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Temporal Integration and Attention

| Abstr_act

The perception of moving objects and scenes illuminated By lightning are
influenced by the inherent sluggishness of our.rvisual system. This
phenomenoh, called visible persisteﬁce, has been considered a hard-wired aspect
of human vision. bAs such, it has been assumed that its duration was
independent of higher level géals. This aésumption was tested in this thesis by
experiments in which attention.wasv_manipulated and the duration of visible
. persistence was measured.

| Visible persistence was measured using a temporal integration task.

Observers ‘searched for the letters 'F or '’ in displays.‘consis_ting of two
~ successive frames of complementary line segments. The interval between
| frames wés varied to index the extenf to which integration was possible. A
review of temporal integrafion research made if ciea_r that accuracy in such tasks
is deterinihed by béth visibie persisteﬁceand _masking. To separate these
influences, the task was studied under scotopic conditions, wﬁere masking does
not inferfere wi_th'persistenc'e.' These results were compared with those cqllécted :
under photopic conditions, where persistence and masking play opposing roles.
Thé observer’s focus of attention was inanipulated by varying the number of
pote.htial search items (set size). The similarity betWeen target and distractor

items was varied to distinguish between attentional and non-attentional

accounts of the results.
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~ Experiment 1 established baseline performance for search in brief displays
- under photopic and scotopic conditions. The effect of set size was largest when

- target and distractor items were most similar. The effect of similarity was least
pron_oun.c_ed'for scotopic viewing. This reduced effect was attributed to an
increase in persistence for scotopic yieWing which provided an effectively longer
exposure duration and therefore an easier search.

Experiment 2 added the manipulation of frame interval in order to
‘measure temporal integration. The efféct of set size was constant across frame
interval in fhe scétopic condition, whereaé, it increased with frame interval in
the scotopic condition. This indicated that atfehtion had no effect on visible -

- persistence, but could reduce the extent of metacontrast masking.

Experiment 3 was designed to rule oﬁt‘. non-attentional causes for the set
size effects in the phbtopic cbndition. Set size was held constant while felevant
target locations were indicated by instruction. The ‘effec'f of frame interval was
less pronounced with f_éwer items to attend.

These reSults support two main conclusions: éttenfion does not influence
visible persistence, and attention reduces thé effects of metacontrast masking. In
:addition, thé methodologies used to study temporal integration and visual

search were extended in several important ways.
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Chapter 1: Introduction

Visibie persistence is a pervasive feature of everyday perception. For
example, the ability to perceive television pictures depends on it (Fink &
Lutyens, 1960): An electron gun fires sequentially, illuminating the screen one
pixel at a time, so that the éntire image is presented over a 15 millisecbnd period.
The phoéphor on the television séreen emits ﬁght for only a few milliseconds{
with the screen remaining blank the rest of the time. Ndnethéless, we perceive
the picturé to be continuously visible. |

In the millennia before television was invented, peoplé were known to
entertain theinée’lves by Wavmg a ‘buming ember in the air to draw shapes or
their name‘s.v This obsef\}ation vwvas first recorded by Boethius at the end of the
fifth centﬁry C.E. (éited in Allen, 1926). Thrdugﬁout history, a fundamentalbibssue
for résearchers has been the deterrhinatibn of the duration of persistence. One
method to estimate this duration was first proposéd by Newton. A hot coél was
spun on the end of a stick. The duration of visible peréistence was equivalent to
the time to make one revolution when no break in the circle could be perceived.
- This method was first used by D’Arcy in the 1700’s who provided an estimate 6f
0.133 sec (see Allen, 1926). Since then, mahy other measures have‘ beeh prbposed
(see reviews by ,Coltheart, 1_980; Long, 1980). | |

In both modern and anciént'st_udies, the assumption has been that visible

" persistence is linked to the activity of low-level visual mechanisms. Low-level
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vision is generally thought to cénsist of those processes which are indépendent ‘
of 'goal-dife;:ted behaviour.and operate in pafallel acrosé the visual scene.
Aécordingly, visible persistence has been iﬁifestigated in relation to factofs which
influence low-level representations, such as intensity, duration, and spatialv
proximity of display 'elements. However, other literature cited below contains
many examples demonstrating that many of these processes can be influenced by
- the deploymeﬁt of attention.

| Visual attention refers to problems encountered by an 6rg’anism with
finite fesources in an environment with infinite amounts of information. In
this thesi‘s, thé emphasis is on selectivity for iny one of many items in a display.
Pfevious studies of such sélectivity' have examined perceptual latencies to cued |
targets (Posner, 1980), identification accuracy‘ofv items at precued locations
(Eriksen & Hoffman, 1974), and the_effects of irrelevant items on visual searc_h »
(Treisman & Gelade, 1980).

| The question prompting the preéent research was whether focuséd spatial
attention could influence the duration of visible persistence. However, in fhe
course of feviewing literature on visible persistence, it became éppérent tﬂat the |
measture used to index persistence was also affected by metacontrast masking.

Attempts to rule out this factor led to a second question regarding the effects of

attention on masking. -
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To provide a background to these questions, salient aspects of past research

~on visible persistence and spatial attention are summarized next.

Visible persistence: Emp_irital findings

Empirical studies have identified three major factors that influence the

duration of visible persistence: stimulus duration, stimulus intensity, and

 spatial proximity amongst stimulus components displayed in temporal

succession (see reviews by Coltheart, 1980; Dick, 1974; Long, 1980). The duration

of visible persistence was found to be related inversely to each of these variables.

These relations have come to be known as the inverse-duration effect, the

inverse-intensity effect, and the inverse-proximity effect. These three effects are
outlined separately below, followed by a brief review of several theories of
persistence_.

| The iﬁverse—dUratién effect. Thé duration of persistence is known to be

related inversely to the duration of the physical stimulus. This inverse relation

“was first reported by Efron (1970, 1973), and has been studied extensively by Di

Lollo and co-workers using a temporal integration task (D'i-Lollo,'1980; Di Lollo &

Wilson, 1978). This task is worth describing in some detail because it was used in

the present studies, albeit in modified form.

As used by Hogben and Di Lollo (1974), the tésk required the integrétion of

two stimuli displayed in rapid succession and separated by an inter-stimulus

3 .
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in-tefvél (ISI). Viewed separatellyv,‘ the étimuli appeared as random aggregates of
12 dots, but, viewed together, they formed a5x 5"squar‘e ﬁatrix of dots, wﬁh one
dot missing from a location chosen randomly. The task of the observer was to
name the location of the missing element within the matrix. This task can be
- performed successfully only if all elements are visible simultaneously, which
occurs when the ‘ISI is brief. In this case, the empty location stands out clearly
against thé integratéd matrix. When the ISI ié long, however, the observer sees a
" matrix r_iclldled. with empty' locations, all of which, on analysis, turn out to have
been occupied by elements of the first stimulus. Temporal_ integration requires
some form of visible persistence capable of bridging the ISI Bétween the two . |
successive portions of the display. In turn, estimates of the duration of visible
persistence can be obtained by increasing the ISI until temporal integration
breaks down, and the location of the mis'éing element can no longer be |
idgntiﬁed. As noted above, femporal integratipﬁ is achieved easily at brief I.SIs‘
but becomes progressively more difficult as the ISI is increased (Hogben & Di
Lollo, 1974). |

This task was used to study the duration of viéible pe'rsiétence as a
function of stimulﬁs duratioﬁ. The exposure duration of the .leéding' stimulus
was varied systématically_Whilé holding constant the duration of the ISI and of
the trailing stimulus (e.g., Di Lollo, 1980). In agreement with earlier work (Efron,

1970), a sti'o'ng'inv_erse relation was obtained between the duration of the

4
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inducing stimulus aﬁd_ the estimated duration of visible persistence (i.e.,
persistehce was longer for stimuli of ‘shorter duration).

The inverse-infensity effect. An inverse relation between stimulus
intensity and duration of visible persistence (i.e., shorter duration _fof more
intense stimuli) was first reported by Ferry (1892) and has been formalized in the
Ferryfi’orter Law v(Brown, 1965a; Kelly, 1961; Porter, 1902). These researcher_s used
an infermittent light source to provide a measure of the.critical frequency at
fusien. It was found that. as stimulus intensity was increésed,_the critical
frequency increased correspo_ndingly,_implying.shorter persistence for brighter
stimuli. Inverse-intensity effects have also been obtained with other
experimental Paradigms (Allport, 1968; Castet, Loreneeau, & Bonnet, 1993; Di
Lello, 1984; Di Lollo & Hogben, 1987; Efron & Lee, i971 ; Smith, 1969).

| A positive relation between intensity and Visible persistence (e.g.; Long &
‘Sakitt, 1981), or else no change in the dufation of persistence with changes in |

| intensity (e._g., Adelson & ]ohides, 1980) have also been report__ed. These findings,
however, do not disconfirm the ihverse;intensity rﬁle for the folldwing reasons.
As noted by Adelson and Jonides (1980), evidence for po“s‘itive-irite'nsit}; effects
corﬁes from studies in which intense stimuli were presented to dark-adapted
observers. These are optimal conditions for producing retinal afterimages,

- whose duration is known to be related poeitively to stimulﬁs iﬂ_tensify (see

review by Brown, 1965b). Retinal efterimages are not to be' confused with visible

5
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persistence since the two phenomena are known to be different and to be
separable on several dimensions (Di Lollo, 1984; Di Lollo, Clark, & Hogben, 1988).
One of thdse dimensions is stimulus intensity. Tﬁis’ factor affects the duration of
retinal aftei'images positively (i.e., increases in intensity lead to increases in the
duration of retinal afterimages) and the duration of visible persistence inversely
(i.e., increases in intensity lead to a reduction in the duration._of visible
persistence).

Null results (i.e.,~when changes in intensity have no consistent effect on
visible persistence) are found only when all'thé stimuli are totally confined

within the photopic, or within the scotopic, range of intensities (see review by Di

‘Lollo & Bischof, 1995). That is, an inverse relation betWeen stimulus intensity

and duration of visible persistence holds true provided that at least some of the

stimuli fall within—or span—the mesopic range of intensities. An extreme

~ example of this effect is'shown'graphically in Figure 1A, where visible

persistence under scotopic viewing is séen to last much longer than under
photopic viewing. Plaﬁsible neurophysiological mecﬁanisms underlying this
pattern of results have Vbeen discussed by Di Lollo and Bischof (1_§95).

