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ABSTRACT
The Effect of Visual Active Selection on the Modulaﬁon of the Motion Aftereffect for
First- and Second-Order Motion Components

Anne-Sophie Del Vecchio,
Concordia University, 2007

In the literature about the effect of attention on motion processing, it is clear that attention
improves the processing of motion. However, it is not clear what happens to the
processing of a motion in the same visual field as another actively attended motion. Is the
unattended motion unprocessed, processed to a lesser degree or suppressed? This is the
question that I investigated in this thesis. The effect of active visual selection during
adaptation to comi)onents of a plaid on the motion aftereffect (MAE) duration was
investigated using a dynamic test stimulus oriented either like the attended component or
like the unattended component. The plaids were composed of two spatially

superimposed, but temporally alternating square-wave or sine-wave gratings differing by
140 degrees in motion direction. The results show that active suppression occurs in the
MAE duration for a non-attended moving component of a plaid when attention is actively
directed to another moving component in the same visual field during adaptation. This is |
true whether the adaptation plaid is made up of either: 1) two first-order gratings, 2) two
second-order gratings; or 3) a mixture of first-order and second-order gratings. I also
demonstrated that adapting to a single grating produced longer MAE than grating when
the same grating was a component of a plaid. Therefore, the presence of an unattended
moving component in the same visual field as an attended moving component reduces the
strength of the MAE for the attended component of a plaid. The results of this thesis
suggest that: 1) Attention is decreased when many moving stimuli are present in the
visual field. 2) Attention acts on motion processing in the same manner when first-order
motion and second-order motion are processed. 3) The suppression of the unattended
moving stimuli is not perfect. During adaptation, attention involuntarily switched to the
unattended moving component, which could be an adaptive mechanism in order to be

able to react and avoid collision with unattended moving stimuli heading toward us.
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The Effect of Visual Active Selection on the Modulation of the Motion Aftereffect for
First- and Second-Order Motion Components

Visual perception is a process that allow.s the human brain to construct a vivid
representation of th‘e external world (De Valois, 2060, p. xv). It contributes greatly to our
‘knowledge of the environment and to the physical place we occupy w1thm it (Cutting,
1986, p.3). An important aspect of visual perception for the survival of humans is motion
perception (Watanabe, 1998, p.vii). “Motion perception is the process by which we
acquire perceptual knowledge about the motion of objects and surfaces in the image”
(Derrington, Allen & Délicato, 2004, p. 183). The perception of motion provides us with
information about éhangés that occur in our environment as we move within it or as
objects move around us. Without the ability to perceive niotion, it would be difficult to
avoid collisions with objects and to segregat:e‘ objects from their backgrounds. This makes
the study of motion percepﬁon highly relevant for understanding humans’ adaptation to
their world. Given the importance of motion for human survival, it is not surprising to
find that motion is a highly salient stimulus (Nothdurft, 2002; Royden, Wolfe &

~ Klempen, 2001; Treisman & Gelade, 1980).

T'He Motion Pathway

Motion is processed at different stages aloﬁg a neuronal pathway. The informaﬁon
is thought to &avel from the retina to the lateral geniculate nucleus, to area V1 and up to
the medial teinporal and the medial superior temporal areas (MI‘/MST). (Niedeggen &
Wist, 1998). Motion sensors are the units that analyze motion at the early levels in the

motion pathway such as in area V1. The early levels are believed to decode simple



~ motion, Simple motion is based on luminance changes across the retina such as a bright
bar moving on a dark background. Each area of the visual field contains many sensors,
each individual sensor being preferentially sensitive to luininance contrast in a particular
ditecﬁon. The output of these sensors is combined to provide information about the
direction of the motion in a two-dimensional plane at higher levels within the motion
pathway. Thus, according to Derrington et al. (2004), one way our visual system derives
knowledge about the locatioﬁ, speed and direction of a moving object is by identifying
which sensors have responded to the motion of the object. The integration of the different

motion inputs occurs later in the motion pathway such as in areas MT and MST.

Models of Motion Sensors

M(_)dels of motion sensors deal with the early level of the motion pathway. These
combinétions are also referred to as motion detectors in the literature. Over the years,
many computational models of motion sensors have been proposed to expiain the
processing of the signals generated by the motionof a featu1_'e of an image directly across
the retina. The different computational models of motion sensors described below
propose that there are sensors that respond selectively and preferentially‘ toa particulér
direction of motion defined by luminance (Adelson & Bergen, 1985; van Santen &
Sperling, 1985; Watson & Ahumada, 1985). Motion defined by spatial modulation of
luminance over time on the retina is called first-order motion (Cavanagh & Mather,

1989).



The oldest computational model of a motion sensor that is still used currently is
the correlational-Reichardt motion sensor (Derrington, 2000, p. 268; Lu & Sperling
1995). Many versions of this sensor have been proposed. It Was originally designed to
explain optomofor responses in insects (Reichardt, 1961). Van Santen and Sperling
(1984, 1985) adapted the Reichardt model to the detection of motion in humans and
called the new version the elaborated Reichardt sensor model. In the elaborated Reichardt
sensor model the raw data are first transformed using a spatio-temporal low pass linear

filter. This model suggests that the input passes through two adjacent receptors. One of
the receptors receives the input after ‘a time delay. This time delay permits one to derive
the direction of a motion because it causes the two receptors to receive the output from
the spatio-temporal filter at the same time. The output of the filtered values is multiplied
before it is averaged and correlated togefher. Unlike the original Reichardt sensor, the
Elaborated Reichardt sensdr is able to detect motion in opposite dﬁecﬁons.

Other models of motion detection have been proposed such as thé motion energy-
filtering inodel (Adelson and Bergen, 1985) and the linear spatio-temporal model
(Fennema and Thompson, 1979; Johnston, Mc Owan and Buxton, 1992; Watson and
Ahumada, 1985). Although these computational models of motion detections have
different starting points and ways to compute motion signals, their outcomes are similar
(Derrington, 2000, p. 274). Since the end results of each of the motion sensors described
in this section are the same, it is diﬂicult to know which one our brain may be using
(Derrington, 2000, p. 274).

These motion sensors explain the analyses of sﬁnple; linear luminance motion

input. They model what happens at the early stage of motion processing (V1). It is



- difficult explaining second-order motion usiﬁg this mechanism. Second-order motionisa .
motion produced by stimulus characteristics other thén luminance such as the contrast
modulation of textured elements (Derrington, 2000, p. 264; Ledgeway, 1994; Turano &
Pantle, 1989). An example of .this type of motion is the modulation of a texture-contrast )
" over time while the luminance of the whole stimulus remains constant. The moving
texture-contrast grating is a second-order stimulus because it has the same average
luminance at each spatial location (Lu & Sperling, 1996).

Feature tracking can also be used to analyze motion. Feature tracking infers
motion from changes in the retinal position of objects over time (Ullman, 1980). This
model of motion perception states that salient features in the image, such as an edge, are
identified and their position are tracked or matched over time (Sato, 1998, p.116). Feature
tracking has the advantage of being able ’;o detect first- and second-order motion. The
critics of this model state that it is not clear what constitutes a feature (a point, an edge, or |
a blob) and what is being matched (Adelson & Bergen, 1985). Additionally, models of
motion perception based solely on feature tracking have difficulties explaining what
happens when the appearance of the tracked edge of the image changes in form and when
the object is rotated over time. For instance, in a random dot kinematogram, different
directions of local motion may be perceived in different directions but an observer still
perceive an overall coherent motion direction (Sperling & Lu, 1998, p. 164). In this type
of stimuli, tracking a feature will not give the accurate direction of the overall pattern.

The fact that certain motion sensors are blind to second-order motion has been
influential in the development of other models of motion processing. Historically,

Braddick (1974) proposed two separate systems of motion perception. Based on his study



of di:splacement analysis of apparent motion, Braddick (1974) proposed Vtwo mechanisms
of motion, processing different types of motion: short- versus long-range motion.
However, subsequent studies showed that the same motion system could process short-
and long-rénge motion stimuli if the short-range motion underwent some preliminary
rectification (Cavanagh & Mather, 1989). Cavanagh and Mather (1989) proposed that
two types of stimuli with different characteﬁsﬁcé determine the output of the motion
mechanism rather than they’re being two mechanisms of motion processing. They
distinguished between first-order and second-order motion. Evidence exists to support the
idea that ﬁ;st- and second-order motions are processed, at least initially, by separate
mechanisms. The fact that second-order motion does not evoke optokinetic nyst#gmus
while first-order motion does (Harris & Smith, 1992), that second-order motion does not
permit recovery of 3-D images from 2-D motion while first-order motion does (Dosher,
Landy & Sperling, 1989), that second-order motion, in contrast to first-order motion,
does not produce a static MAE (Derrington & Badcock, 1985; Nishida, Ashida & Sato,
'1994) and that a plaid made-up of two first-order components produces a suppression in
the MAE of the unattended component (von Griinau, Bertone & Pakneshan, 1998), while
a plaid made-up of a first- and a second-order component does not (von Griinau &
Faubert, 1998) support the idea that first- and second-order motions are processed, at
least initially, by separate mechanisms. For these reasons, it has been suggested that the
Reichardt type sensors described earlier in this section might not be the only mechanism
used by the brain to analyze motion. In von Griinau et al. (1998) and in the experiments
of this thesis, a suppression of the MAE is defined as producing a MAE of shorter

duration than the MAE for the condition where attention is directed to both components



equally (control condition). Also, an enhancement of the MAE is defined as producing a
MAE of longer duration than the MAE for the condition where attention is directed té
both components equally.

According to Derrington et al. (2004) it is generally agreed upon in the motion
perception literature that the visual system uses motion sensors and feature tracking to
derive information about moving objects. It is also generally accepted that they might be
part of more complex motion detection models that derives information about moving

objects through other methods as well.

Integrating Motion Models

The idea that there is more than one method used by the visual system for motion
petception has become increasingly popular in the literature. The models of moﬁon
perception often combine different mechaniéms of motion analysis.

Seiffert and Cavanagh (1999) argued that a motion sensor baired with a feature
tracking system is sufficient to analyze the motion of simple and‘complex stimuli sqch as
the spatial modulation of contrast (a type of second-order motion).

Wilson, Ferrera and Yo, (1992) and Solomon and Sperling (1994) proposed that
one additional step is required before the motion signals reach the motion sensor in order
4to render second-order motion sensible to the motion sensor. After rectification, for
instance by squaring, the second-order motion can be detected by the motion sensors
described in the previous section (Nishida & Sato, 1995).

Smith (1994) proposed three systems of motion analysis. An intensity-baséd

system that analyzes first-order motion only, an intensity-based system in which a non- |



linear transform step is added to the first-order motibn to transform the luminance profile
to one of second-order motion, and a type of feature tracking system that could analyze
both, first and second-order motion (Smith, 1994). The intensity systems referred to by
Smith are modeled ﬁsing the motion sensors. |
Lu andl Sperling (1995, 1996) proposed a model of motion perception that

integrates different motioﬁ detector mechanisms. Lu and Sperling’s (1995) model of
motion perception suggests that three motion systems co-exist and that five computations
for motion direction discrimination occur. Monocular mechanisms of moﬁon detection
detect first- and second-order motion for the right and left eye separately (these are the
‘motion sensors). However, there is a 10 % cross over from the left and right eyes in these
almost monocular systems. There is a motion-energy sensor for the analysis of ﬁrst-or&er
motion coming from the right eye and a motion-energy sénsor for the analysis of first-
“order motion of the left eye. Also, there is a motion-energy sensor for the analysis of
second~ofder fnotion coming from the right eye and a motion-energy sensor for the
analysis of second-order motion from the left eye. A texture grabber is a spatial filter that
rectifies the full-wave of the second-order stimulus by taking the absolute value of each
point’s difference from the mean. For the processing of second-order motion a texture
grabber rectifies the motion information before the input is passed through the motion-
energy detector. The information extracted by these four motion-energy sensors is |
summed. The information is then sent to 1) a third-order system, which is a feature
weighting mechanism ruled by a saliency map and 2) directly to further processing and
cognitive processing. The saliency map is “a neural representation of the visual space in

which the locations of important features are marked” (Lu & Sperling, 1996). In Lu and



: 'Sperling’s model (1995) selective attention is a top-down process that isl generated at the
cognitive level and which sends feedback to the feature weighting level of the third-order
motion processing only. The third-order nﬁotion detection system is slower than the first-
and the second-order motion detéction systems, is binocular instead of monocﬁlar. Unlike
the first- and second-order motion detection systems, the third-order system is able to- |
compute all types of moﬁons.‘ However due to longer time needed to process moving

' informaﬁoﬁ, we need the first- and the secon‘d-orde;r motion systems.

The literature about the processing of motion by the visual system has not yet
clearly defined the different steps involved and the order of these steps. However, it is
clear that at an early level first- and second-order motion are either not processed by the
salﬁe mechanism or second-order motion need some rectification before fo be detected by
the same mechanism as first-order motion because psychophysical experiments have

' demonstratéd different results for first- and second-order motions. Therefore, in this
thesis, the difference in attention modulation for first- and second-order motion Waé :
invésﬁgated. This can give information about how attention acts within the visual system
in order to produce its modulatory effect on motion processing. The study of the
interaction between the different stages of motion processing is highly relevant to

understanding motion processing (Watanabe & Miyauchi, 1998, p. 95).

The Motion Aftereffect as a Tool to Study Motion Processing

There are many psychophysical tools used to make inferences about the
processing of motion by our brain. A useful one is a psychophysical phenomenon called

the motion aftereffect (MAE) (Derrington et al., 2004; Verstraten, Fredericksen, van



Wezel, Lankheet & van de Grind, 1996; Wade & Verstraten, 1998). The MAE consists of
the appearance. of motion in a stationary stimulus or an ambiguously moving stimulus
z;ﬂer a prolonged adaptation to a moving stimulus. The stationary stimulus or the
ambiguously moving stimulus subsequently appears to move in the'direc.tion opposite to
the motion of the adapting stimulus (Wade & Verstraten, 1998; Wohlgemuth, 1911). This
illusion of motion is used as an indication that the brain baseline processing has been
altered by the motion information (Sutherland, 1961).

The perception of motion in a stationary stimulus following staring at a moving
stlmulus was documented as early as Aristotle (ca 330BC) (Wade & Verstraten, '1998).
However, Aristotle omitted to describe the direction of the_ apparent motion. In the early
part of the 19th century, Purkinje and Addams independently described the MAE in detail
for the first ﬁxr;e, indicating its direction (Wade & Versuatem 1998). Af that time,
Addams called the MAE the waterfall illusion because he experienced the illusion while
looking at a still rock after having adapted to the motion of a waterfall. The physically
stationary rock appeared to be moving in the direction opposite to the yvaterfall motion
(Wade, 1994). Today, the term MAE is used because many types of moving stimuli other
than a waterfall are known to produce this illusion.

When using the MAE as a tool to investigate motion perception, thé experimental

-procedure requires two phases. In the first phase, called adaptation, a participant is

" exposed for an extended period of time to a moving stimulus. In the second phase, called
test, a static stimulus or a dynamic stimulus is presente&. It is during the second phase
that the measurement of the MAE occurs. When a dynamic test is used, the test stimulus

could consist of randomly moving dots (Blake & Hiris, 1993), pattern-less sinusoidal
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flicker (Green, Chilcoat & Stromeyer, 1983), or counterphase luminance gratings (von
Griinau et al., 199.8). A MAE measured with an ambiguously moving test is called a
dynamic MAE while a MAE measufed with a static test is called a staﬁc or classic MAE.

Over the years, several methods for measuring the MAE have been used. The
most common'and the oldest method is a measuré of the duration of the effect. The
participant is asked to record the time during which the illusofy motion is perceived in
the direction opposite to the adaptation direction. Recording the duration is the simplest
method for measuring the MAE. In the literature, the matching method and the nulling
method are also used to measure the MAE. The matching method involves asking the
participants to match the direction and the speed of the perceived MAE vﬁth areal
motion (e.g. Hiris & Blake 1993). The nulling method involves asking the participénts to
cancel out tlt_ne perceived MAE motion using a real motion in the opposite direction to the
perceived motion during tﬁe test (e.g. Ledgeway 1994; von Griinau & Dubé, 1992). A
critique of the matching and nulling methods is that real motion does not possess ti:e
same characteristics as apparent motion. For instance, it has been demonstrated that
contrary to real motion, features of apparent motion cannot be tracked although they
éeem to drift (Pantle, 1998, p. 28). Thus when using these methods to measure the MAE
the researcher might be misled by the different nature of the two stimuli. For this reason,
the method of duration remains the simplest, most straightforward and the most used
method to measure the MAE although it is sometimes difficult to determine when the
MAE ends (Wade & Verstraten, 1998, p.19).

Several models have been propbsed to explain the nem"onal mechanism of the

MAE. The ratio-model is one of the oldest models. Sutherland (1961) proposed that
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neuronal fatigue due to prolonged adaptation to the luminance contrast of the moving
stimulus occurred in the neurons that responded to the orientation and the direction of a
moving stimulus. This neuronal fatigue causes these neurons fo fire less compared to the
neurons responding to motion m the opposite direction. When the stimulus becomes
stationary, the spontaneous activity of the neurons responding to motion in the opposite
direction is stronger than the spontaneous firing of the fatigued neurons. This imbalance
causes the perceptioh of motion in the directioﬁ opposite to the adapted direction.
Sutherland’s hypothesis is supported by the findings that there are cells in the primary
visual cortex of the cat and rabbits that respond selectively to orientation and direction of
motion (Barlow & Hill, 1963a, 1963b, Barlow, Hill, & Levick, 1964; Hubel & Wiesel,
1959, 1962). For instance, Barlow, Hill and Levick (1964) found that in retinal motion
selective ganglioﬁ cells in the rabbit the firing rate is reduced compared to the baseline
after prolonged adaptation with motion in their preferred direction.

It is well documented that adaptation to a luminance-defined moviﬁg stimulus
produces a MAE using static and dynamic tests (Mukai & Watanabe, 2001; von Griinau
& Dubé, 1992; Wohlgemuth, 1911). However, adaptation to a second-order motion
stimulus produces no MAE using a static test (Culham, Nishida, Ledgeway, Cavanagh,
von Griinau, Kwaé, Alais & Raymond, 1998) or produces only a weak MAE (Anstis &
Mather, 1985; Derrington & Badcock, 1985; Ledgeway,. 1994; Nishida & Sato, 1992).
When a dynamic test is used adaptation to a second-ofder motion produces a reliable
MAE (von Griinau, 1986). The difference between the MAE produced with a first- and a
second-order stimulus in a static test suggests that the static MAE reflects eﬁrly motion

processing because the motion sensors are not sensitive to motion produced by means
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other than luminance modulation (Nishida & Sato, 1995). On the other hand, a dynamic
test picks up a MAE produced by higher levels in the motion hierarchy (Cutham,
Verstraten, Ashida & Cavanagh, 2000). Many research findings support Culham et al.’s
(2000) hypothesis.

Bertone (1999) proposed the following list of such research findings. For
instance, it has been found that 1) the interocular trahsfer of first-order motion is
complete when the dynamic MAE is used (Nishida et al., 1994; von Griinau 2002), but
only partially complete when the static MAE is ﬁsed (Moulden, 1980; Nishida et al.,
1994, von Griinau 2002). Adapting to a stimulus with one eye and being>tested with the
| other eye produces a MAE as strong as if tested with the adapted eye with a dynamic test
but not with a static test. 2) The test and the adaptation stimulus must be at the same
retinal location in order to produce a MAE with static test patterns (Anstis & Gregory,
1965),v but the MAE can be produced at other retinal locations than the location of the
adaptation When a dynamic test is used (Bertone, 1999; von Griinau & Dui)é, 1992). 3)
The static MAE is latge when the spatial frequency of the adaptation and the test are the
same (Cameron, Baker & Buxton, 1992; Georgiades & Harris, 2002; Over, Broerse,
Crassini & Lovegrove, 197 3). However, with the dynamic MAE the MAE is produced
regardless of whether the spatial frequency of the adaptation and the test match or not
(Ashida & Osaka, 1994). 4) The velocity of the adapting stimulus affects the magnitude
static MAE but not fhe magnitude of the dynamic MAE (Ashida & Osaka, 1995). All
these facts suggést that the adaptation effect picked up by a dynamic test takes place at

higher levels of processing within the motion pathway, where binocular signals are
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dominant (Bertone, 1999; von Griinau 2002) and where the receptive fields are larger
(von Grﬁnau 2002; von Griinau & Dubé, 1992). |

The MAE is a useful tool to study motion processing in humans because it gives
information on the strength of a motion signal and it can be readily and non-invasi{rely
used with human observers. The MAE duration increase as the adaptation time increase
in a logarithmic fuﬁction (Kwas, 1999). In this thesis, the dynamic MAE illusion will be -
used to study the effect of attention on motion proceésing. The dynamic MAE can serve
as a tool to study motion processing at all levels along the motion pathway. The MAE
will be paired with another useful psychophysical tool called the plaid to look at the

effect of attention on different types of motion.

The Plaid as a Tool to Studv Motion Processing

A plaid is a bivectorial stimulus that is composed of two superimposed gratings
moving in different directions at the same spatial location (Adelson & Movshon, 1982;
Culham et al., 1998, p.109). The two gratings can be transparent and be presented
simultaneously or presented in temporal alternation. Whether the plaid is made up of
superimposed gratings or fast alternating gratings, the same percepts are experienced
while viewing the plaid. The plaid can produce the perception of transparent motion in
the direction of the two moving components that form the plaid. The two motions of the
gratings can also bind together to produce a umﬁed motion in a third direction. This
‘percept is called coﬁerent motion. This coherent motion can be a smooth and straight

motion or it can be perceived as a zig zagging motion.
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The plaid is a useful tool to study the interaction between different motion
components at the same spatial loeaﬁon._ Tt can be used to study complex motion at higher
levels of in"tegration in the motion pathway and to study simple motion at lower levels by
directing attention to the motion of different components of a complex motion. The
integration of the two motions that form the plaid is believe& to be performed at a higher
level in the motion pathway while the analysis of each individual motion is believed to be
performed at a lower level. Gizzi and‘ Kats (1990) s_tudied how neurons in different areas
ef the visual system respond to grating versus plaid. They found that neurons in V1 only
respbnd to grating while neurons in MT respond to gratings and plaids.

