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Abstract

In Canada, as baby boomers age, there will be an increase in the percentage of seniors
within the general population (Statistics Canada, 2006). Seniors often have difficulty in
performing certain everyday tasks and have greater risk of having health issues. As such, it
becomes increasingly important to understand factors that pose difficulty for this group of
people. As people get older, many visual functions such as visual acuity, contrast sensitivity,
and glare are known to deteriorate (Haegerstrom-Portnoy, 2005). However, when
considering activities that aid mobility such as driving and walking, vision related variables
are not the only ones that create difficulty for older individuals. A sensory variable such as
attention, in conjunction with vision, has been shown in previous studies to be a good
predictor of difficulties encountered by the elderly (McGwin, Owsley, & Ball, 1998; Owsley,
McGwin, Sloane, Stalvey, & Wells, 2001). Moreover, inattention and distraction seem to be
common causes of automobile accidents as well as falls. The work load imposed on the
working memory can impact distractibility and inattention.

In mobility related activities such as driving and walking, individuals perceive objects
that are increasing in size. Experiments were designed to investigate the factors that affect
the perception of targets that are enlarging in size. Size matching of expanding targets to a
previously presented static target, was investigated in a group of younger participants with
normal vision using central or peripheral vision. The results show that size estimates differ
depending on whether the target appears in the central visual field or in the periphery. The
participants respond faster to targets that appear in the periphery compared to those in the

centre/midline.
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In the subsequent set of experiments we compared the performance of younger and
older participants using a dual task paradigm where individuals had to perform two tasks
concurrently, one of which was to match the size of an enlarging target. Attention was
modulated in the dual tasks by varying the difficulty of the secondary task. It has been found
that older individuals have difficulty processing multiple visual tasks or performing multiple
tasks in general (Pashler, 1994a, 1994b, 1998; Verhaeghen et al., 2003). Compared to
younger individuals, older individuals were found to have greater performance difficulty in
the highly demanding dual tasks. These results are compared to those observed in studies of
psychological refractory period effects. The differences between the young and older
individuals are discussed with respect to limited capacity and bottle neck models of attention.
Furthermore, eye movement measures in the dual tasks seem to provide evidence of
difficulty in task switching for the older observers.

The thesis also investigated the functional field of view of younger and older
individuals. By assessing the functional field of view (FFOV) using a method employed
earlier by Coeckelbergh et al., (2004a), significant overall age related differences were found.
Multiple characteristics of what might affect the FFOV as measured by the attended field of
view (AFOV) were also investigated (e.g., impact of a pop out distracter and divided
attention). It was found that differences between the two age groups occurred in all
conditions. The presence of irrelevant distracters had a greater impact on the older
individuals compared to the younger group, whereas divided attention or the presence of the
pop out distracter did not affect either age group. Attention processing seemed to be similar
for both the younger and older individuals and, therefore, the differences between the age

groups appear to be at a quantitative level rather than a qualitative level.
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1. Introduction

The population of Canada as per the 2006 census was approximately 34 million and
13.7% were individuals over the age of 65. The percentage of individuals over 65 has risen
from 7.7% in 1956 to 13.7% in 2006 (Statistics Canada, 2006). This percentage is expected
to double in the next 25 years. The baby boom generation is comprised of individuals born
between 1946 and 1965 and represents a large proportion of the total population. By 2011,
individuals born in 1946 will become 65. This change will result in a demographic
represented by an increased senior population that will impact the country in a variety of
ways, such as, the labor force, public pension and health care. One way to minimize the
social and economic impact is to ensure that older adults age in a healthy way, reducing
health care costs due to debility and disease (Healthy Aging in Canada: A New Vision, A

Vital Investment, 2006).

At risk situations for older individuals arise when they are moving around in their
surroundings to perform everyday tasks. Mobility within their own environment (e.g., their
house), as well as the environment through which they navigate either as a pedestrian or as a
driver, poses a certain amount of risk to themselves and to others. Falls are common in the
elderly and often result in serious injuries that require hospitalization and occasionally result
in death. (Healthy Aging in Canada: A New Vision, A Vital Investment, 2006; Report on

seniors’ falls in Canada, Public health agency of Canada. 2005.)

In order to maintain independence, many older persons continue to drive as part of
their daily routine. Restrictions on driving, limit independence and have been found to

impact general mental well being (Anstey, Wood, Lord, & Walker, 2005). However, driving



has to be safe. It is not only the life of the individual at stake but also that of the other people
who are driving or walking in the same environment. The Canadian traffic collision statistics
of 2006 (Canadian Motor Vehicle Traffic Collision Statistics, 2006) show that the number of
injuries that occurred due to collision on the road was 199,347. Of these injuries, 2,889 were
fatal injuries. The highest fatality rate was for the age group over 65 with 462 deaths. Of the
total fatalities, 13.3 % occurred when individuals over 65 were driving. The number of
licensed drivers over 65 was 2,950,695 in 2006 and this number is expected to increase as the
individuals from the baby boom generation turn 65. As there are a significant number of
fatalities due to automobile crashes in the older population and also a significant number of
crashes that occur due to an older individual driving, age 65 and older can be considered a

factor that elevates crash risk.

Not all older drivers are poor drivers. Therefore, it becomes important to determine
those that are a greater risk. Similarly, it is important to identify factors that result in
difficulty for the older individual while moving within their environment. Assuming that
some of the factors that pose difficulty for the older individual can be reduced or eliminated
with training, it becomes vital to understand how these factors elevate risk in situations such

as driving or walking.

1.1. Visual requirements for driver licensing

In most mobility tasks, vision is considered to be one of the major factors that aids an
individual when moving around. How important is vision per se? It is obvious that it is
impossible to drive with the eyes closed. Similarly, walking without any vision is very
difficult, particularly without using special aids. Therefore, vision definitely plays a major

part in such activities. Giving credibility to the role of vision in activities such as driving,



licensing of drivers includes a number of vision tests. One is a visual acuity test which
requires participants to recognize letters, decreasing in size, on a standard visual acuity chart.
Most provinces in Canada require the participant to have a visual acuity of 6/12. In Ontario,
the cut off is slightly lower at 6/15. Another visual factor assessed as a standard test is the
“visual field” which refers to how much area an individual can see in the periphery without
moving their eyes. Most provinces require an individual to have a visual field of 120 degrees
along the horizontal. In Ontario, in addition to this requirement, the vertical extent must be at
least 15 degrees above and below fixation. Tablel-1 shows the various licensing
requirements of the provinces in Canada and is taken from a report on Low Vision and
Driving which was submitted as part of an evidence based review of vision rehabilitation.

(Strong, Jutai, Hooper, Evans, & Minda, 2005).

Table 1-1: Visual acuity and visual field requirements for provinces in Canada.

Province Visual Acuity (both Visual Field
eyes)
Alberta 6/12 (20/40) 120° horizontal
British Columbia 6/12 (20/40) 120° horizontal
Manitoba 6/12 (20/40) 120° horizontal
New Brunswick 6/12 (20/40) 120° horizontal
Newfoundland 6/12 (20/40) 120° horizontal
Nova Scotia 6/12 (20/40) 120° horizontal
120° along horizontal
Ontario 6/15 (20/50) 15° continuous above and below
fixation
Prince Edward Island 6/12 (20/40) 120° horizontal
100° horizontal
Quebec 6/15 (20/50) 10° vertical
Saskatchewan 6/12 (20/40) 120° horizontal
Northwest territories, Yukon and No information No information
Nunavut

Licensing authorities in Canada use input based on the Canadian Medical Association

Document: Physician’s Guide to Driver Examination, the Canadian Council of Motor



Transportation National Safety Code, the Canadian Ophthalmological Society, and the
Canadian Association of Optometrists in order to set the visual standards required for
driving. Vision standards for driving in British Columbia, Ontario, and Quebec also use the
recommendations of provincial ophthalmologic and optometric associations (Strong et al.,

2005).