The differences between photopic and sc‘otopic viewing extend beyond the

simple observation that persistence is longer for scotopic viewing. Under

scotopic conditions (luminance less than 107! cd/m?) perception is determined

solely by the rods whereas urider photopic viewing (luminance greater than 102

6
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cd/ mz) only the cones are used. In the middle (or mesopic) range there are
contributlons from both the rods and the cones. For the present purposes, there
are two 1mportant observations which should be highlighted. First, under
photoplc v1ew1ng, the receptive field of the retinal ganglion cells have a
characteristic centre surround antagonism. For example, a given ganglion cell
Will increase its activity when a light (of suitable luminance and size) is directed
onto its receptive field. By increasing the size of the spot, the activity of the cell

- will decrease because the 1ight is activating the inhibitory surround. If the spot |
encompasses the entire 'receptive field, theri the activity sponsored by the
eXcitatory centre would be entirely offset by the inhibitory surround, r_esulting in
a near resting rate of activity. This antagoniStic arrangement provides a \rery
precise representation of the visual world. As the level of iliuminatidn is
reduced into the scotoplc range the size of the excitatory centre increases and the
1nh1b1tory surround shrinks until under fully scotopic v1ew1ng there is no
inhibitory surround. This is one contributing factor in determining the
relatively poor acuity under dark adapted \'riewing.. |

| With photopic levels of ill.uminati_on, a sec'ond‘ advantage is utilized hy
the visual system. Each cone is connected to two bi—polar cells which‘ each
respond in an opposrte fashion When light is directed at a single cone, one of

the bi—polar cells responds posmvely, while the other one responds negatively.

These cells then connect to amacrine'and horizohtal cells in the retina to form
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Figﬁre 1. Hypothetical impulse response functioh_s (IRF) which underlie
performance in the task used. (A) A representation of the single frame design
used in Experiment 1. There are two things to note from this figure. First, the
point at which the scotopic curve crosses the threshold. line is later, in time, than
that for the photopic curve. This represénts the longer retinal latency in the
scotopic environment. Second, the duration of visible persistence,I as shown by
. the horizontal size of the impulse response function, is longer for the scotopic
_viewihg condition. ‘Results‘from the Mesopic range of luminance would fall
between these two extremes. (B) A schematic representation of the IRFs in the
temporal integration task (Experiments 2 and 3). Only the portion above the
objectively determined threshold is shown. Note that as the ISI is made longer,
the degree of overlap between the two frames is decreased. This is consistent
with the poorer performance at the longer ISIs in this task. The scotopic
condition, which has longer persistence (see A above),'has a larger degree of
overlap at both levels of ISI. .Note that the ISIs shown are longer for the scotopic

condition than the photopic condition since longer ISIs were tested in these

~conditions.
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two mosaics of gaﬁglion cells which have opposing reactions to a light stimulus.
The activity of ON centred cells increases when a light is presented to the
e_xéitatory centre of its receptive field. OFF centred célls prefer a réduction in
illumination. These two pathways ai)pear to remain segregated uia until the
cortex (Schiller, 19945. Uhder ’scotbpic levels of illumination, only the ON
channel is operational since the rods do not cén_nec_t to the OFF'bi-polar cells.

The lack of an inhibitory surround and the absence of an OFF channel will

be important below when discussing the role of maskiﬁg in the temporal

integration task.

 The invers‘e-p.r_oximitv effect. The qubestion of how spatial proximity
between succéésively?displayed elefnenté affécis the duration of pef_sistenc‘e was
investigated using both static and moving stimuli. With sfatic stimuli (the
matrix task described above), it was found that, as the spatial proximity between
adjacent matrix-dots _wés increased, the estimated duration of visible persistence
decreased correspondingly (Di Lollo & Hogben, 1987). This spatial and temporal
sensitivity is similar to that found in metaconfrast masking, where the visibility |
: df a temporally leading target‘is impaired when :a second stifnulus is presented
nearby and soon after. Following _this reasoning, orie interpretatioh giveh to the
ih_verse—pfoximity effect is that fhe dots in the secohd frame of a temporal |
integration task abt as metacoﬁtrast masks (Groner, Groner, Biéchof & Di Lollo,

1990).

10
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An inverse-proximity effect is also foﬁnd'with stimuli in motion. A
singie dot pfesented at regular intervals and displaced in space, can produce the
: perception of motion. If the temporal interval between succbevssvive dispiayé is |
brief, the observer sees not one, but a fading trail of dots folloy&ing the leading
dot. This is referred to as motion smear. Ifs length (or,. equivalently, the number
of do’_cs visible simultaneously on the scréen) prbvides an index of the duration
of visible persistence. It can be used to study the duration of .Visible pefsistehce_as
a function o‘fvthe spatial proximity befween successivély-presented dots. In
agreemént with the reéults obtained with static stimuli, it has been foﬁnd that
t_he length bf motion smear (and hence the estimated duration of visible
persistence) decreases as the spatial proximity between successivé dots is
increased, ie., én inverse—proximity effect (Burr, 1980; Farrell, 1984; Hogben & Di
Lolio, 1985), Thus, reséarch on both tempora_l integration and motion smeai
indicates fhat the duration of visible persistence cah be affected by temporally
trailing events. | | |
For the pur?oses of the present study, it is important to note the

- assumption underlying all work on visibie persistencé: Persistence is based on
mechanisms of IOW-IeVél vision. This observation is not limitéd to the studies |
in this brief ouﬂiné;_ rather, it ap_plies to the enfire ‘field, as can be Velrified'from
several compfehénsive reviews (e.g., Céltheart,_ 1980; Di Lollo & Bischof, 1995;

Lohg;'1980). The assumption that persistence is primarily a low-level visuél

11
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phenomenon is also evident in various theoretical accounts to which we now .

turn.

Visible p.ersistence: Theoretical accounts

Theories of visible persistence can be grouped into two broad classes based
on either the concept of information storage (e. g Neisser, 1967; Sakitt, 1975, 1976
Sperhng, 1960, 1967) or that of 1nformat10n processmg (Breitmeyer 1980, 1984; Di
Lollo, 1980; Dixon & Di Lollo, 1994; Irwin & Yeomans, 1991; Loftus & Hanna,
| 1989).

Storage theories. The initial‘ evidence about visible persistence' (e.g.,
Sperling, 1960) led almost compellingly to the formulation of sto‘rage theories.
Visibie persistence was likened to the decaying contents'of a sensory “store”. It
was hypothesrzed that the presentation of a brief stimulus (typically an array of
’ letters) charged a sensory store at some low level in the visual system. The
sensory store was compared to a leaky capac1tor which maintained its charge
while connected to a voltage source (i.e., while the external stimulus was
- displayed) but began to discharge as soon as the voltage sourc_e was disconnected
(i.e., when the external stimulus was turned off). The contents of the sensory |
store were thought to be devoid of meaning (i.e., to be ”precategorical”) but to be
distinguishable in terms of such physical stimrilus characteristics as colc)ur,

brightnes’s, and rnotion (Coltheart, Lea, &7Thom,pvson, 1974; Sperling, 1960;

12
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Treism.an, Russell, & Green, 1975; von Wright, 1968). The major function - \
assigned to the sensory store was to serve as a buffer from Which items ceﬁld be
selectively transferred to more durable.storege (Sperling, 1967).
Filling the sensory store was held to be an entirely automatic, stimulus-
bound process. The only part of fhe system deemied to be under voluntary
control was the transfer mechanism, which could be selectively directed to |
.spvecific items on the basis of purely physical aspects of the stimuli. Once selected v
for transfer, these items were placed in short-term memory where they were
categorized and associated with long-term r_nen_iories. For this reason, the -
sensory store was labeiled preecategofical. The fransfe'r mechanism did not affect
_the temporal _characteristics of the seﬁsory store but merely probed its passively
decayihg contents. |
. Sugges.tions as to the neurophysiological correlates of the s_eﬁsory store
reflected the view that s}isible persistence _was a phenomeﬁon of low-level
| vision. A well-known—and, ‘at the time, ihfluential—proposal was that the
. sensory store was loeated in the rod photOreceptors (Long & Sakitt, 1980} Sakitt,
1975, 1976).v This proposal, howeyer, was soon ciiSconfirmed on empirical
grounds (Adelson, 1978; Adelson & ]on’ides,. 1980). First, the role of the rods was
_qﬁestioned when persistence was found >for4col'oured stimuli which would only
be ;‘egistered by the cones (Adelson, 1978). | The second eméirical observation "

which undermined all storage models was the inverse duration effect. The

13
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leaky-capacitor, and similar éﬁérége analo_giés bréak'déwn when it.is shown that
the relation between the duration of the display and the duration of visible
persistence is jﬁst the_oppos'ite of what should be expected between the duration
of the charging agent and the amount of charge in the Store. Considerations such
as these led to a change 1n pérspeétive from storage to processing models.
Processing theories. H The human information-processing approach treats
perception as the result of a series of éompufational phases, each operating on a |
representation of a stimulus coded in terms of the current process. This
approach can also be used to éccount for viéible pér_sistence, (Breitmeyer, 1984; Di

Lollo, 1980; Turvey, 1973; 1978).. In processing terms, visible persistence is

. identified with a period of sensory-coding activity triggered by—and time-locked

to—the onset of the stimulus. Once triggered by stimulus onset, the bubrst-of
activity chtinues' fbr a fixed period; Whethér or not 'th'e_ stimulus continues to be
displayed. If the duraﬁoﬁ of the stimulus exceeds the period of activity initiated
at stimulus-onset, then no visible pérsistence will be a\-failable wheh the

stimulus is turned off. The duration of visible persié’cence, in this scheme, is

‘held to be inversely related to exposure duration (the inverse-duration effect).

Although clearly different in many respects, storage and processing
theories share the common assumption that visible persistence is unaffected by
volitional control. By and large, the processing activity responsible for visible

persistence is deemed to take place at relatively low levels in the visual system.

14
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This is 'e\/;ident in the neurephysiological mechanisrﬁs fhet have been sﬁggested
as bases for the sensory-coding activity. For exan'.l'ple, Duysens,_ Orban, Cremieux-,
and Maes (1985) identified single units in area 17 of the cat, which responded in a
manner entirely consistent with the inverse-duration effect found in humans
for stimuli of comparable duration. That is, once fired, the units responded for a
fixed duration, regardless of the duration of the stimulus. If the stimulus was
brief, the period of activity extended beyond stimulus termination; if the
stimulus was long, the burst of activity abated before s'timvulus. offset.
| It should be noted that, among processi_ng theories, the assumption of a
‘solely low-level determinat»ion was not as strongly stated. The hypothesis was
entertained that the processes underlying'persisterice may take place at multiple
levels in the Vieual system. |
. as the coding of the initial stimulus proceeds from energy

transduction at the retina to the emergence of meaning and the

ramification of associations at higher centers, concomitant short-

lived representations would ensue, each stemming from, and coded

in terms of, the prevalent processing activity taking place during a

given phase. (Di Lollo, 1980, p. 95)

Despite a readiness to regard higher levels in the visual syetefn’ ae being

involved ih visible persistence, the implicit—and often unstated—assumption
remained that high—llevelf goal-ldirecte_d, cognitive factors did not influence its

duration: ‘More important, all theories were built on the assumption of a

unidirectional flow of information from peripheral to more central parts of the
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‘visual system. »Th'e reverse flow of information was never proposed, although at
least one researcher contemplated the option, “Nor is the possibility discounted of
feedback loops between [‘processing] stages” (Di Lollo, 1980, p. 93). It is the objective

of the present work to explore this possibility.