MAE pfoduced using plaid has been used to study motion perception. After
' adaptation to either a transparent plaid (Wenderoth, Bray & Johnstone, 1988) or a plaid
made up of gratings alternating in time (von Griinau & Dubé, 1992; von Griinau et al.,
1998), the stronger resulting MAE is unitary and opposite to the coherent motion of the
adaptation motion. This unidirectional MAE opposite to the coherent motion of the
adaptation motion occurs independently of whether the participants perceived transparent
or coherent motion during the adaptation (Burke & Wenderoth, 1993). These findings
suggest that this MAE is created after both individual motions have been integrated
instead of being created for both motion components and then combined (Culham et al.,
1998). A well working model to predict the direction of the MAE in plaid is the
‘intersection of constraints solution (Adelson and Movshon, 1984})7 However, using a
dynamic test, von Griinau et al. (1998) also found MAEs for the components of a plaid
but these MAEs were contingent on having attention directed to a particular component

of the plaid during adaptation. |
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Experiments that have used plaids to produce MAE have influenced the model of -
~ MAE. Sutherland’s ratio-model of MAE cannot explain the perceived MAE in the
direction of the coherent motion of an adapting plaid. Instead, this model predicts that thé'
plaid will produce two MAEs: one in the direction for each motion component that forms
the plaid (e.g. Verstraten, Fredericksen & van de Grind, 1994; von Griinau et al., 1998;
von Griinau & Dubé, 1992). Mather (1980) introduced the disgibution—shiﬁ model in
order to explain the MAE in the direction of the coherent motion in plaids. Unlike the
ratio model, this model states that neurons that do not respond optimally to the motion
direction are also included in the computation in order to predict the direction of the
MAE. The neurons that respond to all directions of motion in the display and not just
those responding to opponent directions are involved in the computation but to different
degrees of activation. The strongest MAE is predicted to be in the direction opposite to
the weight of all neurons responsible for different directions and orientations. This model
is accurate in predicting the MAE in plaids when no attention is preferentially given to
one component of the plaid. Sutherland’s Ratio-model of motion perception could
however be used to explain what happens when attention is involved. Therefore attention
could bias which neurons would fire in a given situation (Sohn, 2005) or attention
directed to the components of a complex stimulus can isolate the processing of one

motion in a complex moving stimulus.

Attention
In the scientific literature, attention has many definitions. van Zomeren and

Brouwer (1994) stated that the definition of attention is messy and confusing. For this
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reason, instead of attempting to provide a vague definition of attenﬁoﬁ that encompasses
many aspects of it, a brief historical overview of the defir_lition of attention will be
presented. The description of different types of attention will follow. Finally, the
operational definition of attention used in this thesis will be outlined.

| Leibniz b(who lived between 1646 and 1716) described the phenomena of attention
explicitly calling thesé phenomena by the térm “apperception”. He stated that
appercepﬁon is required to become consciously aware of a stimulus. He made a
distinction between passive and active “apperception” when he stated that “apperception”
could be an act of will or could be captured automatically by an element of nature (van
- Zomeren & Brouwer, 1994, p.7). _

James (1890) first described attention as used today. The definition of attention
offered by James is now famous and is cited in most publications about attention (Koski,
1999). James (1890) stated, “Everyone knows what attention is. It is the taking
possession by the mind in clear and vivid form of one out of what seem several
simxﬂténeous objects or trains of thought. Focalization and concentration of
consciousness is of its.essence. It implies withdrawal from some things in order to deal
better with others” (p.416). In his definition, James acknowledged that attention is
responsible for an organism’s enhanced ability to respond to its mﬁronmmf and it can be
endogenous or exogenous (Mueller & Rabbitt, 1989). He also acknowledged that
. attention allows an organism to focus 6n one element of its environment among others
(van Zomeren & Brouwer, 1994, p.10). James also' stated that attention to one stimulus -
reduces the salience of other unattended stimuli (Koski, 1999, p.1). The definition of

attention proposed by James is rich and involves the concepts of selectivity, intensity,
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_perception and cognition (van Zomeren and Brouwer, 1994, p.10). However; this
definition of attention is general and is not easily amenable to scienﬁﬁc research.
Researchers have operationally redefined parts of James’s definition in order to study
attention using the scientific method. These definitions differ depending on the
paradigms used in the different .studies. , | |

In recent years, attention has been defined metaphorically as an internal spotlight

. or a zoom lens (Eriksen & Yeh, 1985). Although the spoﬂigﬁt metaphor suggests that

attention is an enhancing process, attention has also been described as a suppressive

process that serves to reduce the selection of irrelevant stimuli (Deutsch & Deutsch,

1963; Obersteiner, 1879. p. 453).

Among other modern definitions of attention readily amenable to research are
s_ustaiﬁed attention, focused attention and divided attention. Sustaiﬁed attention is defined
as ‘_‘any aspect of attention that is characterized by its duration, particularly time-on task
effects .often using time scales of minutes to hours (van Zomeren & Brouwer, 1994,
p.217). An example of sustained attention in' a MAE experiment would be to focus on a
moving component of a plaid for a prolonged period of time during adaptation.

Focused attention “refers to a situation where reacting to only one source of
stimulation is_required, usually in the presence of distractioﬁ” (van Zomeren & Brouwer,
1994, p.216). An example of focused attention in a MAE experiment would be to focus |
on a moving component of a plaid while ignoring the other components during
adaptation.

Divided attention refers to the situation where a subject has to attend to two or

more stimuli or sources of stimulation, or to various components within one task (van
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Zomeren & Brouwer, 1994, p. 4). An example of divided attention in a MAE experiment
would be to present a string of letters at the fixation point while the participant is required
to attend to a moving i)laid and to indicate when its color changes and to‘ indicate when a
vowel is Iirese‘nted at the fixation point.
Attention can represent an active or passive process. When a spatial location is
seiected by the will of the organism (also referred to as voluntary, endogenous, or as top-
 down process), it is referred to as active selection. This selection is goal directec_l. Active
selection occurs on the basis of intentions such as when focusing on a detail of a
construction (e.g. concentration on one component of a plaid) (van Zomeren & Brouwer,
1994, p.7). Another example is to voluntarily direct attention to an area of the visual field
where a target stimulus is most likely to appear (Mueller & Rabbitt, 1989). Passive
selection occurs when a spatial location is automatically captured by attention (also
referred to as automatic, exogenoué, reflexive or as a bottom-up process). Passive
selection is driven by external stimuli (van Zomefen & Brouwer, 1994, p.7). For
examp}e, Passive selection occurs when attention shifts automatically to a component of
a transparent plaid that is not cued. In this situation, attention ié captured automatically by
one of the components of the stimulus. Passive and active selections are two distinct
ways in which selection 6f motion occurs'(Cowan, 1997, p. 4). The locus of attention and
the central fixation are not necessarily associated. One can move the locus of attention

“ while keeping fixation at the same area of a display (Chaudhuﬁ, 1990; Eriksen &
Hoffman, 1972; Eriksen & Yeh, 1985).

The different types of attention and ways to select a stimulus could take place at

different levels along the motion pathway (e.g. Lu & Sperling, 1995; Watanabe &
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Miyauchi, 1998) .and can affect different types 'of motion in different ways (e.g. von
Griinau et al. 1998; von Griinau & Faubert, 1998). It is impossible to study all the aspects
of attention within one thesis. In this thesis, the focus will be on the effect of active
selection in task requiring sustained and focused attention. In the experiments presented
in this thesis, the participants were required to voluntarily focus their attention to one
component of a moving plaid for several seconds while ignoring the other component of
the plaid. The plaids were forxr;ed using combinations of different types of motion (first-
and second-order motion). The effects of these attention manipulations on motion
processing will be studied using the MAE illusion.

It has been well documented in the literature that: 1) Motion is a salient stimulus
that attracts attention. Royden et al. (2001) used the visual search paradigm to show that a
moving stimulus embedded within stationary stiinuli is foﬁnd faster than to find a
stationary stimulus within moving distracto;'s. 2) Attention increaseg motion processing
when it is directed to a moving stimulus (Sohn, 2005; von Griinau et al. 1998); 3)
Attention biases the direction of a perceived motion (Cavanagh, 1992; Lankheet &
Verstraten, 1995; von Griinau, Racette & Kwas, 1996; Watanabe & Miyauchi, 1998). For
instance, Cavanagh (1992) demonstrated that attention could determine the direction of a
perceived motion and its subsequent MAE. He presented two opposite motions within an
annulus at the same spatial location. One motion was deﬂned by isoluminant color
modulation and the other motion was defined by luminance modulation. He asked the
participant to either track the motion of either ﬁe color or the luminance componént. He
found that directing attention to one motion component biased the perception of the

overall motion of the annulus in that direction. Using the line motion illusion, von
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Griinau et al. (1996) found that directing attention using a prime at one end of a bar
presented a few milliséconds later produced an illusion of motion starting from the prime
and mo{ring along the bar. The illusion of motion will move left to right if the prime is
presented to the left and right to left if the prime is presented to the right. 4) Attention
directed away from a moving adaptation stimulus decreases the MAE (Chaudhuri, 1990;
Georgiades & Harris, 2000, 2002; Rees, et al. 1997; Rezec et al; 2004; Shulman, 1991,

1993; Takeuchi & Kita, 1994).

Attention and MAE

Wohlgemuth (1911) wrote the first abcount of the effect of attention on the MAE.V
He studied the cﬁaracteﬁsﬁcs of the MAE for .his doctoral thesis. His participants were
asked to perform mental arithmetic and to repeat nouns presented at fixation while they
were adapting to a moving stimulus. Wohlgemuth tested the effect of those demands on
‘the MAE and concluded that attention had no gﬂ‘ect on the MAE. Many contemporary
research studies, using a sirhilar distractor design with more modern methodologies and
technologies, proved Wolblgemuth’s conclusion to be wrong (e.g. Chaudhuri; 1990,
Georgiades & Harris, 2000; 2002; Rees; Frith & Lavie, 1997; Rezec, Krekelberg &
Dobkins, 2004; Shulman 1991, 1993; Sohn, 2005; Takeuchi & Kita, 1994).

Recent studies have shown that: 1) Allocating attention away from a moving
adapting stimulus reduces the subsequent MAE. For instance, Chaudhuri (1990) directed
the attention of his participants away from the adaptation stimulus by asking them to
perform an attention-demanding task at a central fixation while they adapted to a moving

textured background. The participants were required to either passively fixate the
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alphanumeric stimuli (passive condition) or to attend actively to the alphanumeric stimuli
and to indicate when a number was presented (attention condition). Chaudhuri showed
that the MAE in the active attention condition was reduced as compared to the MAE in
the passive condition. Chaudhuri (1990) also showed that directing attention to an aspect
of the moving adapting stimulus, not involving motion, did not reduce the size of the
MAE. When he asked his participants to attend to the changing color of the textured
background and to indicate when the textured background changed color, the MAE
remained as strong as when they attended passively to the adapting moving stimulus.
Chaudhuri (1990) interpreted this result as indicating that attention directed to a property
other than motion that does not involve motion does not affect the population of neurons
responsible for motion.

2) Attention has a graded effect on the MAE. For instance, Rees et al. (1997)
manipulated the degree of attentional demands in a distractor task and showed that these
manipulations influence the production of MAE in accordance with the degree of
attention demanded. The participants adapted to an expanding field of dots whife
processing words presented within a blank ellipse at fixation. The participants performed
either a low-load attention task or a high-load attention task presented within the fixation
ellipse. During the low-load attention task, words made up of either lower-case leﬁers or
upper-case letters were presented successively and the participants were asked to indicate
when an upper-case letter WOI"d was present. During the high-load attentional task, words
were presented successively and the participants were asked to indicate when a two-
syllable word was present. Rees et al. (1997) found that both conditions reduced the

MAE but that performing the high-load attention task during adaptation reduced the
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MAE more than performing the low-load attention task. This study suggests that as the
distracting task demand increases the MAE strength decreases.

3) Different types of attention (ex. active versus passive) have different effects on
motion processing. Georgiades and Harris (2000) demonstrated that exogenous (passive
attention) as well as endogenous (active attention) selection could modulate the MAE
differently. They presented their participants with a moving grating. At the same time,
participants were presented with a series of letters or a stationary display containing a
zero at fixation. Parﬁcipants had to either identify the different letters or they fixated
passively at the changing characters or the stationary zero. The experimenters argue that
the difference between the condition in which the participants viewed changing letters
and produced a response and the condition in which the participants passively viewed
changing letters and did not produce a response reflects a difference in endogenous
selection demands. The condition in which the participants viewed passively a changing
Tletter compared to the condition in which they passively viewed an unchanging zero
reflects a difference in exogenous selection demands. They measured the duration of the
MAE and compared the effect of endogenous selection and exogenous selection
demands. They found that increased endogenous demands reduced the MAE, duration for
low as well as high spatial frequencies. Howéver, increased exogenous demands reduced
the duration of the MAE for a low spatial frequency stimulus but not for a high spatial
frequency stimulus. This study suggests that there is an interaction between the
characteristics of the adapting moving stimulus and the different kinds of selection

(active vs. passive) on the MAE.
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4) Attention can bias the direction of the MAE. Shulman (1993) showed that
when two unambiguously moving stimuli that rotate in opposite directiqns are presented
during adaptation and the participants have to attend to only one of the moving
components of the adapting stimulus, the direction of the perceived MAE in a subsequent

| ambiguous test was in the diréction opposite to the attended stimulus during adaptation.
He showed that attending to the component moving in the opposite direction reverse the
sign of the MAE.

5) Attention can generate a MAE for a component of a moving complex stimulus
that would otherwise not be present. Attention directed to a moving component of a
complex stimulus produces a MAE in a dynamic test in the direction opposite to the
direction of the motion of the component (Chaudhuri, 1990; Sohn, 2005; von Griinau et
al. 1998). A

As is clear from the above review, the MAE has beeh used extensively to study
the effect of attention on motion processing. All modern MAE sfudieé are in agreement

with the fact that attention is an important factor in the processing of motion.

Rationale for the Present Experiments

The purpose of the experiments of this the_sis is to study the effect of allocating
and withdrawing attention on different types of motion (first- and second-order motion)
stimuli. The goal is to better understand the locus of action of active selection, a type of
attention, within the motion pathway and the effect of withdrawing active selection of a

component of a complex moving stimulus.



In the literature, it is unclear what happens to a stimulus that is present in the
same visual field as an attended stimulus but to which attention is not selectively drawn.
Stimuli not selected by attention could either remain unprocessed, be processed with less
efficiency or processing of these stimuli could be actively suppressed. Reviews of the
literature on attention have looked at the evidence for the processing of stimuli outside
the “window of attention” (Fox, 1994; Johnston & Dark, 1986; Kinchla, 1992;).
According to Fox (1994) some researchers argue that there is an active inhibition of the
unattended component (e.g. Miller, 1991; Tipper & Cranston, 1985). Howéver, other
researchers argue that unselected stimuli are unprocessed and/or their processing fades
over time (Johnston & Dark, 1982). Many MAE studies héve demonstrated that directing
attention away from an adapting moving stimulus reduced the processing of this stimulus
but these studies did not inform us on the nature of this reduction of processing (e.g.
Chaudhuri, 1990; Georgiades & Harris, 2000; 2002; Lankheet & Verstraten, 1995; Rees,
Frith & Lavie, 1997; Rezec, Krekelberg & Dobkins, 2004; Shulman 1991, 1993; Sohn,
2005; Takeuchi & Kita, i994). For iilstance, Lankheet & Verstraten (1995) presented two
superimposed sheets of dots moving in opposite directions as the adaptation stimulus and
asked the participants to attend to only one sheets of dots during adaptation or to the
overall motion of the two sheets of dots. They showed that attending to one field of dots
when two fields of dots were presented in the same spatial location, produced a MAE
opposite to the direction of the attended field of dots. When attention was allocated to the
overall motion instead of one field of dots, the MAE was cancelled out. This study shows

‘that attention can modulate the direction of the MAE and that directing attention to an

ambiguous motion made up of two motions does not produce a MAE. This experiment,
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however, does not inform us about the effect of attention on the unattended stimulus
because the MAR is cancelled out when attention is not allocated to a specific field of
dots. Furthermore, in this study, each ﬁeid of dots was differentiated by a color.
Therefore, the participants were not instructed to attend strictly to a motion but to a
motion and a color.

In the literature, it is also not clear at which level along the motion pathway
attention influences the processing of motion. Some researchers state that visual attention
exerts its effect only at higher levels in the motion pathway (Cullham et al.; 2000; Lu &

-Sperling, 1995, 1996; Sperling'& Lu, 1998; Treisman & Gelade, 1980). However,:other
research has demonstrated that even at early stages in the motion pathway, aﬁenﬁon has
an effect on motion processing (Watanabe & Miyauchi, 1998, p. 97). |

For example, Culﬁam et al. (2000) used static and dynamic tests to étudy the
effect of attention along the motion pathway. Culham, et al. used radial counterphase
flickered stimuli in which motion energy was equal m clockwise and counter clockwise
directions. This stimulus produced an ambiguous motion that can be disambiguated by
attentionally tracking one of the components. They found that attentionally tracking one
component produces a MAE in the direction opposite to the tracked motion with a
dynamic test but not with a static test. They suggested that this difference between static
and dynamic testing of the MAE indicates that attentive tracking acts at a higher stage in

the hierarchy such as in MST or even higher.
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Figure 1. Reproduction of the stimulus used in Watanabe and Miyauchi study
baséd on the stimulus illustrated in their article in order to facilitate the description of the

method used in their study (Watanabe & Miyauchi, 1998, p. 99).
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The folloﬁng study, however, suggests that attention might influence the perception of
motion early in the motion pathway. Using the MAE paradigm, Watanabe and Miyauchi
(1998) used the stimulus reproduced in Figure 1 to demonstrate that attending to a
contour of a wedge stimulus biases the direction of the perceived motion and the
direction of the subsequent MAE (p.100). The participants were‘ asked to fixate ata
fixation pqint in the center of the display. They were also asked to pay attention to a) the
right side of the wedge which was tilted + 45 degrees b) the left side of the wedge whicﬁ
i)vas tilted - 45 degrees c) to the display in general. When attention was directed to the
whole display, the participants reported perceiving a horizontal motion toward the right,
' in the direction of the integrated motion. When attention was directed to the left wedge of
this stimulus, tilted - 45 degrees from the vertical, the stimulus appeared to move
downward. When attention was directed to the right wedge of this stimulus, tilted + 45
degrees from the vertical, the stimulus appeared to move upward (p. 98). In their
experiment, the MAE was always opposite to the attended motion direction during

- adaptation. Local motions of luminance contrast, such as when participants attended to a
wedge of this stimulus are known to be processed at a low level in the motion pathway
(Adelson & Bergen, 1985). The motions of complex stimuli formed by a comBinatioq of
two motion directions are known to be processed higher in the motion pathway
(Watanabe & Miyauchi, 1998). This finding indicates that in the absence of attention
being directed specifically to one particular component of a complex stimulus, the
integratéd motion of a complex moving stimulus is processed preferentially as compared

to the non-attended motion component of the same stimulus. However, attention directed



28

to\ a simple motion of a complex stimulus can isolate that moﬁbn and affect the MAE,
showing the processing of that simple»motion.

| Other studies seem to show that the MAE produced for the integrated motion of a
moving plaid might not be as strongly dependent on manipulation of attention as the
MAE produced for one component of a cbmplex stimulus. Del Vecchio and von Griinau
(2002) used altransparent plaid and measured the MAE using a test in the éﬁentaﬁon of
the coherent motion of the plaid after the particii:ants adapted to‘ only one moving
component of the plaid or to both components of the plaid. Transparent plaids permit this
dissociation because they are plaids in which the participant perceive two motion
directions, each one in a direction perpendicular to the orientation of one of the two
components that form the plaid (Stoner & Albright, 1992; Stoner, Albright &
Ramachandran, 1990). Whether attention was directed to the overall motion of the plaid
or to the motion of only one component during adaptation, a strong MAE in the direction
opposite to the overall motion was produced (Del Vecchio & von Gri:mau, 2002).
However, the MAE in the direction opposite toa component of the complex stimulus was
only produced when attention was directed to that component during adaptation (Del
Vecchio & von Griinau, 2002; von Griinau et al. 1998). This finding suggests ﬁat the
MAE‘produced for the overall motion of a plaid might not be as strongly dependent on
attention as the MAE produced for one component of a complex stimulus.

The studies that directly lead to the hypotheses of this thesis are elaborated below.

These studies have investigated what happens to an unattended moving component in
terms of motion processing and the locus of action of attention for that component. For

instance, von Griinau et al. (1998) used a plaid made up of two first-order square-wave
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gratings to show that the motion processing of an unattended component of a plaid is
suppressed. One of the gratings was moving — 20 degrees from the vertical and the other
| grating was moving + 20 degrees ﬁ‘om the vertical. They asked the participants to attend
to one of the graﬁngs during adaﬁtation or to attend to the whole display. They measured
- the subsequent MAE in the orientation of the attended component or in the orientation of
the unattended component. They demonstrated that attention can be directed to a
component of a plaid even when the two components are at the same spatial location.
These results are in accordance with other previous results (e.g. Culham et al. 1992; -
Lankheet and Verstraten, 1995). They also showed that directing attention to one
component of a plaid increased the MAE for that component while suppressing the MAE
for the non-attended component. Since the two motions were defined by luminance
changes over time in this study, they are likely to be processed early in the visual
pathway (V1) and (early MT) where simple motion is processed. They concluded that: 1)
Allocating attention to one component of a complex moving stimulus weakens
processing of the other moving component in the same visual field and 2) attention can
modulate the processing of simple motions believed to be processed at low levels within
the motion pathway. This experiment was performed using two first-order motion
components. In order to understand the possible interaction between motions believed to
be processed at different stages along the motion pathway, the next logical step was to
| redo this study using heterogeneous plaids méde up of a first- and a second-order motion .
component. The study of the differential effect of attenﬁon on different types of motion

and their interactions is highly relevant to understanding motion processing because it
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can help determine where at.tention exerts its effects in the visual system in order to
modulate motion processing.

