systems. For example, dissociations have been demonstrated through the use 

of visual illusions for perceptual judgments of location (Bridgeman, Peery, & Anand, 

1997) and size (Aglioti, DeSouza, & Goodale, 1995; Grave, Biegstraaten, Smeets, & 

Brenner, 2005; Haffenden & Goodale, 1998). However, actions such as saccades 

(Bridgeman et al., 1997; Wong & Mack, 1981) and reaching and grasping kinematics are 

not typically affected by such perceptual illusions (Milner & Goodale, 2006). These 

studies have shown that the representations that guide our actions are different from those 

that guide our perceptions of the world. 
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Despite demonstrations of a clear division of labour between the perception and 

action systems, visual information from both streams work together in our everyday 

interactions with the world. Properties such as texture, temperature, compliance, and 

weight may not be fully known when viewing novel objects, but can be learned through 

direct experience with those objects, thus influencing various kinematic responses such as 

movement time and grip force (Brenner & Smeets, 1996; Dubrowski, Proteau, & 

Carnahan, 2004; Gordon, Forssberg, Johansson, & Westling, 1991; Gordon, Westling, 

Cole, & Johansson, 1993). Indeed, different motor responses are elicited depending on 

the sensory information associated with that action. Incorporating learned perceptual 

information about object properties allows for the initial parameters for hand posture and 

grip scaling to be quickly selected. This reduces the need for exact metrical calculations 

about the goal object to be obtained for familiar objects, thus increasing the overall 

efficiency of the visuomotor system (Gordon et al., 1993; Haffenden & Goodale, 2000). 

In this study, COM shifts were paired with a certain colour to explore whether 

this pairing can alter grasp and fixation locations. It is well established in studies with 

human participants (Jeannerod, 1988; Kleinholdermann et al., 2007; Lederman & Wing, 

2003; Marotta et al., 2003) and models developed for robotics on learning how to grasp 

objects (Kamon, Flash, & Edelman, 1996) that two important features are necessary for a 

successful grasp: (1) the object must be grasped on opposite sides and (2) it must be 

grasped near the object’s COM. Given the importance of COM on efficient grasping, in 

this study we examined whether participants would learn to alter grasp locations based on 

shifts in COM that were only apparent from haptic feedback.    
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Method 

Participants 

45 undergraduate psychology students between the ages of 18 and 25 (M = 20) 

were recruited for participation in this study (15 male). All participants were required to 

be right-handed as determined by a modified version of the Edinburg handedness 

inventory (Oldfield, 1971), had normal or corrected-to-normal-vision, and had normal 

colour vision  (Dvorine pseudo-isochromatic plates; Dvorine, 1953).  This research was 

approved by the Human Research Ethics Board at the University of Manitoba. 

Stimulus and Procedure 

 Equipment was identical as that described in Experiment 1a, with the exception of 

the display board positioned over the calibration monitor. The stimuli used in this task 

were five differently coloured symmetrical blocks (4cm wide x 20cm long, 10 g in 

weight). The blocks were coloured white (1 block), dark blue (2 blocks) and dark red (2 

blocks). One of the dark blue blocks and dark red blocks had a weight embedded in the 

back of the block (out of the participants view) so that the COM was shifted. For all 

altered block weights, the blue object had it’s COM shifted to the right (COMR) and the 

Red object had it’s COM shifted to the left (COML). This shift in COM was noticeable 

when the object was picked up. Each participant underwent two sets of trials; (1) pre-

training: baseline measures were established for eye and hand data on the white block and 

unaltered red and blue blocks and, (2) training: participants repeatedly picked up the 

white unaltered and the blue and red COM altered blocks. In this study, the effects of 

COM shifts for three different experimental weight classes were tested (6g, 12g, 18g).  
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 After eye calibration, participants were positioned in front of the display board 

and the IREDs for the Optotrak were fastened to their index finger, thumb and wrist. At 

the start of each trial participants held their hand stationary on the start button with their 

index finger and thumb together and their eyes closed. The experimenter signalled the 

beginning of each trial with verbal instructions for the participant to open their eyes. At 

that point, participants reached out as quickly, but as naturally as they could, and grabbed 

the object with their index finger and thumb, held it parallel to the table for 

approximately 1 second, and then placed it on the table in front of them. After the 

completion of the trial, participants returned to the starting position with their index 

finger and thumb on the start button and their eyes closed, until given the verbal 

command to start the next trial. Sessions took approximately one and a half hours to 

complete. In the pre-training trials, each of the three blocks (the white, dark blue and the 

dark red block whose COM was NOT altered) were presented 10 times each for a total of 

30 trials. This series of reaches was to ensure that colour itself is not influencing grasp 

kinematics and gaze locations. Immediately following this session, the blueCOMR and 

redCOML blocks were randomly presented 30 times each, interleaved with an equal 

number of presentations with the white object, for a total of 120 trials.  

Analysis 

Gaze coordinates (both horizontal X and vertical Y positions) were characterized 

into fixations based on a dispersion algorithm (see Salvucci & Goldberg, 2000), with a 

minimum duration threshold of 150 ms and a maximum dispersion threshold of 1 cm. 

The following dependant variables were considered: First fixation locations along the X- 

and Y- axis, and grasp axis location. To look at the effect of learning on gaze and grasp 
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locations over time, four time points were measured. Time 1: pre-training trials, the 

average of the first 10 trials for each coloured block before COM alterations; Time 2: the 

average of the first 10 trials for each coloured block, COM altered; Time 3: the average 

of the next 10 trials for each coloured block, COM altered; and time 4: the average of the 

final 10 trials for each coloured block, COM altered. To look at changes in grasp and 

gaze positions for the above mentioned dependent variables a 3 coloured block (white 

control, red (COML), Blue (COMR) by 4 time (pre-training, time 1; post-training times 

2,3, and 4) rmANOVA with between subject variable of condition (COM changes of 6g, 

12g, 18g) was carried out. Additionally, a trend analyses was also considered for each 

dependant variable across time to examine whether the resultant learning patterns were 

linear, quadratic or cubic in nature. Significance levels of p<0.05 were used. For any 

main effects or interactions, Bonferroni adjusted planned comparisons were carried out. 

Any violations of sphericity underwent Greenhouse-Geisser correction methods. 