Atténtion: Moderating the flow of information

Almost all theories of visual perception hold to some form of a dichotomy in
distmguishing between ”seeing” versus ”understanding”, or sensation veréué
perception (Broadbent; 1958; Hebb, 1949; Helmholtz, 1867/ 1967; Neisser, 1967). In
modern information-processing theories, this dichotomy ‘is seen in the time-based

.distinction of early vs. :late,stéges of procéssihg (Enns, 1992; Di Lollo, 1980; Julesz,
_1984; Palmér, Ames & Lindsey, 1993; Shéw, 1980; Treisman, 1986; Treisman, -
Cavanagh, Fisher,’Ramachandran, Voh der Heydt, 1990; _Verghese &. Nakayama,
1993; 'Verghe“se & Pelii, 1992; Zuéker, 1987). Early vision consists of thc_ise 'Pfocesses‘
which operate in parallel across the visual'»field and aré not afféctedvby goal directed
aépects of behaviour. Late.viéion consists of mbre complex précesses WhiCh‘ can be
voluntarily applied t(; specific items in fhe v'isuél array. The fqrmer are often |

considered to be hardwired, while the latter are considered more adaptive.

The visual search task. The visual search task is a popular tool in the study of
early visual operatiohs (Enns & Rensink, 1991; Neisser, 1967; Palmer, 1994; Palmer,

Ames, & Lindsey, 1993; Rensin_k & Enns, 1995; Treisman et al, 1990). In a typical
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experimenf, the observer’s task is to report whéther a target is present or absent in a
display. Set size (i.e. the number of items in the display) is the critical independent
variable as it directly influences how much‘at'tention can be devoted to any given
item. | |
The relation betWeen per.formance (e.g., reaction time or accuracy) and set size
is usuall.y. represented by the slope of the funcﬁon relating these two variables. This
is referred to as search slope. If the target caﬁ be distinguished from the distractors
by some simple feature (e.g., siie, luminance, colour, or orientation), then_ the search
slope is fiat or very .shallow and the target is said to pop-out. When pop-out occurs,
it is assumed that attention is.directed to the target without effort. This has also
been referfed toas a parailel search bécause tﬁrgét detection seems to occur across the
entire_scene at once. On the other ‘hand, if the target differs frofn distracfor items by
a conjuhctioh of fea_tures, then the time taken to find it increases 'with set size,v énd
thus, the search slopé is ‘steeper. In this case, attention must be directed voluntarily
to items in the display and seafch is considered to be Vseri-al (Ehns & Rensink, 1991;
McLeod, Driver & Crisp, >1989; Nakayama & Siiveﬁnan, 1986; Treismaﬁ,_ 1986;
| Tréisma‘n, 1988; Treisman & Geléde, 1980; Treisman & Gormican, 1988; Wolf, Cave:
& Franzel, 1989). - o
An alternative conceptualization of the feafure-coﬁjunction distinction is

that of ta_rget-disfractor similarity (Duncan & Humphreys, 1989). Low 'target-

distractor similarity can result in pop-out search whereas a higher dégfe’e of
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similarity results in effortful search. The degree ef attention required to guide

search therefore increases along with target-distractor similarity.

Spatial ciiihg. It is well known that attention can be directed_ to spatial
locations independent of eye movements (]ames, 1890; Posner, 1980). The spatial
cuing paradigm is a popular method for investigating this aspect of attentien. In.
these experiments, the observer is presented with a cue which indicates, with
varying probability, the .target”location. Experiments iising a wide_ range »of stimuli
and spatial cuiné have showrithat.detection and discriminatiori_ accuracy are both

improved by foreknowledge of target location, suggesting an attentional influence |

~ on sensory factors (Posner, Snyder & Davidson, 1980). Sensory 'priming—in the

" form of increased neural sensitivity and shorter neural latencies—is thought to

cause these effects (Posner 1980). However, other researchers have proposed that
these effects are mediated by later dec151on processes (Shui & Pashler 1994; 1995 but
see Luck, Hlllyard Mouloua & Hawkms, 1996)

The questlon of the locus of attentlonal effects has been addressed using the
methods of signal detectlon theory (Bashmski & Bacharach, 1980). The_ observers'
task was to' detect a near-threshold target, which could occuvr.on either the‘right or
left side of the scteen. A cue was presented prior to the target to indicate the likely
side. Manipulations of cue predictability had effects 'on_senéory sensitivity, but 'not.

on decision bias, supporting the early locus of attention theory (Ba'shinski &

~ Bacharach, 1980). Sirhiiaf_ conclusions were reached utilizing _é discrimination task
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(Tsal, Shalev, Zék_ay, & L.ubow, 1994)‘. Observers wére required to indicate the
brightness of a grey patch by matching it to a memorized standafd. It was observed
that attention reduced the perceived conv'tfa,st of _thé patch..
Direct evidence for the sensory priming account.of attention came from the

“study of temporal order judgments. | Observers were cued to attend to one side of the
display screen or thebother before indicatihg _Which of two stimuli appeared first.

The relative onset of the two stimuli waé varied from 0 to 100 ms. Thebstimulus in
‘the atten'dedv locatio.n was seen up to 40 ms before the stimulus in the unatténded
location (Stelmach & Herdman, 1991). In a second study, observers reported motion
from the temporally tréilihg;although attended—item towards the temporally
leading—and unattendéd—item '(Stelmach,He'rdmar_y & McNeil, 1994). This is
coﬁ_sistent with atteﬁtion exerting its influence at the earliest stages of motion

| perception; H | |

Neural substrates of visual search and spatiél éuing.' Visual search and spatial

cuing have been recently combined in >single-‘cell recording studies of awake |
monkéy.s (Mot_ter,.1993; 199%4a; 19.94.b). In thesé studies, monkeys fixated on the |
centre of a screen and were presented :with a ﬁlulti-elerhent display. Their task was
to indicate the orientation of a tavrget.line' indicated by a. spe_ati.al cue. Attending to the
target causéd an increase in the firing réte 6f a cell with a receptivé field centred on
the line. ‘When the sérﬁ_e line was unattended (i.e., it was not the target), there wés a

decline in the firing rate. As set size was increased, the difference in firing rate
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between atfended and unattended stimuli also increased. These effects were
observed in primary visual cortex as well as in several extrastriate areas. Data such
' a"s these suggést that target selection affects the firing rate of neurons very early in
the visual stream. They aiso indicate _that the seiect_ion processes are more active
when there are distractors in the Visﬁal field to compete with the target. Most
importantly for thé'present thesis, these data indicate that it is plausible that visual
selection may exert an influence on the same neural structures thoﬁght to produce

visible persistence.

Previous research

- A possible rélation bet§veen attention and visible‘vpersistence was addressed
previously by Orenstein and Holding (1.987).v These researchers used a temporal
integra"tion task to measure visible persistence. Attention was manipulated by
varying the location of the fixétio"n point. Fixation was lécated either in the centre
of fhe display (distributed attention), or ’at' the position of the to-be-reported .target
(focused attention). Not only did this manipglation re_duc_é the relevant set size |
(frorﬁ twelve to one), but it élso all_owed the target to be foveated. Thﬁs, aﬁy
differenées Between the two conditions could not be attributed uniciuely to attention.

An even larger problem of intérpretatiqh was that accuracy in the distributed-
a‘tténtion condition did not differ from charice, éveh when the two frames were

presented simultaneously. That is, observers were unable to perform the task even
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when persistence was not required. Nonetheless, the researchers made the

unwarranted conclusion that -persistence did not exist without attention.

Rat_ionale of the »present study

Question 1: Attention and visible persistence. The question behind this
study was whether visible persistencé was affected by attention. To addfe_ss it;
methodologies were combined that had previously Been uéed separately to study
attention (i.e., visual search) and visible peréistence (i.e., temporal integration of
successive diéplays). ‘The factor of target-distractor similarity was manipulated in
this search task to distinguish bétweé.n alternative interpretations of the data.

To understand how attention might affect visible pérsistence, it is helpful to
;eétate the rationale underlying the temporal intégratioﬁ task. In this task, the
Stimuli_to which the observer must respond are presented in two successive frames
separated by an ISI. Since the two frames must_be integrated if the observer is to
respond correctly, Visiblé persistence is necéssary to bridge the ISL. In turn, thé o
. longer the visible i)ersisténce, the longér the ISI Whicﬁ can be bridged. According to
this ratibnale, if attenﬁon increases the duration of visible persistence, then .
atténded items would be integ:ated over longer ISIs. Alternatively, if attention
decreases the duration of visible persistence, then attended itemé would 'only be

iritegrated over shorter ISIs. This latter situation leads to some counterintuitive
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predictions where performance in large set sizes would actually be better than
performance in small set sizes. This possibility is not considered further.

In the present work, the focus of attention was manipulated by varying the

 number of items (i.e., set size) in a two-frame visual search task. It is conventionally

assumed that the focus of atteﬁtion varies invérsely with thé number of items
presented. In this task, upon presentation of the first frame, atténtion c'o.uld be
focuéed more sharply on individual itéms if the set size was sfna_ll. AlternatiVely, if
set size was large, attention woﬁld be distributed more bro_édly. Therefo;e, the effect
of focﬁsed attention on visible persistence would be more evident in search thréﬁgh

small rather than large set sizes. If one assumes that attention increases the

- duration of visible persistence, it folloWs that longer ISIs would be bridged when the

set size is small. This relation between attention and visible persistence predicts an

- interaction between set size and ISI. As I will show, the existence of maskmg in the

temporal integration task, restricts the validity of this rationale to the scotopic
viewing conditions.
Before restricting our consideration to an attentional account of such an

interaction, it is necessary to rule out possible non-attentional accounts. To begin

‘with, it is important to consider what happens to performance in visual search

‘when the duration of the diéplay is reduced. This has direct relevance to the

manipulétion of ISI. The reasoning is as follows: The séarch display consists of an

integrated representation of the contents of two frames. Such a display is available
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onl.y‘ if the first frame prdduces sufficient visible persistence to bridge the ISI. For
this reason, the duration of the search display is related directly to the duration of

visible persistence and inversely to the ISI (see Figure 1B). We refer to the duration

- of this intégrated search display as the effective exposure duration because it is only

during this period that all elements are presumed to be available simultaneously for

the search process.