In a pilot study, von Griinau and Faubert (1998), studied the effect of attention on |
first- and second-order motion using the same methodology as that used in von Griinau et
al. (1998). Their second-order motion stimulus consisted of a modulation of texture over
time. They used é plaid made-up of two sine-wave gratings. One grating was made-up of
a first-order motion and the second grating was made-up of a second-brcier motion. They
asked the participants to attend to one of the gratings during adaptation or to attend to the
whole display. They measured the subsequent MAE ‘using test stimuli in the orientation
of the attended component or in the orientation of the unattended component. As in von
Griinau, et al. (1998) they found that attending to one' component of a plaid increased the
MAE for that component. However, they found no suppressive éffect on the MAE when
the test stimulus had the same orientation as the non-attended component of the
adaptation plaid. They concluded that the interaction between first- and second-order
motions may not be of the same nature as the interaction between two first-order
components. Therefore, they stated that their experiment gives more evidence for
separate processing for first- and second-order motion. One problem with this conclusion
is that their lack of a supﬁressive effect is based on a failure to reject a null hypothesis.
Therefore a lack of power could have accounted for failure to observe a suppressive
effect. In fact, only three subjects participated in this experiment, and two of them were
the experimenters who where aware of the purpose of the study. Also, it is not clear if the
interaction between first- and secbnd—order motions did not permit the suppressive effect

or whether the nature of the second-order motion affected the results.



31

In this thesis, the effect of attention on motion perception will be investigated
using first- and second-order motion and the MAE. Two questions will be addressed: 1)
what happens to the processing of a moving stimulus that is in the visual field but that is‘
not selected by attention? 2) At which level along the motion pathway does attention
exert its effect in order to influence the processing of motion? The problems and éoncems
discussed earlier about the previous experiments will be corrected.

Based on the literature just reviewe&, It has been hypothesized that: -1) Attention
directed to one component of a plaid will increase thé MAE for a test of the same
orientation. This will be true for homogeneous plaids made-up of two first-order motion
components, two second-order motion components and for heterogeneous plaids made-up
of a first- and a second-order motion component. 2) A test of the orientation as the
unattended component will reveal a suppression of the MAE in homogenebus plaids
made-up of two first-order motions (von Griinau et al., 1998) but not in heterogeneous
plaids made-up of a first- and a second-order motion (von Griinau & Faubert, 1998).

3) It is unclear whether homogenebus plaids made-up of two second-order motions will
produce a suppression when the tesf is oriented in the orientation of the unattended
component due to a lack of previous literature.

The aim of this study is to expand on the work of von Griinau and Faubert (1998).
It is tried to develop a better underétanding of how different types of motions are
influenced by attention and to make inferences about where attention modulates motion

processing along the motion pathway.
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Experiment 1: Preliminary Experiment

von Griinau et al. (1998) used first-order homogeneous plaids to show that it is
- possible fo influence the direction of attention using overt instructions and that active
selection of one component of a complex moving stimulus, such as a plaid, enhances the
duration of the MAE for that attended component as compared to when no attention
manipulation is present. They also showed that the MAE for the unattended component
of the plaid is reduced as compared to the condition in which there is no manipulation of
' aﬁenﬁon, they observed a suppressive effect. The dependgnce of MAE on the allocation

of attention indicates that aﬁenﬁon influences the processing of motion by the brain.

von Griinau and Faubert (1998) used heterogeneous plaids made-up of first- and
second-order gratings to investigate the effect of selective attention. They directed
participants’ attention to or away from a component grating and measured the resulting
MAE. They found that with a heterogeneous plaid, as with a homogenedus plaid made up
of two ﬁrst-order components' (von Griinau et al. 1998), the MAE was enhanced for the
plaid component that was attended during adaptation. However, contrary to the
suppressive effect found in the study of von Griinau et al. (1998), von Griinau and
Faﬁbert (1998) found no suppressive effects of withdrawing of attention from a plaid
component for heterogeneous plaids. They hypothesized that the difference in the
suppressive effect of active withdrawal of attention in heterogeneous and homogeneous
plaids might Abe an indication that first- and second-order motions are processed at
different levels along the motion pathway.

von Griinau and Faubert’s (1998) conclusion is in agreement with previous

psychophysical studies (Edward & Badcock, 1995; Ledgeway & Smith, 1994; Scott-
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Samuel & Géotgeson, 1999; Scott-Samuel & Smith, 2000; Smith & Ledgeway, 1997);
physiological studies (Zhou & Baker, 1993), functional unagmg studies (Smith,
Greenlee, Singh, Kraemer & Henning, 1998) and neuropsychological studies (Greenlee |
- & Smith, 1997; Vaina, Makris, Kennedy & Cowey, 1998). All these studies suggest that
the méchanisms that process first- and second-order motion are different. However, by
compariﬁg the results of von Grﬁnau et al. (1998) and von Griinau and Faubert (1998), it
is difficult to arrive at a clear conclusion about the differential suppressive effect in
homogeneous and heterogeneous plaids. First, many other variables could account for the
difference between these two studies in the suppressive effect. Second, statistical analysis
*of the difference cannot be investigated because the results come from two disﬁﬁct
studies. Furthermore, it is important to keep in mind that the von Griinau and Faubert
study had only 3 participants, which included the two investigators. It might be a lack of
statistical power that accounted for the different results of von Griinau et al. (1998) and
von Griinau and Faubert (1998). |

In the present study, it was attempted to replicate the results of von Griinau et al.
(1998) and of von Griinau and Faubert (1998) within one study. It was intended té
understand if it is the nature of the second-order component or if it is the interaction
between the first- and the second-order components that did not permit the suppressive
effect in von Griinau and Faubert (1998). The effect of selective attention on the MAE
duration after adaptation to plaids made up of 1) two first-order gratings, 2) two second-

order gratings, and 3) a mixture of first-order and second-order gratings was investigated.
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Method

Particigv ants '

Five psychophysical_ly experienced observers (4 females and 1 male) participated
in all the conditions of the experiment. Four participants were right-handed and one was
left-handed. The ages of the participants ranged between 22-56. Three participants were
naive as to the purpos;a of the experiment. Two participants were not naive asto the
purpose of the experiment since they were the experimenter and the supervisor. All

. participants were required to have normal or corrected-to-normal vision. Informed

* consent was obtained prior to the participation in the experiment.

Apparatus and Materials -

The stimuli were presented on a Power Macintosh 7300/180 computer. The VPixx

1.4 program developed by Peter April (http://www.vpixx.com/) was used to create and

present the stimuli. The stimuli were displayed on 17-inch studio Apple monitor with a
refresh rate of 75 Hz. The screen resolution was 800 x 600 pixels. The color depth was
set at 256 levels. A chm rest was used to stabilize the participant’s head position during
tgsting. Color calibration and luﬁnmce readings were taken using a Minolta CS-100

| Chroma Meter. A 25 watt light bulb in a funnel type lamp was used to dimly light up the
testing room during testing.
Stimuli

Mask. A mask consisting of a black and white dynamic checkerboard pattern was
used between each trial to prevent earlier stimuli from influencing the outcome.of |

subsequent stimuli. The mask was presented for 160 frames or 1.68 seconds (Figure 2).
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Adaptation Plaid |

Figure 2. Sequence of events presented within a trial. For the purpose of this illustration,
the picture of the plaid presents both gratings simultaneously. In the experiment, the two
gratings were presented in alternation as described in the text. 4The'refore atthe

intersection of the two gratings no dark areas were physically present.
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Figure 3. Cues indiéaﬁng the plaid component to which attention should be directed. The
white bar titled to the left and to the right indicated to attend to the grating component

moving to the left and to the right respectively. The circle indicated that both components

 should be attended equally.
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Cue. A cue indicated the plaid component to which attention should be directed.
The cue consisted of _eitheré whit;a bar oriented 20 deg from the vertical, a white bar
oﬂénted -20 deg from the vertical or a white circle. The bar tilted 20 deg from the
vertical, indicated to attend to the grating component oriented 20 deg from the vertical
and moving to the right. The bar tilted -20 deg from the vertical indicated to attend to the
grating component oriented -20 degree from the vertical and moving to the left. The
circle indicated to attend to both components of the adaptation plaid equally (Figure 3).
Adaptation Plaids. The adaptation plaid stimuli consisted of two spatially

supérimposed but temporally alternating square-wave gratings that were moving in
directions differing by 140 deg in motion direction. The duty cycle of the gratings was
0.75. The plaids consisted of 1) two first-order, luminance-defined, gratings, 2) two
second-order, texture-defined gratings or 3) a mixture of one first-order and one second-
order grating. The spatial frequency of the gratings was 0.5 cycles per degree and their
temporal frequency was 7.52 cycles/sec. One temporal cycle for each grating consisted of

5 static presentations of the grating shifted each time By 1/5 of a cycle. The component
| gratings were temporally interleaved every frame. Each frame lasted 13.3 msec since the
computer was set at .75Hz. There was no luminance difference at the intersections of the
two gratings because they were not temporally presented together.

The luminance was 12.4 cd/m’ for the second-order grating. The luminance of the

first-order dark bars varied from participant to participant according to the contrast
yielding the 50% threshold between the first- and the second-order component. This

threshold was determined using the counterphase grating method that included noise
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elements in the first-order component. This method is described in Appgmdix A. The
adaptation stimuli were presented within a circular aperture of 12 degrees of visual aﬁgle. '
Second-order stimulus. The 's'econd-order stimulus used to make the plaid was a
contrast-defined noise square-wave grating. The grating had a spatiai frequency of .5
cyéles/degree. The equation that defined the luminance profile at each point on the x and
y axes was:
L(X, )= Lucan {[1 + Meay f1 *[1 +0.5 mear * Rz, )]}
This formula is adapted from Bertone (1999). Limea, the mean luminance of the display, is
12.4 cd/m®. meqy is the modulation depth of the envelope. f is the spatial frequency of the
envélope. mese is the contrast of the carrier. R(X, y) is the carrier made of s'tatic noise of 1
pixei * 1 pixel, measuring approximately 2.24 arc min. The gfayish colored, static carrier
was formed using a squared modulation. The luminance of each dot was assigned as a
function of (x), where the luminance of x ranged from 0 to 1. Fixed noise elements (the
carrier) were multiplied with the square-wave grating (the envelope) in order to form the
secm‘ld-order stimulus. The amplitude of the modulating grating was .5. The symmetry of
the wave was .5. The second-order grating was oriented either 20 or -20 degrees away
from a vertical and the temporal frequency of the rhoﬁon was 7.52 cycles/sec. One
temporal cycle of the second-order grating consisted of 5 static presentations of the
grating shifted each time by 1/5 of a cycle. The duty cycle of the grating, which describes
the relative width of the positive and negative lobes of the cycle, was .75 (Figure 4).
First-order stimulus. The first-order stimulus used to make the pléid was a
luminance-modulated square-wa\;e grating. The spatial frequency and symmetry of the

first-order stimulus were identical to those of the second-order stimulus. The grating was
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oriented either 20 or -20 degrees away from the vertical and ﬂie temporal ﬁ'eqiiency of
the motion was 7.7 cycles/sec. The temporal cycles of the first-order grating, as well as
its duty cycle, were identical to those ‘of the second-order grating. A uniform sheet of
static noise was added (Figure 4). The luminance contrasts of the first-order stiniulus
were set for each participant using the counterphase method with noise added and with
the same characteristics as the one of the second-order motion. k

MAE Test. The test stimuli consisted of a flickering grating made up of two
identical counter-phase gratings moving in opposite directions. There Weré two types of
test orientation (20 deg and -20 deg). The spatial frequency of the gratings was 0.5 cycles
per degree and their drift frequency was 2Hz. The duty cycle of the gratings was 0.5 and
the symmetry of the grating was .5. No noise was introduced in this stimulus. The stimuli

were presented in a circular aperture of 12 degrees of visual éngle.

Plfoceduré

First, the experiment was described verbally to the participant by the experimenter, and a
written consent form describing the instructions of the experiment was given to the
participant (Appendix B). The participant was asked to read and sign the consent form if
he/she agreed to participate in the experiment. The participant was allowed to quit the
experiment at any time. Each participant was tested individually. Before the experiment,
the contrast of the first-order component was adjusted using the counterphase method
with noise (Table A). Before the ei(periment, the participant stabilized his or her head on

the chin and forehead rest placed in front of a monitor and fixated a point in the center of



Figure 4. First- and second-order motion square-wave gratings used to form the motion

plaids.
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the computer screen. The participant was told to maintain fixation during the whole trial.
The participant was then ready to begin the experiment.

A trial consisted of the following steps: 1) The participant initiated each trial by
pressing the space bar of the computer keyboard when ready. 2) One of three cue stimuli
was presented to thé participant for a period of 2 sec, indicating which component of the

plaid to attend to during adaptation. 3) The adaptation plaids appeared on the computer
screen for 20 sec. While the plaid was presented, the participant fixated at the fixation
point while trying to attend to the component indicated by the cue stimulus. During
adaptation, the participant monitored his/her attention by pressing one of three keys
continuously in order to provide a measure of .the length of time the participant succeeded
in attending to the required component of tﬁe plaid. Two keys were used to indicate the
components to which the participant attended (z and x keys), and a third was used if
coherent motion of the plaid was perceived (¢ key). Coherent motion of the plaid was
defined as having both directions of motion merging together in a motion that went m a
straight or zig-zaging path in the downward direction (Adelson & Movshon et al., 1982).
4) A dynamic test stimuli was presented oriented either in the direction of the attendéd or
in the direction of the non-attended compbnent. The participant was required to press one
of two keys (left or right arrow keys) to indicate the direction of the perceived motion.
The participant could switch keys if the perception of motion changed direction during
the test. The participant pressed a third key (0 key) to indicate that the perception of
motion had terminated. This allowed the measurement of the duration as well as the

direction of the perceived motion.
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Table A. Threshold luminance contrast for each participant for the all experiments of this

Thesis using the sine-wave counterphase gratings method.

Participant replications Luminance Contrast |
ap 100 1174
ov 100 1349
fx 100 .1368
mvg 75 .1386
nw 50 1140
os 100 - 1375
sb 100 ’ 1359
sm 100 1510
ss 100 1179
asd 50 1472
cp 50 1722
mi ' 50 1758

Note. A higher score indicates a darker first-order.

The participant performed ten trials for each of the four types of plaid. Six
stimulus combinations were presented for each plaid, which included two test directions
~ (either in the direction of the attended component or in the direction of the unattended

component of the adaptation plaid) and three cues (left, right, neutral). A trial condition
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lasted approximately 3 minutes. The whole experiment lasted about 2 hours and 40

minutes.

Results and Discussion
© Attention

| The results of the five participants were inciuded-in the group daté analysis for
attention. The analysis of the attention results was made to ensure that the participants
performed the attention task as recim'red. Also, this analysis provided information about
the degree of attention of the participants across different types of plaids and different
types of attended components.

The raw data for attention consisted of the time in seconds thé partiéipant :
attended to the cued component, the uncued component and to one component of the
’cqndition when no component was cued for the adaptation plaid (half the time the right
one and half the time the left one). The raw data for attention were transformed into
ratios. The ratios consisted of 1) the duration of time (sec) the motion of the cued
component was dominant divided by the sum of the bdurationé of time where each
component and the coherent motion dominated. 2) The duration of time where the motion
of the uncued component was dominant divided by the sum of fhe durations for the cued,
uncued and the coherent motion. 3) For the conditions in which there was no motion
direction cued (circle), half of the time the ratios consisted of the amount of time (sec)
-during which the cémponent moving to the right was dominant over the amount of time
the left, the right and the coherent motion were dominant. The other half of the time the

ratios consisted of the amount of time (sec) during which the component moving to the



left was dominant over the amount of time the left, the right and coherent motion were

| dominant. For each adaptation plaid, the parﬁcipants were presented with three attention

cues, two types of component and two types of plaid for a total of 12 different stimulus
combinations. The means for each participant for the 12 cells were inade up of 40 data
points.

Each of the five participants underwent four repetitions yielding 20 data points.
Due to a mistake while writing the stimulus files, the data of one of the conditions were
not recorded into the excel file for each participant, removing a total of 10 data points in
the calculation of the mean. This occurred for the condition where a mixture of one
second- and one first-order grating was presented and in which the first-order component
was moving to the right and the second-order componeht to the left. In this condition, the
participant was required to attend to the grating moving to the right and was tested for
MAE duration with a counter phase grafcing oriented in the same direction as the cued
grating. Consequently, since a repeated measures design was used the means for all
conditions for each participantlwete based only on attention to gratings moving to the
left.
A three way repeated méamm;.s ANOVA was used to analyze the attention results. |

The three independent variables were 1) type of adaptation plaid (homogeneous or
heterogeneous plaid), 2) type of component attended (first- or second-order), 3) attention
types (attended component, unattended component, and no attention instruction). The 2 x
2 x 3 repeated-measures analysis of variance indicated a statistically significant main
effect for attention F (2,8) = 74. 142, p < .0001. None of the other main effects or

interactions were statistically significant (Figure 5). When the attention is switched
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between both components, it seems that the second-order component is more salient. This
is a comparison that could not be investigated further in this analysis because of the non-
significant interaction but that will be tested in the next experiment (See Appendix C for
means and SEMs and Appendix D for the source table).

Bonferroni correction Waé used when performing post hoc tests for the main effect of
attention (o = o k). Three post-hoc comparisons (p < .0167) werevperformed.
Bonferfoni correction tests showed that cuing one component of a-plaid increased the
allocatibn of attention on this component (M = .817, SEM = .031) as compared to when
no attention allocation cue was given (M =.391, SEM = .05»1). (¢ (19)= 10.65 p < .0001)
and as compared to the uncued coxﬁponent M=.119, SEM = .015) (t (19)=20.08 p<
.0001). Furthermore, the time attention was allocated to an uncued component wasA
statistically significantly shorter than when no component was cued (£ (19)=-5.82 p<
.0001). Using a one group t-test, each condition (attended, unattended and no attention
allocation cue) differed significantly from the zero baseline indicating that for all the
conditions attention was present (attended (¢ (19)=26.10, p< .0001), unattended (¢
(19)=7.69 p< .0001), no attention allocation cue given (¢ (19)=7.61 p< .0001)). Therefore
it is not the presence or the absence of attention but the amount of time attention was
 allocated to a component of a compléx stimulus that differed from one condition to the
other. The participants were unable to completely ignore the uncued combonent when
asked to do so. However, since there is a significant difference in the amount of attention
directed to éach plaid componént between the conditions, the conclusion is that the
participants, as a group, performed the attention task as required in the instruction of this

experiment and in a way that would allow discrimination between the group for the
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Figure 5. Mean and standard error of measurement of the attention ratio and the type of

plaids (n = 5).
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analysis of the MAE. Another conclusion is that the participants were equally able to
attend or to ignore a component of a homogeneous plaid as a component of a
heterogeneous plaid. Another conclusion is» that the participants were equally able to
' attendv or ignore a first-order comporent as a second-order component.

The parﬁcipaﬁts were able to avoid the pérception of coherence most of the time.
However, in the control condition in which the participants were not instructed to attend
to one particular plaid component, a larger percentage of coherence (11.63%) was
' produced than in the other experimenfal conditions combined (3.42%). This finding
éuggests that the participants adapted less to the individual component of the adaptation
plaid in the former condition as compared to the later. Therefore, this might have reduced

the MAE duration for the components of the plaid in the former condition (Figure 5).

Motion Aftereffect |

The daﬁ of the same five participants that wefe included in the analysis of
attention weré included in the MAE statistical analysis. The raw dafa consisted of the
duration and the direction of the perceived inotion in the counter phase test stimulus. A
perceived motion in a test after adaptation in the direction opposite to the motion attended
was defined as a positive MAE (+ sign) and a pérceived motion in the same direction as
the attended motion was defined as a negative MAE (- sign). For each adaptation plaid
described in the attention section the participant was presented with two test orientations
(same orientation as the attended component of the adéptation plaid, same orientation as
the unattended component of the adaptation plaid). A3 x2x2 repeated measures

ANOVA was used to analyze the effect of the independent variables on the duratioﬁ of
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- the MAE. The first independent varjéﬁle was attention. The test was 1) in the same

~ orientation as the attended component, 2) in the same orientation as the unattended
component, or 3) no oﬁentaﬁon was cued and the test was oriented either to the left or to
thé right in an equal proportion among trials. The second independent variable was the
type of component to which the participant attended, first- or second-order component.
The third independent variable was the type of plaid, homogenéous or heterogeneous. For
the homogeneous plaids, the unattended component of the plaid was made up of the same
type of component as the attended component. For the heterogeneous plaids, the
unattended component and the attended component of the plaid were made up of
different motion types (Figure 6) (See appendix E for means and SEMs and appendix F
for the source table). | |

The main effect for attention was statistically significant, (¥ (2,8) =7.86, p <
.013). This main effect combined heterogeneous plaids and homogeneous plaids and
attention to. first- ahd secqnd-order components. None of the other main effects and
interactions were statistically significant. Bonferroni correction was used in order to
perform post hdc tésts for the main effect for attention. Three post-hoc comparisons (p <
.0167) were performed.

Iﬁ the first comparison, the duration of the MAE when the cued and teste_:d
orientation was the same with the control condition in which no component of the plaid
was cued and the test w#s oriented left or right was compared. It has been hypothesized
* that the MAE duration would be longer when the test was in the same orientation as an
attended component than for when no attention instruction was given. The statistical

_ analysis of this comparison did not reach statistical significance although the results were
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in the direction of our hypothesis. When the test was in the same orientation as the
attended component of the adaptation plaid (M = 5.58, SEM = .45) the MAE was not
statistically longer than in the control condition (M = 4.35, SEM = .69) (t (19)=2.35p <
.029).von Griinau et al. (1998) and von Griinau and Faubert (1998) found a statistically
significant result between the attended component condition and the control condition.

Next the case in which the attended and the tested orientations were the same was
contrasted with the case in which the cued and tested orientations were different. As
hypothesized, a statistically longer MAE was produced when the test and the adaptation |
component were m the same orientation (M = 5.58, SEM = '.45), as compared to when the
test was in the orientation of the unattended component of the adaptation plaid (M =.744,
SEM = 1.01) (t (19)= -4.15 p < .0005). Therefore attending to a component of a complex
stimulus produces a longer MAE than when the component is to be ignored. |

The last comparison showed that when the test was in the orientation of the
unattended component of the adaptation plaid a shorter MAE was produced as compared
to the MAE produced in the control condition (t (19)= -3.04, p < .007). This finding
suggests suppressipn in the production of the MAE for the unattended .component. These

| results support Sohn (2004) and von Griinau et al. (1998) results.