 If the COM is an important feature that mediates grasp kinematics and gaze 

position, after learning the colour-COM associations it was expected that a shift in 

participant’s grasp axis and fixation locations towards the object’s altered COM would 

occur. For the blue and red blocks a linear by quadratic interaction was expected to 

emerge. For the control block, no change in the dependant variables (from baseline) was 

expected.  

Results 

Fixation and Grasp Locations 

No significant main effects of colour [F(2,84)=2.08, p=0.15 (sphericity 

corrected], time [F(3,126)=2.19, p=0.13 (sphericity corrected], or any between subject 
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differences of condition [F(2,42)=1.87, p=0.17] or any interactions of colour and time 

with condition (p’s>0.05) were observed for grasp locations. Fixation locations resulted 

in similar findings, with no significant main effects or interactions observed for both the 

within and between subject variables (p’s>0.05).  Figure 25 shows the average grasp and 

fixation locations along the horizontal X-axis across colour and time. Regardless of 

training at the different weight levels, participants were on average grasping the objects 

1.65 cm (SE = 0.29) to the right of the horizontal center of the blocks and on average 

looking 0.80 cm (SE = 0.19) to the right of, and 1.20 cm (SE = 0.17) above the object’s 

horizontal center. To directly examine the relationship between fixation locations and 

grasp locations a 2 location (First fixation location X-axis, grasp axis location) x 3 colour 

(blue, red and white blocks) x 4 time (pre-training, time 1; post-training times 2,3, and 4) 

rmANOVA, with a between subject factor of condition (6g, 12g, 18g) was carried out. 

Although tests of within-subject effects did not reveal any significant interactions of 

location  (first fixation and grasp axis locations) with condition [F(2,42)=.63, p=0.54], or 

any interactions across the 4 time points (p’s >0.05), collapsed across the three weight 

classes, colour and training time points, there was a significant main effect of position 

[F(1,42)=.12.27, p=0.001]. That is, regardless of which object participants were grasping, 

their fixation locations (M = 0.80 cm to the right of the blocks horizontal center, SE = 

0.19) were significantly closer to the object’s horizontal center than their grasp locations 

(M = 1.65 cm to the right of the horizontal center, SE = 0.29; see Figure 25). 

Trend Analysis 

 A colour by time quadratic trend that approached significance was observed 

[F(1,42)=3.43, p=0.07].  Figure 26 shows, that collapsed across weight categories, there 
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was a general trend for grasp axis locations to move towards the center of the block over 

time, regardless of changes in COM weight direction. For the fixation analysis, a 

significant colour by condition Quadratic trend [F(2,42)=4.23, p=0.02] was observed 

along the X-axis.  Figure 27 shows that for the white control block and the blue block 

(COMR), fixation locations followed a quadratic trend along the X-axis, with fixation 

locations furthest away from the block center when the blocks were weighted at 12g and 

closest to the object’s horizontal center when the blocks were weighted at 18g. For the 

Red block (COML), fixation locations moved progressively towards the horizontal center 

with increases in weight.  
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Figure 25 

Shows the mean fixation and grasp locations along the horizontal X-axis for each block 

(White control block, Red block (COML), Blue block (COMR) at each weight 

manipulation (6g, 12g, 18g) across time (1=baseline measures, 2=average of first 10 

grasps, 3=average of next 10 grasps, 4=average of final 10 grasps). Negative positional 

values represent locations to the left of the object’s horizontal center. Error bars represent 

the standard error of the mean. 
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Figure 26 

Depicts grasp axis locations (collapsed across weight) over time (1=baseline measures, 

2=average of first 10 grasps, 3=average of next 10 grasps, 4=average of final 10 grasps). 

Negative positional values represent locations to the left of the object’s horizontal center. 

Error bars represent the standard error of the mean. 

 

 

 

 

 

 

 

 

 

 



GAZE STRATEGIES IN PERCEPTION AND ACTION   128 

 

Figure 27 

Shows the mean fixation position for each type of block (White control block = no 

weight manipulations; Red block = COM altered to the left; Blue block = COM altered to 

the right) at each weight manipulation (6g, 12g, 18g). Negative positional values 

represent locations to the left of the object’s horizontal center. Error bars represent the 

standard error of the mean. 

 

 

Summary 

 Fixation and grasp locations were not influenced over time (compared to a 

baseline measure or a non-altered control object) across three different colour-weight 

categories. Overall, there was a general trend for participants to move their grasp 

locations closer to the object’s horizontal center over time, regardless of weight 

distribution/COM changes. As weight-COM changes increased, fixations moved closer to 

the object’s horizontal center. Although significant differences between blocks or 
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conditions were not apparent, fixations were found to be significantly closer to the 

object’s horizontal center than grasp locations. 

 

Experiment 2: Discussion 

Although there has been a plethora of investigations on reaching and grasping to 

objects, their primary concern has been with how the opening of the hand is coordinated 

with the hand’s approach towards the target objects (for review see Smeets & Brenner, 

1999), typically using regular shaped objects or objects where the grasp points were 

controlled. However, few studies have examined the selection of grasp locations when 

grasping irregularly shaped objects and no studies have examined the selection of grasp 

and gaze behaviours during various manipulations of object COM. Those studies that 

have looked at grasp location selection, have shown that grasp locations typically fall 

close to or across the object’s COM (Jeannerod, 1988; Kleinholdermann et al., 2007; 

Lederman & Wing, 2003; Marotta et al., 2003), with participants adjusting their grasp 

locations to coincide with small changes in COM location (Kleinholdermann et al., 

2007). Indeed, research has shown that when reaching out to grasp an object participants 

take advantage of visual cues to object symmetry to better determine the object’s COM 

when selecting these locations (Lederman & Wing, 2003). However, as previously 

mentioned, the horizontal center of these objects and the COM are very close in 

proximity, typically within 3mm. Thus the purpose of Experiment 2 was to examine the 

selection of grasp and gaze locations when (1) an object’s COM is manipulated by 

altering an objects shape to varying degrees so the object’s COM is shifted further away 

from the object’s horizontal center (Experiment 2a), (2) to grasp symmetrical objects 
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whose visual features are weighted towards one end (perceptual biases; Experiment 2b), 

and (3) to manipulate the COM of symmetrical objects through variations in weight that 

can only be learned through haptic feedback-colour associations (Experiment 2c).  