We have noted above that increments in ISI lead to decrements in effective
exposure duration. Sﬁch decrements, therefore., cah be Sup_posed to produce an -
interaction between set size and ISI. In fact, just such an in_te'raction was réportéd by
Bergen and Julesz (1983). In that study, the exposure dufation was varied
systematically by presentation of a mask. The observers’ task was to detect a target
amdnést_distractors. It was found that as the exposure duration was reduced-, the
probability of dete_cting the target was also reduced. This effect waé more |

pronounced when set size was large than when it was small. In other words, the

-search slope relating number of errors to set size became progressively steeper as

exposure duration was reduced. In the present work, pré_c'isely the same relation is

_ eXpected with changes in effective exposure duration. That is, as the ISI is increased,

the steepness of the search slope should increase correspondingly. This represents
an vinteraction between set size and ISI which would arise even if attention ha’d no
effect on the duration of visible pefsistence. Yet, this interactiori is indistingui_shablé

erm that predicted by the attentional account. In other words, the same pattern of
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res@lts is predicted by both the attentional and the non-attentional hypotheses for
decreases in éffectif/e expoéure duration. |

This said, we must now specify that the pred.ictionsu from these twb accounts
are not équivalent under all circumstances. Namely, the two hypotheses can be -
separated on the basis of their predictions for a pop-out search task, which removes
set size as a factor in determi_nihg performance. First, consider the predictions made
by the non—attentiénal hypothesis (ie., atteﬁtion does not affect visible persistence).
To be suré, although the search slope is flat across set size, overall performance will
still de.teriorate prbgressively aSFISI is increased. This is because increasing the ISI |
..dec'reaées_effeétive exposure duration and performa.nce»is correépondingly impaired
‘equally for ail set sizes. This prediction was verified by Bergen and Julesz (1983) '
with displays in which target—distraétor similarity was low. The salient issue in this
non-attentional account _Ais that search pérformance for the p,op-buf search task is
influenced by effective _.exposﬁré duration but not by set‘ size. For the high similarity
condition, reductions in éffective eXposqre duration (caused by increases in ISI)
cduld leéd to an increase in search slope. Thus, .the'n_on-_attentional hypothesis
- predicts an interaction between set size and IST when similarity is high but not when

it is low. This is illustrated in Figure 2A.
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Figure 2. The predicted results for the scotopic conditions: (A) Attention does not

influence the duration of visible persistence. (B) Attention prolongs the duration of

visible persistence.
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In contrast, the hypothe51s that per51stence 1s prolonged by focused attention
predicts an interaction between set size and ISI both for pop- -out and for more
effortful search. In the case of pop-out search (i.e., when the 51m11ar1ty between
target and distractor iterns is low), the interaction is predicted on the basis of two.
assumptions.‘ First, that overall accuracy 'decreases.with reductions in effective
exposure dtiration, and second, that the effective exposure duration is expected to be
longer for items in smaller displays. The first assumption is in common with the
non-attentional hypothesis ‘discussed.above and is supported by the results of
‘Bergen and ]ulesz (1983). The second assumption forms the essence of the
attentional hypot'hesis.. Nam_ely, tliat visible persistence: is increased in duration for
attended items ancl that a.ttention can be focused more sharply on individuail items
if set size is _small. On tlte basis of these tWo_assumptions, visible persistence for eny
given item should be longer when set ‘size is small. In turn, .longer visible-
per51sten’ce of individual 1tems will produce longer effective exposure durations for
those items. In essence, this re-establishes set size as a determinant of performance
| ~even when similarity is low. This is illustrated in Figure,ZB. The baseline effect of

set size for the high similarity condition (on the right panel) is pre_clioted on the basis
of the known effect of high similarity in visual search, _‘

An additional factor in temporal integration: Masking. Inherent in the
above rationale is the understanding that visible persistence of the first frame must

~ continue unabated thrOughont the ISI so as to overlap with the second frame. On
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this basis, it is possible to examine how attending to the first frame might affect -

visible per51stence The crucial assumpt1on here is that there are no other aspects of

the task that 1nterfere with visible persistence. Thls assumption becomes

~questionable when it is realized that the sequential displays used in the ternporal'

'integration paradigm bear striking similarities with those used in metacontrast

masking. In metacontrast masking, perception of a temporally leading target is

1mpa1red when a second stimulus (the mask) is presented nearby and soon after. It

s conceivable that the second frame in the present temporal 1ntegrat10n task may

serve a similar maskmg function. This interference Would result in poorer

integration. Although this is a general characteristic of the'temporal integration
paradigm and has been noted in earlier work (Di Lollo & Hogben, 1987; Groner,
Groner, Bischof & Di Lollo, 1990), it has not been thoroughly examined.

Clearly, metacontrast masking must be considered when studying temporal

intégratidn of successive displaysi Suppose that attention acted to prolong visible

persistence, thus 1ncreasmg the ISI over which temporal 1ntegration could occur.
Metacontrast masking would work in opposrtion to attention in that it would

interfere with persistence. This presents a potential problem for the initial goal of

 the present research. If it was found that integration performance did not improve
with focused attention, the results could be ambiguous. 'Na'mel'y, we would not

" know whether attention failed to increase the duration of visible persistence or

whether such an increase was counteracted by masking.
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This ambiguity can be resolved if masking is removed as a consideration in

o temporal 1ntegrat10n One way in which this can be done is by presenting the

stimuli under dark-adapted COl’ldlthI’lS as was done by Bischof and D1 Lollo (1995).
It was shown in that study that metacontrast masking is obtained in light-adapted
but not in dark-adapted viewing. The elimination of masking was ascribed to the
absence of inhibitory interactions in the dark—adapted visual system (e.g., von
Bekesy, 1968). This was the strategy adopted in the present work. By presenting the
stimuli under scotopic condiiions, masking was removed as a potential source of
confounding; Undor scotopic viewing, the temporal integration task provides an
unbiased index of visible persistence.

Question 2: Attention and m askmg Given that masklng is a factor in
photoplc viewing, presentmg the stimuli under both scotopic and photopic |
conditions confers an added advantage. While the scotopic results address the issue
of how attention may affect visible persistence, the ohotopic results are used to
address the issue of how attention might influence masking‘. Indeed, there is
evidenoe that attention can be used‘t.o mitigateAthe effects of me_taoonti'ast_ masking
(Enns & Di Lollo, in press; Ramachandran & Cobb, 1995'). For the present task, this
means that items in the focus of attention inay be less Susceptible to Inaéking than
other items. That is, attending to any given element in the first frame inig_ht

~ prevent its being masked by the corresponding item in the second fra_rnév. Being
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protected from masking, such items would maintain the-visible persistence required
to bridge the ISI. This would allow temporal integration to occur.

Again, the focus of attention was manipulated by varying set'size', namély the
‘number of items in 'the display. The fationale refnained the same: Small set sizes
‘were assumed to allow attention to any given item to be more focused. The relation
between attention and masking is again rép're‘sented by the interaction betWeen set
size and ISI (see Figure 5). To assess the precise form of this relation, however, the
results obtained in phbtopic viewing are compared with those obtained in scotopic
viewing. This comparison is necessary becaﬁ.se performance in the dark is
determihed sblély by persistence, whereas performance in the light may be affected
by both persistence and masking. For éxémple', were attenﬁon to mitiga-’_ce masking
but to have Ino‘ effect oﬁ_ persistence, then an interaction between set size and ISI

should be obtained in photopic but not in scotopic viewing (Compare Figure 3A and

Figure 3B).
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Figure 3. The predicted results for the photopic conditions: (A) Attention does not
influence masking and attention does not have an effect on visible persisfence.‘ If
the scotopic results indicate that attention afféét_s visible persistence, then _the
photopic results would be compared with the scotopic results to determine whether
thereVWas any additional influences. (B) Attentionl reduces the strength of

metacontrast masking.
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Figure 3

Low similarity High similarity
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Scope of the present study

Stimuli. Each of the search items V\res composed of four of the segments of a
d1g1tal figure eight (Yantls & ]omdes, 1984) These 1tems could easﬂy be d1v1ded into
two frames, each frame con51st1ng of two segments drawn randomly. Distractor
items for the low similarity condition consisted of olosed squares; eit_her‘the top or
bottom half of the figure' eight. This target was unique in two re‘spects that produce
very rapid search: it was twice as tali as the distractor iteﬁs, and it had free line
e‘n'dings (Julesz, 1984; Treisman & Gormican, 1988). For the high similarity
condition, the distractor rtems were chosen to be maximallyv similar to the two
targets (see Flgure 4) ” |

Observers task. Observers performed a visual search task in which they were

-asked to report whether an upper case ‘F or a lower case ‘h’ Was present in the
displéy. Set siie, .target-d'istractor similarity and adapting luminance were varied.. In
*order to test the prediction that spatial_attention' affects Visibte persistehce, the visual
 search task was combined with the ISI manipulation derived from the temporal.
integration task. This meant that search could only be.aecornplished' when
information in the two frames was unified by visible persistence.

The matn factor used to measure persistehce was the ISI between the first and
second frame. All previous research on'temporsl integration h'as assumed that
- visible persistence decays rnonotonically over time. A.pp'lyir\.g'this assurhption to

the present experiments involved the following steps: visible persistence decays
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monotonically over time; the duration of the in_tégrated trace from two sucéessive
displays declines monotonically with ISL; and visual search accuracy declines
mohotonically with the duration of the integrated trace.

" Predictions. .Séveral possible outcomes for this e_xperirﬁent are shown in
Figure 2 and 3. The predictions concerning attention and persistence are cbnsidered
first, followed by those for attention and masking. Recall that persistence can be
assessed in the scotopic condition without interference from mésking, whereas the
contribution of masking can be assessed by coméaring the photopic and s‘cotopic
conditions.

Consider first the hypothesis that attention has ho influence on’the duration
of persistence. For 16w similarity targets, the slope of accuracy over ISI sﬁould be the
same regardless lolf set size. This is so because the target pops-out, refnoving set size

‘as a determinant of performance. To be sure, ISI would remain a factor for the low
.si'm'ilarity c_onditioh because of the inverse relation between ISI and effective
ekposure duration. For high similarify targets, an interaction between set size and
ISI should occur because any reduction in effective expOsufe duratién (as a result of

" increases in ISI) will be more detrimental for the larger set sizes (cf. Bergen & Julesz,

- 1983). These outcomes are depicted in Figure 2A.
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Figure 4. Examples of search displays iﬁ the présent experiments. (A) An exarriple
of a set size of eighf in the ldw (left) and high (right) simiiarity .conditions. The
férget in each case is an uppér case (3 A lower case ‘h’ was also .used on half of the
‘trials and the obsérver’s taék was to ihdicéte which letter was presented. (B) The

same search displays, this time divided into two successive frames, as in

~ Experiments 2 and 3.
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Figure 4
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Next, consider the h_Ypothesis that focused atténf_ion prolo_ngs‘ visible
persistence. With small set \sizes,.attention can be foéused more sharply on
individual items in the first frame. It follows that longer ISIs would be bridged by
persistence when thé set sizes are small rathef than when they are large. On this
basis, an.interaction bétween set size and IST is predicted for both the high and low
Similarity conditions. This outcome is depic;téd in Figure 2B. Note that the 6nly
_result which discriminates b,etWeen the outcomes showﬁ in Figur~é3 2A and 2B is in
the low similarity condition.

The quéStion concerning attention and masking is examined by comparing
the results in fhe scotbpic and pﬁotopic conditions. - If there is no maskiﬁg in this
| _task, then the interaction between set size and ISI should be the same in these twb |
‘conditions. Alternatively, if there is masking in this task, then accuracy should be.
poorer overéll in the photopic condition. A corollary of this prediétion is that |
sifnildrity should not have much of an i_nfluenCé on this task, siht:e the elémehts in
rthé second frame (the effective mask) are equally random and meaningless in the |
~low ana high‘ similarity conditions. The influence of atteﬁtion on‘masking should -
be seen in a stronger interaction of set vsiz.e'and ISI in the phbtppic than in the
. scotopic coridition. Focused attention on elements in the small set sizes should
~ protect them from being masked. A reduCtiCn in masking by focused atténtio_h
would th:erefor'e lead to the outcome shéwn in Figure 3B.
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Chap_t_er_.?: Experiment 1
‘This experiment was conducted to eétablish several baseiirie findings
concerning brief displays and adapting lumihan_ce in visual search. These factérs :
have never been examinéd, either alone or in comEination. Displays in typical '

visual search studies have been presented for a long duration (i.e., until the =~ ,

- observer responds) and at luminance levels in the photopic or high mesopic range.