It would have been expected the MAE to be larger for an attended component of a
plaid as compared to the control cdndition. When the MAE durations produced for each
condition are compared to the zero basé]ine a significant MAE was found for an attended
component} (t (19)=5.59, p < .0001) and for a component of a plaid in the control
condition (t (19)=4.35, p < .0001). However the unattended component of the same plaid

did not produce a MAE. In this latter situation the MAE was not significantly different
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from the zero baseline (p=.47). In addition of having a suppression as defined in this
thesis, this finding shows that for the unattended component, the MAE is even reduced to
Zero. |

The present results argue against Wohlgemuth’s (1911) conclusion that attention
" had no effect on the production of the MAE. The present results are in agreement with
many modern findings that attention fnanipulations can modify the production of the
MAE (Chaudhuri, 1990; Culham et al., 2000; Georgiades & Harris, 2000, 2002; Rees et
él., 1997; Shulman, 1991, 1993; Takeuchi & Kita, 1994).

The purpose of this experiment was to combine the condiﬁon of the experiments
of von Griinau et al. (1998) and von Griinau and Faubert (1998) into a single exberiment.
The adaptation stimulus used in von Grtinau et al. (1998) and the adaptation stimulus
used in von Griinau and Faubert (1998) studies has been combined to investigate the
difference in the results found in these two studies, which concerned the suppression of
the MAE for a test in the orientation of an unattended component of a plaid. Using a
homogeneous plaid, von Griinau et al. (1998) found a Suppreésion of the MAE for a test
in the orientation of an unattended component of a plaid. von Griinau and Faubert (1998),
using the same method and procedures but using a heterogeneous plaid, found no such
suppression of the MAE. Both studies however found longer MAEs when the test and
cued orientation was the same.

In this study, a suppression of the MAE was found when the test was in the same
orientation as the unattended component as compared to the MAE produced when the
participants were required to attend equally often to the two plaid components. This

suppression was present in homogeneous plaids made up of two first-order components
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‘or made up of two seéond—order components. Furthermore, a suppression of the MAE for
an unattended component of an adaptation plaid was also present in heterogeneous plaids.
These results suggest that the sysfems that process first-order motion and second-order
motion either interact or are the same system. These results are different from those of
_vbn Griinau and Faubert (1998). The fact that homogeneous and heterogeneous plaids did
not produce significantly different MAE durations suggests that the attention
manipulations affected both types of motion in the same way. This is in accordance with
 the theory of Lu and Sperling (1995), which states that first- and second-order
components are processed by the same motion systems after some rectification of the
second-order stimulus has taken place. It is also consistent with the fact Athat attention
affect; mdtiOn processing at a higher level than the level where first- and second-order
motion are analyzed. After having discussed these results with Sperling (Sperling,
personal communication). However the second-order éomponent used in this Astudy could
have behaved more like a first-order component due to the possible crowding of white or
dark pixels at the junction of the bars forming the gratings. In this study, square-wave
gratings were use& to form the plaid. Square-wave gratings were used here because sine-
wave gratings render the attention task harder for the participants. However, according to
Sperl'nig, these sharp edges could introduce first-order artifacts in what was called a
second-order component in this study. If this is the case, the distinction between first- and
second-order motions is not present in the study.

Longer MAEs were expected when the test was in the same Qrientatiori as the
attended component of the adaptation plaid as compared to the control condition in which

attention wondered freely during adaptation. It is surprising that the difference in MAE
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duration for the attended component as compared to the coﬁtrql condition was not
statistically significant because: 1) T von Griinau and Faubert (1998), as well as in von

| Griinau et al. (1998), an enhancement in the MAE was found. 2) The attention level was
clearly enhanced when the participants were asked to attend to a particular»oomponent of

-a plaid. 3) Although the number‘ of participants was small in this experiment and a three
way ANOVA was used for the statistical analysis of the results, the eta’ was of medium
size for the main effect of attention and the power was enough to reach statistical
significance for the main effect. The lackb of MAE enhancement might reflect a lack of
power of the Bonferroni comparison.

The magnitude of the attentional effect could also in part have been reduced by
the procedure of the study. The participants were required to press a key when the
adaptation stimulus ended and the test stimulus appeared. This extra task may have been
distracting for the participants and consequently may have lowered the MAE duration.
Furthermore, the duration of the test stimulus depended on the reaction time of the
pérticipant at pressing on the required key at the end of the adaptation period, which in
turn may héve reduced the duration of the recorded MAE. |

The hypotheses tested in this experiment will be re-tested in the next experiment

using improved software, methodology, stimuli and a larger number of participants.

Conclusion
The results of this experiment support a suppression of the MAE for the actively
unattended component of a plaid. A simpler explanation could be the time difference

between the conditions. The longer the time that a component is attended the longer the
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MAE. This was tested in experiment 4 and shown not to be the case. For that reason I
prefer to talk in terms of a suppreésion. It is not clear in this study as t(; whether this
suppression occurrgd with plaids made-up of a mixture of first- and second-order
components and plaids made-up of two second-order motion components because of the

square-wave gratings used in the construction of the adaptation stimuli.
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E:_rmenf 2: Main Experiment

The present experiment was designed to re-test the hypotheses of experiment 1.
The effect of selective attention on the processing of first- and seécond-order motion was
investigated using the MAE illusion. This experiment, however, used improved computer
software, improved methodology, a larger number of participants and more powerful
statistical analyses.

The computer software used in this experiment, in contrast to the computer
software used in the preliminary experiment, relieved the participants from the distracting
task of indicating when the adaptatio;l stimulus disappeared. Therefore, the participants
could allocate their attention more efficiently to the experimental task.

A first methodological impfovement was to modify the instruction for the control
condition. In the control condition -of this experiment, the participants were instructed to
attend freely to both components of the plaid while avoiding the perception of coherence
(coherence during adaptation reduces the time the participants adapt to the individual
components of the plaid). In the preliminary, the perception of coherence or transparency
in the adaptation plaid was manipulated by the choice of v the parameters used in the
éompoSiﬁon of the plaids. In the main experiment, the pérception of cohereﬁce or
transparency in the adaptétion plaid was manipulated by the choice of the parameters
ﬁsed in the composition of the plaids (a 140 degree direction difference rarely produces
coherence) and by the instructions about attention. In the experimental conditions with
specific attention participants rarely perceived the components moving coherently (3.43

% of the time). However, coherent motion was more often perceived in the control
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condition (11.63 % of the time). The aim of the new instruction was to i'educe the amount
of coherent motion perceived in the control condition.

A second methodological improvement was to use sine-wave gratings instead of
square-wave gratings in the construction of the édaptation plaids. According to Sperling
(personal communication) square-wave gratings can introduce first-order artifacts in the
second-order stimuli due to the sharp edges of the bars that form the gratmg In the
preliminary experiment, a difference in the suppression of the MAE might not have been
found between first- and second-order motion §vhen the test and the adaptation stimuli -
were of different orientations because contaminated second-order stimuli were used.

In order to increase the power of the experiment, a larger number of participants
than in the preliminary experiment was used. Also, orthogonal planned comparisons were
used in order to investigate statistical significance of the MAE result. This type of
analysis is more powerﬁﬂ. The comparisons were planned using the results of the
preliminary experiment as well as the results of the von Griinau et al. (1998) and von
Griinau and Faubert (1998) experiments. The planned comparisons were designed to test
these hypotheses: 1) Attention allocation to a component of a plaid stimulus during
adaptation increases the subseciuent MAE duration for that component. 2) Directing
attention away from a moving stimulus during adaptation decreases the subsequent MAE
duration for that component. 3) Homogeneous plaid type will produce larger MAE |
suppression for the unattended component than heterogeneous plaids. 4) Attending to a
first-order component will produce the same MAE as attending to a second-order |

component.
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Method
Participants .
12 participants performed the experiment (8 females and 4 males). The
participants were aged between 22-56. All participants had previous experience with
psychophysical experiments. 10 were naive to the purpose of the experiment. All

participants had to have normal or corrected-to-normal vision.

Apparatus and Materials
The same apparatus as in the preliminary experiment was used in this experiment
~ with one exception. The VPixx 1.4 software developed by Peter April

(http://www.vpixx.com/) was replaced by a newer version: the VPixx 1.76.

Mask. The mask stimulus was the same as in the preliminary experiment.

Cue. The same cues as in the preliminary experiment were used in this
experiment. However, when the circle was presented the instruction in this experiment
was to monitor their attention that freely alternated between the components of the plaid
while avoiding the perception of coherence during adaptation.

Adaptation Plaids. The same adaptation plaids as m the preliminary experimenf
were used in this experiment, but the plaids comprised sine-wave components (Figure 7).

The second-order stimulus used to make the plaid was a contrast-defined noise sine-wave



Figure 7, First- and second-order sine-wave gratings used in the plaids.
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grating. The grating had a spatial frequency of .5 cycles/degree. The equation that defined
the luminanée profile at each point on the x and y axes was:

L(x, ¥) = Luean {[1 + Meay * sin2sxf] *[1 + 0.5 mcar * R(x, y)]}
This formula is adapfed from Bertone (1999). Luean is 12.4 cd/m?, the mean luminance
of the display. me,y is the modulation depth of the envelope. f is the spatial frequency
of the envelope. m, is the contrast of the carrier. R(x, y) is the carrier made of static
noise of 1 pixel * 1 pixel, measuring approximately 2.24 arc min. The grayish colored,
‘static carrier was formed using a sinusoidal modulation. The luminance of each dot was
‘ assigned as a function of sin(x), where the luminance of x ranged from 0 to 215. Fixed
noise elementé (the carrier) were -mulﬁplied with the sine wave grating (the envelope) in
order to form the second-order stimulus. The amplitude of the wave was .5. The |
symmetry of the wave wés .5. The second-order grating was oriented either 20 or -20
degrees away from the vertical. The temporal frequency of the motion was 7.7
cycles/sec. One temporal cycle of the second-order grating consisted of 5 static
preéentaﬁons of the grating shifted each time by 1/5 of cycle. The duty cycle of the
grating was .75. The first-order stimulus used to make tﬁe plaid was a luminancé-
modulated sine-wave grating. The symmetry of the first-order stimulus was identical to
the symmetry of the second-order sumulus The motion of the grating was oriented 20
or -20 degrees away from the vertical and the temporal ﬁéqﬁency of the motion was 7.7
cycles/sec. The temporal cycles of the first-order grating, as ﬁeﬂ as its duty cycle, were
identical to those of the second-order grating. A uniform sheet of staﬁc noise was added

to the grating made up of first-order motion. The luminance contrasts of the first-order



stimulus were determined individually for each participant using the counterphase
graﬁng method with noise added described in the equation experiment (Appendix A). |
MAE Test. The test stimuli consisted of the same flickering grating as in the
preliminary experiment made-up of two counter phase gratings moving in opposite
directions. The tests were in the same orientation as the attended component or in the

same orientation as the unattended component.

Procedure

Each participant performed the éxperiment individually. First, the'experiment was
described verbally to the participant by the experimenter, and a written consent form
describing the purpose of the experiment was given to the participant (Appendix B). The
participant was asked to read and sign the consent form if he/she agreed to participate in
the experiment. »’I-‘he participant was allowed to withdrawl from the experiment at any
time. For each participant the contrast of the first-order component was adjusted using the
data of the equation experiment (Appendix A). Before beginning the experiment, the
participant stabilized his/her head on the chin rest placed in front of the computer and
~ fixated at a red dot in the center of the computer screen. The participant started each trial
by pressing the space bar of the computer keyboard when ready. A mask was then
presented for 800 ms and, iminediately after one of three cue stimuli was presented to the
participant for 2 sec, indicating which component of the plaid to attend during the
presentation of the adaptation stimulus. The cue stimulus was followed by the
presentation of one of the four plaids, which served as adaptation stimuli. The adaptation

period lasted 20 seconds. During the presentation of the plaid, the participant was
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required to ﬁxaté the red dot and to attend to the component indicated by the prior cue
stimulus as much as possible. During adaptation, the participants recorded their dominant
percept by continuously pressing three keys. The keys indicated that his/her attention was
directed to 1) the left component, 2) the right component, and 3) he/she perceived
coherence of both components. The plaid was followed by a dynamic test stimulus
oriénted in one of two ways. The test stimulus was oriented: 1) in the orientation of the
attended component, 2) in the orientation of the unattended component. The participant
was required to i)ress the arrow keys to indicate the direction of the perceived motion. To
determine the duration of the motion aftereffect, the participant pressed the “0” key when
the perceived motion became ambiguous again.

The participant performed 5 trials for each of th¢ adaptation plaids. The
homogeneous plaids consisted either fwo first-order components, or two second-order
components. The heterogeneous plaids consisted of a mixture of first- and second-order
components in which the second-order component was either moving to the right or to
the left. For each adaptation plaid, the participant was presented with three different cues.

The conditions comnsisted of: 1) sine-wave homogeneous plaid and attention to
ﬁrst-ordgr component, 2) sine-wave homogeneous plaid andA attention to the second-order
component, 3) sine-wave homogeneous plaid and attention to both components equally,

- 4) sine-§véve heterogeneous plaid and attention to the first-order component, 5) sine-wave -
heterogeneous plaid and attention to the second-ordér component, 6) sine-wave
heterogeneous plaid and attention to both components equally. The whole experiment

lasted approximately 1 hour and 40 minutes.
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Results and Discussion

Attention -

The results of 11 of the 12 participants that participated in the experiment were |
included in fhe group data analysis for attention. One participant was removed from the
group data analysis because this participant omitted to record attention for 35% for the
trials. The analysis of the attention results was made to ensure that the participants
performed the attention task as required. Also, this analysis provided information about
the degree of attention of the participahts across the different types of piaid and types of
attended component. |

The raw data for attentioﬁ were transformed into a ratio in the same manner as in
the preliminai'y experiment. For each adaptation plaid, the participants were presented
with three attention cues, two types of component and two types of plaid for a total of 12
different stimulus combinations.

A three way repeated measures ANOVA was used to analyze the attention results.
The three independent variables were 1) type of adaptation plaid (homogeneous or
heterpgeneous plaid), 2) type of component attended (first- or second-order), 3)
attentional manipulation (attended component, unattended component, and both
components). The 2 x 2 x 3 repeated-measures analysis of variance indicated a
statistically significant main effect for attention F (2,26) = 78.20, p < .0001. The plaid *
component interaction was also statistically significant F (1,10) = 7.26, p < .02. None of
A tﬁe other mai;l effects and interactions were statistically significant. (Figure 8) (See

Appendix H for means and SEMs and Appendix I for the source table).
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experhneﬁtal condition to the other (attended (¢ (43)=30.97 p<.0001), unattended (¢

(43)=6.42 p< .0001), no attention allocation cue given (¢ (43)=28.17 p< .0001)).

For the significant interaction between the type of plaid and the type of
component, four comparisons were tested using the Bonferroni correction factor (p <
.0125). 'fhe Bonferroni Correction tests showed that none of the comparisons were
statistically significant. Therefore, homogeneous and heterogeneous plaids did not
produce large enough difference when a second-order component was attended
(homogeneous plaid: M = .442, SEM = .057; heterogeneous plaid: M =494, SEM = .06)
(p > .03) to be detected by the Bonferonni correction test. Homogeneous and
heterogeneous plaids did not produce statistically signiﬁcant differences as well when a
first-order component was attended (homogeneous plaid: M = .472, SEM = .052;
heterogeneous plaid: M = .480, SEM = .061) (p > .73). When a homogeneous plaid was
presented, the amount of attention to the first-order component was equal to that of the
second order component (first-order: M = .472, SEM = .052; second-order: M = .442,
SEM = .057) (p > .07). When a heterogeneous plaid was presented, attention to the first-
order was equal to that of the second order component (first-order: M = .480, SEM = |
.061; second-order: M = .494, SEM = .06) (p > .21). Therefore it has beeﬁ concluded that,
as in the preliminary experiment, that the participants did attend or ignore a component in
both homogeneous and heterogeneous plaids. Finally, It has been concluded that the
participants were able to attend or ignore both first-order and second-order components.

"~ With more power a difference between the groups might have been found. Also, with
| four comparisons the Bonferroni post hoc test is stringent. With a less conservative post

hoc test, different results might have been found.
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According to these results about the direction of attention, It has been concluded
that the pérticipants, as a group, performed the attention task as required in the
 instructions of this experiment. This is similar to the results found in the preliminary

experiment.

MAE

The data of the 11 participants were included in the MAE statistical analysis. The
raw data consisted of the duration and direction of the perceived motion in the counter
phase test stimulus as in the preliminary experiment.

Planned comparisons Were used to test the foHdvving four hypotheses: 1) Attentioﬁ
allocated to a component of a plaid stimulus during adaptation increases the subsequent
MAE duration for that component. 2) Directing attention away from a moving stimulus |
during adaptation decreases the subsequent MAE duration for that component. 3) Ina
plaid, having an unattended component of the same type as the attended component
produces larger MAE suppression for the unattended component than haviﬁg an
unattended component of a different type as the attended component during adaptation.
4) attending to a first-order component produces the same amount of MAE as attending
to a second-order component. The design of the planned comparisons is presented in
Appendix J. The results of this experiment are presenfed in Figure 9. The negative MAE
duration means that instead of perceiving a motion in the direction opposite to the
attended motion of the adaptation plaid (MAE), a motion in the same direction as the
motion attended during the presentation of the adaptation plaid was perceived when the

test was presented. The negative MAE durations found in this experiment were not
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statistically different from the zero baseline (Heterogeneous, different, seéond, p> .31
Homogeneous, different, first, p > .21; Homogeneous, different second, p > ..40)

To test if attention to a plaid component during adaptation increases the
subsequent MAE duration (Hypothesis 1), The condition in which cued and test
orientation was the same was contrasted against all other conditions (cued and test
orientation different and no cue). The condition in which the cued and test orientation
were 6f different orientation was c;)mbined with no cue condition becaﬁse to keep the
planned compariébn orthogonal. Furthermore, the most important question about the
suppressive effect of attention is answered by the second comparison below. For this
comparison, the data of homogeneous and héterogeneous'plaids as well as first- and
secénd—order components were merged. As hypothesized, when the test and the attendéd
component of fﬁe adaptation plaid were in the same orientation the MAE was stronger (M
=7.64, SEM = .97) than when they were in different orientations or no cue was given (M
=.90, SEM = .49) (1(31) = 6.74, p < .0001). This finding is in agreement with the results
~ of von Griinau and Faubert and with the results of voﬁ Griinau et al (1998).

The second comparison was aimed at investigating the suppression of the MAE
when the cued component of the plaid and the test were in a different orientation as
compared to the control group (Hypothesis 2). Here, according to Sohn (2004), von
Griinau et al. (1998) and to the preliminary experiment of this thesis, suppression of the
MAE should be present. However; according to von Griinau and Faubert (1998), no
suppression of the MAE should be found.

As found in von Griinau et. al. (1998), and the preliminary experiment of this

thesis, the MAE duration for an unattended component of a plaid (M = -3.36, SEM =
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1.05) was than the MAE duration when both components were attended alternately (M = ‘
5.15, SEM = .63) (t(31) =-5.87, p < .0001). Furthermore, none of the four conditions
involving a test and an adaptation plaid in different orientations produced MAEs that
were signiﬁcanﬂy different from the zero baseline (heterogeneous, different, first, p >
.58’; heterogeneous diﬁ'érent second, p. > .31; homogeneous differént first, p > .21;
hqmogeneous different, sécond, p > .4). However, three of the.f“our control conditions
Were significantly greater than the zero baseline (heterogeneous, different, first, p > .11;
heterogeneous different second, t(10) = 3.04, p < .012; homogeneous different first, t(10)
= 3.04, p < .012; homogeneous different, second, t(10) = 3.23, p < .009). These findings
| support a supi)ression of the MAE when a component of a plaid is oriented differently
than the attended component of an adaptation plaid even if the attention is directed to an
element of the stimulus in the same visual field.

The third comparison was aimed at investigating the effect of homogeneous versus
heterogeneous plaids on the duration of the MAE. Sohn (2004) and von Griinau et al.
(1998) found suppressi_qn of the-MAE for the unattended component of a homdgeneous
| plaid. von Griinau and Faubert found no suppression for the unattended component of a
heterogeneous plaid. Therefore, it has been h&pothesized that 1) When the test and the
attended component are of different orientations, in homogeneous plaids, a suppression
of motion processing will be occurring and therefore a weak MAE will be produced for
the test in the orientation of the. unattended component. In heterogeneous plaids, no
suppression of ﬁe MAE will be present and therefore a stronger MAE will be produced
for the test in the same orientation as the unattended component. 2) No difference will be

found in the duration of the MAE between the homogeneous and heterogeneous plaids



69

when the test and the attended component are in the same orientation. 3) When no
particular component of a plaid was cued and participants allocated attention‘equally
between both components during the adaptation, no MAE strength difference will be
found between homogeneous and heterogeneous plaids. None of the three comparisons
was statistically significant. When the test was in the same orientaﬁon as the adapfed
component the MAE produced was of the same strength for homogeneous plaids (M =

| 6.67, SEM = 1.04) as for heterogeneous plaids (M= 7.32, SEM = 1.06). When the test
was in the orientaﬁon of the unattended component, the MAE produced was of the same
strength for homogeneous plaids (M = -2.03, SEM = 1.24) as for heterogeneous plaids (M
=-.60, SEM = 1.58). When both components were attended during adaptation, tﬁe MAE
preduced was the same duration for homogeneous plaids (M = 4.07, SEM = .90) and |
heterogeneous plaids (M = 3.13, SEM = 1.05). Therefore, contrary to our hypotheses,
adapting with a homogeneous plaid does not produce a stronger MAE than adapting with
a heterogeneous plaid. In this comparison, adaptation to a first-order component and to a
second-~order component was merged.