With the older driver in mind, many jurisdictions require a medical review at age 70
(Yukon), 75 (Alberta, Nova Scotia, Quebec) or 80 years (Ontario, Quebec). In Ontario
mandatory annual retesting is required for individuals over 80 years of age. The driver
retesting involves vision testing, written tests and participation in a driver education session.
It should be noted that these are not evidence-based standards but primarily based on

recommendations and expert opinion.

1.2. Vision and Aging
Physiological and Structural changes
Many physiological changes occur in the eye with age, affecting the relationship
between structure and function. The change in function results in changes in the skills and
abilities of an individual. In this section the structural changes that occur on the basis of the

normal aging process are discussed.

Corneal changes: With the normal aging process, the shape of the cornea changes,
resulting in a change from with-the-rule astigmatism (steeper vertical meridian than
horizontal) to against-the-rule astigmatism (steeper horizontal meridian than vertical)
(Morgan, 1993). Curvature of the cornea was studied in Asian eyes and both the horizontal
and vertical meridian of the cornea were found to be steeper with increasing age (Hayashi,

Hayashi, & Hayashi, 1995). There is greater steepening of the horizontal meridian compared



to the vertical meridian resulting in against-the-rule astigmatism (Hayashi et al., 1995).
Haegerstorm-Portnoy and colleagues (2002) also report that the increasing prevalence of

against-the-rule astigmatism is most likely due to the change in corneal curvature.

Anterior Chamber changes: The depth of the anterior chamber is shallower in the
elderly (Fontana & Brubaker, 1980). A recent study (He, Huang, Zheng, Alsbirk, & Foster,
2008), which included 1248 eyes, found that the depth of the anterior chamber decreases by
0.009 mm per year and that the thickness and position of the lens plays a role in determining

the anterior chamber depth.

Changes in the Iris and Pupil: Senile miosis refers to the decrease in the size of the
pupil with age. Reduced pupil size is one of the most common findings in the elderly (> 65
years). There is a linear decrease in the size of the pupil with age, decreasing at a rate of
0.043 mm per year at the lowest luminance (2.25 lumens/m™) and 0.015 mm per year at the
highest luminance (1050 lumens/m™) (Winn, Whitaker, Elliott, & Phillips, 1994). The
reduction in pupil size is attributed to factors such as the weakening of the iris dilator muscle
on account of atrophy, reduction in parasympathetic inhibition, decrease in sympathetic tone,
chronic fatigue and iridal rigidity (Winn et al., 1994). Sloane and colleagues (1988) report
that in conditions of reduced illumination such as 0.1 cd/m2, the young adult’s pupil is
typically around 6 mm in diameter, whereas the older adult’s pupil is typically around 2-4

mm.

Changes in the Crystalline Lens: The lens becomes thicker with increasing age as
the lens fibers are compacted. Lens fibers are not lost but more and more fibers get deposited
on top of each other. Moreover, the lens fibers become less transparent and the lens structure

itself becomes less pliable. The diameter and curvature of the lens also change with



increasing age (Jorge L. Alio, Anania, & Sagnelli, 2008). There is a high prevalence of lens
opacities and age-related cataract in the aging population. In the Beaver Dam Eye study,
which included a population of adults from United States of America ranging in age from 43
and 84 years (n =4926), the prevalence of nuclear sclerosis, cortical opacities and posterior
subcapsular opacities was 17.3%, 16.3% and 6.0% respectively (Klein, Klein, & Linton,
1992). A similar prevalence of age related cataracts was also reported in the Blue Mountains
eye study that included a population from Australia ranging in age from 49 to 96 (Mitchell,
Cumming, Attebo, & Panchapakesan, 1997). In a Canadian clinic population (6397 clinic
files including all ages 0 to 93 years), it was observed that 99% of the cataracts were related
to age (Machan, Hrynchak, & Irving, 2009). The prevalence of cataract in their clinic
population increased steadily after 40 years of age with a prevalence of 100% observed after
73 years of age. The distribution of the age related cataract was as follows — 49.5% nuclear

sclerosis, 33.2% mixed, 2.4% cortical and 0.8% posterior subcapsular cataracts.

Retinal Changes: The normal cone mosaic of the retina is not seen to undergo much
change with age even until 90 years (Spear, 1993). On the other hand with increasing age,
about 30% of rod photoreceptors are lost within the central 28 degrees. The remaining rods
enlarge in size and fill the gaps left by the dying rods (Spear, 1993). There have also been
reports of loss of retinal ganglion cells with age, exceeding 0.3% (counting the cell body and

axons) loss/year (Harwerth & Wheat, 2008)

Lateral Geniculate Nucleus (LGN) & Cortex:. Visual information from the retina to

the cortex is mainly relayed by the LGN. Spear (1993) reports that there is not much loss of
neuronal cells at the level of LGN, at least in monkeys, with increasing age. The slight

decrease in LGN density that was observed with age was counteracted by an increase in



volume pertaining to the increase in neuron cell body size, glial cells and blood vessels. The
decrease in LGN density was due to an insignificant loss of few neuronal cells. Similarly,

minimal loss of cells in the striate cortex was observed (Spear, 1993).

Changes in visual function:

Visual Acuity: Reduction in visual acuity (VA) in normal healthy eyes is observed
with increasing age. Elliot and colleagues (1995) report from their analysis of 223 subjects
ranging from 18 to 80 years that the change in VA could be represented by a “bilinear
function”. The function shows an improvement in VA from 18 to 29 years with a change
from -0.13 mean LogMAR (Snellen equivalent = 6/4.5) to —0.16 mean LogMAR (Snellen
equivalent = 6/4"). After 29 years, VA becomes worse with age to -0.01 mean LogMAR
(Snellen equivalent = 6/6™") for subjects over 75 years of age. They also present data from
other reports that show similar and much higher rates of VA reduction (2 to 3 log units) with
increasing age (see Figure 1-1). Haegerstrom-Portnoy et al., (1999) report that high contrast
VA is not seen to be affected by age until about 70 years of age. Then VA is seen to drop
after 70 years, reducing at a rate of 5.5 letters per decade (Haegerstrom-Portnoy, 2005;
Haegerstrom-Portnoy, Schneck, & Brabyn, 1999). Low Contrast VA is seen to drop at a
much higher rate with age at a rate of 8 letters per decade. High and low contrast VA

correspond to points on the Contrast sensitivity function (CSF), described below.
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Figure 1-1: Visual acuity reduction with age, from Elliot et al., (1995) showing comparison of data from
other studies. Figure used with permission from Wolters Kluwer Health.

Dynamic Visual Acuity: Dynamic VA (DVA) refers to the acuity obtained when a
target is moving at a particular velocity. Dynamic VA is reduced in older individuals (Burg,
1966; Morgan, 1993). Long and Crambert (1990) studied DVA at different velocities (30, 60,
90 and 120 degree/sec) as a function of age. They found that there were only slight or no
differences between age groups in resolving capacity for the slower velocities. The
differences between the groups increased at the higher target velocities with better dynamic
VA for the younger participants (differences up to 15 minutes of arc — obtained visually from

graph) (Long & Crambert, 1990). Reading (1972) reports a difference of 10 minutes of arc



resolution capacity between younger and older participants for higher angular velocities (180

degree/ sec).

Visual fields: The area in the environment perceived by the stable eye is called the
visual field (Smythies, 1996). According to many studies the sensitivity of the visual field is
reduced as a function of aging (Drance, Berry, & Hughes, 1967; Haas, Flammer, &
Schneider, 1986; Jaffe, Alvarado, & Juster, 1986; Katz & Sommer, 1986; Spry, 2001). A
generalized depression of the entire visual field has been reported by these studies. In a cross
sectional data analysis of 562 normal eyes, a negative non-linear relationship was found
between age and mean visual field sensitivity (Spry, 2001). The reduction in sensitivity was
also greater with increasing eccentricity (distance from the centre) and this effect was found

to greater for the elderly (Jaffe, Alvarado, & Juster, 1986).