The present study used very brief displays (2 ms) presented in both photopic and
scotopic ranges. The very brief exposure was neéessary th éccommoda‘te the
temporal intégration task, which was the focus of Experiments 2 and 3.

Different lgvels of adapting lumin_ahce havé Well-knoﬁ}n e‘ffecfs on_'the visual
system. The main issue here was how these changes would influence visual search.
Two important effects of adapting luminance are shown in Figure 1A (Walraven,
Enroth—CugelL Hoo.d, Mac’Léodb, & Schnapf, " 1990, Whitten & Brown, 1973). Fifst,
th-é. latency éf the retinal response is del-aYed in the dark. This is represented as the
difference between the pbint where the photopic- and scofo’pic cu_rves' fi.rst cross the
threshold of visibility.‘ Second, the duration of the 'retirvla‘l response is longer in the
dark: This is represented as the differéﬁcé between the point where the photopic
and scotopic curves finally cross the threshdld. |

Retinal latency shouid have a direct effect on reaction time. Since the signal .
from the retina is delayed, all subsequent processing should also be delayed. This

predicts that reaction time will be slower in the dark by a constant factor.
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Duration of retinal response is in essence a manipulation of exposure
durétion.' Because of persistence, diépfays in the dark are on view for longer than in
~ the light. Several reséarchers have examined the effect of exposure duration on
visual search accuracy (Bergen & Julesz, 1983; Bundesen, 199,0‘). The general finding

is that search slopes get steeper with a reduction in exposure duration. For targefs
and distractors which are highly similar this effect is especially strong.

Note that m 6rder'to limit exposure duration, previous studies have always

used a masking proéedure. That is, af some variéble interval after fhe presentation
~of the search display, a ﬁlask‘was prgsented._ It was presumed that the mask
terminated processing of the display, thereby limiting the time for which av
representation of the display was available. In the present experiment, the entire
display was presented for 2 ms and the sear‘ch‘ process was carried out on the internal
- fading trace of this display. With a less intense representation,' more time would be
" needed to resolve the idéntity of any one element. Thus, each successively scahned
_element would require more time to proéess, with the result thaf ovefall reaction
time to find the target would be longer for any given set size. For this reason, the

~ prediction of steeper search slopes for sho;ter exposure durations applies equally
well to feéponée acquracy and latency in this expériment. '

Search slopes .in the high similarity condition should thereforé be steeper in
the light, where the dispiay is visible for a shorter period of time. For the low

similaﬁty condition, performance should be independent of set size at both levels of
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adapting luminance. These considerations lead toa prediction of a three-way
interaction between set: size, simﬂarity and adapting luminancev. Specifically, search
“slopes should be steepéét in the high similarity condition. Slopes should also be
shalloWer when displays ére viewed scotopically (i.e., a longer exposure) than when
viewed photop’icaily. Finally, reaction times should be longer in the dark regardless
of visual similarity or set size.
Method '
Observers. Two graduaté students (one male 29 yf old - DIS, and one female
23 year old - KAL) and one 'malé post-doctoral student (31 years - ICB) from the
Vision Lab at the Univeréity of British Columbia volunteered as observers for the
first and second e.xperimen'ts.__‘ All were right handed and had C(_)r‘rected-to—no'rmal
acuity. | |
Apparatus. A Tektronics 608 dscilloséoﬁé with P15 phosphor was used to
display the stimuli. At a viewing distance of 57 cm, one side of fhe 8 cm square
‘ écreen subtended 8° of visual angle. For ‘the‘ph'otqpic»vie_wing conditions, the screen
was illuminated with two Rite-lite florescent bulbs wrapped 1n neutral density
'cellulo.id filter, which provided a uniform 50 cd/ m2 .acr(')ss the entire screen. As _
well, there was a small degree of ambient light pro_\}ided by a single 150 watt
incandescent ceiling bulb. For the scotopic viewing, thé ﬂofescent bulbs and the
incandescent bulb wéré exfiﬁguishéd_, which left the foom in absolute blackness (ie.,

after 30 min in the dark, no light spots could be seen). Luminance measurements
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fdr both the background levels and .cali.bration of the oscilloscope were done witha
Minolta LS-110 Luminance meter. The oscilloscope was controlied using a fast
plottmg buffer (Finley, 1985) connected to a 486 IBM-clone computer.

Stlmuh Each search item could appear in one of eight locations around a
notional circle which had a diameter of 4° of visu'al angle (see Figure 4A for an
example of set size 8). Each item was created out of four of the seven segments in a
figure eight which was 1° tall and 0.5° wide. The two targets were an upper case ‘F"
and a lower case ‘h’. The distractors for the low similarity condition were small
squares made up of either the uppef,or lower half of thevfigure' eight. For the high '
similarity condition, the distractors Were made maximally éonfusidg wit_h.t-he two
targéts (see Figure 3).

Proceddre. The observers’ task was to indicate whether an ‘F’ or an ‘h’ Wa-sb'
presented by pressing one of two keys. A target dis_crimin,ation taSk was chosen
instead of the traditional presence/absence task in order to reduce any effects of
d_ecisidnal uncertainty. In a detection faék,_ each additional diétractor increases the
probability of a false alarm, fhereby inddcing a possiBle relation between the decision
criterion and set size (Paimer et al; 1993).' In a discrimination task, thié cannot occur
because the observer knows that a target is present od ‘every trial.

The observer initiated each trial by pressing a key. FA fixation point was
presented at the centre of the display from the onset of the trial until the observer

\ responded. After a 300 ms interval, two of the four segments were presented for 1

41




Temporal Integration and Attention

ms, followed iinmediately by the other two segments for 1 ms. The sc‘:reen remained
blank (other than the fixation point) until the observer responded, at which time a
plus, minus, or circle was ’I-)resented for 450 fns as fe_edback which indicated that the
previous trial was correct, incorrect, or‘ beyoﬁd 'the2 second time-out lim_it. |
Observers where told to respond on every trial and that 2 sec would be allowed for a
response. If a response was made beyond the 2 sec limit, that trial was repeated. The
_ lurhinan_ce of the fixation was 30 cd/m2 in the light and 1 cd/m2 in the dark. The
luminance of the feedback was one log _.unit below that of the fixafibn.

V'isibility Calibration. Prior to each session, the luminance of the search
itemsvwas determined separately for each observer in order to equate ifem visibility
bacross observers and levels of adapting 1uminance, Obseryers were asked .to
discriminate an ‘F’ from an ‘b’ that épp;eared randomly in one of the eight item
locations. The luminance of these items was adjtisted usmg an adaptive stairease
procedure. On each trial, the luminance was either in'cfeased or decreased, based on
the observer’s a\}erage aecuracy in the preceding trials. A .75% threshold was used to
determine revefsals in the direction of lumihance change.- After three reversals, the
average luminance used in the next 16 tfials was used as an esti_mafe of the 75%
threshold. Three such estimates Were used to determine a best estimate.

Luminance of the items in the visual search task was set at 'Qne log unit abofze

the best estimate for each observer. The average luminance was 698 cd/ m2 [range =
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616 - 780cd/m2 | in the phot.opic‘ condition and 125 cd/m2 [range - 0.85-1.65 cd/m2]
in the scotopic condition. |
Design. There were three factors in this expérirﬁent: set size (2, 4, 6, 8);
- similarity (low, high), and adapting luminance (p.hotopic,. scotopic). Observers were
tested in two sessions on consecutive déys. E_éch session Consistéd of four blocks of
200 self-paced trials at one level of adapting luminance. Trial blocks within a
session were further subdivided between similarity conditions. Set sizes were
randomly varied within each block. Order of session and similarity condition wer.e

randomly varied between observers.

Résults

Mean correct reaction tifne and percentage errors are shown in Table 1 for
;e’ach observer. Figure 4 éhoWs the .average of the three observers. Méan Within-
observer error bars are shown for the £ea‘ction times. No error bars_'are pfesented for
-tihe accuracy data (bottqm panel of Figure 5), slince the within-observer standard

error is proportional to the mean percentage error.
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Figure 5. Mean correct reaction time in Experiment 1 is shown in the upper panel.
Error bars represent the average within-observer standard error. Mean percentage

error is shown in the lower panel.
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Figure 5.
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As expected, visual search Was most difficult in the high similarity cohdition.
For scotopic viewing, this interaction was less pronOunced'and reaction times were
generally slower. These observations were confirmed for the reaction time data
using a repeated measures ANOVA: adapting luminance (2), »simila_r'ity (2), and set
size (4). ;Follo.w—up» analyses used-a simple effects procedure (Keppel, 1982). Tests of
sphericity were not cbnducted since orﬂy three observers were tested.

The main effects of adapting lummance [F(l 2)= 23 27, MS, = 3627.75, p < .05], |
and set size [E(3,6) = 9.07, MS, =3217.75, p < .01] were sigm'ficant,.while that of
-similaxfity was not [_E(I,Z) =84, MS, = 17178.08 n.s.]b. " These main effe.cts were
moderated by two significant mteractlons 51m11ar1ty x set size [F(3 6) = 9.28, MS
817.75, p < .05], and adapting luminance x snmlarlty x set size [E(3,6) = 5. 95 MS, =

245.08, p < .05]‘. The interaction of similarity and adapting luminance was not

significant [F(1,2) = 4.67, MS, = 3217.75], nor was the interaction of adapting
luminancg and set size [E(3,6) = 2.34, MS, = 322.25]. |

The three-way interaction is explained by exami‘ning.‘thé searchélope for high
and low similarity conditidns undar photopic and scotopic viewing. For. the high
sirﬁilarity condition, the effect of set size was sigﬁificantly different for scotbpic’ [16.1
ms/ iterh] :th'an for photopid viewing [29.3 ms/ item; E(S,G) = _8.67, p< .705]. Fof_the low
.similarivty conditibr.'ts,v the effect of set size was not significaatly different bet_wegri

‘levels of adapting 1uminan'ce [photopic: 1.9 m/item; scotopic: 4.6 ms/ item].
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The error data were analyzed in the same Way. No significant main effects or
~ interactions were found, but the pattern of results iriirrored the reaction time data

' [adapting luminance: E(12) =15, MS, = 11,65, n.s.; similarity: F(L,2) = 15.35, MS, =
12.77, n.s.; sei siza: F(3,6) = 3.42, MSe = 13.40, p <.10; .adapting» luminance x visual
simiiarity:_ E(1,2) = 9.2‘8,7MSe = 6.27, n.s;; adapting luminance x set aizé: F(3,6)=1.30,
Mse=4.78, na; set size x similarity: E(3,6) = 4.16,_ MSe =7.02,p<.10; adapting

‘luminance x similarity x set size: F(3,6) = 1.0, MS_ =7.74, ns.]