The fourth series of comparisons was aimed at investigating the possible diﬁ‘erence
between first- and second-order components in the production of the MAE. This analysis
consisted of 6 comparisons. The means and the SEM for each of the groups compared are
found in Appendix K. The MAE duration between a first and a second-order component
was compared when the test was in the same orientation as the adapted component in 1) a
homogeneous plaid and in 2) a heterogeneous plaid. The MAE duration between first-
and second-order components when the test and the adepted components were of

different orientation in 3) a homogeneous plaid and 4) a heterogeneous plaid was
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cdmpared; The MAE duration between first- and second-order components when both
éomponents were attended alternately and equally during adaptation in 5) a homogeneous
plaid and 6) a heterogeneous plaid was compared. None of these comparisons were
statistically significant at the .05 level. Therefore, first- and second-order motion did not
produce a significant difference in the duration of the MAE.

Finally a Pearson Correlation was performed between attention and MAE. A
significant linear correlation between attention and the duration of the MAE was
expected. As éXpected, the Pearson Correlation coefficient was statistically significant (r
(132)=.416 (p < .01)) (Figufe 10). The lowest MAE duration was produced when the
participants were required to attend to a component of a plaid during adaptation but they
were tested with a test in the orientation of the unattended component. The largest MAE
duration was produced when the participants were required to attend to a component of a

“plaid and were tested with a test in the same orientation as the attended component. When
the participants were required to attend to both components ofa plaid during adaptation
the MAE duration produced was intermediate as expected.

The participants were slightly better at avoiding the perceptioh éf coherence in the control
condition of this experiment compared to in the control condition of the preliminary ’éxperiment.
In the control condition of the preliminary experiment when no cue was givén, the percentage of
coherence produced was 11.63%. With the new instruction for the control group of the main
experiment, the percentage of coherence perceived was 8.17%). The expectation was that the
superposition of sine-wave gratings would produce more noise and therefore, it might have been
more difficult to differentiate between both c‘omponents that form the plaid. However, it seems

not to be the case considering that the percentages of perceived coherence in the experimental
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’ c_ondiﬁons of both experiments were very similar (preliminary experiment: 3.42%; main
experiment: 3.89%).

In these experiments a randomized presentation of the conditions was used. Therefore,
when the participants were required to let their attention wonder freely, they were nonetheless
aware that they could control their a’;tenﬁon. For this reason, it might have been difficult for the
participants to let their attention freely alternate between the two components of the plaid in the
control condition (similar to the suggestion: “try not fo think about a white elephant”™). It might
have been difficult for the participants to monitor their attention while trying to keep it ﬁ'ee of
control, since monitoring is a foﬁn of control over attention.

It is also unclear what the effect is of an unattended component in the prpduction of
the MAE because in this experiment the unattended component was always present. In the
unattended experiment, this question will be looked at.

The increase in the MAE duration found when the test and the édaptation
component are in the same orientation is in agreement with previous research. Thése
results all show that the MAE is enhanced for a test in the same orientation as the
orientation of an element of a compiex adaptation stimulus selected by attention
| (Lankheet & Verstraten, 1995; von Griinau et al. 1998; von Griinau & Faubert, 1998;
Watanabe & Miyauchi, 1998).

In von Griinau et al. (1998) superimposed components wére used in order to form
the plaid. It has been found that the intersection of the two components that fonﬁ a plaid
(called intersection of constraints) produces a perception of motion in a direction other
than the direction of each component that forms the plaid. In this study, the direction was

downward. A MAE in the direction opposite to the perceived motion of the intersection
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produces a MAE in the direction opposite to this downward motion. Del Vecchio and von
Griinau (2002) showed that MAE in the direction opposite to the combined motion of the
plaid was present even when the participants did not attend to this motion but attended to
the motion of the components that formed the plaid. The MAE in the direction opposite
to the coherent motion of the plaid seems to require less attention than the MAE for the
components of the plaid. This demonstrates that the overall motion of a display or a scene
is more salient than the motion of its parts. The.salience of the motion components of a
scene can however be manipulated using active selection.

The MAE produced for the coherent motion of a complex stimulus is processed at
a higher level (V5) along the motion pathway than the MAE produced after adaptation to
the component of é complex stimulus (V1). Some researchers have not found an MAE
for components of a complex stimulus without active selection of a component of the
complex stimulus (Lankheet & Verstraten, 1990). In this experiment, It has been shown
that active selection is needed in order to produce a strong MAE of the component of a
complex motiqn stimulus. Further, it has been demonstrated that withdrawal of attention
further reduces the MAE produced for a component of a complex stimulus. Therefore,

motion analyzed at V1 is influenced by attention manipulation. -

Conclusion
This experiment suggests that 1) attention increases motion processing of an
attended motion. 2) Voluntarily ignoring a motion decreases its processing compared to a
baseline. 3) Attention manipulation affects first-and second-order motion in the same

manner. The same results as in experiment 1 were found concerning first- and sécond-
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order motion therefore, it is difficult to evaluate whether the second-érder in the

experiment 1 had first-order artifacts.

Experiment 3 : Unattended Component Experiment

This experiment was performed in order to investigate the effect of the presence
of anv unattended cbmpqnent during adaptation on the processing of an attended
component. The MAE duration produced when only the attended component was present
during the adaptation (grating étimulus) was 'compared with instances where the

unattended component was also present (plaid stimulus).

Method
Participants
11 participants performed the experiment (6 females and 5 males). The
participants were aged between 24-58. All participants had previous expeﬁencé with
psychophysical expenments Two participants (ASD and MVG) were not naive as to the

purpose of the experiment. All participants had normal or corrected-to-normal vision.

Apparatus and Materials

The same apparatus and material as the one used in the main experiment were

used in this experiment.

Stimuli

- Mask. The mask stimulus was the same as the one used in the main experiment.
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Cue. The cue sﬁmulus consisted of a baf oriented twenty degrees to the left of the

vertical indicating to attend to the component moving to the left.
| Adaptation Plaids. The adaptation plaids were constructed from sine-wave
gratings in the same way as in the main experiment. However, unlike in the main
expetiment, a first-order grating and a secbnd-order grating were also presented as
adaptation stimuli. The gratings were identical to the grating components used to make
| the plaids.
MAE Test. The test stimuli consisted of the same flickering grating as the one

used in the main éxperiinent made-up of two counter phase gratings moving in opposite

directions. Two test orientations were presented (20 deg and -20 deg from the vertical).

Procedure

The procedures were the same as in the main experiment. When a grating was
presented as the adaptation stimulus, the participants were required to press constantly on
the key used to indicate the direcﬁon of the grating, which was always in the leﬁward '

direction.

Results and Discussion
| The results of 9 Qf the 11 participants who participated in the experiment were
included in the group data analysis for attention and the group data analysis for the MAE.
Two participants were removed from the group data analysis because they omitted to
record the direction of their attention in 35% for thevtrials. The analysis of the attention

results was performed in order to ensure that the participants performed the attention task
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as required. Therefore it was not possible to know whether these two removed
participants performed the attention task as required. Also, no statistical analysis of the

attention was possible for these participants using a repeated measures ANOVA.

Attention

For the plaid stimuli, fche raw data for. attention consisted of the time in seconds
the participant attended to the cued component and the unbued component. The raw data -
for attention were transformed into a ratio. The ratios consisted of 1) the time (sec) the
cued component was dominant divided by the sum of all three responses duration. 2) The
time that the uncued component was dominant divided by the sum of all three responses
 duration.

For the grating stimuli, the raw data for attention consisted of the time in seconds
the participant attended to the grating. During the presentation of the grating adaptation,
some participants did press the key for the other qompbnent although the other
component was not present during the presentation of the grating. Because of this, a ratio
was calculated. The ratio consisted of 1) the duration of time (sec) the motion of the cued‘
component was dominant divided by the total Mﬁon duration. 2) The duration of
time where the motion of the “uncued component” was dominant divided by the total
adaptation duration. Because the unattended component was not present, most of the
participants attended to the gratmg for the whole adaptation period. The attention ratio for
the grating stimulus was therefore very close to 1 and to 0. Furthermore, almost no

variability was present. However, because it was intended to compare the effect of |
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adapting to a grating versus adapting to a plaid, the grating results are included in the data
| analysis. This will be taken into consideration when interpreting the results.

The participants were presented with one attention cue, three types of adaptation
stimulus and two test orientations for a total of 6 different stlmulus combinations. Each
stimulus combination was repeated 5 times.

A2x3 fepeated measures ANOVA was used to analyze the attention
performance of the participants as a group. The main effect for the attention (attention
dlrected to a cued component or attention directed to an uncued a component) was
statistically significant F (1,8) =94.87, p <.0001). This finding suggests that the
participants followed the attenﬁon‘instructions. The main effect for the type of sﬁmulus
presented during adaptatibn (homogeneous plaid, heterogeneous plaid or single grating)
was not statistically significant (p > .05). This finding could suggest that the particiéants
were equally able to atténd to a component of a plaid and to a grating; however, the
statistically significant interaction shows a diﬁ'erent pictufe of the situation (F (2,16) =
10.61, p < .001) (Figure 11).

Bonferroni correction waé used in order to perform post hoc tests for the
statistically significant interaction (o' = o/ k). Three post-hoc comparisons (p < .016) for
the interaction were of interest. Post hoc tests showed that the participants were distracted
from the attended component when another moving component was present during

adaptation (grating: M = .988, SEM = .007; plaid: M = .758, SEM = .070)
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Figure 11, Percentage of time attending or not attending to a component of a plaid or a
grating during adaptation in a heterogeneous plaid, a homogeneous plaid and a grating (n

" =9),
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(t (8) =-3.10, p < .0146). Therefore, this comparison showed that the presence of an
unattended component did reduce the d&aﬁon of time the participants would attend to a
required cdmponent. Active visual selection of a stimulus is reduced by the presence of
other moving stimuli in the same visual field.

Post hoc tests further showed that the participants where better able not to attend
to a grating (M = .0004, ._S'EM =.0004) than not to attend to a component of a plaid (M =
.189, SEM = .05) when required to do so (t (8) =-3.74, p < .0056). It is not accurate,
however, to use this significant interaction between attention and the type of stimulus
presented during adaptation to draw conclusions about the effect of ignoring moving
components. It is just normal that the participants did not attend to the unattended
component of a grating because a grating stimulus has no unatteﬁded component.
Therefore, to give importance and to draw conclusions using this comparison would be

| misleading. What can be stated frbm this result, however, is that. the unattended
component does grab some of tﬁe attention that was supposed to be given to the cued |
component.

Finally, post hoc tests showed that when a plaid was presented as the adaptation
stimulus the participants attended significantly longer to a component of a plaid when
required to than when attention was not directed to one particular component as expected.
Therefore, the participants were able to follow the instructions (t (8) = 5.14, p < .0009)
(see Appendix L for source table and Appendix M for mean table).

According to these attention results it is expected that 1) the MAE produced when

‘a test is in the orientation of an attended component of a plaid will be shorter than the

MAE produced when a test is in the orientation of an attended grating. 2) The MAE
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produced when a test is in the orientation of an unattended component of a plaid will be
larger than the MAE prédu_ced when a teét is in an orientation in which no grating was

presented during adaptation.

MAE
The data included in each cell of the AN OVA were an average of 5 repetitions. A
2 x 3 repeated measures AN OVA was used to analyze the effect of the independent
variables on the duration of the MAE. The first independent variable was the type of
adaptation stimulus (heterogeneous plaid, homogeneous plaid or single grating). The
second independent \}ariable was the .correspondence of orientation during adaptation and
the test orientation. The test was either in the same orientation as the attended component
or in the opposite orientation from the attended component.
The main effect for the type of adaptation sﬁmulus was staﬁstiéally significant (F
(2,8)=29.86, p < .0001). The main effect of the orientation for the cue and test |
oﬁentaﬁon was statistically significant (F (1,8) = 6.63, p < .03). Using a test in the same
orientation as. the attended stimulus produced a larger MAE than a test in the opposite
orientation. The interaction betweén the type of adaptation stimulus and the direction of
the attention and orientation of the test was also statistically significant (¥ (2,16) = 18.38, |
p < .0001) (Figure 12).
To analyze the interaction the Bonferroni correction was used. Four post hoc
comparisons (o' = o/ k) were performed. When the cued and test stimuli were in the
same orientation, The MAE duration after adaptation to a gratiﬁg M=11.60, SEM =.94)

versus the MAE duration after adaptation to a plaid (M = 7.73, SEM = 1.01) were
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compared. For this comparison, homogeneous and heterogeneous plaids were averaged.
A longer MAE was produced when adapting to a grating compared to adapting to a plaid "
(t (8) =-3.24, p < .0119). 2) When the cued and test orientations were different, the MAE
duration produced after adapting to a grating (M = 10.24, SEM = 1.33) versus after
adapting to a plaid M =-.37, SEM =2, 18) was compared. Longer MAE was produced
for adaptingto a graﬁng than to adapting to a plaid (t (8) = -6.39, p <.0002). 3) For plaid
adaptation stimuli the MAE produced when the test and the cued stimuli were in the same
orientation versus the MAE produced when they were in different orientations were
compared. This comparison was statistically not significant (p > .012). Longer MAEs
were produced when the attended component of the adaptation plaid and the test were in
| the same orientation. 4) For grating adaptation stimuli the MAE produced when ﬁe test
and the cue were in the same orientation versus the MAE produced when they were in
* different orientations was compared. This comparison was not statistically significant (p
> .012). Therefore, when the unattended component is present the MAE is réduced. Also
thé'reducﬁon is even greater when the test is in the orientation of the unattended
component. When the unattended component was not present, rotation in an orientation
of the test away from the orientation of the aﬂaptaﬁon stimulus (grating) did not reduce
.the duration of the MAE (see Appendix N for source table and Appendix O for mean
table). This latter result is contrary to the orientation tuning of the MAE found in the
study of Over, Broerse, Crassini and Lovegrove (1973). von Griinau and Dubé (1992)
also found an orientation/direction tuning for local MAE when the adapting stimulus

consisted of a plaid and of a grating and the test was presented at the same location as
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Figure 12. Mean and standard error of measurement of the MAE duration for
heterogeneous plaid, homogeneous plaid as well as single grating when the test and the
attended component are in the same orientation and when they are in different

orientations (n=9).
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the adaptation stimulus. However, they did not found such effect on the MAE when the
test was pr.esénted ét a remote location.

The results of this expeﬁment were in accordance with the preViou§ experiments
of this thesis. 1) In this thesis, it was shown that allocating attention to one component of
a complex stimulus increases the processing of this attended component as compared to
the processing of the unattended component. This effect was demonstrated by the
difference in the MAE duration produced for the attended component as compared to ihe
unattended component of a plaid. In the main experiment of this thesis, an increase in the
durétion of the MAE was found for a cued component of a plaid as compared to the
control condition. In the preliminary experiment and the main experiment, reduced in
duration of the MAE was produced for tests oriented in the same orientation as the
unattended coxﬁponent of an adaptation plaid as compared to when attention was not
manipulated. This was also true in von Griinau et al (1998) using only homogeneous
first-order plaids. These findings Sug_gest that attention operates via.facilitation and
suppression.

In the previous experiments of this thesis it was difficult to study directly the
effect of the unattended‘ component on the duration of the MAE bécause the unattended
component was always present.

The present experiment showed that having a moving object in the visual field
while trying to attend to another moving objects, reduces the attention perfonﬁance and
reduces its processing by the visual motion system. This is demonstrated because the

attention performance and the MAE produced for attending to a component of a plaid is
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weaker than the attention performance and the MAE produced for attending to a grating
when being tested with a test in the 6rientation of the attended component of a grating.
Although some attention is directed to the component of a plaid that is not
supposed to be attended during adaptation, this attention is not enough to produce a
strong MAE It is not solely the ciifferent orientation of the test that decreases the
processing of the unattended component. When the participants are required to attend to a
grating in one particular direction and they are tested for MAE with a test in the
orientation of the * not present unattended component” the MAE produced is as strong as
if the test wa‘s m the orientation of the grating. Therefore, the processing of an unattended
component is suppressed when attention is allocated to t_he attended component. If no
suppression had occurred when actively ignoring a plaid component, the MAE in a
subsequent test with the uncued orientation oriented in the orientation would have been
| as strong as the MAE produced for attending to a grating and being tested with a test in
' the orientation of the “not presented” unattended 'componeht. The processing of an
attended moving object is decreased when another moving object is present in the visual

field as compared to when it is not present.

Conclusion
-In this experiment, the effect of the unattended component of an adaptation plaid
on the duration of the MAE using a different comparison was investigated. This
experiment showed that having a moving object in the visual field while trying tov attend
to another moving object, reduces the attention performance and reduces its processing

by the visual motion system.
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Experiment 4: Time Experiment
Tﬁs experiment was performed in order to investigate whether thel amount of
 time the participants allocated their atte_ntioh to a component of a plaid during adaptaﬁbn
had an influence on the duration of the MAE. The results will be used to determine |
whether the wéaker MAE in the control conditién of the preliminary and the main
experiments, as compared to the MAE of the experimental condition, was the result of

having been adapted to the stimulus for a shorter time or a direct effect of the attention

manipulation.

Method
Participants
11 participants performed the experiment (6 females .and 5 males). The
participants were aged between 22-56. All participants had previous experience with
psychophysical experiments. Two participants (ASD and MVG) were not naive as to the
purpose of the experiment. All participants were required to have nonﬁal or corrgcted-to-

normal vision.

Apparatus and Materials

The same apparatus and material as the one used in the main experiment were used

in this experiment,

Stimuli

The cue stimuli were the same as in the main experiment. Only heterogeneous
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plaids were used in this experiment. The adaptation stimuli consisted of the same sine-
wave heterogeneoﬁs plaids used in the main experiment. Each adaptation stimulus was
presented for 20 seconds, as in the main experiment, or for 40 seconds. The test stimuli

consisted of the same flickering counter phase gratings as the ones used in the main

experiment.

Procedure

The procedure was the same as in the main experiment.

Results and Discussion

Attention

The raw data for attention consisted of the time in seconds the participant ’ |
attended to 1) the cued component and 2) the conditions where the participant was
required to attend to both components of the plaid alternately. The raw data for attention
were transformed into a ratio. The ratios consisted of 1) the time (sec) that the motion of
the cued component was dominant divided by the sum of the duration of time where each
component and the coherent motion dominated, 2) The time that thé motion of the
uncued componént was dominant divided by the sum of the duration for the cued and
uncued component and the coherent motion. 3) For the conditions in which both
directions were cued (circle), half of the ratios consisted of the time (sec) during which
the component moving to the right was dominant over the time when the left and the right
components and the coherent motion were dominant. The other half of the ratios

consisted of the amount of time (sec) during which the component moving to the left was
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dominant over the amount of time the left and the right components and cohérent motion
were dominant.

Each stimulus was repeated 5 times. The conditions were: 1) attention to a first-
order component for 20 seconds, 2) attention to a first-order component for 40 seconds, -
3) attention to both cOmponents alternately for 20 seconds, 4) attent__ioﬂ to a second-order
- component for 20 seconds, 5) attention fo a second-qrder component for 40 seconds, 6) ’
attentién to both components alternately for 40 seconds. Because in the preliminary and
the main experiments no effect for the type of component attended (first-order; second-
order) was found, the data points for these two conditions were averaged together in the
statistical analysis. In this experiment, both types of component produced similar amount
of MAE (ﬁrst—order: M=6.72, SEM = 1. 09; second-order: M= 7.11, SEM = .78) (p >
.05). Therefore first- and second-order components “saturate” with the same time cdurse.

A two way repeated nieasures ANOVA was used to analyze the attention results.
The two independent variables were 1) adaptation time (20 or 40 seconds), 2) attention
manipulation during the adaptation (one attended component, both components attended). |
The 2 x 2 repeated-measures analysis of variance indicated a statistically significant main-
effect for attention F (1,10) = 64.55, p < .0001. None of the other main effects and
interactions were statistically significant (Figure 13) (See Appendix P for means and
SEMs and Appendix Q for the source table). The participants performed the attention task
as required. They allocated their attention for a ionger time to a cued component than
when no attention cue was’ given. The not significant main effect for time indicated that
the attention performance of the participant did not drop as the'adaptation period

increased in time,
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heterogeneous plaids when adapting for 20 seconds and 40 seconds to one component or

to both components of the plaid (n=11).
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MAE |

The data of the 11 participants were included in the group data analysis. The raw
data consisted of the duration and the direction of the perceived motion in a counterphase
test stimulus. The MAE duration (sec) and the direction were included in the statistical
analysis. A negative duration for the MAE means that in the test a motion in the direction
of the attended component of the adaptation plaid was perceived.

A 2 x 2 repeated measures ANOVA was used to analyze the MAE results. The
first independent variable was time (the duration of the adaptation stimulus) either 20
second or 40 seconds. The second independent variable was the instruction of attention.
The participants were required to attend to one component during the whble adaptaﬁon
period or to let their attention free to alternate between both ‘components of a plaid during
the adaptation.

The main effect for attention was statistically significant. Attending to only one
component of a plaid produced a longer MAE than when attention was free to alternate
between both componenfs of the plaid during adaptation (F (1,10) =5.95, p <.035). The
main effect for time was not statisticélly significant. The MAE duration did not increase
as thé adaptation time increased. The interaction between time and attention was not
statistically significant (Figure 14) (see Appendix R for means and SEMs and Appendix S
for source table).

This experiment tells us that the participants are equally good at attending for 20
sec as for 40 sec. The finding that doubling adaptation duration from 20 to 40 sec, for
either a one-component or two-component plaid, leads to roughly equivalent MAE

durations, suggests the following: 1) Since MAE duration has previously been found to
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Figure 14. Mean and standard error of measurement of the MAE duration for
heterogeneous plaids when adapting for 20 seconds and 40 seconds to one component, or

to both components of a plaid alternately (n=11).
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increase with increasing adaptation duration (I-Iershehson, 1989; Kwas, 1999), but in a
decelerating fashion, adaptation seems to have leveled off in the present situation after
the relatively short time of 20 seconds. 2) The finding in the preliminary experiment and
the main experiment, that MAE was longer in the experimental (with specific attention)
m in the control (with attention switching) condition, is unlikely to be the result of the
longer attentional selection of the tested grating in the experimental condition at least for |
the range of durations used in this study.
The second finding of this experiment was that the same adaptation times led to
MAEs Mce as long an MAE when there was oﬂy (;ne component cued than when there
were two. When there was one component cued, attention remained on that component
for practically the entire adaptation time, with only very brief interruptions. When there
were two components cued, observers switched attention between the two coxﬁponents,
so that the overall adaptation duration with attention for each component was only half as
long as in the equivalent one-component situation. Together with the first finding above,
~ this can explain the shorter MAE for the 20 sec adaptation time in the two-component
case, but not the equally short MAE for thé 40 sec adaptation duration for the same case.
Switching attention during adaptation can have two effects: it might simply
withdraw attention from the unattended component orit might actively suppress
- processing of the unattended component. It has been found that attention is required to
produce an MAE for a component of a complex stimulus (Lankheet & Verstraten, 1995;
Sohn, 2004), thus a time without attention will not add to the duration of the MAE. Kwas
(1999) found that using a unidirectional grating as adaptation stimulus, interrupting the

adaptation period with five blank episodes did not signiﬁcanﬂy reduce the strength ofa
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subsequént MAE. In her expeﬁment, the adaptation time was statistically the same for the
two conditions. Thus interrupting adaptation by simply wdthdrawing attention cannot
explain our second finding.