In Experiment 2a, the COM of objects was altered through manipulations of 

object shape. Consistent with previous research and findings from Experiment 1 we 

found that grasp and fixation locations were influenced by the location of the object’s 

COM when positioned to the left or to the right of the horizontal midline. However, in 

both orientations, as COM increased in distances of 0.5cm, 1cm, and 1.5cm away from 

the center of the blocks, grasp locations did not change position relative to these varying 

degrees of COM distances. It seems that orientation of COM exerts the largest influence 

on grasp locations. Increased distances of COM from the horizontal center of the blocks 

is less important, with no differences across COM changes in grasp locations with 

increases in COM locations. Alternatively, fixation locations were influenced by the 

varying degrees of COM changes in both orientations. When the COM of the objects 

were positioned 1 cm and 1.5 cm away, fixation locations were significantly further away 

from fixation locations to objects with the COM located at 0.5 cm from the horizontal 

midline. However, these fixation locations still supported grasp locations as no 

significant differences between the two were observed. It appears that, as with grasp 

locations, fixation locations were influenced mostly by COM orientation, with subtle 

shifts in fixation locations mediated towards the changing COM distances. 

In Experiment 2c the shape of the objects were not altered, but COM changes 

coincided with specific colour changes on the object, where blue was indicative of COM 

changes to the right and red was indicative of COM changes to the left. Based on 
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previous literature, we know that learned information about object properties is 

incorporated into visually guided movements when interacting with objects. Object 

properties such as friction, temperature, compliance, and weight are not fully known 

when viewing novel objects, but can be learned through direct experience and influence 

visually guided movements directed at those objects (Dubrowski et al., 2004; Gordon et 

al., 1993). For example, we learn that larger objects are heavier than smaller objects made 

of the same material. Various studies have demonstrated how robust these well-

established associations between object properties and grasp kinematics are under 

varying conditions. For example, Brenner and Smeets (1996) demonstrated that when 

objects were subjected to an illusory change in size (ponzo illusion), participants used 

greater grip force when picking up objects they perceived as larger, despite the objects 

not actually changing in size or varying in weight.  

Other factors have also been shown to influence grasp kinematics. For example, 

Gordon et al. (1991) demonstrated that the mass of an object influences anticipatory grip 

force when picking that object up. Based on learned associations between an object’s size 

and weight (larger objects are typically heavier); grip force is scaled proportional to the 

expected weight of an object which is based on its size. Gordon et al. (1991) found that 

when the size of a novel object was altered, but its weight was kept constant, the grip 

force used for that object was appropriately scaled towards the expected weight that was 

proportional to its size.  

The establishment of these learned associations is not necessarily a lengthy 

process. Short interactions with novel objects can alter our grasp kinematics. Indeed, 

several researchers have established novel associations between colour and texture (Fikes 
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et al., 1994), colour and weight (Dubrowski et al., 2004), and colour and size 

(Desanghere & Marotta, 2008B; Haffenden & Goodale, 2000). These studies have all 

shown that the colour of these objects (which is indicative of a specific feature) will 

influence subsequent grasp kinematics such as grip force and grip scaling based on the 

learned association with those properties. In these studies, the associations are established 

implicitly. That is, without the experimenter telling the subjects to make or look for the 

specific association. Indeed, haptic feedback coupled with visual inputs provides the 

necessary information to successfully reach out and grasp or manipulate objects. 

In Experiment 2c we did not see alterations in grasp and fixation patterns that 

coincided with colour-COM shifts. If anything, fixation and grasp locations were more 

influenced by object shape over time and weight, with a general trend for grasp locations 

and fixations to move closer to the object’s horizontal center, and thus the ‘expected’ 

COM location.  Unlike previous studies exploring the influence of learned information on 

grasp behaviour, the influence of colour-COM shifts was not enough to redirect where we 

grasp on an object. Similarly, variations in COM due to changes in object shape were not 

enough to influence grasp location selection in Experiment 2a. However, it was not as 

though participants were not successfully performing the tasks. They were reaching out 

and grasping the objects as directed, and holding them parallel to the table surface in 

Experiment 2c. Unlike the above mentioned studies however, where manipulations of 

size and weight would have a direct impact on the success of a reach when measuring 

MGA and grip force respectively, manipulations of COM and the resultant grasp 

locations may not necessarily have to be altered if the COM manipulations are not 

necessitating the need for grasp location changes in order to perform a successful grasp. 
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For example, when we reach out to grasp an object using our index finger and thumb, we 

exert a grip force by the opposing digits (forces that are equal and opposite) to hold the 

object level. If the COM of these objects is to one side of our grasp location, this offset 

position results in a turning force or torque to develop. If we are to successfully grasp this 

object our grip force has to increase to generate torsional friction to offset the rotation of 

the object around the grasp axis and keep the object level during the lift (Wing & 

Lederman, 1998). In Experiment and 2c (and perhaps Experiment 2a, although the 

objects used were not heavy enough to rotate the object if not grasped at its COM), it 

seems that increasing grip force, rather than altering grasp location, is a more effective 

strategy for our visuomotor system. Essentially, with the block weights that were used, 

participants could grasp the block anywhere and not have to readjust fingertip position 

from trial to trial, increases in grasp force was sufficient for a successful grasp (to hold it 

parallel to the table). 

In Experiment 2c, fixation locations did not vary across the different COM 

changes; however, they were found to be significantly different from grasp locations, 

which also did not vary across the different COM changes. In this instance, fixation 

locations were found to be significantly closer to the object’s horizontal center (and thus 

its “visual COM”) than grasp locations, which were more to the right.  What could cause 

this discrepancy in gaze and grasp behaviour? In all other studies in this document, 

fixation locations did not significantly vary from grasp locations. The only time we saw 

differences in fixation and grasp locations was for asymmetrical objects in Experiment 1c 

whose COM was oriented to the left. In this instance, fixation locations were significantly 

more to the right of grasp locations. The discrepancies seen in Experiment 2c between 
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first fixation locations and grasp locations cannot be due to the introduction of colour-

weight cues as significant differences between these locations were seen in the baseline 

measures, before the weight of the blocks were altered. In other studies in this document 

using a symmetrical rectangular object (see Experiments 1a, 1c, 2b), the blocks used were 

15.2 cm in length. In Experiment 2c, the blocks were 20 cm in length. We have seen 

throughout this document that grasp locations move progressively further from the 

object’s horizontal center with increases in block length. Thus, it could be that at 

distances of 20 cm, grasp locations are pushed even further to the right while gaze 

locations are still drawn to the object’s COM, consistent with other findings showing that 

the eye is drawn towards the object’s COM when simply viewing objects (He & Kowler, 

1991; Kowler & Blaser, 1995; McGowan et al., 1998; Melcher & Kowler, 1999; 

Vishwanath & Kowler, 2003, 2004; Vishwanath et al., 2000). However, the influence of 

varying object lengths on grasp position and fixation positions would have to be further 

explored to verify these results. 