Discussiori

Thel main résults»of this :experiment were that the difficulty of visual search
_ increased with targef—distractor similarity and that this effect was smaller for scotopic
| viewing. These results are consistént _wi_th the prediction that in"cr‘ea)singv the |
duration of visible persistence (i.e., by scotopic viewing) makes for easier visual

search. In addition to these effects, there was also an overall increase in reaction

 time in the scotopic condition, consistent with an increase in retinal latency.
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Chapter 3: ‘Exper_iment 2
The effect of attention on a two-frame ‘visual search task was evaluated by
cornbining factors known to affect atterition (set size) and t_lle difficulty of
integration (ISI). As described in the rationale, visual search in the scotopic
condition is determined solely by visible persistence, whereas performance in the
photepic condition may be affected by both persistence and masking. The scotopic
condition was therefore used to provide"an unbiased index of persistence; a

comparison of the photopic and scotopic conditions were used to index masking.

"Method

The observers, apparatus and stimuli were the same as in Experiment 1, With
the exception that an ISI of variable duration was addecl between the presentation of |
tlle first two random segrnents of eaeh item and the second two segr_nents. Nine I_SIs’
weré tested. However, there.were too many conditions to cenduct the full range of
ISIs within one experimental session, se the entire des1gn was replicated for two
d1fferent overlappmg sets of ISI. The ISIs tested were grouped 1nto two sets of five
values which were administered between sessions. Each set included the baseline
cond1t1on of 0 ms ISI. In add1t1on set A contamed the values 50, 100 150, and 200
ms for the light, and 100, 200, 300, and 400 ms for the dark Set B, contained the
values 25, 75, 125, and 175 ms for the light and 50, 150, 250, and 350 ms for the dark.

Since the conditions were otherwiseé identical in these two sets _of lSIs,»the results
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were combined into one sihgle analysis for each level of aldapting luminance. The
average lurhinance of the stimuli in this experiment was 637 cd/ m2, rahge =616 -
662 cd/ m2 (photopic) and 1 02 cd/m2, range = 0.67 - 1.37 cd/m2 (scotopic). The
design of the experiment was a 2 (adapting lummance) x 2 (similarity) x 9 (ISI) x 4
(set size).

Each observer participated in eight sessions spread over several months.
There were four light (two each of set A artd B) and four dark sessions (two each of
set A and B). Within a session, blocks Were ctivided_equall_y vbetw’een' low and high
similarity. The factors of set size and ISI'»were randomly distributed within each
block of 500 trials. |
Results
| The mean percentage error for each observer is shown in Tables 2 and 3. The
- mean of the threevobservers is shown in Figure 6uaver‘aiged over both levels of
similarity. Figure 7 shows the same data separately. fot each level of similarity.

The two most important findings in this experiment are summarized _iri
, Figure 8, which shows how search siopes vary with ISI in the two édapting -
lummance conditions. First, search slopes did not change 51gn1f1cant1y w1th
mcreasee in ISI in the scotopic condition. Second search slopes 1ncreased
_ 51gn1f1cant1y with ISI in the photoplc condition. These fmdmgs were supported by

~ two repeated measures ANOVAs one for each of the v1ew1ng conditions.
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Figure 6. Mean percentage error in Experiment 2 is shown averaged over the two

levels of similarity.
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Figure 6
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Figure 7. Mean percentage error in Experiment 2 is shown separately for low and

high levels of target-distractor similarity.
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Figure 8. A summary of the main findings of Experiment 2 expres_sedvas search

slopes. "
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Figure 8
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Tﬁe analysis in the scotopic condition revealed significant main effects of ISI
(E(18,36) = 29.72, MS _ = 65.70, p <.01] and set size v[£(3,6) = 13.60, MSe =49.26, p < .01].
As ISI increased, accuracy declined from near perfect to 38% errors. The fact thaf

'performahce never reached chance (i.e., 50% errors) suggests “that even longer ISIs .
could have been tested before chénce levels of performance were reached. The most
important result was the absence of an interaction between set size a_nd_ ISI [£(24,48) =
.19».05; MS, = 13.63], pointing td no effects of attention on visible persistence. There |
was élso no main effect nor interactions ihvolving similarity [main effect: F(1,2) =
3.30, MS, = 144.94, n.s.; similarity x set size: F(3,6) = 0.88, Mse = 8.88, n.s.; similarity x-
ISI: E(8,16) = 185, MS, = 22.63, n.s; similarity x st size x ISL E(24,48) = 1:34; MS_ =
 1439]. | |

The analysis in the photopic condition revealed a sighificaht main effect of
ISI [E(8, 16) = 26.24, MSe = 136.06, p< .Olj. Accuracy ranged from ﬁea‘r perfect at tﬁe
~ short ISIs to near chance for some qoﬁditions at the longest ISIs; The main>effect_ of
set size [E(3,6) =445.72, MS, = 4.86, p < .01] Was also 'sighific-ant, as was the effect Qf ‘
similarity [E(1,2) = 99.54, MS_ = 12.10, p<.01]. |

The two-way interaction of set size x ISI wés significant [£(24,48) = 2.00, MS; =
18.'51, p <.05]. Because the same interactioh was n§t éignificanf :in the scotopic

condition, finding it here indicated an influence of attention on masking.
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Target-distractor similarity was involved significantly ina three-way
interacﬁon with sét size and ISI [F(24,48) = 1.76, MS, = 13.72; p < .05]. This interaction
.c'ould be isolated to the zero and 25'ms ISI conditions, where set size effects Were
larger in the high'similarity condition [0 ms ISI: low = 0.2 %/item, high = 1.3
%/item, E(3,6) = 13.92; MS, = 1.04, p.< .01; 25 ms ISE: low =1.3 %/item, high = 3.1
% / item, F(3,6) = 4.99, MSe =6.96, p < .05]. Otherwise, set size effects varied little

with similarify, and overall, there was not a significant set size x similarity

interaction [F(3,6) = 3.00, MSe = 13.86, n.s.]. Finally, the interaction of similarity and

ISI was also not significant [E(8,16) = 1.05, MS_= 29.66, n.s..

Discussion

There were At-wo main findings in this experiment. First, the relatively
constant search slopes with ISI in theiscotopic condition, where masking -was not a
facfor, indicated that the duration of visible pefsistence was unafféctéd by the focus
of attention. ‘Second, the increase in search slopes with ISI in the photopic
conditi.on, where persistence and masking,c‘o'uld play a role, indicates that focused
attention can préVent maSking in this two-frame visual search task. This
conclusion Was also supi)orted by the negljgible effe_c_t of similarity in thé photopic

condition.
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Chapter 4: Experiment 3

Variations in set size in Experiments,' 1 and 2 were believed to be
‘manipulations of spatial attention. However, it i's aiso possibl‘e._that non-attentioh_‘al.
factors associated with larger set sizes were also partially responsible for the effects
(Palmer et al, 1993). Such factors ipclude lateral masking, crowding and item
density. Consider the density factér in the previoué experiments. As set size
incfeased, so did the probability that two items would appear close to one another in
. the display. This would have the effect of confounding set size with item dénsity’.
To the éxtent that increased Vproxim.it‘y introduces the possibility of lateral masking
beﬁveen items, this factor may have contributéd to search slopés.

’Ekperimént 3 used a relevant set size manipulafion (Palmer, 1994) in an effort
‘to control non-éttentional factors such as this. A fixed number of items (eight) was
presented on'eve‘rybtrial. Atfention was manipulated‘in‘ separate blocks of tr_iais by
iristructing observers to monitor different subsets of the display locations for a
target. Iﬁ an effort to control for eye movements, each subset included. ifems that
were equal in their distance fforri fixation and on opposite sides: set size two (three
and six o,'.clvock), set size four (ti/;/elve, three,‘six, and nine o'clock) and set size eight‘
(alllloca\tions). Sir}celthe physical cl-laracteristics_of the séafch displays did not now

vary with set size, only attention could account for any differences in accuracy with

changes in relevant set size.
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Figuré 9. Example of relevant set size manipulation. Relevant target locations are
indicated by grey shading. The actual display had no shading, but subjects were told

beforehand which of the eight items could contain the target. Examples of a

relevant set size of 2 (A), 4 (B), and 8 (C) locations are shown.
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Figure 9.
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This experiment tested only the low similarity-photbpic condviti(_);n from
Experiment 2, since this condition was central in distinguishing ambng the vario_ﬁs
predictions_spélled oﬁt in the Introduction. It also tested a larger number of
obéervers (n = 10) than Experiinents land 2 (n = 3). The observers were all
volunteers from the psychology subject pool, naive to the purpose of the

‘experiment.

Method

Obsgrvérs.- _Ten Undergraduates 3 fight handed females; 1 Ieft handed
female; 4 right handed males; 2 left handed males) -f'rom the subject pool at the
University of British Columbia volunteéred in this experiment. All had normal or
corrected-to-normal vision and were naive to the purpose of the study.

Procedure. The prdcedure was the same as Expeliirhent 2 with severql
exceptions. All observers participated in only one session (low-_similarify, phbfopic),
consisting of two sets of three _bllocvks (one set size per.blo'ck). Each block coht_ainéd
'100 trials. Attention was manipulated by instructioné ihdicatinbg that thé tafget
- would appeéa_r in only certain locations within a blogk. For set size two, the target
could appeér either to the left or r.ight of fixation; fbr set size four, the‘target could
. appear a_f any of the four cardinal loqations; for set size eight, the farget could appear
in any of the eight l_ocatidns; Within each block, four ISIs were tested (0, 50, 1‘00, and

150 ms).
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After compléting the visibility calibration procedufe described in Experiment
1, each observer practiced with a set size of eight and zero ISI until they were
cémfortable with the task (between 10 and 20 trials). ‘Following this, they were given
the instructions regarding relevant target locations and additional practice of 5-10 |
 trials with each set size. Order of set size was randomly véfie_d within a _sét of three
~ blocks. The average .luminan'ce of the stimuli wés 705 cd/m2, range = 320 - 990

. cd/m2.