The conchision is that active suppression of the unattended component must take
place to explain our findings. This conclusion is the same as proposed by von Griinau et

al., (1998) to explain the results of their MAE experiment.

Conclusion

This experiment teils us that the participants are equally good at attending for 20
sec as for 40 sec. Increasing the adaptation duration of one component or of both
~ components does not proportionally increase the MAE. Thefefore, in the main
| experiment and in the preliminary experiment, it is not the longer duration that the
paﬁicipants adapted to a component of a plaid that increased the MAE for the
experimental condition as compared to the control. Aﬁending to one component of a
plaid produced almost twice as much MAE than attending to both coml;onents
alternately. Therefore, active suppression of the unattended component must take place in
the control condition because even if the participants adapted for the same duration in the
experimental and the éonu'ol condition, switching components during adaptation
produced smaller MAE duration.

One of the possibilities is that the 20 and 40 s durations leaded to the same
amount of MAE because the adaptation effect was maxed out. Therefore, it would have

been important to test 10 s duration as well.
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The results of this experiment support our previous conclusion that active
suppression of the unattended component occurs when attention is switched between the
~ two components during adaptation. And this suppression determines the duration of the

observed MAE.

General Discussion
The main findings of this thesis are as follows: 1) Participants are able to attend to
a component of a complex moving stimulus and this equally well whether the component
comprises first-order motion or second-order motion. Furthermore, the performancé_ of
attending to a component of a complex moving stimulus is the same whether the
unattended coinponent and the attended component are made up of the same type of
motion or of &ﬁ&mt types of motion. Attending to a component of a complex stimulus
is not affected by the adaptation duration. Although partiéipants are able to attend to a
cued componenf of a plaid more than 80 % of the time, the unattended moving
component occasionally “grabs” attention. 2) Attending to a component of a moving
stimulus increases the MAE for this component as compared to when attention is not
actively directed to a specific component of a comple# moving stimulus during |
ada‘ptafion. 3) Actively not atteﬁdihg to a component of a complex moving stimulus
-reduces the MAE for this component as compared to when attention is not actively -
directed away from a specific component of a complex moving sﬁmulus during
) adaptation. 4) Increasing the adaptation time doeé not incréase the MAE duration. This is
true when attention is allocated to one component of a plaid and when attention is
allocated to both corhponents of the plaid during adaptation. 5) The MAE produced when

a component of a plaid is actively attended is roughly twice as much as the MAE
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produced when both components were attended equally. Even when adaptation duration
to one component of a plaid (experimental condition) is the same as the é,daptation
duration to one component ofa plaid in the situation where both components are attended
but no component is specifically cued (control condition), the MAE produced in the
contro] condition remains approximately half as strong as the MAE produced in the
experimental condition (experiment 4). 6) Attending to a first- and a second-order motion
during aﬁaptation produces the saine amount of MAE in a subsequent dynamic test. .
Actively ignoring a first- or a second-order motion during adaptation produces the same
amount of suppressive effect on the MAE in both homogeneous and heterogeneous

plaids.

Voluntary Control of Attention

In a stimulus involving two motions that are overlap in space but move in
different direcﬁbns, participants can direct aﬁenﬁm to one of the motions (Cullam et al.
2000; Lankheet & Verstraten, 1995) or to the overall motion of the stimulus. von Griinau
et al. (1998) using a plaid made-up of two first-order gratings found that attention could
be directed to one of the two components of a transparent plaid. von Griinau and Faubert
(1998) arrived at the same conclusion as von Griinau and al. (1998) using transparent
plaids comprising first- and second-order gratings. In this thesis, the participants were
also able to attend to a component of a plaid equally well when the plaid comprised two
first-order motions, fwo second-order motions or a mixture of a first- and second-order
motion. Attending to a component of a f)laid was not influenced by the adaptation

duration. For instance, increasing the adaptation duration from 20 to 40 sec did not
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decrease the percentage of time the pérticipants attended to the cued component. The
participants were able to attend to the cued component of a plaid more than 80 % of the
time during adaptation. Nevertheless, the unattended component “grabbed” the attention
of the participant on some occasion during the adaptation. The involuntary shift in
attention suggests that all moving stimuli in a display involving many motions are salient |
stimuli (Treisman & Gelade, 1980) and exogenously moving stimuli such as the other
uncued component of the plaid atlracted‘attention on some occasions. This invbluntary'
shift in attention is highly adaptive in the real world. It might be essential for the survival
of individuals to shift attention to other moving stimuli arbund us in order to avoid
collisioné with them. In this thesis, It has been noticed that this involuntary shiﬁ of
attention occurs for the same amount of time during an adaptation period whether the
attended component is a first-order or a second-order motion and whether the unattended
component was a first- or a second-order motion. This finding suggests that the

attentional system does not privilege one type of motion over the other.

Attention Modulates Motion Processing

In this thesis, the MAE was used to study the effect of attention on motion
processing. Although Wohlgemuth (1991) did not find an effect of attention on the MAE,
it has been well documented in the more recent literature that: 1) Attentidn increases the
duration of the MAE when directed to a moving stimulus (Sohn, 2005; von Griinau et al

- 1998). 2) Attention modulates the direction of the MAE (Cavanagh, 1992; Lankheet &
. Verstraten, 1995; Watanabe & Miyauchi, 1‘998).- For instance, Cavanagh (1992)

demonstrated that attention could determine the direction of a perceived motion and its
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subsequent MAE He presented two opposite motions defined by color or luminance to
the participants at the same spétial location. He found that directing attentioh to one
motion component biased the perception of the overall motion in that direction and
produced a MAE in the opposite direction as the direction of the perceived motion during
adaptation. 3) Attention directed away from the moving adaptation stimulus decreases the
duratioﬁ of the MAE (Chaudhuri, 1990; Georgiadés & Harris, 2000, 2002; Rees, et al.
1997; Rezec et al. 2004; Shulman, 1991, 1993; Takeuchi & Kita, 1994;). It has been
consistently found within the experiments of this thesis that attention has enhancing and

suppressing effects on motion processing.

Attention Directed to a Moving Component of a Complex Stimulus

As hypothesized, an enhancement in the duration of the MAE when attention is
directed to the motion of a componeht of a plaid compared to when attention is not
 directed to one specific component of the plaid and the percept is of ﬁo overlapping
transparent motions in different directions was found. 'fhié finding is in agreement with
the results of many studies which also showed that attention selectively increases the
B duration of the MAE for a moving component of a complex .mvoving stimulus when
directed to tlﬁs component during adaptation (Del Vecchio, Faubert & von Griinau, 2001;
Del Vecchio & von Griinau, 2002; Lankheet & Verstraten, 1995; Mukai & Watanabe,
2001; Sohn, 2005; von Griinau et al. 1998). This enhancement in the MAE occurs
whether the motion of the adaptatioﬁ stimulus is made up of two first- (Mukai &

- Watanabe, 2001; von Griinau et al. 1998;) or two second-order motions as demonstrated

in this thesis (Lankheet & Verstraten, 1995). Therefore, the results of this thesis support
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the hypothesis that atteﬁtion enhances the processing of a selected moving object in the
visual field and this, independently of the type of motion attended. The models of motion
extraction are silent on the attentional modulation of motion. Our experiments, however,
shows ﬁat passive extraction of motion enérgy such as modeled in the Reichardt type
model might not be enough to explain motion processing by the visual system. The
results of the experiments of this thesis and other studies on the modulation of motion by
attention (e.g. Chéudhuri, 1990; Lankheet & Verstraten, 1995; von Griinau & al., 1998)
| suggest that extraction of motion energy can be affected by attention m both directions
(enhanced or reduced). |

In the main experiment the increase MAE duraﬁoﬂs following active selection of
one component of a plaid found in von Griinau et al. (1998) and von Griinau and Faubert
(1998) was replicated. This increase in the duraﬁon of the MAE was present when the
adaptation plaid was made-up of ﬁrst-order components, second-order components and
when it was made ‘up of a mixture of a first-and a second-order components. However,
although the result was in this direction, they were not replicated in the preliminary
experiment. This might be due to the small number of participants or the extra task
required after adaptation to allow the measurement of the MAE. Furthermore, the results
Qf this thesis shoﬁv that motion processed higher in the visual motion pathway (second-
order motion) is not modulated diﬂ'érently by attention compared to motion processed at
a lower level (first-order motion). Also no difference was found in the MAE production
when‘ the unattended component of a plaid was made up of the same type of motion as

the attended component or of a different type. This latter finding suggests that attention
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acts at both levels in similar ways to influence the processing of motion. Attention does

not privilege one type of motion over the other, at least when a dynamic test is used.

Attention Directed Away from a Moﬁng Component of a Complex Stimulus.

It has been repeatedly demonstrated in the literature that aftention directed awéy
from the moving adaptation stimulus decreases the MAE (Chaudhuri, 1990; Georgiades
& Harris, 2000, 2002; Rees, et al. 1997; Rezec et al. 2004; Shulman, 1991, 1993;
Takeﬁchi & Kita, 1994). In these studies, however, the distractor was not in the same
visual field as the attended moving stimulus;. The window of attention for the distractor
was much smaller than the window of attention for the adaptation stimulus. It has also
been demonstrated that not éttending to one component of a complex moving stimulus
that involves two motions in different direction but at the same spatial location removes
the increase in MAE that would have occurred had the participants beeﬁ instructed to
attend to one component of the complex stimulus (Verstraten & Lankheet, 1995;
Watanabe & Miyauchi, 1998). In these studies, the attended and unattended components
are in the same visual field. However, it is not clear whether the processing of the
unattended component is actually suppressed or the processing remains similar to the
situation where the participant is attending to the whole complex stimulus (Fox, 1994;
Johnston & Dark, 1986; Kinchla, 1992;).

It has been demonstrated that when attention is directed to one motion of a plaid |
during‘ adaptation, the processing for the other motion of the plaid decreased as compared
to the baseline (Del Vecchio, Faubert & von Griinau, 2001; von Griinau et al. 1998). In

the experiments constituting this thesis, results similar to the one just described were
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found. A smaller MAE for the unattended component of thé plaid compared to the
attended component has been consistently found across all experiments of this thesis.
Also, a smaller MAE for the unattended component of the plaid compared to the MAE
produced in the control condition in which none of the components of the plaid were
specifically cued was found. This latter finding suggests that the unattended component is
mdre than just unprocessed, it is suppressed when attention is directed to another
component of a ;:omplex moving stimulus. The results of this thesis suggest an active
inhibition of the unattended component. This‘ is in agreement with Miller (1991) and
Tipper and Cranston (1985) and against the argument that unattended stlmuh in a visual
field remain unprocessed (Johnston & Dark, 1982).
von Griinau et al. (1998) using a plaid as the adaptation stimulus found |
suppression of the MAE for the unattended component of a complex homogeneous first-
order stimulus. Using the same method but heterogeneous plaids made up of one first-
order component and one second-order component, von Griinau and Faubert (1998)
found no suppression of the MAE Whexi the test was oriented in the orientation of the
unattended component. Taking these results they concluded that first- and second-order
motion are processed at different levels along the motion pathway. However, the results
found in the experiments of this thesis consistently demonstrated that there is a |
suppression of the processing of the unattended component of a complex moving
stiﬁmlus and this suppression is equally strong in homogeneous and heterogeneous
plaids. It is unclear why von Griinau and Faubert (1998) arrived at a different conclusion
about the suppressive effect of the unattended component in heterogeneous plaid. The

same stimulus and methodology were used in the study of von Griinau and Faubert
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| (1998) and in the experiments of this thesis. Both studies used two spatially
superimposed but temporally interleaved sine-wave gratings as the adaptation plaid.
| Also, the second-order motion stimulus in von Griinau and Faubert (1998) was made up
_ of the same type of second-order motion as the one used in the experiments of this thesis:
modulation of texture. Therefore, it is difﬁcﬁlt to explain the different results found
between von Griinau and Faubert (1998) and our results. Unfortunately, von Griinau and
Faubert’s (1998) study was a preliminary study using a limited number of participants.
Since only three participants were used including the two experimenters, it might be thé
case that the lack of suppressive effect occurred by chance or was the result of a lack of
power. In their pilot study, the data were in the direction of a suppressive effect. The
results could also be attributed to another unsuspected and unknown extraneous variable
due to the results of the statistical analysis (faliure to reject the null hypothesis).
| -The results of the experiments presented in this thesis consistently demonstrate
that the processing of an unattended component of a complex moving stimulus is |
suppressed and this is true whether the unattended comf)onent is of the same or different
type as the attended component. Other evidence also suggests a suppression of the MAE
in homogeneous and heterogeneous plaids. This evidence is highlighted in the results of

the specific experiments and will be discussed in the next section.

Adaptation Time
In the experiments of this thesis a larger MAE when one component was attended
as compared to when two components were attended during the adaptation has been

consistently found. One could argue that on average a participant attended twice as much
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to a cued component than to one component when attention was not specifically directed
to it during adaptation. This could account for the smaller MAE in the control condition
as compared to in the experimental condition. However, It has been found that increasing
the adaptation time did not increase the MAE duration. This is true wheﬁ attention is
allocated to one component of a plaid and when attention is allocated to both components
~ of the plaid during adaptation, Furthermore, the MAE produced when a component of a
plaid was actively attended was roughly twice as much as the MAE jproduced when no
particular component of a complex stimulus was attended. This effect is independent of
the adaptation time to one stimulus because when the adaptation time was increased in
order. to héve equal amounts of adaptation time in the experimental and the }con.trol
condition, the MAE for the attended component remained twice as large as the one for
the control condition. Even when the adaptation time to one component of a plaid
(experimental condition) was the same as the adaptation ﬁme to one component of a plaid
in the situation where both components were attended (control condition), the MAE
produced in the control condition remained approximately half as 'long. Therefore, it is:
not the adaptation time as such that reduced the duration of the MAE in the control
condition but an active suppression caused by the unattended component that occurred
when attention was switched between the two components during adaptation. This
conclusion is supported by the finding that the MAE for a grating was larger than the

MAE for an attended component of a plaid.
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Is our Second-Order Motion Really a Second-Order Motion?

What constitutes a pure second-ofder motion stimulus has been debated in the
ﬁterattﬂe. Ledgeway (1994) argued that contrast modulated static noise may not be an
~ appropriate second-order stimulus bedause it may contain first-order artifacts. Ledgeway
and Hutchinson ‘(2005) and Smith andLedgeway (1997) proposed using dynamic noise in
order to reduce first-order elements in the stimulus. However, Verstraten et al. (1996)
argued that the stimulus becomes less visible dﬁe to the dynamic noise, which may in fact
become an extraneous variable when using dynamic noise. In agreement with Verstraten |
et al. (1996), ﬁsing fMRI Seiffert et al. (2003)'showed that dynamic contrast modulated
noise produced more activaﬁon than contrast modulated rings, which were static. Benton |
and Johnston (1997) also disagree with the use of dynamic noise in order to reduce the
first-order artifact of a second-order stimulus as prdposed by Ledgeway (1994).

Another way to reduce the first-order artifact in a second-order motidn might be
to use small elements of noise. Gurnsey, Fleet and Potechin (1998) and Smith and
Ledgews,y (1997) suggested using small noise elements in order to reduce the first-order
artifact in an image. Gumsey et al. (1998) stated that the first-order elements decrease
and second-order elements increase as a function of the size of the noise element in a
contrast modulated noise pattern.

In this thesis, a modulation of texture where the lmhinance remains stabie was

used as a second-order stimulus. I was aware of the difficulty involved in producing a
.pure second-order motion. In order to decrease the first-order contamination in the
second-order stimulus, these steps were used. First, second-order stimuli were presented

interleaved instead of superimposed on first-order stimuli. Second, small noise elements
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were used. Third, the vieWing distance was kept stable by using a chin rest. Fourth, the
participants‘ were encouraged not to blink their eyes during the presentation of the
adapting stimuli and test stimuli bec;ause it has been found that blinking the eyes or
changing the viewing distance can reintroduce the first-order artifact in an image (Bowns,

2002; Savoy, 1987).

Where Along the Motion Pathway Does Attention Exert its Effect on Motion Processing?

Thé motion of both plaid components is analyzed at lower levels m the motion
pathway and both motions are integrated at V5 (higher). It has been consistently
demonstrated that a strong MAE was produced in the direction opposite to the integrated
motion and this independently as to whether the participant perceived coherent motion or
transparent motion (Wenderoth et al., 1988; Burke & Wenderoth, 1993). This strong
MAE was also present in transparent plaids made up of gratings alternating in time (Del
Vecchio et al., 2001; Del Vecchio & von Griinau, 2002; von Griinau & Dubé, 1992).
Finally a strong MAE in the direction opposite to the coherent motion of a plaid was also
~ present when the participants directed attention tb one compdnent of a plaid during
adaptation (Del Vecchio & von Grunau, 2002). Therefore it seems that the integration of
motion processing is independenf of whether the attention is directed ornottoa
component of a plaid. However, the processing of the motion component of a complex
motion is strongly affected by attention modulation using a dynamic test.

The MAE literature tells us that the processing of the individual motions of a
complex stimulus requires attention (Lankheet and Verstraten, 1995). Without attention

the MAE of two fields of dots moving in opposite directions is cancelled out. In order for
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the motion of the individual component to be processed attention is needed on one of the
fields of dots (Lankheet & Verstraten, 1995). Also no, or very little, MAE is produced for
a plaid component when attention is not specifically directed to it during. adaptation (von
Grilnau et al., 1998).

In the experiments of this thesis similar results were found. Attention to a
component of a plaid produced a strong MAE. Attention not directed to a component of a
plaid, but not directed away from it either, produced an intermediate MAE, attention
directed away produced almost no MAE.

What does this tell us about where along the motion pathway attention exerts its
effect on motion processing? In order to access the processing of the individual
component of a complex motion with the MAE, attention needs to be dirécted to the
individual éomponent during the adaptation. Therefore, attention seems to modulate the
processing of motion at low and high levels in the motion pathway using a dynamic test,
which is known to pick up motion processing at fhe different levels alohg the ﬁoﬁbn
pathway. |

Another way to investigate where along the motion pathway attention exerts its
effect is to look at the effect of attention on different types of motion known to be
processed at least initially by different mechanisms situated at different levels along the
motion pathwéy. Lankheet and Verstraten (1995) demonstrated using a second-order
complex stimulus consisting of two sheets of dots moving in opposite directions that a
MAE is produced only if the participants atteﬁd to one field of dots. If attention iS not
directed to a particular field of dots,vthe opposite motions cancel out the MAE. von

Griinau et al. (1998) studied tﬁe benefit and cost of directing attention to one component
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of a.complex first-order stimulus using a plaid as an adaptation stimﬁlus. von Griinau et
al. (1998) were able to bias the direction of the MAE by directing attention to one
component of this complex stimulus. Therefore, attention enhances the processing of
first- and second-order motion at the low and high level in the motion pathway.

Thé experiments of this thesis also showed that attention could be directed with
the same efficiency to a first-order motion and to a second-order motion of a complex
moving stimulus. Attending to one component of a complex moving stimulﬁs increased
the processing of this component and decreased the processing of the other unattended
cbmponent in the same visual field. This effect was i)resent indei)endently whether the
components of the adaptation plaid were ﬁlade-up of first- or second-order motions or a
mixture of a first- and a second-order motions. Therefore, in this thesis it has been shown -
that luminance and contrast modulation of texture motions are affected by attention in the
same manner. This suggests that the effect of attention on motion processing is the same

at the levels where first-order and second-order motions are integrated.

Conclusion
Attention can alter the processing of motion at low levels within the motion
pathway. Attention has enhancing and suppressing effects on the low level motion
processing, Different types of motion known to be processed at least initially by different
| mechanisms and at different locations along the motion pathway (first- and second-order
motion) are affected in the same way by attention. ‘
In the future the effect of attention maniimlation on the modulation of the overall

~ motion aftereffect (with a test in the orientation of the motion generated by the
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combination of the two motions of the plaid) could be investigated. For instance the
participants could be iﬁstructed to attend to one component of a plaid and igﬁore the
other. The same plaid as the one used in this experiment could be used. The test in the
orientation of the overall motion can tap the MAE produced for the integrated motion.
This is a motion that is believed to be analyzing at a higher level than the motion of the
individual components that compose the plaid. This experiment could give information
about the effect of the allocation of attention to a motion analyzed at a low level on the
integrated mption processing of a scene. Del Vecchio and von Griinau (2002) did this
experiment but they used square-wave gratings, therefore, the differential éﬁ‘ect between
ﬁ;st- and second-order motions could not be investigated due to the high possibility to
have introduced first-order artifacts in the second-order motion. Nevertheless, they found
that the integration of different motions known to be achieved higher than the processing
- of each individual motion along the motion péthway (MT and higher) seems less affected
by attention than the modulation of attention at lower levels (Del Vecchio and von
Griinau, 2002).