Although grasp locations were more to the right of the object’s COM than those 

seen in other studies, we also saw a general trend for these locations to move towards the 

object’s “visual” COM over training. As discussed above, participants had to increase 

their grip force to successfully perform the task, to enable them to hold the blocks parallel 

to the table after grasping. This seems to have been a more effective strategy for our 

visuomotor system, perhaps it is less taxing on the system to increases force rather than 

move the whole arm to a different location. Or, another possibility is that participants 

were not learning the colour-COM shifts. Indeed, Haffenden and Goodale (2000, 2002) 

carried out a series of experiments showing that the incorporation of learned perceptual 
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associations are only integrated into visually guided movements under optimal 

conditions. They demonstrated that inter-trial variability of both intrinsic (shape) and 

extrinsic (location) object properties precludes the incorporation of learned information 

into anticipatory grip scaling for grasping but not for perceptual estimations. Thus, 

kinematic consistency in both shape and location were required for the successful 

integration of learned object properties into visually guided reaching and grasping 

movements. In this instance, haptic feedback of COM location coupled with visual inputs 

of the colour of the object did not overly influence our selection of grasp locations when 

interacting with these objects. Perhaps if the COM shifts where beyond what could be 

compensated for with increased grip force, or only one colour-COM shift was used with 

repetitive trials, grasp locations would match the colour-COM shifts. 

In Experiment 2b, the influence of symmetrical stimuli, which differed in their 

visual characteristics with gradients of stars or greyscales, was examined. Thus, on each 

of these blocks one side was weighted with “more stars” or a “darker side”. Past research 

has shown that when viewing these objects, participants place the subjective midpoint to 

the right of their true center (Elias et al., 2005; Rhode & Elias, 2007). During the 

bisection of other stimuli such as lines, gaps or rods, the subjective midpoint is typically 

to the left of the object’s center (Bowers & Heilman, 1980; Jewell & McCourt, 2000; 

McCourt et al., 2001; McCourt & Garlinghouse, 2000). It has been suggested that by 

placing the subjective midline to the right of the center for the greyscale and star task, it 

would allow for a greater portion of the object to be in the left half of space (thus 

containing “more” of the desired features), potentially explaining why a leftward bias is 

exhibited when participants are asked to judge which of two stimuli (same object placed 
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on top of each other with reverses gradient direction) has “more” stars or is “darker”. 

Although the objects were the same, participants tended to pick the object that contained 

the desired features on the left. In Experiment 2b, we saw that the orientation of the 

desired features were not influencing where we grasp or look on the objects. Regardless 

of orientation, the selections of our grasp and fixation locations were to the right of the 

object’s horizontal center for all the blocks. We have seen throughout the various studies 

in this document that we have a natural tendency to grasp symmetrical objects slightly to 

the right of the object’s horizontal center, and these locations are typically, although not 

significantly, positioned to the right of our fixation positions. Consistent with this, 

participants were grasping all the objects in this study to the right of the object’s 

horizontal center and fixation locations supported grasp locations. Even though grasp 

locations when grasping the greyscale and star stimuli were not significantly different 

from grasp locations when grasping the control block, they were significantly more to the 

right of the object’s horizontal center. As previously mentioned, research has shown that 

during the visual bisection of these stimuli our perception of the center of these objects is 

slightly shifted to the right (Elias, Robinson, & Saucier, 2005, Rhode & Elias, 2007). It is 

possible that this misperception is influencing grasp locations when picking up the 

greyscale and star stimuli in that direction, accentuating the rightward grasp deviation 

already observed with picking up ‘plain’ symmetrical objects. The implications of these 

findings will be fully discussed in the general discussion section. 

Conclusions  

The results from the current studies suggest that object COM changes from 

weight (at least up to 18g) and shape are not enough to influence grasp locations when 
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picking up objects. The ability to increase our grip force rather than overtly changing our 

grasp locations seems to be less taxing on the system (easier to increase pressure rather 

than move our whole arm). If the weights of the objects were to increase greatly, beyond 

what we could compensate for with increases in grip force, larger shifts in grasp locations 

based on changes in shape and when learning COM-colour associations would be 

expected to emerge. However, where we look on an object does seem to be influenced by 

an object’s shape, with fixation locations at least somewhat drawn close to an object’s 

“visual” COM. Although COM changes did not influence grasp location selection, it 

seems that perceptual influences did. Where we perceive the midpoint of a symmetrical 

object (and thus the COM) to be positioned influences where we grasp it. 
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CHAPTER 5: General Discussion  

 

We move about and interact with objects in our environment so effortlessly that 

the complexities of these interactions are rarely noticed. When picking up our favourite 

coffee mug or pen, it is a simple matter to look where we remember leaving it, reach out, 

and accurately pick it up. But is it really that simple? When we reach out to pick up 

familiar objects, the posture of our hand and fingers reflect the orientation, shape, size, 

and function of the object, as well as what we plan to do with it. Our ability to carry out 

these seemingly easy tasks typically depends on the integration of various senses such as 

visual and tactile feedback when locating and picking up objects and vestibular 

information for balance (for review see Kandel et al., 2000). Despite input from these 

various sensory modalities, when  directly interacting with objects, we primarily rely on 

our sense of vision to accurately carry out our movements, with eye movements typically 

preceding hand movements in both pointing (Abrams et al., 1990; Bekkering et al., 1994; 

van Donkelaar et al., 2004) and object manipulation tasks (Hayhoe & Ballard, 2005; 

Hayhoe et al., 2003; Johansson et al., 2001; Land & Hayhoe, 2001; Land et al., 1999).   