Results

Mean percentage errors are shown inAFigure 8. BetWeén—observer standard .
error bars are presénteci for these rheans because fhere,were now enéugh observers
to W_arrant it. The' data were submitted to a repeated;measures ANOVA (3 levels of |
set size, 4 le{fels of ISI). Each of the main effects were significant [set size: -E('2,18). =

35.24, MSe = 3.49, p < .01; ISL: E(3,27) = 152.84, MSe.= 3.47, p < .01], as was the two-way

~ interaction [E(6, 54) = 4.84, MSe =291, p < .01]. There were no violations of

* sphericity (Greenhouse & Geisser, 1959; Huynh & Feldt, 1979). 'Tiu's c’onfir_ms that
non—_attehtidnél influences, such as cfowding, are not responsible for the interactioh
between set size’and ISI in the fwo—frame visual search task. It also replicates the
finding that focused attention can prevent masking iﬁ observers Who afe both

inexperienced in the mefhods used and naive to the purpose.
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Figure 10. Mean percentage errors in Experiment 3. Error bars represent the

between-observer standard error.
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Figure 10
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Chapter 5: General Discussion

The experiments reported in this thesis were conducted to answer two
questions: Does attention prolong visible persistence?‘ and Does attention protect
against masking? Obsefvers i)erformed a two-frame visual search task in which the
focus of attention was manipulated by varying the number of items in the display.
Since two successive display frames had to be integrated for the observer to respond
correctly, visible persistence was necessary to bridge the interval between frames. If
“attention increased the duration of visible persiétence, then iterﬁs that received
more attention (i;e., those in small set sizes) would persist longer and therefefe be
" _integrated over longer intervals. |

An analysis of the temporal integration task showed, hewever, thet
presentation of the .se_cond frame could also result in metacontrast masking of the
first frame. Such maski_ng would work in oppbsition to the proposed role of
attention in that it would interfere with visible persistence. This am»bi»g-uity was
resolved by presenting the stimuli under dark-adapted conditions, which removed
metacoﬁtrast masvk'ing as a consideration (Biechof & Di Lollo, 1995). The results |
from this conditioﬁ _(Experiment 2) showed that search diffieulty (i.e., search slopes)
remained relati\fely con_stanf as the interval betwee'n‘ffa‘mes was increased. This
indicatee that the fo_cﬁs of attention had no measurable effect on visible persistence.

| Since two-freme visual search under photopic ‘_co‘nditio-ns_ is determined by

both visible persistence and metacontrast masking, whereas search under scotopic
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conditions is inﬂuenced only by persistence, a"comparison of thése conditions -
permitted an assessment of attention on metacontrast masking. Thevr'esults from
the photopic condition showed that search difficulty (i.e., search slopes) ‘in"crea'sed as
the interval between frames was ihcreased. This indicates that attention reduced the
~ effects of metacontrast masking in.the temporal integration task. |

The support for these conclusions is considered in more detail in the
following section, along with the implications of each conclusion for past research |
and futﬁre experiments.

Attention does ngf prolong visible persistence

Search undef scotopic conditions provided no evide_nce that attention had ar.lv
influence on visible persistence. This result, fherefore, provides direct Suppo;f for
previous research and theoryﬁ Visible persistence is based oh the aéthity of low-
level mechanisms that are not within the reach of the higher-level processes of
attention (Coltheart, 1980; Di Lollo & Bischof, 1-995; Long, 1980).

The generaiity of this null result, however, is restricted by contrary results
obtained with a different paradigm. The overall pattern of results, and its
depehdency on experimental p‘aradigm, can be described as follqws. It is Wideiy A
acceﬁted that allocation of attention can be manipﬁlated in more than one way. In
the present work, it was manipulated by varying set size, on the assumption that
more attention could fbe focﬁsed oﬁ any given item when set size was small. With

this manipulatioﬁ, degree of focusing was changed systematically, but attentional
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' locus was held constant, or was varied randomly within narrow limits. In a seéohd ‘
~ paradigm, known as spatial pre-cuing, it is the_direcﬁon of attention that is |
manipulated, while focusing is held constant. In this paradigm, a spatial location is

cued just before the onset of the stimulus, and the target appearé at that.locatio.n
| with a highv prébability. On the remaining few trials, attention is misdirected. With
the spatial pre-cuiﬁg pafadigm,‘ it has been.fo‘und that attention does affect the
ciuration of Visible‘ persistence (Enns, Brehaut, & Shore, 1996). These investigatoré
employed the method of constant stimuli to measure the perceived duration of
visible persisteﬁce' of brief stimuli ?resented in attended or in unéttended locations.
They found t.ha»t the perceived duration at attended locations exceeded that at
~ unattended locations by some 20 or 30 rﬁs. | |

_Clearly, these results are at odds with bthe 'present fihdings_, therefore limiting
their generalityl_ By the same token, the diverging résults introduce useful-
constraints on the relation between attention and visible persistence. The obvious
next step is to plirsue the differences betvfleen' the two paradigms with a view to
idéntifying the ﬁnderlying mechanisrﬁs. For eXémple, one could ask what useful
purpose is served by visible persisfen@:e in one paradigm that is not served in the
Othef. Conversely, it is conceivéble that, far from serving a useful purpose, visible
' persistence may be an unwanted byproduct of s’cimul_atibn Wthh mgiy _actuallyA
hinder‘perception. In this éase, éne could ask why v'isible persistence is a hindrance

to be avoided in one paradigm but not in the other.
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This line of reasoning raises thé r_no,re. general‘issue of what function, if any,
visible persisténce rﬁay serve in everyda'y‘v'iewing. It ca‘nno‘t be assumed a priori
that persistence serves a useful function. Indeed, since the publication of
Enroth-Cugel and Robson’s (1966) influential paper, the lower levels of the visual
system have been likened to a set of low-pass or bénd-pass spatial and temporal
filters. It is in the nature of such temporal filteré to smear brief pulses over time,

- thus pfoducing the type of decay functions that have been used to model the
temporal course of visible persistenée (e.g., Groner, Bischof, & Di Lollo, 1989). If we
are to understand why attentioﬁ affecté visible persistenée ih some cases but not in

, othefs, it is uéeful for us to consider the optiort that, at least under some conditions,
persistence may.be a hiﬁdrance to be remdved in the interest of ‘Veridic.al per’ception.

The pbint that visible peréistence has no appabrAent benefit was made by.Haber
(1983). He rémarked that alinosf fhe only use for \}isible persistence is reading a
hewspaper in a‘lvightning storm. But, in fact, withouf visible persistence, we would _
be unable to Watch TV or work oﬁ a computer screen. Only a very sfhall portion of

“these screens are actually lit up at»an"y oné time, but because of visible persistence we

. see the entire screen .all of the time.'u Hdwever, I arﬁ suré no one would ai'gue that
we evolved to Watch TV. In fact, it appears that we have eyolVed complex
‘ mechénisms to suppress the detrimentai effects of Visib’le Ipersi:stence'. Experimeﬁts
| investigatmg motion smear indicate that when a stimulus is in fnbti_oﬁ, tﬁe

persistence from the trailing segments is shorter than when there is no motion.
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This prevents the object from being blurred by the motion so that a veridical
obseri)ation can be made.

Another critica.l. situation where visible persistence must be suppressed
_ concerns eye rhovements,' which we meke severa_l times every second. If the image
from the previous fixation ‘was to persist while the newly fixated image was
processed,» than an incoherent jumble would result. In fact, ’several‘ researchers
believe that thie is .exactly the problem with dyslexic children - persistence from the
previous fixation in;cerferes with the p‘resent fixation makihg reading a very difficult
process (see Fermer & Klein, 1995 for a review of dyslexia literature). There is some
'eVidence that signals from the medial reticu‘ler formatioh serve the purpose of
suppressing visible persistence when an eye movement is initiafed (Singer &
Phillips, 1974). |

If indeed Visible:persistence is a consequence of our biological make up, and
- the goal of evolution has been to dex}elop mechanisms to suppress it, then future
research should be 4a‘imed at unravelling these mechanisms. In relation to the |
_ present thesis, it would be interesting to explofe the effects that attention may have
.on'the'suppression of visible persistence. Consider a task where persistence is a
problem to be overcome. For example, the two;pulse detection task where the goal
is to perceive the gap between two briefly presented stimuli.. Will the alIOcetion of
attention help in suppressing the pevrsistence of the fir's't‘ item to allow perception of

the gap? Or, is the duration of persistence ‘i'ndependent of attention? A second line
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of research could léok at the suppression caused by'motion (Hogben & Di Lollo,
1985). Does focusing attention on the moving item, or prior knowledge of the
.direction of motion hélp to suppress the persistence from the temporally trailing
stimuli? Regardless of the exéct'question, it seems that the important issue ‘for>
future research is how we cope with visible persistence and how attention fnay help

to suppress its unwanted effects.

Attention protects against metacontrast masking

The conclusion that attention protects against masking was based on a
&omparison of search under photopic and scotopic conditions. It can be supported
further by a more detailed Coniparison of search accufacy in the present_tasrk‘ with |
target Visibility in a metacontrast masking exi)eriment. Unfoftunétély, the pretisé
témpofal and spatiél pafameters needed for the compavrison do ndt exisf in the |
lit'éra-t'urve, but a conceptualicomparison is still possible énd instructive. The decline
in search accuracy with increases in fr“abme interval in the present study can be
compared with the first poftion of the traditional U-shaped metacontrast masking
funcltion.‘(Breit'meyer, 1984). In th(v_)éevstudies, térget_ \}iéibility décreases from near
perfect to null within the first 100 ms of the target-mask interval. This aspect of the
reéults is therefore very simiiar to the decline in search accuracy in the present
study. However, in the me’cgcontrast studies, what typically follows is a recovery .

from masking at longer target-mask intervals. This second portion of the masking
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function could not be seen in the present study because _tlié iask ‘places different
demands on ihe observer. -In a masking study, the task is to idéntify the stimulus in
the first temporal frame; in the search task, it was to iciéﬁtify the _stimulus formed
by the ccmbined frames. The search task simpiy became impossible at:lohger
intervals Where visible persistence was not of sufficient duration to bridge the gap.

Th_e concltision that attention protected against m_eta'contrast masking was
| alsc supported by the negligible effects of target-distractor similarity on the way in
which search difficulty increased with frame interval. Effects of si_r_nilarity on visual
search are premised on the availability of an integratecl display chfainiiig the search
items. On the other harid, metacontrast mesking would interfere with such an
integrated display and attenuate these effects. In the present displays', the line
segments in each of the two frames were chosen to be equally random and
meaningless in both similarity conclitions._ The second frame (the mask)vwlas
- therefore equivalent in its potential for maisking. Thus, the finding that similarity.-
| .had very Weak efiect_s is consistent with éearch difficult}} in this task being govemeid
by metacontrast masking and not visible persistence.» |

This conclusion is also consistent with recent masking studies in which the
focus of attention has been Systemeitically ‘exa_rr.lir_ie’d; In von'e study, menipulations ef
perceptual organization reduced met.acont_rast_.m_asking (Ramachandran & Cobb,
1995). For example,' observers instructed io groué a target siiape FWith a s_ecorid., more

distant shape, were subject to less masking than observerslinst'ructed to grOtip the
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target with the mask shape. In another study of rnetacontrast masking, spatial
attention was varied using a set size manipulation (Enns & Di Lollo, in press).
When targets were presented along with fewer items or in predictable locations,
masking was reduced.

This conclusion has interesfing implications for previous research based on
the temporal integration task. In pérticular, the relaﬁve contributions of visible
persistence and rnasking must be ekamined more carefnliy. Consider the early study
by Eriksen and Collins (19_6'7) in Which it was concluded that visible persistence
lasted about 100 ms. In that task, sub]ects were presented w1rh two sequent1a1 frames
of random dots with a variable ISI inserted between them. When the two frames
were superlmposed, three letters could be discerned. The results showed that
' accuracy in. 4identifying.the three letters declined as the ISI was increased.