Other types of second-order motions could also be investiéated using exactly the
same paradigm and method used in this thesis. Cavanagh (1995) has found. that different
types of second-order motion produce differenf results. Therefore, perhaps not all types
of second-order motion are analyzed at the same level in the motion pathway. Does
attention act the same way on different types of second-order motion? Cavanagh and
Anstis (1991) found that texture-defined moving stimuli and color-defined motion
interfere with the first-order motion in the nulling task. Also, Stoner and Albright (1992)

found that a second-order grating and a texture-defined grating in a plaid cohere and may
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be perceived as one motion under the right conditions. Howevei', no nulling occurs for
Juminance-defined motion and stereo-defined second-order motion and no coherence
occurs between a texture-deﬁned mo‘tionA and a stereo-defined grating. Finally, Cavanagh
(1992) found that when participants were asked to attend to the motion of a gl'aﬁng inan
inner annulus while also asked to report thé motion in an outer annulus, the participants’
perforrﬁance is degraded for outer annulus motion defined by stereo-defined gratings but
not for color-, texture-, or luminance-defined gratings, suggesting that motion perception
for the former type of motion is processed higher than luminance and texture based -
stimuli. Cavanagh (1995) argues that research evidence suggests that low-level motion
detectors exist for equi-luminant color-defined motion (Cavanagh & Anstis, 1991) and
texture-defined motion (Cavanagh, 1995) but not for stereo-defined motion (Cavanagh,
1995). Therefore, it would be relevant to redo thé experiments of this thesis using a
different ty'pe'of second-order motion such as a stereo-defined motion.

The results of this thesis can have implications in everyday situations where
active attention is crucial. For instance,' the results suggest that the increasing presence of
moving stimuli such as ﬁovhg advertising displays or billboards, n;wigators thatuse
motion signals and other devices that generate motion signals reduces performance on
tasks with auenﬁon demands when needed such as when driving or operating heavy
machinery.

The results of this thesis also suggest that humans can choose to direct or sustain
our attention to a moving stimulus in the presence of other moving stimuli. This decision
influences the way the motion will be processed. Although, attention will switch

involuntary to unattended moving object in the same visual field, the attended motion
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will remain the main processed motion. This involuntary switch of attention permits us
to reaqf to objects that could potenﬁally move toward us and, allow us to avoid colliding
with the object. However, if the switch of attention is produced by an irrelevant moving
stimulus such as other moving stimuli described above that divert attention of a driver,
the consequences might be devastating.

- In common situations, there may be an advantage to choosing which stimulus ot
stimuli to which to attend. Sometimes, an organism might be advantaged at not attending

to one particular motion in order to be able to process more accurately many motions

may be the best choice, such as when trying to find a small lost object on a carpet with a
lot of details. In other situations, it might be better to focus our attention on one motion at

the disadvantage of the processing of other motions such as while driving.
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Equating First- and Second-Order Motion

Blaser, Sperling and Lu (1999) stated that equating first- and second-order motion
stimuli properly is important. It is important that first- and sepond—order motion be
equally likely to be dominant during adaptation. von Griinau and Faubert (1998) used a
counterphase grating method in order to equate the first-order and the second-order

motion stimuli used in their MAE experiment. The cbﬁnterphase method for equating a

| first- and a second-order motion consisted of presenting a series of counterphase gratiﬁgs .
(a mixtﬁre of first- and second-order stimuli), with variable luminance contrast for the |
first-order stimulus. Luminance contrast was adjusted to correspond to the 50 %
threshold for perceived direction of the overall stimulus. von Griinau and Faubert (1998)

“ showed that after having equated é first- and a secbnd-order motion with a counterphase
grating method, without selective attention indications, participants spontaneously
switched their attentidn between the first- and the second-order components ofa -
heterogeneous plaid resulting in their attending to each component 50 % of the time. This
finding sugéests that the method of counterphase gratings used by von Griinau and
Faubert (1998) to equate the dominance of both components was adequate. However,
some research findings suggest that counterphase gratings might not be adequate to
equate first- and second-order motion components making up the plaids.

First, contrary the effects obtained using counterphase gratings made-up of two
first-order gratings, motion cancellation cannot be obtained with counterphase gratings
made-up of a combination of first- and éecond-order motion component moving in
opposite directions (Ledgewéy & Smith, 1994). Motion cancellation consisted of the

abolition of the perception of transparency by locally balancing the motion signal (Qian,
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Anderson & Adelson, 1994)._ Using two fields of dots moving in opposite directions Qian
et al. (1994) demonstrated that the perception of transparency could be eliminated by the

cancellation of opposing motions. They explained the effect of oppositely-drifting dots
fallian into the same receptive fields résulting in no motion signal arising because the
motion signal cancelled each other out at the receptor level. Ledgeway (1994) and
Ledgeway and Smith (1994) used the cancellation test in order to investigate the
difference in first- and second-order motion mechanisms. Their stimuli consisted of a
series of counterphase gratings made-up of either two ﬁrét-order components or a mixture
of first- and second-order components, with variable lJuminance contrast for the first-
order stimulus. They found that when two first-order components were presented at a
particular level of luminance contrast the motion in opposite directions could be
cancelled out. However, Ledgeway (1994) and Ledgeway and Smith (1994) found that
whena me of a first- and a second-order component formed the counterphase |
grating, no cancellation c;)uld occur. The fact that cancellation is not possible using two
types of motion might sugges"t that they are processed differently by the visual system
and therefore cannot be equated (Scott-Samuel & Smith, 2000).

Second, counterpi)ase grating stimuli differs from that of the plaids presented in the
experiment of von Griinau and Faubert (1998) and from the plaids of this thesis. The
plaids aré presented for a prolonged period of time but the counterphase gratings were
presented for a few hundred milliseconds only. It has been shown that direction of
perceived motion can change after prolonged exposure with a bidirectiénal moving

stimulus (Derrington, Badcock & Hennig, 1993). This finding suggests that observation
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duration could influence the threshold for equating the salience of the first- and second-
order motion of a plaid.

Third, the difference between the counterphase stimuli and the plaids used in von
" Griinau and Faubert (1998) is that both components of the plaid were perceptible
independently (transparent), although this was not the case in the éounterphase grating
method used to equate first- and second-order motion, A second difference between the
counterphase grating method of equating first- and second-order stimuli and the stimuli
presented in this thesis was that in the counterphase grating method cells that are tuned to
the same orientation but opposite direction were stimulated. The first-order component
was moving in the direction opposite to the direction of the second-order component.k
However, the plaid stimuli presented in the experiments of this thesis, contained first-
érder and secondi-order components that were moving in direcﬁops that differed by 140
degrees. In this experiment which method for equating the first- and the second-order
motion stimuli should be used in the experiments of this thesis will be investigated: a
plaid or a grating method. |

In order to further increase the similarity between the stimuli presented during

adaptation and the stimulus used to equate the first- and the second-order components, a
method that uses plaid was develpped. A mixture of temporally inferleaved components
. made-up a ﬁist- and a second-order grating that formed a plaid was presented for several
seconds of and the participants were asked to continuously monitor which grating
appeared in ﬁ'ont..‘ The plaids formed by these components were identical to the

heterogeneous plaids presented to the participants in subsequent experiments of this
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. thesis. The contrast of the first-order stimulus was varied to obtain the 50% threshoid'
correspondipg to equal perceived cumulative time for both components.

Our aim was to find the luminance contrast for the first-order stimulus that allowed
a participant to perceive the motion of the overall stimulus in the direction of the first-
order grating 50% of the time. At this luminance contrast, it was assumes that both
components were equated for their likelihood to be dominant. The eountefphase grating
method has the advantage to be a fast pre-test to administer. In this experiment, the
counterphase ﬁethod wae compared to a method that took longer to administer but that
was more similar to the stimuli presented in the subsequent experiments of this thesis.

First, the presentation time was different. The counterphase graﬁng was presented
for 800 ms in von Griinau and Faubert (1998). In this experiment, the adaptation sﬁmulus
was presented for 20 seconds. The presentation time difference might have an effect on
the threshold of perceived direction. For instance, Derrington et al. (1993) demonstrated
that a type of second-order motion (a beat stimulus) produced consistently higher
threshold elevation compared to ;1 first-order luminance grating at presentation times
lower than 200 ms, but not for longer periods. In this experiment, two participants were
required to discriminate the direction of motion in beats and first-order gratings. The
authors attributed this discrepancy to the hypothesis that the second-order visual
mechanisms, wlﬁch analyze the motion of the beat stimulus, are slower than the
mechanisms that analyze first-order motion. They stated that this difference in threshold |
might reflect a more severe low-pass temporal ﬁltering required for the processing of

second-order motion compared to first-order motion. Thus, with longer presentation
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ﬁmes, such as during adaptation, the threshold might change for the second-order
component as compared to counterphase gratings. |

To further increase the similarity between the adaptation stimuli used in this thesis
and the stimuli used to equate the first- and the second-order components, another aspect
of the equating stimuli was also tested. The second-order grating in the experimenté of
this thesis consists of contrast modulation. This gave rise to the perception of texture in
the secoﬁd—ordér motion stimulus while the first-order stimulﬁs was perceived as being
smooth. Random noise can be added to the first-order component in order fo increase the
similarity of both gratings. It has been hypothesized that the noise elements inclﬁded m
the ﬁrst-orderf stimulus that are used to make it more similar to the second-order sﬁmulus
may reduce the clarity of the first-order stimulus. Therefore, a smaller reduction in the.
luminance of the first-order stimulus may be required to “equate” both stimuli.

Finally, since in the subsequent experiments of this thesis, both square-wave and
sine-wave gratings were used, whether the equation of compohents leads to similar
luminance contrast of the first-order coinponent when a sine-versus a square-wave is used

in order to make the gratings that formed the plaids was also investigated.

Method
Participants
Thirteen observérs participated in this study (8 females and 5 males). Ten observers
had previoﬁs experience in psychophysics experiments. Two participants (ASD and
MVG) were familiar with the purpose of the experiment. All participants had normal or

corrected-to-normal vision.
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' Apparatus and Materials

The stimuli were presented on a Power Macintosh 7300/180 computer. The VPixx

1.4 program developed by Peter April (hitp://www.vpixx.com/) was used to create and

present the stimuli. The stimuli were displayed on an 17-inch Apple studio monitor with
a r’eﬁ‘esh rate of 75 Hz. The screen resolution was 800 x 600 pixels. The colpr depth was
set at 256 levels. A chin rest was used to stabilize the participant’s head position during
testing. Color calibration and lummance readings were taken‘us‘ing a Minolta CS-100
Chroma Meter colorimeter. A 25 watts light bulb in a funnel type lamp was used to dimly

light up the testing room during testing.

Stimuli
The twelve stimuli used in this experiment can be seen in Figure 1. Four stimuli

were sine-wave counterphase gratings. In two of the countérphase gratings the first-order
motion was moving toward the right. One of them included noise in the first-order
grating while the other one did not. In two other counterphase gratings the first-order
motion was moving toward the left. One of them included noise in the first-order grating
while the other one did not. Eight stimuli were plaids made-up of one first- and one
second-order component. Four stimuli were plaids made-up of one first- and one second-
order sine-wave component. The other four stimuli were plaids made-up of one first- and

one second-order square-wave component.
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Figure 1, Types of gratings used to construct the counterphase gratings and the plaids

used in this experiment.
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Displayfor the grating stimulus. The counterphase grating stimulus presented
to the participants consisted of two spatially superimposed but teinporally alternating
sine-wave gratings moving in opposite directions. Both gratings were interleaved every
frame. A frame lasted 13.3 msec because the computer was set at 7SHz. The gratings
were tilted 20 degrees to the right of the vertical to match the orientation of the plaid
stimuli, The stimuli were presented within a 12-degree circular aberture. At the center of
the circular aperture, a red fixation point was present throughout the presentation of the
display. The two gratings that formed the counterphase grating had a spatial frequency of
5 éycles/degree. The symmetry of the wﬁve was .5. The gratings were oriented either 20
‘ ér —20 degrees away from the vertical. The gratings oriented 20 degrees from the vertical
were moving toward the right and the gratingé oriented —20 degrees from the vertical
were moving toward the left. The temporal frequency of the motion was 7.7 cycles/sec.
One temporal cycle of the gratings consisted of 5 static presentations of the grating
shifted by 1/5 of a cycle each time, The duty cycle of the gratings was .5. A noise
component was included in the first-order gratmg of the counterphase grating stimulus. In
one version of these gratiﬁgs with noise in the first-order grating, the first-order
component was moving toward the left and in the other version the ﬁrst-order component
was moving toward the right. The other two gratings only differed from the first two in
~ that the first-order component did not contain noise.

Display for the Plaids. The plaid stimuli consisted of two spatially superimposed
but temporally alternating square-wave or sine-wave gratings moving in directions
differiﬁg by 140 degrees. The plaids consistéd of one first-order and one second-order

grating. The spatial frequency of the gratings was 0.5 cycles per degree and their
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temporal frequency was 7.7 cycles/sec. One temporal cycle\for each grating consisted of
_ 5 static presentations of the grating shifted each time by 1/5 of a éycle. Both gratings that
composed the plaids were temporally interleaved every frame. A frame lasted 13.3 msec.
There was no luminance difference at the intersections of the two gratings becaﬁse they
were not presented together in time. The duty cycle of the gratings was 0.75. The mean
luminance was both 12.4 cd/m? for the second-order grating, and for the first-order |
grating. The luminance of the light and dark bars of the first-order motion varied from
trial to trial depending on the contrast. quever, the luminance of the dark strips for the
first-order component varied from trial to trial depending on the contrast. A mask
consisting of a white and black dynamic checkerboard pattern was used between each
trial to prevent earlier stimuli from influencing the outcome for subsequent stimuli. The
mask lasted 160 frames or 1.68 seconds.

Second-order stimulus. The second-order stimulus used for the direction-
identiﬁcation threshold tasks and the plaid task was a contrast-defined noise sine-wave
grating. The grating had a sﬁatial frequency of .5 cycles/degree. The equation that
deﬁned the luminance profile at each point on the x and y axes was:

L(x, ¥) = Lmean {[1 + Meay * sin2suxf] *[1+ 0.5 mear * R(x, )1}

This formula is adapted from Bertone (1999). Luean is 12.4 cd/m?, the mean .
luminance of the display. meqy is the modulation depth of the enveiope. f is the spatial
frequency of the envelope. m.4 is the contrast of the carrier. R(x, y) is the carrier made of
static noise of 1 pixel * 1 pikel, measuring appfoximately 2.24 arc min. The grayish
Acolored, static carrier was formed using a sinusoidal modulation. The luminance of each

dot was determined by the function of sin(x), where the luminance of x ranged from 0 to
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2x for the sine-wave gratings and ranged from 0 to 1 for the square-wave grating. Fixed
noise elements (the carrier) were multiplied with the sine-wave grating (the envelope) in
order to form the second-order stimulus. The symmetry of the wave wasv.vS. The second-
order grating was oriented either 20 or 20 degrees away from the verticall. The temporal
. frequency of the motion was 7.52 cycles/sec. One temporal cycle of the second-order
~ grating consisted of 5 static presentations of the grating shifted each time by 1/5 of a
cycle. The duty cycle of the grating was .75.

First-order stimulus. The first-order stimulus was a luminance-modulated sine- or
- square-wave grating. The symmetry of the first-order stimulus was identical to the
symmetry of the secénd—‘order stimulus. The motion of the grating was oriented 20-
degrees away from the vertical. The temporal frequency of the first-order grating, as
well as its duty cycle; was identical to thqse of the second-order grating. A uniform
sheet of noise was added in one condition but not the other condition. Ten luminance
contrasts of the first-order stimulus were used in this experiment (.08, .1, .12, .14, .16,

.18, 2,.25, .3, and .4).

Procedure

The participants were tested individually in a laboratory room. Prior to the
experiment they read a consent form in which the requirements as well as the
instructions for the experiment were indicated. They signed the consent form if they
agreed to participaté in the experiment. Procedural instructions were repeated verbally
to the participants before each of the eight conditions. The whole experiment lasted

approximately 80 minutes, each session lasting 10 minutes. Experimental conditions



133

were administered in a random order. Each counterphase grating trial lasted
approximately 770 msec. Twenty-five replications of the 10 contrast luminance stimuli
were administered within a condition. Eéch plaid trial lasted approximately 20 seconds.
Ten luminance contrast variations of the piaid cc;nditions were presented within a
coﬁdition. This condition was performed twice and the results obtained in two
repetitions were averaged. The monitor surface was at a distance of 57 cm from the chin
rest; The participants viewed the display binocularly.

During the counterphase grating presentation, the participants were asked to fixate
at the fixation point. At the end of each trial, the participants were required to indicate
their perceived direction of the overall motion of the stimulus. They were required to
press the left arrow if they perceived the motion going to the top left and the right arrow
if they perceived the motion going to the bottom right.

During the plaid presentation, the participants were also asked to fixate at the
fixation point. During each trial, the participants were required to indicate the direction of
the predominant grating. TheyA continuously pressed the left arrow when they perceived
the motion of the predominaht grating as moving to the bottom left and the right arrow
when they perceived the motion of the predominant grating as moving to the bottom
right. If thgy perceived a motion going in the direction of the coherent motion, they

pressed the “c” key.

Results
Grating. The raw data represented the number of trials out of 25 trials in which the

observer reported the motion as moving in the direction expected if they were attending
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to the first-order component. The results obtained for the first-order grating moving to the -
left and the first-order grating moving to the right were; added together for a total of 50
repetitions for each luminance contrast. The number of the responses for each luminance
contrast of the first-order component wés fitted to a curve and the 50% threshold was
computed using Bootstrap v2.1 computer software. Fig&e 2 shows the percénta'ge of
motion in the direction of the first-order component as the luminance contrast of the first-
order component is increased. The resulté of each participant are presented separately.

Tables A and B show the 50% luminance contrast threshold for each participant
when a grating was presented with 1) nd noise and 2) noise added, respectively.

Plaid. The raw data for the plaids represent the mﬁnber of time (s) that the
participant attended to the first-order, the second-order or both components during a 20
second trial. The results obtained for trials Where the first-order grating was moving to
the left and the duration for trials where the_: first-order grating was moving to the right
were added together. The raw data for attention were transformed into a ratio. The ratio
consisted of the amount of time the first-order motion was dominant, divided by the total
adaptation time. These ratios were converted into percentages. They were fitted to a
curve to find ihe 50% luminance threshold. Table C and D show the 50% luminance
contrast threshold for each participant when they were presented with a sine-§vave, plaid
with no noise and with noise added, respectively. Table E and F show the 50% luminance
contrast threshold for each participant when they were presented with a square-wave
| grating plaid with no noise and with noise added, respectively.

Figure 3 illustrates the effects of noise (noise versus no bnoise) and type of stimulus (plaid

vs. grating (square- and sine-wave)) on luminance contrast for the first-order
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Figure 2. Percentage of responses indicating motion perception consistent with the
direction of the first-order component as a function of the luminance contrast in the first-

order component. The results for each participant are shown separately.
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Table A

Threshold Luminance Contrast for Each Participant When the Stimulus Consisted of a

Grating without Noise

Participant ‘Repliﬁaﬁons | Luminance Contrast
ap 50 _ .090
asd 50 141
cv 50 161
eb 50 .073
fx 50 | 123
jy 50 | .068
mvg 50 129
sb 50 .081
sm : 50 125
csg 50 .142
i 50 194
ic 50 ' 194
ns 50 139

Note. A higher score indicates a darker first-order.
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Table B

Threshold Luminance Contrast for Each Participant When the Stimulus Consisted of a

Grating with Noise
Participant Replications Luminance Contrast
ap 50 059
asd 50 136
.oV 50 156
| eb : 50 | .083
fx ‘ 50 176
iy 50 124
mvg . 50 097
sb 50 204
sm ' 50 o 106
csg 50 116
Kl 50 189
ic 50 129
ns | 50 141

Note. A higher score indicates a darker first-order.
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Figure 3. Threshold luminance contrast of the first-order component as a function of the
type of tests used (plaid or grating, sine and square) and noise (noise or no noise) (n =

13).
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Table C

Threshold Luminance Contrast for Each Parﬁcipant When the Stimulus Consisted of a

Sine-Wave Grating Plaid without Noise

Participant Replications Luminance Contrast

ap 2 314
asd ' 2 248
C;v : 2 l 154
eb .2 176
fx 2 204
jy 2 155
mvg | 2 .162
sb 2 097
sm 2 d11
csg 2 487
ki 2 228
ic ' ' 2 - .128
ns 2 165 |

Note, A higher score indicates a darker first-order.
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Table D

Threshold Luminance Cdntrast for Each Participant When the Stimulus Consisted of a

Sine-Wave Grating Plaid with Noise

Participant Replications Luminance Contrast

ap 2 244

asd 2 199

cv 2 : 164

eb 2 _ 101

x . -2 146

iy 2 094

mvg 2 116

sb 2 | .080

sm 2 112

csg 2 192

K 2 145
ic ‘ 2 122

ns | 2 111

Note; A higher score indicates a darker first-order.
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Table E

Threshold Luminance Contrast for Each Participant When the Stimulus Consisted of a

Square-Wave Grating Plaid without Noise

Participant Replications - Luminance Contrast
ap ' 2 262
asd 2 a3
. eV 2 113
eb -2 238
fx | | 2 | 130
jy | 2 - 282
mvg 2 | 130
b 2 121
sm 2 305
csg 2 211
K 2 | 228
ic 2 185
ns 2 | 162

Note. A higher score indicates a darker first-order.
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Table F

Threshold Luminance Contrast for Each Participant When the Stimulus Consisted ofa

Square-Wave Grating Plaid with Noise

Participént Replications Luminance Contrast

ap < 2 196
asd 2 243 .
ov 2 174
eb 2 167
fx 2 100
iy ' 2 185
mvg 2 119
sb 2 ' 067
sm 2 135
csg 2 249
Ko 2 | 157
ic 2 114
ns | 2 144

Note. A higher score indicates a darker first-order.
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Table G

Means and standard error of measurements for the ratio of luminance contrast that yield

50% threshold for the com_terphase grating method and the plaid method when noise is

present or not in the first-order component (n = 13).

Attention and Test
First-Order Grating Grating Plaid Square-Wave Plaid Sine-Wave
Luminance Contrast |
Noise
M 13 .16 14
SEM ' .01 02 .01
No Noise
M . | A2 20 .20

SEM .02 02 .03
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Table H.