Traditionally, the role of vision for perception has been the primary focus of study 

and has been conceptualized as providing one with a single representation of the external 

world.  However, contrary to this view, it has been proposed that vision evolved not for 

perception alone but to enable the distal control of movements as well (perception action 

model; Goodale & Milner, 1992, 2004; Milner & Goodale, 2006). The perception action 

model supports the view that two distinct, but interconnected, cortical visual streams have 

evolved to process the information needed for visual perception and visually guided 

action. A ventral stream, which projects from V1 to the temporal lobe (Ungerleider & 



GAZE STRATEGIES IN PERCEPTION AND ACTION   139 

 

Mishkin, 1982), provides us with visual perception of objects and events in the world as 

well as codes this information for storage and for use in cognitive processes like 

imagining, planning, and recognition (Goodale, 1998; Milner, 1998; Milner & Goodale, 

1995). A dorsal stream, which projects from V1 to the posterior parietal lobe 

(Ungerleider & Mishkin, 1982), deals with moment-to-moment information about the 

location of objects and is primarily involved in the visual control of skilled movements 

directed at those objects (Goodale, 1998; Goodale & Milner, 1992; Milner & Goodale, 

1995).  Although the conception of multiple visual streams is not a new one (for example 

see Ungerleider & Mishkin, 1982), according to the Goodale and Milner perception 

action model, the distinction between the two streams is related to the different output 

systems they serve. Even though each stream processes information about object 

properties and object location, the dorsal stream performs the computations and 

transformations necessary for visually guided actions while the ventral stream enables the 

formation of perceptual and cognitive representations of objects and their relations. 

Goodale and Milner suggest that this information is carried out in both systems, albeit 

differently, to meet their differing output characteristics.  

Despite the importance of visual information in perception and action, less 

attention has been paid to eye movements directed to the objects themselves, especially in 

cases where perception and action require the same visual information to successfully 

carry out the task. Typically, fixation locations have been monitored during perceptual 

tasks where participants are instructed to just ‘look at an object’, and, while grasping, to 

grasp very simple shapes where finger position is often predetermined. However, in 

everyday life, we grasp objects that vary in shape, complexity, and function, and, there is 
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more to perception then just ‘looking’ at objects, we have to identify objects and make 

judgments about them. By studying where we look in our environment, and, more 

precisely, where we specifically look on an object, we can gain insight into what object 

properties are visually important for our perception of them when interacting with them 

vs. when we are doing a perceptual task alone. Accordingly, my primary goals in 

conducting this research were three fold: (1) To provide a deeper understanding of the 

function of gaze in perception and action when interacting with simple and complex 

objects (Experiments 1a, 1b, 1c); (2) To examine how gaze and grasp behaviours are 

influenced when you dissociate important features of an object such as the COM and the 

horizontal centre of the block (Experiments 2a, 2c); and (3) To explore whether 

perceptual biases will influence grasp and gaze behaviours (Experiment 2b).  

 Previous studies have highlighted the importance of task dependency on gaze 

control in perception and action tasks. As previously mentioned in the introduction of this 

document, gaze patterns and locations will vary depending on whether we are simply 

viewing an object or interacting with it in some way.  The perception action model 

suggests that visual information about object identity and location are processed by both 

the dorsal and ventral visual systems, the main difference between the systems being in 

the way this information is transformed for perception and action. However, recent 

research has shown that the distinctions between dorsal and ventral visual systems is not 

limited to the processing of this information, but also includes the detection of visual 

information as well. For example, differences in fixation locations between perception 

and action have been demonstrated when making size estimations and grasping the 

Muller-Lyer Illusion (consists of a set of same length lines which have arrow heads 
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pointing ‘in’ or ‘out’ from the end of the lines; lines containing outward pointing 

arrowheads are perceived to be longer than lines containing inward pointing arrowheads). 

Van Doorn et al. (2009) demonstrated that fixation locations during perception were 

drawn to allocentric visual information (the arrowheads) and fixations during grasping 

drawn to egocentric information and index finger landing position (the middle of the 

line). In this task the completion of both perception and action required the same 

information for completion (object length), yet differences in eye movements emerged. 

One other study that has investigated fixation patterns in perception and action to the 

same objects also demonstrated differences in fixation locations between perception and 

action. Brouwer et al. (2009) found that second fixations during perception were 

concentrated towards the object’s COM while second fixations during grasping were 

drawn towards index finger landing position. However, the functional requirements of the 

perception and action task were inherently different. In one instance participants were 

required to simply look at the object (perception task), and their results are consistent 

with previous findings showing that when we are instructed to view an object we look 

towards the object’s COM (He & Kowler, 1991; Kowler & Blaser, 1995; McGowan et 

al., 1998; Melcher & Kowler, 1999; Vishwanath & Kowler, 2003, 2004; Vishwanath et 

al., 2000). In contrast, the action task required participants to reach out and grasp an 

object. Given that task demands will elicit differing gaze positions, it is not surprising 

that they found differences in fixation locations between perception and action.  

As demonstrated, relatively few studies have explored differences in gaze 

locations during perception and action tasks to the same objects and, to my knowledge, 

no studies have investigated differences in these locations, outside the use of illusory 
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stimuli (Muller-Lyer illusion; van Doorn et al., 2009), where the requirements of the 

tasks are the same. In Experiments 1a and 1b participants were required to either reach 

out and pick up simple symmetrical objects (action task) or judge the width of both real 

and computer-generated objects (perception task). In both instances, for the success of the 

grasp or the accuracy of the estimation, object width had to be attended to. Unlike the 

findings from van Doorn et al. (2009), where fixations during grasping and estimating 

were compared in illusory stimuli, differences in fixation patterns and locations during 

perception and action to real objects were not observed in the current study. In both 

instances, participants were making an initial fixation towards the object’s COM 

followed by a subsequent fixation towards the object’s top edge. One difference that did 

emerge, as reviewed in the discussion of Experiment 1a, fixations were held for a 

significantly longer period of time during perceptual estimates of size – indicative of 

longer processing time for task completion. Although the same object properties (object 

height) were important for the completion of the perceptual estimations of computer-

generated objects in Experiment 1b, differences in fixation patterns and locations were 

observed when compared to fixation locations during perceptual estimations to real 

objects.  

 It is our suggestion that the differences in fixation locations during perception and 

action to real and computer generated objects emerged based on the potential to interact 

with the objects. Whereas the potential to grasp a computer generated object is void, 

viewing real objects may necessitate perceptions that are automatically linked to an 

action representation, even though we are not immediately interacting with that object 

(Tucker & Ellis, 1998, 2001). When viewing computer generated objects for the same 
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task, and other perceptual tasks (such as the same/different task in Experiment 1c), 

different patterns begin to emerge that appear to vary depending on both task and 

position. Whether differing patterns would also begin to emerge with variations on object 

position to real objects during grasping and estimations is unknown.  