Contrast sensitivity: The effect of age on contrast sensitivity (CS) is seen particularly
for the middle and higher spatial frequencies (2-3 cycles/degree and above) and shows a
decrease in sensitivity with increasing age (Owsley, Sekuler & Siemsen, 1983). For spatial
frequencies of 1 cycle/degree and less, the contrast sensitivity function remains unchanged
with increasing age. Other studies show a loss of sensitivity at all spatial frequencies with a
shift of the peak towards lower frequencies (Mei, Leat and Hovis, 2007). Reduction of
contrast sensitivity with age (as measured with a Pelli — Robson chart) started almost 12
years earlier compared with a similar reduction observed for high contrast VA (Haegerstrom-
Portnoy, 2005; Haegerstrom-Portnoy et al., 1999). Reduction in contrast sensitivity with age
may be due to optical characteristics, reduced retinal illumination or changes at the retinal or
cortical level. The factors responsible for reduced illumination include pupil miosis and

reduced transmission of the crystalline lens due to an increase in lens density (Elliott,



Whitaker, & MacVeigh, 1990; Spear, 1993). Intra ocular light scatter could also be
responsible for reduced contrast sensitivity (Berg, 1986; Elliott et al., 1990) without resulting
in reduced retinal illumination. The amount of scatter created by the ocular media is higher in
older individuals compared to younger groups (Steen, Whitaker, Elliott, & Wild, 1994) and
therefore scatter could also explain the reduced contrast sensitivity observed in older
individuals. Spear (1993) reviews studies that have observed a reduction in contrast
sensitivity with age even after controlling for optical factors. This was done either by
controlling pupil size (Sloane et al., 1988), including participants who have undergone
cataract extraction (Owsley, Gardner, Sekuler, & Lieberman, 1985) or using laser
interference fringes to create the retinal image (Burton, Owsley, & Sloane, 1993). Spear
(1993) and others (Crassini, Brown, & Bowman, 1988; Elliott et al., 1990) report that neural
changes, such as degeneration of cells in the areas from the retina to the cortex, particularly
of the parvocellular pathway, could be responsible for the changes in CS function found with

increased age.

Dark Adaptation: Robertson and Yudkin (1944) report progressive reduction in
average dark adaptation with increasing age with almost 0.15 log units of increase in
threshold between the age of 50 and 60. Others have also shown that the rate of dark
adaptation also decreases with increasing age (Jackson, Owsley, & McGwin, 1999) and give
evidence that the increase in time constant for rhodopsin regeneration with age is responsible

for the decrease in dark adaption rates.

Glare: Older individuals have been found to be more affected by glare than younger
individuals (Collins & Brown, 1989; Haegerstrom-Portnoy, 2005). The amount of stray light

in the eye is partly responsible for the effect of glare as the scattered light imposes a veiling
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luminance over the retinal image resulting in reduced visual function. Between the age of 20
and 80 the amount of stray light increases by a factor of 3 (Steen et al., 1994). A study by
Haegerstrom-Portnoy et al. (1999) shows that a significant number of letters on a visual
acuity chart are lost in older individuals in the presence of a glare source. Similarly the time
to recover from glare is also seen to be greater in the elderly (Collins & Brown, 1989;

Haegerstrom-Portnoy, 2005).

Stereopsis: There is evidence for reduced stereopsis in old age. Haegerstrom-
Portnoy’s (2005, 1999) data show that only 20% of 90 year olds have stereopsis better than
85 arc seconds. Garnham & Sloper (2006) report a slight decline in stereopsis with age using
various tests of stereopsis. They suggest that the decline in stereopsis is probably not the
result of difficulty in cortical disparity detection but due to the fusional demands imposed by

the various tests of stereopsis.

Motion perception: Motion detection and direction discrimination have been found to
be affected by age (Tran, Silverman, Zimmerman, & Feldon, 1998; Trick & Silverman,
1991). Motion thresholds measured using random dot kinetograms (Atchley & Andersen,
1998; Ball & Sekuler, 1986) have shown elevated thresholds with age. Speed discrimination
thresholds were affected by age in a psychophysical setting (Raghuram, 2004) as well as in

simulations and real world situations (Scialfa, Guzy, Leibowitz, Garvey, & Tyrrell, 1991).

Motor system: Saccades are rapid eye movements used to change fixation from one
point to another in visual space. Pursuit eye movements are used to track or follow moving
objects and vergence eye movements help to align the two eyes at different positions on the
anterio-posterior axis (Z axis). The dynamics of all these movements show some variation

with age. For saccades, latency and peak velocity depict a U shape function with age, with

11



the lowest values before adolescence and for ages over 80 years (Irving, Steinbach, Lillakas,
Babu, & Hutchings, 2006; Moschner & Baloh, 1994; Pitt & Rawles, 1988; Sharpe & Zackon,
1987). This means that slower initiation times with respect to the stimulus and slower
velocity of saccades are observed in individuals over 80 years of age. The gain of smooth
pursuit is reported to be significantly reduced in older individuals (70+years) compared to
younger and middle aged individuals (Moschner & Baloh, 1994; Zackon & Sharpe, 1987).
The latency of disparity vergence, especially for the transient component (responses elicited
by step stimuli), was reported to be greater in older individuals and peak velocity was found
to be lower when compared to their younger counterparts (Rambold, Neumann, Sander, &
Helmchen, 2006). Yang & Kapoula (2009) report a change in vergence duration with age

only in the closed loop part of the response that is driven by visual feedback.

Most of the studies described above consider changes in visual function with normal
aging, that is, they exclude individuals with known disease. The presence of disease such as
diabetes, macular degeneration, cataracts that are more prevalent in the older age group

would add to and increase these differences between the young and the old.

1.3. Attention and visual efficiency

Visual function refers to how the eye and the visual system perform whereas
functional vision describes how a person functions using various sensory modalities. In this
thesis, the term “visual efficiency” is used to describe the use of attention in conjunction with
vision. The use of the term “visual efficiency” is based on the assumption that visual
performance may be affected by attention. Therefore, first I will provide a general
description of attention and various components of attention following which I will discuss

how attention is affected by age.
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What is attention?

The question has been asked and studied by many researchers, employing a multitude
of methods. As quoted by William James (1890) “everybody knows what attention is...”
William James’s (1890) definition of attention includes how we disregard other things so that
we stay focused on what is important in the current state of affairs. Terms such as “focus”,

“concentrate”, “stay fixed”, “alert”, “all ears” are all used loosely to imply attending to

something exclusively.

Harris and Jenkin (2001) report four types of attention:

Directing attention: This type of attention refers to something in the environment
calling for an immediate response. This is analogous to a prey/predator situation such that,
when a predator is spotted in the vicinity, all the senses of the prey are directed to the
predator in order to perform an evasive action. Directing attention is beyond the normal

behavioral circumstances as it is an “emergency response”.

Parsing attention: This refers to attention that is involved in grouping objects to form
a perceptual object. For example, recognition of a face calls for identifying the features in a
face such as eyes, ears, nose, mouth etc., and binding all of these features together to give a

complete percept.

Alertness attention: This refers to attention that requires a certain degree of arousal
required to perform a task. In many monotonous tasks we can assume that a certain level of
arousal is required to perform the task. This kind of vigilant behavior is referred to as

alertness attention.
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Selective attention: This refers to the situation where an object in the environment
demands attention by a certain attribute present in the object such as color, shape etc. It could
also be goal directed; to perform a certain task we might be looking for a particular object.
All the things that we see or hear at a particular instant do not enter our conscious domain. At
any instant only a few objects can be remembered from a particular scene due to limited
capacity of our processing resources (Kahneman, 1973). Selecting particular objects on
account of attention represents the role of selective attention. In this thesis I will be mostly

dealing with selective attention.