Source table

Source af SS MS F-Value p
Subject 12 104 .009

Noise 1 016 016 6.16 .03
Noise * Subject 12 031 .003

Method 2 046 023 48 .02
Method * Subject 24 B 13 .005

Noise * Method 2 021 .011 3.55 | 04
Noise * Method * Subject 24  .072 .003
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| component that corresponds to the 50% threshold. The 2 X 3 repeated measure ANOVA
revealed a significant effect for type of stimulus (F(2, 24) -4, 86, p < .02), a significant
main effect for noise (F(1,12)=6.16,p < .03) and a signiﬁcanf interaction for noise x
type of stimulus (F(2, 24) = 3.55, p < .05) Table G shows the mean and SEM for each
conditions. Table H shows the source table for the analysis of variance. When noise was
included in the first-order component, the 50 % thresholds for the component were not
statistically different for the plaids (square-wave: M = .16, SEM = .02; sine-wave: M=
.14, SEM = .02) and the grating methods (M = .13, SEM =.02). The graﬁng method
without the noise in the first-order component was also equivalent (M = .12, SEM =, 02).
Only the plaid method (square- and sine-wave) without noise in the first-order component
required significantly higher luminance contrast for the first-order component to match
the second-order component (square-wave: M = .20, SEM = .02; sine-wave: M =.20,

SEM = .03).

Discussion

Equivalent salience between the first- and the second-order components was important
because these two types of motion will be used to form different types of plaids. The
effect of selective attention to the components of the plaids and its effect on a subsequent
MAE will be measured. It is important that no perceptual bias toward one type of grating |
be present in order to measure the effect of selective attention. In this experiment, as the
luminance contrast of the first-order component increased, the frequency of the perceived
motion in the direction of the first-order component increased, indicating that the first- -

order motion was overriding the second-order motion perception.
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It was expected that a first-order component without noise would produce lower
luminance contrast thresholds, since the introduction of noise decreased the visibility of
the first-order grating. This was what happened with the plaid method. However, with the
grating method, the luminance contrast threshold was not reduced when noise was
excluded in the first-order grating. Because in _the counterphase gratings both gratings
occupied the same visual space, this could have resulted in an increase in noise in the
first-order component even when no noise was included specifically within the first-order
component. The results of this experiment show that when no noise was introduced in the
first-order component of a plaid, the counterphase grating method for equating the two
components of the plaid might not be appropriate because it would suggest too little
luminance in the first-order component. This would give more salience to the second-
order component compared to the first-order component during the adaptatioﬁ.

This is not the case when noise was added in the first-order stinﬁxlus of the
counterphase grating. The grating method and the plaid method yielded comparable
contrast thresholds when noise was added to the ﬁrst-brder component. Because in the
expériment of this thesis noise was added to the ﬁrst-order'éomponent to make it more
similar to the second-order component, both equating methods are adequate to equate the
salience of the first- and second-order components of a plaid. An‘advantage at using the
counterphase grating method instead of the plaid method is that the administration is
faster.

von Griinau and Faubert (1998) used the counterphase method in their study. In
von Griinau and Faubert (1998), no noise was édded to the first-order component and the |

counterphase grating method was used to equate the first- and the second-order
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components. This may have resulted in an inflated contrast for the first-order component,
which could in turn have influenced the results because the second-order component
might have been mofe salient than the first-order component in the adapté.tion plaid. It is
surprising that considering this difference in salience between first- and second-order
components, they did not find attentional and MAE differences between first-order and
second-order component in the MAE.

| In accordance with the results of the studies by Ledgeway (1994) and Ledgeway
and Smith (1994), the motion in one direction did not cancel the motion in the opposite
direction using the grating method when heterogeneous components were used.
Participants always perceived motion when first- and second-order motions formed the

| counterphase grating. This inability to cancel the motion could have been due to the
nature of the first- and the second-order motions being different. This is an important

observation although it was not the main focus of this experiment.

Conclusion
The plaid method was more face valid because it used stimuli identical to the
stimuli used in the subsequent MAE experiment of this thesis. However, this experiment
showed 'that the counterphase grating method yielded identical luminance contrasts when
. noise is added to the stimulus and has the advantage to be administered faster. For this

reason, the counterphase grating method was used in the experiments of this thesis.
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Consent form to participate in the preliminary experiment
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Consent Form to Participate in the Preliminary Experiment

This is to state that I agree to participate in a program of research being conducted by
Anne-Sophie Del Vecchio of the department of Psychology at Concordia University, in
conjunction with her doctoral thesis, under the supervision of Dr. Michael von Griinau.

1) PURPOSE
I have been informed that the purpose of the research is to investigate how the brain
processes visual information and that the research is being conducted to partially fulfill
the requirements for a doctoral degree in Psychology.

2) PROCEDURES
I have been informed that the experiment involves the following procedures: On a
computer screen, I will be presented two types of stimuli; a grating or a plaid.

The grating will tilted 20 degrees to the right and will appear to move either to the right
or to the left. My task will be to fixate at the fixation point and to record the motion
direction of the grating by pressing the appropriate key after the grating has disappeared.
When the grating moved to the left, I press on the pink and left arrow (x key) and when
the grating moved to the right, I press of the pink and right arrow (z key). I will initiate
each trial by pressing on the space bar.

The plaid will be made-up of two gratings moving in opposite directions. One grating
will be oriented 20 degrees to the left and the other grating will be oriented 20 degrees to
the right. My task will be to fixate at the fixation point and to monitor which grating is
dominant. A dominant grating is defined as a grating that appears in front of the other
grating. When the grating moving to the left is dominant, I press on the pink and left
arrow (x key) and when the grating moving to the right is dominant, I press of the pink
and right arrow (z key). I continuously press on one of these two keys during the
presentation of the plaid. I will initiate each trial by pressing on the space bar, Prior each
grating I will be presented with a mask made-up of black and white dots.

The completion of the experiment will take about 80 minutes. There is no deception
involved in the experiment and I will not be required to do any task other than that
described above. I have been informed that my age, gender and handedness will be
recorded and that my name may be associated with my data in the experiment. I
understand that otherwise my participation in the experiment, and the information and
data that I provide, will be kept confidential. :

3) CONDITIONS OF PARTICIPATION
a) Iunderstand that I am free to decline to participate in the experiment w1thout
negative consequences.
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b) I understand that I am free to withdraw my consent and discontinue my
participation at anytime without negative consequences.

¢) Iunderstand that my participation in this study in confidential (i.e., the
researcher will know, but will not disclose my identity).

d) Iunderstand that the data from this study may be published.

e) Iunderstand the purpose of this study and know that there is no hidden motive
of which I have not been informed.

I HAVE CAREFULLY STUDIED THE ABOVE AND UNDERSTAND HIS
AGREEMENT. I FREELY CONSENT AND AGREE TO PARTICIPATE IN THIS
STUDY.

NAME (please print)

SIGNATURE

WITNESS SIGNATURE

DATE
Instructions:

A)Open Experiment 6 Folder
B)Run in random order:

1) sensit grat 1/2 noise

2) sensit grat 1/2 nonoise

3) sensit grat 2/1 noise

4) sensit grat 2/1 nonoise

5) sensit plaid 1/2 nonoise

6) sensit plaid 1/2 noise

7) sensit plaid 2/1 noise

- 8) sensit plaid 2/1 nonoise

C) Save in Experiment 6 folder.
D) Add your initials to the excel file.

Age:

Gender:

Handedness:

Thank you for your participation in my experiment.

Anne-Sophie
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APPENDIX C

Mean and standard error of measurement for the attention ratio of the preliminary

experiment for 5 participants.



Mean and standard error of measurement for the attention atio of the preliminary

experiment for 5 participants.
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SEM ' .036

Attention cue
Aftention Ratio  Attended  Unattended Both
_ FirstQOrder Component
Type of Plaid
Homogeneous'
M 817 137 392
SEM 046 024 084
Heterogeheous
'M .841 072 281
029 .082
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Attention cue
Attention Ratio Attended Unattended Both
Second-Order Component
Type of Plaid
Homogeneous
M | 690 107 320
SEM _ .087 025 114
Heterogeneous
M 919 .160 571
SEM 030 .037 105 .
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APPENDIX D

ANOVA for the attention ratio of the preliminary experiment for the group analysis (n=5).




ANOVA for_ the attention ratio of the preliminary experiment for the gr oup analysis
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Type of Component Attended *

(n=5).
Source | df SS MS F-Value p  eta®
Subject 4 25 064
Type of Plaid 1 061 061 2.737 1734 406
Type of Plaid * Subject | 4 089 .022
Type of Component Attended1 021 .021 .797 4224 166
Type of Compoﬁent vAttended

- * Subject 4 107 .027
Attention 2 - 4950 2475 74.14 0001 .949
Attention * Subject ’ 8 267 .033
Type of Plaid *
Type of Component Attended1 196 .196 | 6.485 0635 .619
Type of Plaid * |
Type of Component Aftended *
Subject 4 121 .030
Type of Plaid * Attention 2 044 .022 3.112 .1001 438
Type of Plaid * Attention *
Subject 8  .057 .007



Attention

2
Type of Component Attended *
Attention * Subject 8
Type of Plaid * Type of
| Component Attended *
Attention 2
Type of Plaid * Type of
Component Attended *
Adunnﬁnl*ihﬂject 8

.045

.093

038

071

023

012

019

.009

1.957

2.161

2033 .329

1777 351
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APPENDIXE

Mean and standard error of measurement of MAE duration (sec) of the preliminary

experiment for homogeneous and heterogeneous plaid (n = 5).
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Mean and standard error of measurement of MAE duration (sec) of tﬁe gl;elimjna_ry.
experiment fof homogenéous and heterogeneous plaid (n=5_ ).

Attention and Test
Attention : Same Different ‘Both
Attention homogeneous plaid
First-order
M | 6.14 36 49
SEM T2 2.40 4 1.29
Second-order
M ) 5.44 : -11 4.51

- SEM ' 1.00 2.52 1.77
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1.89

Attenﬁoh and Test

Attention Same Different Both
Attention heterogeneous plaid

* First-order
M 441 2.65 3.77

- SEM .82 1.58 1.55
Second-order
M 6.35 .08 4.17
SEM 1.05 1.34
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APPENDIX F

ANOVA for the MAE duration (sec) of the preliminary experiment for the group analysis

n=
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ANOVA for the MAE duration (sec) of the preliminary experiment for the group analysis

n=>35).
Source ‘ ~df SS MS | F-Value p eta’
Subject 4 16734 4184
Plaid 1 .005 005 .0003 987 .000
Plaid * Subject 4 622 15.81
Component g 1 1.38 1.38 .23 .6585 .054
Component * Subject 4 24.30 6.08 |

" Selection and Test 2 253.14 126.577.86 0130 .663
Selection aﬁd Test * Subject 8 128.88 16.11
Plaid * Componeﬁt 1 786 786 .56 4958 .123
Plaid * Component * Subject 4 5.61 1.40
Plaid * Selectionand Test 2 1141 571 279 7634 065

Plaid * Selection and Test

* Subject 8  163.46 20.43
Component * Selection
and Test 2 1214 6.07 2.37. 1558 372

Component * Selection and

Test * Subject 8 20.52 2.57
Plaid * Component

* Selection and Test 2 1434 7.17 1.64 2526 .291

Plaid * Component
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~ Selection and Test

*Subject - 8 3493 4.36

Dependent Variable: MAE duration (s)
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APPENDIX G

Consent form to participate in the main experiment.
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Consent form to participate in the main experiment

This is to state that I agree to participate in a program of research being conducted by
Anne-Sophie Del Vecchio of the department of Psychology at Concordia University, in
conjunction with her doctoral thesis, under the supervision of Dr. von Griinau.

4) PURPOSE

I have been informed that the purpose of the research is to investigate how attention
modulate visual motion perception and that the research is being conducted to partially
fulfill the requirements for a doctoral degree in Psychology.

5) PROCEDURES

I have been informed that the experiment involves the following procedures: On a
computer screen, I will be presented with a mask made-up of black and white dots. The
mask will be followed by a probe which will consist of either a line oriented 20 degrees
to the left, 20 degrees to the right, or a circle for few milliseconds. Then, a plaid made-up
of two gratings moving in opposite direction will be presented to me, one grating will be
oriented 20 degrees to the left and the other grating will be oriented 20 degrees to the
right. Finally, a test counter-phase dynamic grating will be presented to me. My task will
first be to attend to the component of the plaid oriented in the direction specified by the
probe or to monitor my attention to attend to both component of the plaid alternatively
avoiding the perception of coherence (merging of both component) if the probe is a
circle. During adaptation I will monitor my attention by pressing the “z” key when I
attend to the component of the plaid moving to the left, the “x” key when I attend to the
component of the plaid moving to the right. When I perceive both component binding
together I will press of the “c” key. During the test, I will press the left arrow key if I -
perceive a motion to the left, the right arrow key if I perceive a motion to the right during
test. If I perceive no motion or when the direction of the perceived motion become
ambiguous, I will press the “0” key.

The completion of the experiment will take about 2 hours. There is no deception in the
experiment and I will not be required to do any task other than that described above. I
have been informed that my age and gender and handedness will be recorded but that, my
name will not be associated with such information.

6) CONDITIONS OF PARTICIPATION

f) Iunderstand that I am free to decline to participate in the experiment without
negative consequences. '
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g) Iunderstand that I am free to withdraw my consent and discontinue my
participation at anytime without negative consequences.
h) Iunderstand that the data from this study may be published.

i) Tunderstand the purpose of this study and know that there is no hidden motivé
_ of which I have not been informed.

I HAVE CAREFULLY STUDIED THE ABOVE AND UNDERSTAND ITS
AGREEMENT. I FREELY CONSENT AND AGREE TO PARTICIPATE IN THIS
STUDY. : .

NAME (please print) ___

SIGNATURE

WITNESS SIGNATURE

DATE
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Modulation of Motion Aftereffect by Attention

Instructions:

1- Open the experiment folder.

2- Open the folder titled with your name.

3- Open a vpixx file in a random order.

4- Go to constant stimuli

5- Press on run test

6- Remove the date and add your initials and the trials number to the file name before
saving (e.g. first order.asd3)

7-Click on “Start experiment”

8- Press the spacebar to start each trial.

9- Attends to the component of the plaid oriented in the direction specified by the probe
10- During adaptation monitor your attention by pressing the “z” key when you attend to
the component of the plaid moving to the left, the “x” key when you attend to the
component of the plaid moving to the right and the “c” key when you ‘perceive coherent
motion.

12- Press the left arrow key if you perceive a motion to the left, the right arrow key if you
perceive a motion to the right during test. If you perceive no motion press the “0” key.
13- When the perceived motion becomes ambiguous, press the “0” key.

14- Press the space bar to assess another trial.

15- Circle the trial done on this sheet.

First order:
1 2 3. 4 5

Second order: , ,
I 2 3 4 5

First and second:
1 2 3 A 4 5

Second and first:
1 2 3 4 5
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APPENDIX H

Mean and standard error of measurement for the attention ratio of the main experiment
for 11 participants.
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Mean and standard error of measurement for the attention ratio of the main experiment

for 11 participants.

Attention cue

Attention Ratio Attended Unattended Both
_ First-Order Component

Type of Plaid
- Homogeneous

M 794 155 | 467

SEM 056 .043 .018

Heterogeneous

M .885 103 451

SEM 032 .047 ' .039
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Attention cue
Attention Ratio Attended Unattended =~ Both
Second-Order Component
Type of Plaid
Homogenebus
M 789 101 436
SEM 025 034 032
Heterogeneous
M | 891 118 474

SEM 046 032 038




APPENDIX I

ANOVA for the attention ratio of the main exnen’ment for the group analysis (n=11).

184



185

ANOVA for the attention ratio of the main experiment for the group analysis

Type of Component Attended *

(p=11).

Source df - 8§ MS F-Value p eta?

Sﬁbject 10 311 .031

Type of Plaid 1 030 .030 4.336 .0639 .302 .
- Type of Plaid * Subject 4 069 .007

Type of Component Attended1 002 002 .160 6977 016

Type of Component Attended

* Subject 4 115 011

Attention 2 11.449 5.724 78.202 .0001 .887

Attention * Subject 8 146 .073

Type of Plaid *

Type of Component Attendedl ~ .017 .017 7.266 0225 421

Type of plaid *

Type of Component Attended *

Subject 4 023 .023

Type of Plaid * Aftention 2 078 .039 2172 . .1400 .178

Type of Plaid * Attention *

Subject 8 358 .018



Attention 2
Type of Component Attended *
Attention * Subject | 8
'Type of Plaid * Type of
Component Attended *
Attention 2
‘Type of Plaid * Type of
(knnponentAummded*‘A
Attention * Subject 8

.003

036

005

030

.001

.002

003

002

734

1.692

492 .068

2095 .145

Dependent Variable: Attention
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APPENDIX J

Plan of the planned comparisons performed in the Main Experiment foi the MAE.




Plan of the planned comparisons performed in the Main E)_;@m_ iment for the MAE.

1. Orientation of the attended component and test: (to test MAE)

A)  Same VS . Different + Both

2. To test the suppressive effect

B) ‘Different VS Both
3. Type of plaid: (to test the effect of the type of unattended component)

C)  Hetero VS Homo

1) Hetero VS Homo

E) ' Hetero VS Homo

188

4. Type of component attended: (to test the effect of first- and second-order motion)

F) 1*vs2®
G) #vs2
1*vs 2™
) | 1*vs 2«
1) 1*vs 2™

2) | | - 1#vs 2™
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APPENDIX K

Mean and standard error of measurement for MAE duration (sec) for the main

experiment (n=11).




‘Mean and standard error of measurement for MAE duration (sec) for the main

- experiment (n=11).

Attention and Test
MAE duration (sec) Same Different Both
Heterogeneous plaid .
First-order
M 7.27 1.22 _ 3.08
SEM 1.68 2.15 1.75
Second-order

M 7.38 -2.43 3.19

SEM ' - 138 2.26 1.91
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Attention and Test
MAE duration (sec) Same Different Both
Homogeneous plaid
First-order
M 731 -2.78 3.99
SEM 1.49 2.05 1.31
Second-order
M 6.21 -1.27 4.16
SEM 1.50 1.45 1.29
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APPENDIX L

Mean and standard error of ineasmfement for the attention ratio of the unattended

"experiment (n = 9),
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Mean and standard error of measurement for the attention ratio of the unattended

experiment (n =9).

Adaptation Stimulus

Attention Ratio Heterogéneous * Homogeneous Grating
Attention

* Attended Compone’nf
M 821 .695 988
SEM 067 .085 007
Unattended Component
M | 158 220 004
SEM : .065 059 004
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APPENDIX M

ANOVA for the attention ratio of the unattended experiment for the group analysis (n
=9).
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ANOVA for the attention ratio of the unattended experiment for the group analysis (n=9).

Source o SS. MS F-Value p - eta
Subject 8§ .13 .014
Adaptation Stimulus 2 015 .007 .468 6345 .055

Adaptation Stimulus * Subject 16 248 016

Attention 1 6782 6.782 94.86 0001 922
Aftention* Subject g8 572 0T |
Adaptation Stimulus * Attention 2 0604 302 10.606  .0012 .570
Adaptation Stimulus * |

Attention * Subject 16 456 .028

- Dependent Variable: Attention
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APPENDIX N
Mean and standard error of measurement for the MAE duration (sec) of the unattended
experiment for 9 participants.
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Mean and standard error of measurement for the MAE duration (sec) of the unattended |

experiment for 9 pa;ticip@ts.

Type of Adaptation Stimulus

MAE Duration (8) Hetgrogeneous Homogeneous Grating
Cue and Test Orientation

Same

M 8.02 7.44 11.60
SEM .85 1.28 940
Different

M 95 -1.69 10.24
SEM 2.14 2.28 1.33




198

APPENDIX O

AN QVA for the MAE of the unattended experiment for the group analysis (n =9).
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ANOVA for the MAE of the unattended experiment for the group analysis (n=9).

Source | df S8 MS F-Value p eta’
Subject -+ 8§ 26543 3318
Adaptation Stimulus 2 6273 32637 2886 0001 783
Adaptation Stimulus * |
Subject 16  180.94 1131

- Cueand TestOrientation 1 46243 462.43 6.63 0329 .453

| Cue and Test Orientatioﬁ*

Subject 8  557.82 69.73
Adaptation Stimulus *
Cue and Test Orientation 2 145.58 7279 1838 .0001 .697
Adaptation Stlmulus *
Cue an& Test Orientation *

Subject 16 63.36 3.96




APPENDIX P

. Mean and standard error of measurement for the'attention ratio of the time experiment (n
=11).
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Mean and standard error of measurement for the attention ratio of the time experiment (n

=11).

Attention cue

Attention Ratio - Attended Both
Adaptation Time

20 seconds

M » .884 ' 462
SEM ‘ 038 ' .038
40 seconds

M 879 468

SEM 040 032
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APPENDIX Q

ANOVA for the attention ratio of the time experiment for the group analysis (n=11).
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ANOVA for the attention ratio of the time e)_tg' eriment for the group analysis (n=11).

.004

4.27E-4

Source ' df SS MS F-Valuep  eta’
Subject 10 .293 .029

Adaptation Time 1 1.45E-6 1.45E-6 .002 .9625’ .000
Adaptation Time * Subject 10  .006 001

Attention '1. 1.912 1.912 64.55 .0001 .866
Attention * Subject 10 296 .030

-Adaptation Time * Attentionl 3.27E-4 3.27E-4  .7 67 4018 .072
Adaptation Time * Attention *

Subject | 10

Dependent Variable: Attention
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APPENDIX R

Mean and standard error of measurement for the MARE duration (sec) of the time
experiment (n=11).
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Mean and standard error of measurement for the MAE duration (sec) of the time
experiment (n=11).

Component Attended During Adaptation

MAE Duration (s) One Component Both Components

Adaptation Time

| 20 seconds
M _ 6.38 3.44
SEM 1.02 1.18
40 seconds |
M  am | 305

SEM 1.08 1.58




APPENDIX S

ANOVA for the MAE of the time experiment for the group analysis (n=11).
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ANOVA for the MAE of the time experiment for the group analysis (n=11).

Source df SS MS F-Value' p eta®
Subject 10 35158 35.16

Time 1 L 117 375 5539 .036
Time * Subject 10 3116 3.12 o
Attention - 1 14844 148.44 5.95 0349 373
Attention ~ *Subject 10  249.41 24.94

Time * Attention 1 59 59 154 2425 134
Time *Attention * Subject 10 38.24 382

Dependent Variable: MAE