Despite the similarities observed in fixation locations (and thus similar visual 

information) elicited to real objects during a perception and action task, there is a large 

body of evidence suggesting that the visual information used by the perception and action 

systems (and thus the dorsal and ventral streams) are distinctly different. Some of the 

most compelling evidence for Goodale and Milner’s (1992) perception-action hypothesis 

was derived from investigations of neuropsychological patients who exhibit patterns of 

abilities and deficits resulting from damage to one or the other of the two pathways. 

However, it is also possible to observe dissociations between the dorsal and ventral 

cortical visual streams in neurologically intact participants through behavioural tests and 

perceptual illusions. Indeed, the different spatial processing capabilities in the dorsal 

(egocentric) and ventral (allocentric) streams have been taken advantage of to show 

dissociations between perception and action. Such dissociations can be seen, presumably, 

because perceptual reports are more prone to illusions than are sensorimotor responses 

(consistent with the differences observed in fixation patterns with the Muller-Lyer 

illusion by van Doorn et al., (2009) that were mentioned previously). In other words, the 

control of visually guided actions requires different visual processing than the 

mechanisms supporting visual recognition.  

Examples of dissociations between perception and action have also been observed 

during behavioural paradigms that require different motor responses such as saccades and 
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pointing. For example, Wong and Mack (1981) presented subjects with a small visual 

target that was surrounded by a frame that could be displaced either to the left or right. In 

this illusion, the target, rather than the frame appeared to drift in the opposite direction to 

that of the frame. Despite the perception of the target moving, Wong and Mack (1981) 

found that subjects directed their eye movements to the true location of the target, rather 

than the perceived location. Additionally, Bridgeman et al. (1997), using the same 

paradigm, asked participants to perceptually compare the location of the target with 

respect to an array of several possible locations that were learned earlier. They found that 

participants reported the target to be in a location that was shifted in a direction opposite 

that of the frame – a phenomenon known as the induced roelofs effect. However, subjects 

could still correctly point to the location of the target, despite perceiving that it had 

moved.  

One well studied illusion, the Ebbinghaus/Titchner circle illusion has been 

involved in a variety of studies that have ultimately demonstrated that perception can be 

“fooled” by these visual illusions, while visually guided actions directed at these objects 

remains accurate. The Ebbinghaus/Titchner illusion creates an illusory difference in size 

between two identical circles by making use of their relative surroundings. For example, 

in this paradigm, a circle surrounded by large circles will appear smaller than an identical 

circle surrounded by small circles. Previous research has demonstrated that when 

participants estimate the size of the center circle in these arrangements, they perceive the 

circle that is surrounded by the large circles as smaller when compared to an identical 

circle surrounded by small circles. However, when instructed to reach out and pick up the 

center circles, actual grip aperture (distance between index finger and thumb) is 
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correlated to the true size of the circle rather than the perceived size (Aglioti et al., 1995; 

Grave et al., 2005; Haffenden & Goodale, 1998). These studies demonstrate a clear 

dissociation between the visual mechanisms underlying perception and action. Visually 

guided action corresponded to the actual, not the perceived, size of the target disks, while 

manual estimations of the size of the disks corresponded to the perceived not the actual 

size.  

Although the above mentioned studies are frequently used to provide evidence for 

separate visual processing streams, such results, specifically those investigating the 

effects of illusions on MGA and perceived object size, are not without controversy and 

have led to much debate both for (for example see Amazeen & DaSilva, 2005; Dewar & 

Carey, 2006; Haffenden, Schiff, & Goodale, 2001; Otto-de Haart et al., 1999; van Doorn 

et al., 2007) and against (for example see Bruno, Bernardis, & Gentilucci, 2008; Bruno & 

Franz, 2009; Franz, 2001; Franz & Gegenfurtner, 2008; Franz, Gegenfurtner, Bulthoff, & 

Fahle, 2000; Pavani, Boscagli, Benvenuti, Rabuffetti, & Farne, 1999; Smeets & Brenner, 

2006; Vishton & Fabre, 2003) the validity of illusory effects (or non effects) on action 

output. Although it is beyond the scope of this dissertation to examine the merits of these 

arguments, based on the literature one can undoubtedly show that the effects of visual 

illusions on actions do not map onto a simple dorsal-ventral dichotomy of visual control. 

That is, perceptual influences have been shown to affect other kinematic measures for 

action output such as movement velocity, grip force, grasp position, grasp selection, and 

pointing accuracy. For example, illusory changes in target velocity have shown to 

influence the velocity of the hand when hitting the moving target (Smeets & Brenner, 

1995). Researchers have also shown effects on the maximum lift force (Brenner & 
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Smeets, 1996) and maximum grip force (Jackson & Shaw, 2000) used when interacting 

with the Ponzo illusion (a geometric illusion wherein two identical lines appear to be 

different sizes when placed over parallel lines that converge in the distance). These 

authors conclude that the perceived mass of the targets was influenced by the illusory 

context prior to object contact (participants gripped and lifted objects they perceived as 

larger with more force). Ellis, Flanagan, and Lederman (1999), using the Muller-Lyer 

illusion and the Ponzo illusion, in their perception and action task asked participants to 

make a perceptual judgment of the object’s center and grasp the objects at its center. 

Their findings show that the illusions affected both visually perceived estimates of object 

center and grasp position, with the positional deviations of grasp position positively 

correlated in the direction of the perceived object center.  In addition,  Dyde and  Milner 

(2002) showed that the orientation of the grasping hand is influenced by a simultaneous 

tilt illusion (an illusion wherein the lines a stimuli appears tilted based on the tilt of the 

surrounding lines) and van Doorn et al. (2007) showed that the selection of a one- or two- 

handed grasp was affected by the Muller-Lyer illusion, suggesting that the selection of an 

appropriate action incorporates allocentric information. Finally, using variations of the 

induced Roelofs effect, Neely, Binsted and Heath (2008) demonstrated illusory effects on 

pointing distance and direction, consistent with the perceptual effects of the illusion 

(perception of target location was in the direction opposite to the frame shift). As is 

evident from the literature, one begins to realize that vision for perception and vision for 

action are not always independent of each other. Indeed, many interconnections between 

the dorsal and ventral visual streams have been described (for example see Pisella, 
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Binkofski, Lasek, Toni & Rossetti, 2006) and the interactions between the two processing 

streams are starting to be elucidated.  