.In-light of the p'resent' results, one needs to ask to what extent the decline was
d_ﬁe to the decay of Visible-persistence and to whzrt e>rtent_it .was.due to masking. Itis
cc_)nc‘eivablethat attention was distributed amongst all dots of the first frame or,
equivalently, was focused on only one subset of dots. In either case, dots in the first
frame would have been Vulnerable to mask_ing to the extent that they were
unattended. Thus, the progressiye bd'ecrem_ent in perforrnance' seen wirh increments -
in ISI in Eriksen _and Collins’s study _csmot be attributed un'arnbiguously to decéying

visible persistence: masking could also have played a role.
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To isolate the effect of passive decay from that of masking, one could use the
strategy used iﬁ the present work. Namely, the task could be pérformed under
scotopic viewing conditions, fhus rullingrout masking as a determinant of
performance. Similarly, to assess the role of ‘foCused attention in the preventi.onv of
masking; the number of lettefs in the display could be réduced, thus increasing the
degree to which attention could be focused on any given item.

These ¢oncerns are not limited to the letter-identification task of Er.ikseh and
Collins (1967), But extend also to the dot-matrix task described in the Intrbduction. It
~ seems likely that masking is a factor in this task, és witnessed in the
inverse-proximity effect. Namely, as the inter-dot spatial s_epératidﬁ is reduced,
performance is»impaired'cofreépohdingly (Di Lollo & Hogben, 1987). 'ﬁliS is the
same spatial contingency that governs the streﬁgth of masking .in metacontrast
A (Breitmeyer, 1984). Agaiﬁ, the task could be done fundér scotopic conditions to study
visiblé persistence independent of masking. ThAi's manipulation alone, however,
would n_bt be sufficient to reveal atténtional effects on visible persistence. To
achieve that objgcﬁye, it would be necessary to manipulate attention. Note lthfat
even without conéidefing attention, such an vinve’stigation would be useful because
visible peréisténce in scotopic viewiﬁg havs not been examined apart from' the
present stﬁdy. |

.-The dét—métrix task lehds’itself iess réad_ily to study the effects of attention on

'masking. The problem lies with defining the number of units over which attention -
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can be divided. GiVen a 25-dot matrix, it is not possible to say a priori whether
attention is focused on the entire _m_atrix as a single unit, or on the aggregate of dots
in each 'of the two sequential.frames, or on each dot separately. To be clear.abdut
this iésue, in order to intfodﬁce a sét size manipulation, we first need to know what
conétitutes a unit in the set. At pfesent, it seems clear that the individual dot is not
such a unit: very similar resulté are obtained whether the matrix contains 25 dots or
16 aqts (Di Lollo, 1981).  An alternétivé would be to vary, not the number of dots
within a éingle matrix, but the number of‘matrices in thé display. On the
a'ssumption that each single matrix functions as a unit. in the set, this would be
homologous to vérying the ﬁumber of letters in the type of display employed by
Eriksen and Collins (1967).

Alternative strategies for temporal integration

One outstanding issue that was not addres.sked m the present study was the
possibility thaf-pérformahce at long and short ISIs ér’e governed by different
mechanisms. For exémple, observers may gain some benefit by storing the
information in frame onevby some other me;ans.than- visible persistence. These
might inciude schematic (iconic) memory, or even a conscious coding of specific
. elements.'- Although stimuli are desig’néd to prévent against this possibility by
allowing for a large n{lmber of randomly chosen alternatiVes, the possibility

nevertheless exists in this and previous research. In fact, it has sometimes been
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~used to explain why accuracy does not decline all the way to chance (e.g., Er.iksen &
Colliné, 1967).
In the present éxperiment, where chance was 50% correct, accuracy"appear'ed‘
“to level off at about 42%'error_é in the light and 32% in the dark. This too points to
'the'possibility_ that a mechanism other than visible persistence contributed to
performance. However, the possibl_e existence of another mechanism does not
invalidate the main conclusions. Indeed, it is difficult fo see how the main_ results
could have been produced by a second mechanism: (1) the constant set size effects
across ISI in scotopic vi_eWing, (2) the set size effects that inéreased with ISI in
photopic viewing, and (3) the absence of a similarity interaction with set size an’d-ISI.
Attempts to use this second fneéhan_ism 'to account for one df these results would
run into difficulty in accounting for the other two fihdings.
Future experiments should directly address this issue. For example, by
| varying t.he.co_rr'ela_tion between the segments chosen fof_fraﬁés 1 and 2, the

contribution of memory for specific elements in frame 1 could be directly assessed.

Conclusions
There were five main contributions of the present work. Two have strong

theoretical implications; the remaining three improve our understanding of the

methods used to study temporal integration and visual search.”
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1. Attention does not influence ‘visible.z' persistén.ce. .Thi-s was éupported By
the relatively constant éearch slopes_ over ISI in fhe Vscotopic condition, where
masking was not a factor.

2. Attention reduces the effects of metacontrast masking in the two-frame
visual search task. This was sﬁpported most directly by search slopés that increased
* more with ISI in the photopic than in the scotopic condition. It was also supported
by the weak effects of similarity on the séarch slopés in the photopic condition.
Effects of similafity are f)remised_on the availability of an mtégrated display and |
masking would work against integration. The potential for masking in fhe two
similarity conditions was equivalent because the letter fragments_ih the sécoﬁd |
frame wére'_ran‘dom and rne.ariinglessAin’ each case. Thus, finding no effect of
similarity is consistent with the reduction of masking by attention.

3. The presént thesis Contéins the‘first thoroughv examinatioﬁ of adapting
luminance in a temporai integratioﬁ task. This comparison allowed masking to be
factored out of performa'nce; This is an important development, both for the
interpretation of previous work and for thé design of future experiments.

4. The present thesis contains the first examination of set s,izg‘ effects in a
temp'(_)ralv integratibn task. This manipulétion of attention showed that although
visible per'sistence was unaffected, ~ma»ski.ng WQS inﬂuehqed_by attentioh. Prev‘ious

| studies of témporal integration have not considered attention as a determinant of
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performance. Therefore, preVious work should be reevaluated in light of the
possible relative contributions of persistence and masking.

5. The present thesis contains the first examination of visual search under
scOtopic viewing. The results showed that generally similar search mechanisms
operate when the input consists of photoPic (cone vision) and scotopic (rod Vision)
levels of light. One notable differencé was the longer visiblé_persistence for'sco‘topic
Viewihg; thus providing the observer with an effectively 1énger exposure duration;

and therefore an easier search task.
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Table 1. Mean reaction time (ms) and percentage error in Experiment 1. Numbers
in parentheses are within-observer standard errors of the mean.-

_ Adapting Luminance
~ Photopic ' Scotopic
- Set Size  Low Similarity High Similarity  Low Similarity High Similarify

Reaction Time (ms)

87

KAL 2 492 (5.4) 579 (7.6) 592 (8.4) 692 (18.9)
4 488 (4.7) 656 (16.7) 582 (6.7) 714 (13.8)
6 502 (7.2) 702 (20.9) 617 (10.5) 823(19.5)
8 501 (6.6) 853 (36.0) 629" (8.7) 849 (23.7)
JCB 2 431 (6.4) 483 (9.1) 535 (6.7) 546 (6.0)
4 441 (6.4) 555 (12.3) 549 (9.9) 564 (7.1)
6 442 (5.7) 600 (16.1) 530 (6.0) 575 (7.4)
8 - 440 (5.1) 618 (14.9) 541 (6.8) 586 (10.6) .
DIS 2 496 (6.5) 551 (6.5). 621 (7.5) 662 (7.6)
' 4 513 (7.0) 596 (8.8) 631 (6.3) 690 (9.5)
6 511 (6.6) 637 (11.0) 643 (6.3) 738(12.3)
8 511 (7.6) 681 (13:0) 654 (8.6) 741(11.6)
: . - : Percentage Error
KAL 2 0 -0 0 2
‘ 4 2 2 0 6
6 0 10 0 6
8 1 15 0 7
JCB 2 - 5 8. 4 2
4 3 9 1 3
6 5 6 2 7
8 3 8 2 4
DIS 2 1 0 1 3
| 4 2 3 2 4
6 ) -6 4 14
8 3 15 5

10
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Table 2. Mean percentage error in the photopic condition of Experiment 2.

Inter-stimulus Interval (ms)

SetSize O 25 50 75 100 125 150 175 200
- Low Similarity :

KAL 2 1 1 4 9 12 15 20 21 19
4 1 4 8 11 14 18 28 33 38
6 0 1 11 15 24 34 32 33 36
8 1 4 12 12 34 33 34 36 38
JCB 2 3 0 9 6 12 12 24 22 22
4 6 5 5 - 16 20 21 28 37 37
6 6 7 12 17 29 30 34 30 45
8 3 6 14 - 18 30 36 39 34 38
DIS 2 2 1 16 22 24 32 37 34 31
4 4 2 19 48 38 35 45 45 36
6 5 9 26 47 43 49 40 41 45
8 ‘5 17 38 46 53 41 45 54 38
' High Similarity - ‘
KAL 2 1 2 12 17 11 18 23 23 . 21
4 1 5 12 14 28 30 31 32 30
6 5 15 25 24 27 42 34 44 30
-8 7 20 23 26 27 47 51 43 45
JCB 2 3 2 .6 14 17 18 20 33 30
4 5 11 14 22 29 24 34 38 33
6 8 16 15 27 . 32 27 36 44 42
8 9 19 34 33 34 37 33 46 39
DIs 2 - - 2 10 18 29 38 41 36 35 30
4 6 8 31 35 43 42 46 39 39
6 13 - 16 31 39 47 57 48 49 55
8 11

30 36 53 47 56 52 42 43
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Table 3. Mean percentage error in the scotopic condition of Experiment 2.

Inter-stimulus Interval (ms)

SetSize 0 . 50 100 150 200 250 300. 350 400
Low Similarity ’

KAL 2 0 0- 5 10 4 14 13 19 16
4 0 4 2 7 15 20 30 21 13
6 0 1 5 10 23 24 24 18 30
8 1 1 6 14 22 31 35 27 30
JCB 2 2 3 3 14 18 20 7 21 13
4 5 5 3 16 15 18 21 20 20 -
6 8 3 7 14 20 29 25 19 23
8 4 5 7 17 16 19 21 33 26
DIS 2 4 8 8- 12° 25 26 24 33 27
: 4 6 10 14 12 . 34 20 35 40 32
"6 8 10 18 22 35 - 4 41 36 32
8 11 14 17 30 32 35 41 35 44

, HighSimilarity
KAL 2 1 0 -3 11 18 18 19 21 20
4 0 4 6 14 19 25 27 22 28
6 4 4 14 21 28 30 30 26 30
8 5 9 21 14 22 28 28 24 40
JCB 2 3 8 2 19 11 21 11 23 13
: 4 6 5 9 16 13 23 14 25 . 26
6 4 13 7 13 13 25 12 30 12
8 4 9 6 18 13 25 16 25 20
DIS 6 12. 12 20 24 39 29 36 29

18 12 22 33 27 41 | 37 42 25
24 26 40 31 40 40 45 40
14 24 24 40 40 44 40 41 34

OO = N
—
W