1.3.1.1. How is selection achieved and when can we say we are
attending?

Various models have been proposed to explain selective attention. These models can
be categorized as “Early selection models” “Late selection models” and “Attention resource
theories” (Pashler, 1998; Schneider & Shiffrin, 1977; Shiffrin & Schneider, 1977, Wickens,
1991). According to early selection models, the selection of the attended object occurs early
in the processing stream. Broadbent (1958) proposed the filter theory, according to which
physical attributes of the stimuli in the environment are processed to a certain stage, but a
filtering device determines which stimulus has to be attended, processed and identified.
According to this theory the attention system is protected from a sensory overload by this
filter, which is applied early in the processing stream. The filter theory suggests that the
unattended stimuli do not enter the processing stage. If more than one stimulus is to be
attended then, both the stimuli enter the processing stage and processing takes place one after
the other. Treisman (1960) modified the filter theory by proposing that the unidentified
stimuli are not discarded but partially identified. Those stimuli that reach a certain level of

activation are identified.
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According to the late selection models, the process of selection occurs at a much later
stage in the processing stream. These models suggest that all the stimuli are processed
unselectively to a semantic level (with respect to language) but only the attended stimuli
enter awareness or memory. According to the late selection models, the decision regarding
stimulus selection is based on the response that has to be initiated. Such selection helps
provide a coherent response to the stimulus. Late selection models also suggest that the
unattended stimuli affect the outcome of the attended stimuli (Pashler, 1998). Duncan (1981)
suggests that the unconscious stage of processing transfers the stimuli obtained from sensory
input to a higher processing centre. This transfer process is what determines which stimulus

1s to be attended.

The multiple resource theory of selective attention considers attention to be a fixed
quantity (Wickens, 1991; Kahneman, 1973). The selection of the stimuli is based upon the
availability of resources. If a particular task utilizes all the available resources then no other
stimuli are selected for analysis. Shriffin and Schnedier (1977) presented a theory of
information processing that included automatic and controlled processes. The automatic
information process occurs for learned tasks that are encoded in long term memory. Such a
process is unaffected by load and does not require attention. For example, response to a
person’s name will be dealt with an automatic process. In a controlled process, attention is
required and the various components of a task are compared serially to specific nodes present
in both the long term and short term store. Such a process is affected by the information that

enters the processing domain and is therefore limited in capacity.
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1.3.1.2. Divided attention

Division of attention is required when multiple stimuli have to be attended
simultaneously. It is clearly evident that the entire stimulus impinging upon the sensory
system cannot be attended. Is there a mechanism involved in gating the attention system
when multiple tasks have to be performed? In one model, the working memory which is
responsible for temporary storage of information is considered to comprise a central
executive (Baddeley, 1986, 1996; Baddeley & Della Sala, 1996). The central executive
recruits input from two “slave systems”, one responsible for auditory information
(phonological loop) and the other responsible for visual information (visuo - spatial
sketchpad). In another model, Norman and Shallice (1986) suggest the presence of a
supervisory attention system that controls coordination of different tasks. Such resources in
the brain responsible for attention might have important involvement when multiple tasks
have to be performed concurrently. When two tasks are performed simultaneously, one of the
tasks will either require greater time to perform or the quality at which it is performed will
most likely deteriorate (Tsang & Shaner, 1998; Verhaeghen, Steitz, Sliwinski, & Cerella,

2003). These decrements in performance can be explained by various theories.

1) Limited capacity model: According to this model, the mental resources have
limited capacity (Kinsbourne, 1981; Pashler, 1994a, 1998, Kahneman, 1973) and hence when
more than one task is performed, both are accessing the same resource that has only “x”
amount of capacity. This is analogous to a computer processing unit that has only 1Megabyte
(MB) of resource. If one task is performed at a time, all of the IMB 1is available to do the task.

If more than one task is performed, then all the tasks are accessing the same 1MB of
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available resource. The degree of arousal determines how much of the processing resource is
utilized by a particular task (Kahneman, 1973).

It is also possible that there are multiple resources available for the performance of
dual tasks. Processing of visual information could be carried out by a limited capacity
resource that deals exclusively with visual input. Similarly there could be a processing
resource solely devoted to auditory information. Wickens (1991) proposed such separate
pools of resources for different sensory modalities such as vision, audition, touch etc. He also
suggested that there might be multiple resources based on the type of processing required,
such as whether the task involves only encoding or whether a response is required. The
different resources that exist can be used independently or in conjunction depending on the
demands of the task. A greater performance decrement is observed when two visual tasks are
coupled, but not when one task is visual and the other is auditory and this suggests that such

multiple resources exist (Wickens, 1991; Tsang & Shaner, 1998).

2) Bottle neck models: According to the bottle neck model (Pashler, 1994a, 1994b,
1998), deterioration in the performance of of multiple tasks arises when bottle necks occur
during the processing stages. This assumes that two tasks can be performed simultaneously to
a certain point but after they require access to a resource that is limited in capacity and can
only process the information for one task at a time. This leads to a situation where one task
has to wait until the other task is completed. Using the same example of the computer, let us
suppose that the IMB of processing is adequate to perform both the tasks, but the tasks both
require display of an image. The image display requires access to a graphic card that is

limited in available processing resource. This is an example of a bottle neck that can occur,
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because at this stage, one of the tasks has to wait for the other to be completed due to limited

capacity of the graphic card.

1.3.1.3. Attention and Visual search:

Researchers have used visual search to understand the mechanisms involved in
selective attention. Visual search is a perceptual task that requires an active scan for a target
that is unique amidst distracters. A real life example would be searching for pen on a
disheveled desk. In such cases the distracters are referred to as “clutter” and are not
quantifiable. Most visual search experiments involve providing a “target present” or “target
absent” response on a given trial and the reaction time and accuracy are noted (Meinecke &
Donk, 2002; Smilek, Frischen, Reynolds, Gerritsen, & Eastwood, 2007; Trick& Enns, 1998;
Treisman. & Gelade, 1980; Wolfe, 1998). The numbers of distracters (set size) is varied for
various trials ranging from 2 to 100 or more. Search slope refers to the variation of reaction
time with increasing set size. It is used to understand the nature of attention processing. If the
search slope is zero with respect to set size, then it means that the target is identified
relatively quickly and is not affected by the number of distracters. On the other hand if search
slopes are greater than zero with respect to the set size, then the number of distracters affects
the identification of the target. Based on this, Treisman & Gelade (1980) proposed the
“feature integration theory” where they suggested that if the target has a feature that is unique
from all the distracters (e.g., red horizontal lines among green vertical lines) then the target
would “pop out” and search slopes would be zero. Such a search, called a parallel or
preattentive search process (Neisser, 1967) is unaffected by capacity limitations of the
attention system. On the other hand, if the target shares two or more features with the

distracter, it is referred to as a conjunction search (e.g., red horizontal line among red vertical
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lines and green horizontal and vertical lines) and the detection of the target is more difficult.
This type of search is considered to use serial processing wherein each item or group of items
is processed individually. The search slope functions with respect to set size are usually
greater than zero for conjunction searches. Thus feature searches were considered parallel
searches and conjunction searches were considered to involve a serial process. Further
research in visual search showed that all conjunction searches were not strictly serial search
processes. Some searches were relatively quick and efficient and the search slopes with
respect to set size were only slightly greater than zero. Similarly not all feature searches were
strictly parallel. The similarity between target and distracters seemed to affect the outcome in
feature searches (Olds, Cowan, & Jolicoeur, 2000). For example, the saliency of a target
oriented at 90 degrees among distracters oriented at 180 degrees is much higher than the case
where the target is oriented at 50 degrees among distracters oriented at 70 degrees. The same
analogy regarding target saliency applies when we compare target and distracter colors
(Nagy & Sanchez, 1990). Wolfe (1998) in his analysis of search slopes from a large number
of visual search trials found that the search slope functions were not dichotomous but more
on a continuum. He suggested that visual searches should not be considered as parallel or
serial but rather as “efficient” or “inefficient”. He proposed the “Guided search model”.
According to this model (Wolfe & Horowitz, 2004), there is an initial parallel stage where
the entire area is searched and items are compared based on basic features. In the second
stage, the results of the parallel search guides attention to a particular area where the target is
most likely to be present and comparisons with neighboring objects are made. Such a model
is seen to explain the different search slopes obtained on a multitude of visual search

experiments.
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Role of cues that guide selection: The object to which an individual attends could be
based on various cues available in the environment. The main distinction in this regard is the
role of “bottom up” or “top down” processing (Harris & Jenkin, 2001; Hodsoll &
Humphreys, 2001; Treisman. & Gelade, 1980). Bottom up influences also referred to as
“exogenous cues” are based on the salience of the object wherein the object captures the
attention to that location. The processing is “stimulus driven” and independent of the
observer’s inattention. In the case of top down influences, also referred to as “endogenous
cues”, the selection of the stimulus is based on goal directed behavior. The salience of the
object has little impact in the case of top down processing (Poiese, Spalek, & Di Lollo,

2008).