In Experiment 2b of the present investigations, perceptual influences on motor 

behaviour were also explored and found to have an effect on grasp locations. In this 

study, stimuli known to elicit specific biases on perceptual judgments were used to 

explore any residual effects on eye movements and grasp positions when interacting with 

these objects. In this task participants were instructed to simply reach out and grasp 

objects that have previously been shown to elicit a leftward response bias on judgments 

of brightness and numerosity (Nicholls et al., 1999). Research suggests that this 

asymmetry in response bias is brought about by the dominance of the right hemisphere in 

mediating spatially directed attention (for example see Foxe, McCourt, & Javitt, 2003; 

Kinsbourne, 1970; Mattingley et al., 1994). For instance, activation of the right 

hemisphere during judgments of brightness and numerosity may generate a bias of 

attention to the left hemispace, thus increasing the saliency of stimuli located there. 

Despite attention being allocated to the left half of space, other research has shown that 

where we perceive the midline of these objects to be positioned is actually to the right of 

the true center (opposite of that found in the line bisection literature; Elias et al., 2005; 

Rhode and Elias, 2007). In line with these results, the current study also found that 

participants were looking to the right of the object’s true center, and that grasp locations 

were significantly more to the right of the object’s horizontal center when grasping these 

stimuli (greyscale and star), but not a white control block (which did not significantly 

deviate in position from the object’s center). These findings are in line with findings from 

Experiment 1a and 1c when grasping the longest rectangular block, where grasp locations 
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did not significantly vary from the object’s horizontal center.  One possibility for the 

rightward grasping biases observed when picking up the greyscale and star stimuli could 

be that the stimuli are eliciting different types of processing methods, such as global and 

local processing. Global processing involves the awareness of the whole structure and 

form of shapes (e.g. the block), whereas local processing is attention to the individual 

parts comprising the whole (e.g. looking at the stars within the block). Various studies of 

both neurologically damaged and intact individuals suggest that the right hemisphere is 

biased towards global information whereas the left hemisphere is more specialized for 

processing local information (for review see Yovel, Levy, & Yovel, 2001). According to 

the activation hypothesis, activation of the left hemisphere for local processing may drive 

attention rightwards, perhaps driving the rightward visual bisection biases observed in 

other studies (Elias et al., 2005; Rhode and Elias, 2007) and the current grasp positions in 

this experiment.  

At first the different hemispheric specializations, specifically a right hemisphere 

spatial bias and a left hemisphere local feature processing bias, appears to contradictory; 

the local elements are biasing attention towards the right side of a stimulus and activation 

of the right hemisphere during judgments of brightness and numerosity are generating a 

bias of attention to the left hemispace. However, as suggested by Elias et al. (2005) and 

Rhode and Elias (2007) the rightward bisection errors and leftward perceptual biases 

might not be an opposing event, instead, they could both be the result of the same 

misperception. These authors suggest that the consequence of the rightward errors 

observed in the visual bisection of these stimuli would allow for a greater portion of the 

object to be in the ‘left” half of the stimulus. That is, the subjectively ‘‘left’’ half of the 
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two stimuli will contain more of the salient features (darker, more numerous).  In 

situations where we are grasping and looking at symmetrical stimuli with no local 

features (such as the Efron shapes used in Experiment 1a and 1c) no bias would 

presumably occur in grasping because global processing is utilized and, thus, the right 

hemisphere is activated, which focuses attention on both the left and right hemispaces 

(Fink et al. 1996; Lamb et al., 1990).  

Other object properties have also been shown to influence movement kinematics. 

As reviewed in the Introduction, variations in object size, position, or location of an 

object’s COM will influence changes in MGA, reach velocity, and grasp location. Even 

how we intend to use the object will dictate finger positions and hand postures when 

reaching out towards it. Several experiments outlined in this document were aimed to 

explore how object properties affected movement kinematics and fixation behaviour. In 

Experiment 1c, when grasping symmetrical and asymmetrical objects, differences in 

measures of MGA, time to MGA, peak velocity, time to peak velocity, and total reach 

times were not observed between block groups. Despite increases in object complexity, 

reaching behaviour towards the symmetrical and asymmetrical block groups was largely 

uniform. In addition, participants did not elicit longer fixation durations or more fixations 

on the objects when grasping the asymmetrical blocks. Based on previous literature it was 

expected that variations in object height (Berthier et al.,1996; Servos et al., 1998) and 

differences in contact surface size (Bootsma et al., 1994; Zaal & Bootsma, 1993) should 

result in different velocity profiles, time to MGA, and movement times. As mentioned in 

the discussion of this Experiment, it is possible that the block types used did not differ 

enough in complexity to affect the various transport and grasp kinematic variables 

http://www.springerlink.com.proxy1.lib.umanitoba.ca/content/d9n3440da7qgae2d/fulltext.html#CR13
http://www.springerlink.com.proxy1.lib.umanitoba.ca/content/d9n3440da7qgae2d/fulltext.html#CR40


GAZE STRATEGIES IN PERCEPTION AND ACTION   150 

 

measured. Indeed, each asymmetrical and symmetrical shape was matched in maximum 

vertical and horizontal lengths. However, another possibility for the relative uniformity 

seen in the reaching and grasping variables across blocks is the possibility of block 

position affecting reach kinematics. In this study the blocks were suspended vertically, at 

eye level to the participant, at a distance of 55 cm from the edge of the table. Thus, not 

only did participants have to reach out, they also had to transport their hand and arm 

considerably above the tabletop to grasp the objects. The added variable of object 

position could have been more of an influence on velocity profiles, movement times and 

timing of MGA than object shape/complexity. However, to my knowledge these effects 

have not been previously tested.  

One expected difference that did emerge was the influence of COM orientation on 

grasp locations. When the object’s COM was oriented to the left, grasp locations were 

significantly more to the left when compared to grasp locations for asymmetrical objects 

with rightward oriented COMs and grasp locations to symmetrical objects. No significant 

differences were observed between asymmetrical objects with rightward oriented COMs 

and symmetrical objects whose COM was located at the horizontal midline. These results 

are likely due to the slight rightward grasp biases when picking up symmetrical objects 

(results consistent across the studies outlined in this document).  