1.3.1.4. Visual Attention and Eye movements:

Eye movements and attention are considered to be closely related. One of the many
ways people examine whether we are attending to something is by determining the person’s
point of gaze. For example, in a typical road test for driving, the examiner notes whether the
driver is looking at the mirrors, looking at signs on the road and so on. Eye movements
definitely can be helpful in determining whether a person is attending to something.
However, we do know that we can attend to something without making an eye movement to
that particular location (Posner, 1980). Overt attention refers to orienting attention with the
aid of eye movements (Posner, 1980). Covert attention refers to orienting attention by not
fixating at the particular location of interest or object (Posner, 1980). In common language
this is referred to as attending by “looking out the corner of the eye”. Many visual search
studies have used very brief presentation times (less than the latency of saccadic eye

movements) that involve detecting the target among distracters. These have clearly shown
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that detection of the target can be achieved with relatively high accuracy without making any
eye movements (Wolfe, 1998). This suggests that eye movements are not strictly necessary
in order to attend to an object in the environment. However, if there is a coupling or
interaction between eye movements and attention, then it should not be possible to make an
eye movement without shifting attention. When we consider shifting of attention we have to
invariably assume that the attention system is somewhat like a “spot light” or a “zoom lens”
with a narrow focus at the cued location (Eriksen & St James, 1986; Pylyshyn & Storm,
1988). If the eye movement system and attention system are independent then 1) we will be
able to make an eye movement in one direction while attending to a target in a different
direction ,and 2) there are no costs associated with the production of eye movements or the
detection of objects when the attention locus and eye movements are in different spatial

positions (McFadden & Wallman, 2001).

Hoffman and Subramaniam (1995) investigated target identification accuracy in
conjunction with eye movements. Participants had to move their eyes to a particular location
in the display and report two of the four targets present in the corners of the display. Their
results showed that there were higher target detection rates when the eye movements were
made to the same location as the target. A discrimination task was used by Deubel and
Schneider (1996) to understand the coupling between saccades and attention. They found that
target letters were discriminated efficiently when the saccade target location was in the same
location as the discrimination task. Kowler et al. (1995) used a circular array consisting of 8
letters and a cue to direct saccades to a particular direction. Identification of the letter was
only accurate when it was also the saccadic goal. In the same experiment when a saccade was

cued to be made in a direction that was not in the direction of the target to be identified, a
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significant increase in saccadic latency was observed. In this case, the instruction was to
always report a target letter at the rightmost location, irrespective of where the cue directed
the saccade. This experiment suggests that there is a shift of attention before an eye
movement and this is plausible as the attention shift latency is in the order of 60-80msecs

which is much shorter than saccadic latency (McFadden & Wallman, 2001).

1.3.1.5. Attention and aging

A number of factors involved in attention are negatively affected by increasing age
(Groth & Allen, 2000). The changes in attention that result on account of aging are theorized
in many ways. One view is that all of the impairment in attention could be due to a
generalized slowing that affects most cognitive operations (Cerella, 1985; Salthouse &
Somberg, 1982b; Scialfa, 1990). Reduced inhibitory functioning could be another reason that
an older individual is at a disadvantage (Groth & Allen, 2000; Darowski, Helder, Zacks,
Hasher, & Hambrick, 2008; Grady, Hongwanishkul, Keightley, Lee, & Hasher, 2007),
although some suggest that this may be an advantage in certain situations (Kim, Hasher &
Zacks, 2007). The impairment of the filtering mechanism that eliminates the processing of
irrelevant information is considered responsible for the reduced inhibition. When considering
the effect of age on attention one must consider age related selective attention deficits. In
Rabbit’s work (1965), participants were required to sort cards that had a varying number of
stimuli printed on them. In comparison with younger individuals, older participants took
more time to sort the cards with a greater number of stimuli. He suggested the decrement in
performance with increasing number of stimuli was due to the inability of the older
individual to disregard irrelevant stimuli. Similarly, in another study, targets were presented

in such a way that more than one target could appear at any of the four corners of an
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imaginary square and the remaining locations were occupied by irrelevant distracters (Allen,
Madden, Groth, & Crozier, 1992). This condition gave rise to a greater performance
decrement for the older individuals relative to a condition where the non-target locations

were left unoccupied.

Effects of age are also observed on the functional field of view. The functional field
of view is defined by Mackworth (1965) “as the area around the fixation point from which
information is briefly stored and read aloud during a visual task”. Ball et al. (1988) describe
the functional field of view as the total visual field area from which information can be
extracted without eye and head movements and refer to it as the “Useful field of view”.
Coeckelbergh et al. (2004a,2004b), use the term “Attended field of view” described as a
measure of viewing efficiency in terms of “time” as eye and head movements are allowed to
locate a target. In general, these measures are distinct from the normal visual fields in that
they include more variables that can be manipulated. There are variations based on factors
such as cognitive load or the presence of distracters. These factors cause a reduction in visual
efficiency either in terms of a reduction in size of the functional field of view (as suggested
by Ball and co-workers; 1988) or affect the viewing efficiency (correlate of time to detect a
target) as described by Coeckelbergh et al (2004a, 2004b). The effects of age are also found
in studies investigating the functional field of view (FFOV) where a reduction in its size or a
poorer viewing efficiency is observed with increasing age (Ball, Beard, Roenker, Miller, &
Griggs, 1988;Coeckelbergh, Cornelissen, Brouwer, & Kooijman, 2004; Haegerstrom-Portnoy
et al., 1999; Roge, Pebayle, Campagne, & Muzet, 2005). Studies that assess the functional
field of view find that the older individuals have greater difficulty in ignoring irrelevant

distracters (Ball, Owsley, & Beard, 1990a; Leat & Lovie-Kitchin, 2006). Scialfa, Kline, and
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Lyman (1987) suggest that young adults can tolerate more visual noise before the size of the
functional field of view is reduced compared to the older adults. The effect of increasing
noise on target identification was investigated in younger and older age groups. The level of
noise was heightened by increasing the number of flanking distracters. The target also
appeared at one of four possible eccentricities in addition to the central location. The older
participants had higher error rates with increasing levels of noise and this effect was more

pronounced with greater eccentricity.

Older individuals also find it difficult when two or more tasks have to be performed
simultaneously (Hartley & Little, 1999; Korteling, 1991; Verhaeghen et al., 2003). Some
argue that greater divided attention or attention sharing costs observed due to aging might be
nullified if the single task measures are equated based on processing speed (Salthouse &
Somberg, 1982a, 1982b). There is also the suggestion that performance deteriorates with
increasing age as the complexity of the task increases. McDowd & Craik (1988) point out
that the absolute difference in performance between younger and older individuals increases
with the number of mental operations performed. There are certain factors that are considered
to be resistant to changes in age. Performance differences that are observed between the old
and young in target identification among distracters are nullified once the target location is
specified by a valid cue (Plude, 1990; Plude & Doussard-Roosevelt, 1989). In other words,
the difference in reaction time is significantly reduced once the spatial position of the target
is specified by a valid cue for both younger and older adults. Plude & Doussard-Roosevelt
(1989) and Plude (1990) report that the performance of older and younger individuals with
respect to reaction time was identical in feature search tasks wherein the target was unique in

all aspects with respect to the distracters. Trick and Ennns (1998) also find no age differences
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in feature search tasks where the presence or absence of the target on a display with varying
numbers of distracters was to be reported. Studies which assess the FFOV also utilize feature
identification and require the identification of a target that is unique in a particular feature.
An age effect is found in those studies even though the task is based on feature identification.
Such a result contradicts the findings of Plude (1990) and Trick and Enns (1998). The most
likely reason is the salience of the target compared to distracters. D’ Aloisio and Klein (1990)
compared age effects on three paradigms that were designed to investigate selective
attention. The Eriksen’s paradigm (D'Aloisio & Klein, 1990) requires participants to respond
to a target flanked by distracters and the position of the target is specified by cues such as
arrows. Laberge tasks (D'Aloisio & Klein, 1990) require participants to identify the middle
letter in a string of five letters. In the second stage of a Laberge task, participants have to
identify whether the word presented was a noun, name or verb, etc. In the same study,

D’ Aloisio and Klein (1990) also investigated the performance on traditional visual search
tasks where the participants had to report the presence or absence of a target stimulus. Older
individual were found to be at a disadvantage compared to younger individuals only for the
visual search tasks. In the visual search tasks they required more time to identify the target.
Since D’Aloisio and Klein (1990) did not find any change in performance for either the
Eriksens or Laberge tasks, they suggested that older participants are no more affected by
distracters than the younger participants if the position of the target is specified either by an
externally (e.g arrow on the screen) or internally (memory) triggered cue. They speculate
that the difference observed in the visual search task is most likely due to the inability of

older individual to disengage from a previously searched location.
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Hence, there are discrepancies regarding the exact forms of a task which give rise to
age effects and the theories regarding the stage of processing at which the deficits occur.
There is general agreement that there are age effects on selective attention and that the

complexity of the task, target distracter similarity etc., are factors in these effects.

1.3.1.6. Attention and everyday activities

Attention effects influence performance in activities such as walking and driving.
One of the common examples would be how driver inattention (due to fatigue, drowsiness
etc) and driver distraction result in automobile crashes (Hendricks, Fell, & Freedman, 1999;
Stutts, Reinfurt, Staplin, & Rodgman, 2001). Distraction in this case refers to shifting of the
driver’s attention away from the driving task. The result is a delay of recognition of
information needed to perform the driving task. Such a distraction can be a function of many
factors such as an activity outside the vehicle, a person in the car, or devices such as cell
phones, radios or other gadgets that shift the attention from the primary task of driving
(Chaparro, Wood, & Carberry, 2005; Strayer, Drews, & Johnston, 2003; Stutts et al., 2001).
The type of distraction that results in crashes may vary with different populations. For
example, an older individual may be more affected by a distraction outside the vehicle such
as a complicated road sign whereas a younger individual may have a greater distraction from
operating a music device present in the vehicle. The effect of distraction can also be observed
in other situations of hazard avoidance such as those occurring during walking (Weerdesteyn,
Schillings, Van Galen, & Duysens, 2003). Older individuals have a filtering problem where
they find it difficult to disregard irrelevant stimuli and therefore seem to process more
stimuli. The inhibitory mechanism which suppresses the processing of distracting

information is affected by increasing age (Darowski, Helder, Zacks, Hasher, & Hambrick,
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2008; Grady, Hongwanishkul, Keightley, Lee, & Hasher, 2007). However, the inability to
suppress irrelevant stimuli was observed to be a benefit in certain tasks (Kim, Hasher and
Zacks, 2007). This finding suggests that increased distractibility in older individuals might
occasionally be useful. The question remaining is whether such filtering deficits found in

older adults help in everyday activities such as driving or walking.

Measures of attention can also predict performance in everyday activities (Owsley &
McGwin, 2004; Owsley, McGwin, Sloane, Stalvey, & Wells, 2001). The assessment of FFOV
on older participants using UFOV® was shown by Owsley and colleagues (2001) to be
associated with their performance on tasks of daily living such as dealing with
communication, finances, food, shopping and taking care of medication. Performance on
such tasks was best predicted by visual acuity, contrast sensitivity and the UFOV® scores.
Similarly UFOV® scores were seen to predict balance and gait performance assessed by
Performance Oriented Mobility Assessment, version II (POMA) (Owsley & McGwin, 2004).
The POMA score is based on the performance of 16 mobility maneuvers. Another study
(Broman et al., 2004), investigated how the UFOV® scores predicted bumping while
walking. Participants over 72 years of age had to walk a circuitous mobility course and the
number of bumps was counted. A decrease in processing speed on the divided attention task
by 50msec was associated with a 4.9% increase in the number of bumps made while walking.
Leat and Lovie- Kitchin (2008) assessed mobility performance in a group of individuals with
low vision and the scores obtained on a mobility course were associated with measures on
the FFOV. These studies show the association of attentional measures on daily activities and

assert their functional importance.
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Studies that have assessed FFOV using tests such as UFOV™ also show that these
measures play an important role in identifying the “at risk driver”. The size of the useful field
of view was shown to be a strong predictor for crash risk (McGwin, Owsley, & Ball, 1998;
Owsley, 1994; Owsley, McGwin, & Ball, 1998; Sims, McGwin, Allman, Ball, & Owsley,
2000). In a model developed by Ball et al. (1993), the UFOV"™ scores were directly related to
crash frequency (r =0.46). The model accounted for 74% of the variance when other
variables such as eye health, central vision, peripheral vision and mental status were
incorporated. All of these variables were significant predictors of crash frequency even
though direct effects were observed only for UFOV® and mental health status. Similarly, a
study by Wood and Troutbeck (1995) showed a significant correlation (r =0.55) of the
UFOV™ scores with driving performance in a closed road circuit. A model for predicting
driving performance using attention measures obtained on the AFOV test, combined with
vision related variables such as contrast sensitivity, was observed to have a sensitivity of
84% and a specificity of 64% (Coeckelbergh et al., 2004b). Sensitivity relates to the
percentage of drivers who were identified by the AFOV as not fit to drive as a percentage of
those who failed a driving road test as scored by an examiner on a 4 point scale. Specificity
relates to those who were declared fit to drive by the AFOV as a percentage of those who
passed the driving road test. The road test employed in the study assessed aspects of lane
positioning, steering control, car following, speed, viewing behavior, detection of traffic

signals, anticipatory behavior, making left turns and merging into traffic lanes.
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Judgments of time to collision (TTC) and aging:

The judgments of when an object would intercept with another object or self could be
thought to be particularly important in everyday tasks such as walking and driving. Such
judgments are referred to as time to collision judgments. Looming or isotropically expanding
targets refer to targets that appear to come towards the observer. In situations where an object
is coming towards the observer’s eye or when a person moves towards another object, the

retinal image enlarges, creating a percept of motion in depth.

The effect of age has been studied on TTC judgments either using targets that were
looming or simulated to move in the transverse plane (DeLucia, 2004; DeLucia, Kathryn
Bleckley, Meyer, & Bush, 2003; DeLucia & Novak, 1997; Kiefer, Flannagan, & Jerome,
2006). Older observers overestimate speed and underestimate time when making judgments
of time to collision (DeLucia et al., 2003; Schiff & Oldak, 1990). This strategy should
actually put the older driver at a lower risk with respect to automobile crashes. However,
DeLucia and colleagues (2003) in their study observed that older individuals had difficulty in
determining if a collision would occur or not. A 15% difference in accuracy of judging the
occurrence of a collision was found between the older and younger groups. In another study
(Raghuram, 2004), older observers were found to have higher thresholds for a relative
judgment task of TTC. The relative judgment task required the person to indicate which of
two targets would reach the destination first. The older observers required greater differences

in TTC between the objects than younger observers to obtain accuracy in their judgments.

Looming targets are known to capture attention similar to targets that appear abruptly
in a visual scene (Franconeri & Simons, 2003). The behavioral urgency created by a looming

stimulus is considered responsible for the attentional capture (Franconeri & Simons, 2003).
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Constraints on the working memory have been shown to affect the estimation of the TTC of
looming targets (DeLucia, 2004; DeLucia & Novak, 1997). In this study, participants made
relative TTC judgments when 2, 4, 6 or 8 objects were simulated to approach the observer.
The participants indicated which of the objects would reach the observer first. The mean
reaction times obtained were higher when there were more than 2 objects. As the number of
objects present in a scene affects the estimation of TTC, it would imply that when there are
attentional constraints the judgments of TTC are affected. It is then possible that, when there
are constraints on attention, the judgments of TTC made by the older observer would be less
accurate than younger observers. To my knowledge this possibility has not been addressed in

the literature.