Despite the relative uniformity of the kinematic data between the symmetrical and 

asymmetrical objects, inspection of where participants were looking while carrying out 

these movements resulted in several interesting differences in fixation locations on more 

complex objects.  First, fixation locations for asymmetrical objects with leftward oriented 

COMs did not support grasp axis locations.  Fixations while grasping these objects were 
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significantly more to the right than grasp locations. This discrepancy in position occurred 

despite fixation locations resulting in a similar pattern as the grasp locations described 

above. That is, fixations to asymmetrical objects with leftward COMs were significantly 

more to the left than fixations to asymmetrical objects with rightward COMs. However, 

fixations to symmetrical objects were positioned between the two and not found to be 

significantly different from either. Although we see the influence of COM orientation on 

fixation locations, perhaps maintaining a more central fixation on the object generates the 

‘best’ overall visual representation of that object. In line with this, a second interesting 

finding was observed in the vertical positions of fixations between block groups. When 

picking up asymmetrical objects, overall fixation locations were significantly closer to 

the object’s vertical COM when compared to picking up the symmetrical objects which 

were closer to index finger landing position. As suggested in the discussion of this 

Experiment, one possible explanation for this is, due the complexity of the asymmetrical 

objects where both index and thumb locations would have to be closely monitored for 

accurate digit placement, participants were keeping a more central fixation location to 

keep both areas close to foveal view. 

It is apparent from the literature and Experiments 1a, 1b and 1c that the COM of 

an object is an important mediator in grasp and fixation locations when interacting with 

these objects. Obvious changes in grasp and fixation locations coincide with changes in 

COM orientation. The influence of COM changes were further investigated in 

Experiments 2a and 2c. In these studies the extent of the influence of COM position on 

grasp and fixation locations were explored through manipulations of COM distance from 

the horizontal center of the blocks through both shape (Experiment 2a) and weight 
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(Experiment 2c). Both manipulations did not have the expected influence on grasp 

locations. Consistent with previous studies in this document, changes in COM orientation 

affected both grasp and gaze positions in Experiment 2a, however, increased distances 

from that point did not exert an influence on grasp locations. Regardless of whether the 

COM was 0.5 cm, 1 cm or 1.5 cm away from the horizontal center of the block, grasp 

locations were largely the same. Our gaze, however, was found to be more sensitive to 

these changes with fixation locations drawn more towards the object’s COM, when 

compared to their position at the smallest COM distance, in both orientations. 

Similarly, in Experiment 2c, colour-COM changes were not influencing grasp 

positions in the expected direction (i.e. towards the COM change). Based on previous 

literature it was expected that participants would learn the COM shift based on haptic 

feedback from the object and visual information of colour, and appropriately adjust their 

grasp position.  Such novel associations between colour and texture (Fikes et al., 1994), 

weight (Dubrowski et al., 2004), or size (Desanghere & Marotta, 2008B; Haffenden & 

Goodale, 2000) have previously been demonstrated to affect measures of grip force and 

MGA. However, associations between COM changes and colour were either not learned 

or not important for the success of the reach-to-grasp movement. As previously 

discussed, changes in grip force, rather than changes in grasp position, is an efficient 

strategy when picking up objects that have changes in both weight and shape. Participants 

could have either adapted a general increase in grip force, regardless of the colour of the 

block (even for the white control block) or they could have learned the associations and 

only increased grip force for the blue and red altered objects. However, because grip 

force was not measured we are unable to determine whether learning in this situation 
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occurred. If the COM alterations were beyond what could be compensated for with 

increases in grip force, larger changes in grasp locations over time would be expected to 

occur.  

 

Conclusions  

Based on the six experimental studies outlined in this document, four general 

conclusions can be made regarding the use of vision in perception and action:  

1) Given the same task constraints in a perception vs. action paradigm, it is not 

the task itself that is resulting in different fixation locations, but whether the 

objects acted upon are real 3-Dimensional objects or computer generated 

objects. In this instance, perception and action systems utilize the same visual 

information to real objects. When viewing computer generated objects for the 

same perceptual task, or other perceptual tasks (such as a same/different task), 

different fixation patterns and locations begin to emerge that appear to depend 

on both task and position. 

2) When grasping complex objects, fixation characteristics are largely uniform to 

those elicited when grasping symmetrical shapes, in the number, duration, and 

positions across the X-axis (i.e. towards index finger position). However, 

when grasping more complex shapes, areas closer to the object’s vertical 

COM are fixated, allowing one to monitor both index and thumb placement 

when grasping objects with varying contours. 
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3) When an object’s COM is dissociated from the horizontal center of the block, 

fixation locations are more sensitive to COM locations (i.e., drawn to the 

visual COM) than are grasp locations. 

4) Perceptual biases elicit subtle effects on grasp location. 

 

The assumption that the domains of the dorsal and ventral streams are largely 

functionally independent from each other has brought about much debate in the literature 

(for recent reviews see Gangopadhyay, Madary, & Spicer, 2010; Schenk & McIntosh, 

2010).  Indeed, the distinction of vision for perception and vision for action are somewhat 

blurred in how each stream processes and is affected by incoming visual information. The 

original research supporting the perception action model focused on the separate nature 

of the two visual streams – combating existing beliefs in the literature about basing both 

perception and action on one visual representation.  However, new focus in this area is 

aimed to elucidate exactly how these systems interact and work together. The results 

from the current series of studies have shown the influence of action (i.e., the potential to 

act) on perception in terms of where we look on an object, and vice versa, the influence 

of perceptual biases on action output (i.e. grasp locations). In addition, we saw that grasp 

locations are not as sensitive to COM location as previously suggested (for example see 

Kleinholdermann et al., 2007) whereas fixation locations tend to be drawn closer towards 

the ‘visual’ COM of objects, as shown in other perceptual studies (for example see He & 

Kowler, 1991; Kowler & Blaser, 1995; McGowan et al., 1998; Melcher & Kowler, 1999; 

Vishwanath & Kowler, 2003, 2004; Vishwanath et al., 2000), even when a motor 

response is required. 
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In conclusion, the studies outlined in this document have resulted in findings that 

begin to elucidate important interactions between perception and action. Where we direct 

our gaze when interacting with objects provides a good indication of the specific object 

properties that are mediating our behaviour towards them, whether the response is 

perceptual or motor in nature. Thus, the ability to analyse specific sensorimotor 

behaviour, such as vision, allows us to investigate how perception and action are linked 

by monitoring the incoming sensory information used by each system. 
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