1.4. Rationale for the current studies

Considering both vision and attention related variables, a distinction can be made
between visual function and visual efficiency. Visual function refers to how the eye and
visual system perform while visual efficiency will be used to refer to how attention impacts
the performance of vision related activities (e.g. driving, walking etc.). This means that even
though the visual function may be at a certain level (e.g. 6/6 acuity, no visual field defects,
normal stereopsis etc), the degree of attention a viewer directs to the visual scene influences
the visual efficiency. In the presence of distracters greater presentation times are often
required to find the target or targets remain unnoticed, resulting in incorrect responses at
more peripheral locations (Ball et al., 1988; Coeckelbergh, et al., 2004a, Leat and Lovie-
Kitchin., 2006). This occurs irrespective of good visual acuity and other visual function

measures thereby suggesting the importance of visual efficiency.
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Dual task refers to tasks involving attending to two targets at the same time either by
sharing attention between the two tasks or by dividing attention. Visual efficiency is affected
by dual task situations. When several tasks are performed at the same time, it is possible that
there are costs associated with performing one or more of the tasks. In dual task scenarios
visual efficiency will be dependent upon how the attention is shared between the tasks.

Performance on one task may be sacrificed in competing tasks.

As mentioned previously, many visual functions deteriorate with age. Age may also
impose greater difficulty with regard to attention processing which could affect visual

efficiency, in turn affecting everyday activities.

1.5. Objectives for the current studies

The objectives of this thesis will be two fold; 1) to understand the performance of
older individuals in dual task situations that involve some estimation of time by making
visual judgments, 2) to determine the change in functional field of view in terms of viewing

efficiency with aging in a variety of situations that could affect attention.

In the 2™ chapter we will investigate how the use of central or peripheral retina
affects the size matching of an isotropically expanding target to a previously shown target, in
a group of younger individuals. In the 3™ chapter, we study the effect of attention using a
dual task on size matching judgments of an isotropically expanding target to a previously
shown target, for a group of young and older individuals. Similarly, in the 4t chapter the task
is to estimate the rate of expansion in order to predict the size of the target at a future
instance and the effect of attention is studied. In Chapter 4, eye movements are also
investigated to provide evidence with respect to how attention is shared between two tasks.

The studies described in the 3™ and 4™ chapter use the similar experimental protocol in that
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both require judgment of size of an expanding target in dual task conditions. In the 3™
chapter the target has to be matched to a previously shown size whereas in the 4™ chapter, the
target expands in size and has to be matched to a visible object. In the 5™ chapter, the effects

of age, pop out and divided attention on the functional field of view are investigated.

The hypotheses are that: 1) size matching will not be the same when using the central
and peripheral retina, 2) older individuals will have greater difficulty with increasing task
complexity (size matching in dual tasks), 3) viewing efficiency (AFOV) will be reduced for
older individuals compared to younger individuals, 4) the presence of a pop out distracter
will affect viewing efficiency, resulting in a greater time being required to locate the target
in the presence of the pop out distracter, 5) division of attention will affect the viewing
efficiency resulting in a greater time being required to locate the target, and 6) the effect of
the pop out distracter and divided attention on viewing efficiency will be greater in older

individuals than younger individuals.
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2. Chapter 2: Size matching: Influence of speed, location

and retinal eccentricity

The ability to estimate the time at which an object, either on collision course or
otherwise, intercepts with the self or another object is vital to the survival of any organism.
Interceptive tasks such as hitting, catching, or navigating through cluttered environments, all
involve some estimation of time (Lee, 1976; Lee & Lishman, 1977; Regan, 1997; Schiff &
Detwiler, 1979). Time can be estimated by knowing either the distance or speed at which the
object is travelling. This information is not always available and hence observers are thought
to be using some other form of information to estimate the time at which objects will reach a
specific destination or collide. The time required for objects travelling at uniform velocity to
reach the destination is referred to as the time to collision (TTC) or time to contact (Lee,

1976; Lee & Lishman, 1977; Regan, 1997; Schiff & Detwiler, 1979).

In the laboratory, the estimation of TTC can be done either by using a prediction
motion task wherein an object that is simulated to move at a certain speed disappears and
participants have to judge when the target would have a reached a certain distance, usually
defined by a line or marker (Schiff & Detwiler, 1979; Schiff & Oldak, 1990). Such a task is
similar to coincidence anticipation timing (Fleury, Basset, Bard, & Teasdale, 1998), wherein
the position of the stimulus at a future instance is predicted using information such as
velocity or motion of a stimulus. Another method to measure TTC is to use relative

judgments tasks wherein the participants have to denote which of two moving objects would
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reach the destination first (Delucia, 1991; DeLucia, 2004; Regan & Hamstra, 1993; Regan &

Vincent, 1995).

The question investigated in the current study is whether the size at a future instance
in time can be predicted for a target expanding at uniform velocity, i.e., can size be predicted
from an estimation of time. In order to do such a task, the observer can use information
similar to a TTC estimate as utilized in a prediction motion task. To accurately match the size
of a target expanding at uniform velocity to a previously shown target, the reaction time has
to be factored in. For example consider a scenario wherein the size of the target to be
matched is 10 cm in length. Assume that the target takes 1 second to become 10 cm in length
from 1 cm (assuming uniform rate of expansion). From the time information the participants
can make their responses such that they compensate for their reaction time by responding
early enough to make an accurate size match. If the target takes 2 seconds to become 10 cm
in length from lcm then, based on their estimate of time, they have to respond much later to

make an accurate size match.

The functional application of using size matching as an outcome measure is that in
many situations, such as driving, people have to judge gaps available for making a lane
change and these gaps are continuously changing either at uniform speeds or otherwise.
While judging gaps, the observer is thought to be using the information such as the size of
the gap and the rate of constriction of the optical gap (Bootsma & Oudejans, 1993. In
situations such as driving, there is no real perceptual measure of the gap other than one’s own
mental imagery of it. This thinking resulted in a similar study design, that is, to show the

participant a particular size and ask them to remember this size and make a size match for an
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enlarging target. However, the motion in depth variable was not required to make a size

match in this experiment.

Another question asked is whether size matching responses made using the central
and peripheral retina are different. On one hand it might be reasonable to expect that there
would be differences in visual functions when comparing the foveal and peripheral retina.
For example, visual acuity is seen to fall off 10 fold at 20 degrees of eccentricity and contrast
thresholds are seen to be 20X higher at 20 degree for a 2 cycle per degree spatial frequency
(Regan & Vincent, 1995). However Regan and Vincent (1995) report that discrimination
thresholds for TTC or rate of expansion are less affected by eccentricity than other visual
functions. If size matching is done based on time estimation then there may not be much
difference in the size matching between the central and peripheral retina. Alternatively there
may be even less difference in size matching if the fovea is directed to the peripheral

stimulus by allowing eye movements. This aspect was also investigated in this study.

Our experiment did not involve estimation of TTC as employed by many of the early
mentioned studies. The question that was posed was whether people can estimate the time at
which an object becomes a particular size if it expands at a fixed rate, either based on
obtaining information about the speed or by sampling the size at every instant. As the task
involves a coincidence anticipation judgment the participants have to react to the stimulus
before the target actually becomes the particular size in order to adjust for their reaction time.
The illusion of motion in depth occurs as the stimulus is enlarging in size uniformly.
However, as the size match has to be made to a target shown in two dimensions on a screen,
the motion in depth variable can be ignored by the participant, when performing the size

match.
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2.1. Methods

Participants

Nine young participants with a mean age of 27.4 + 4 years participated in the study.
The participants were students and staff recruited from the School of Optometry at the
University of Waterloo. All participants had visual acuity better than 6/9 and had no known
visual field defects. They were free of systemic diseases known to affect eye movements
(e.g. vestibular disease), as well as free of any known cognitive impairment. The health status
of the individual was determined verbally during the recruitment process. Approval for the
study was obtained from the Office of Research Ethics at the University of Waterloo.
Informed consent, in compliance with the Declaration of Helsinki, was obtained from all

participants.

Procedure and Stimuli

The stimuli, created using Python programming software, were rear projected (LCD
Projector model: Epson EMP 82) onto a screen set 2 meters in front of the participant. The
stimulus was a vertical bar enlarging in size at a uniform speed for each trial. There were five
speeds in which the vertical rectangular bar expanded and they were set in speeds varying in
2 deg/sec increments. Speed 1 refers to the slowest speed and one pixel was drawn every 10
msecs, and for speed 5 (the fastest speed), 3 pixels were drawn every 10msecs. This
corresponds to 4 degree/sec, 6 degree/sec, 8 degree/sec, 10 degree/sec and 12 degree/sec for
speed 1, 2, 3, 4 and 5 respectively. The resolution of the projector was set at 800X600 pixels.
The participants were shown a target of fixed size on the projector screen. This 276 pixel
target at the 2m working distance subtended 11.08 degrees in height and 1.14 degrees in

width in visual angle at 2m. Participants were instructed to keep this size in memory. The
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participant’s task was to judge binocularly as accurately as possible when the expanding
vertical rectangular bar reached the previously shown size (11.08 degree X 1.14 degree) and
respond by pressing a button on the computer keyboard. The participants were instructed to
match the size of the expanding rectangular bar with the previously shown size using the
vertical size even though the target was proportionately increasing in size both horizontally
and vertically. The target was invisible on the first frame of each trial and expanded in size in

the subsequent frames depending on the speed selected for the particular trial.

There were three sessions in the experiment. In the first session, the target rectangular
bar appeared only at the central location, i.e, the straight ahead position or midline. In the
second session the target appeared at eccentricities of 10 and 20 degrees in either the right or
left peripheral visual field. In this session the participants were instructed to hold their gaze at
a fixation cross at the central location and use peripheral vision to make the size match. We
will refer to this experiment as “peripheral without eye movements (EM)”. In the third
session, the target appeared at the 10 and 20 degree eccentricities as before, but in this
session participants were allowed to make eye movements towards the target. The fixation
cross also remained on the screen during this session, but participants were not required to
hold their gaze on the fixation cross. We will refer to this experiment as “peripheral allowing
eye movements (EM)”. A total of 500 trials were presented in each session, randomized with

respect to speed (session 1) and the speed and stimulus location (session 2 and 3).

In order to make sure participants were not moving their eyes for judgments using peripheral
vision (session 2), an eye tracker (Series 2020 binocular CCD; El-Mar, Downsview, Ontario,

Canada) was used to record eye movements.
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Analysis:

The outcome measure in all cases was the size of rectangular bar in degrees. This was
referred to as the size matched value. Knowing the rate of change of the expanding target, the
coincidence anticipation time can be obtained from the size. The accuracy of the size match
was determined by comparing the size matched estimate to the actual size shown.

These data from each session were averaged for each different speed and location, i.e.,
for the central location (0 degree) there were five values obtained, one for each of the 5
speeds (4, 6, 8, 10 and 12 degree/sec). For the peripheral locations, there were 5 speeds (4, 6,
8, 10 and 12 degree/sec) X 4 eccentricities (-10, 10, -20, 20 degrees) and so there was one
mean value for each eccentricity and speed. A repeated measures ANOVA was performed to
see whether there were differences between the size matched values for the two eccentricities
i.e., differences between 10 and 20 degrees both in conditions where eye movements were
allowed or not and between right and left visual field. Data were pooled if no differences
were observed with respect to the variables such as visual field or eccentricity. A repeated
measure ANOVA was also used to compare differences between centre (0 degree
eccentricity) and 10 and 20 degree [3 eccentricities (0 degree, 10 degree and 20 degree) X 5
Speeds (4, 6, 8, 10 and 12 degree/sec)]. This analysis was used for comparing differences
between size matched values obtained at centre and “peripheral without EM” and also for
comparisons of central size matched values and “peripheral allowing EM”. In cases where
the assumption of ANOVA with respect to sphericity was not met, the Huynh-Feldt corrected
p values are reported.

In order to compare the effect of speed, the data were also converted to error fractions

which correspond to the fraction of the difference of actual and observed time and the actual
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time. For the five speeds, the actual time to become 11.08 degree X 1.14 degree was 2.76sec
for speed 1, 1.84sec for speed 2, 1.38sec for speed 3, 1.10sec for speed 4 and 920
milliseconds for speed 5. This corresponds to 4 degree/sec, 6 degree/sec, 8 degree/sec, 10

degree/sec and 12 degree/sec for speed 1, 2, 3, 4 and 5 respectively.

2.2. Results

Comparison of size matched values for the two eccentricities (10 and 20
degrees) when using peripheral vision

A repeated measures ANOVA (5 speeds X 2 visual field [left, right] X 2 eccentricities
[10, 20 degree] was performed. There was a main effect of speed (p <0.0005), such that the
largest size matched value was obtained for the fastest speed -see figure 2-1. There was
neither an effect of visual field [left, right] (p = 0.052) nor eccentricity [10 degree, 20 degree]
(p =0.703). There were no interaction effects of; a) speed X visual field (p = 0.506), b) visual
field X eccentricity (p = .207) or ¢) visual field X eccentricity X speed (p = 0.861). There
was a significant interaction of speed X eccentricity (p = 0.025) that suggests a different
slope for size matched values obtained for the five speeds at the two eccentricities (10 and 20

degrees) - see figure 2-2.
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F (4, 32) = 32.99, p <0.0005
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Figure 2-1: Effect of speed on the size matched values. The data is pooled from the four locations tested
(two visual fields and two eccentricities). The error bars represent the standard error of the mean. The
dashed line represents an accurate size match.

Even though there was a significant interaction (p = 0.025) (figure 2-2), post hoc
analysis using the Bonferroni test showed that for any specific speed there were no
differences between the two eccentricities 10 and 20 degrees. For example, there were no
differences between the size matched values for 10 and 20 degree for speed 1 (p = 0.544) and
this was similar for speeds 2, 3, 4, 5 (p values were 1.000, 1.000, 1.000 and 1.000

respectively). The interaction effect observed (p = 0.025) is because the size matched values

obtained at 10 degree eccentricity for speed 1 is lower than 20 degree eccentricity while at

speed 5 it is the opposite.
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Speed Vs.Eccentricity
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Figure 2-2: Interaction effect for the eccentricity 10 and 20 degree and speed. The error bars represent
the standard error of the mean. No significant differences are observed (post hoc results) between the

eccentricities for size matched values for corresponding speed. The dashed line represents an accurate
size match.

Comparison of size matched values between the central and peripheral
locations without eye movements
A repeated measures ANOVA was performed considering the data as three
eccentricities, 1.e. 0 (central), 10 and 20 degrees (|3 eccentricities (0, 10 and 20) X 5 speeds].
The results show that there was a main effect of eccentricity- [F(2, 16)=6.18, p=0.019] —
Figure 2-3. The data for the 0 degree eccentricity (central) was significantly different from 10
degree eccentricity (p = 0.029) and 20 degree eccentricity (p = 0.018). There was no

difference between 10 and 20 degree eccentricity (p = 1.000).
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F(2, 16)=6.18, p=0.019
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Figure 2-3: Significant differences in size matched values between the central (0 degree) and the two
peripheral eccentricities (10 and 20 degree) are indicated by arrows. There were no differences between
the 10 and 20 degree eccentricity in size matched values. The error bars indicate the standard error of
the mean. The dashed line represents an accurate size match.

There was a significant interaction between eccentricity (0, 10, 20 degree) and speed
— [F(8, 64)=2.14, p=0.043]— Figure 2-4. There were no differences between the size matched
value obtained at 10 and 20 degree eccentricity for the respective speeds, e.g. for speed 1,
there was no difference 