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ABSTRACT 

The influence of spatial attention location on figure-

ground organization was assessed in an experiment in which a 

cued detection paradigm was paired with a figure-ground 

task. Viewers' fixation was held constant while a cued 

detection task directed their attention to a location in one 

of two regions within a figure-ground stimulus. Viewers 

were more likely to see a meaningless shape (low denotative 

region) as figure when spatial attention was allocated to 

that region than when it was allocated elsewhere. The 

location of spatial attention had no influence on whether or 

not a meaningful shape (high denotative region) was seen as 

figure. The results are discussed in terms of direct and 

indirect routes through which attention might influence 

figure-ground organization. 
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CHAPTER Is INTRODUCTION 

Questions regarding which variables determine figure-

ground organization have long been debated in the perception 

literature. Many researchers have assumed that perceptual 

organization is determined solely by bottom-up analysis of 

stimulus variables such as symmetry, closure, and area 

(Koffka, 1935, Kohler, 1947). For example, Neisser (1967) 

suggested that the visual field is first segmented by 

preattentive processes; following figure-ground 

organization, attention is drawn to the figural region, and 

shape recognition routines are then initiated. In this 

theory, top-down and subjective analyses (like attention and 

shape recognition routines) clearly follow figure-ground 

organization. 

Although the gestalt psychologists demonstrated that 

stimulus variables do influence figure-ground organization 

to a large degree, some have proposed that various top-down 

mechanisms, such as the viewer's needs (Schafer and Murphy, 

1943), fixation location (Hochberg, 1972), intentions, and 

spatial attention location influence figure-ground 

organization as well (Peterson, Harvey, and Weidenbacher, 

1991, Harvey, Peterson, and Gibson, 1990). Even though 

these variables are very different from each other, they 

have all been classified as "top-down" variables because, 



unlike "bottom-up" or stimulus variables, they can not be 

measured on nor are they determined by the physical 

stimulus. In what follows, I will discuss the status of 

evidence for various top-down influences on figure-ground 

computations, focusing on the influence of fixation location 

and spatial attention. I will then present an experiment 

that assesses the influence of spatial attention location on 

figure-ground organization. 

Needs. Schafer and Murphy (1943) tested whether or not 

figure-ground organization could be influenced by the 

viewers1 "needs". In the training phase of their 

experiment, subjects learned names for the shapes on each 

side of a figure-ground contour when each was presented 

separately outside of the figure-ground context (see Figure 

1A). During the training phase, subjects received monetary 

rewards when they viewed one of these regions, and monetary 

penalties when they viewed the other region. These awards 

and penalties were not contingent on behavior, as stimuli 

shown during the training phase were not at all ambiguous. 

In the test phase of the experiment, subjects were presented 

with an entire figure-ground stimulus (composed of one 

rewarded and one punished shape, see Figure IB) and were 

asked to name the region they saw as figure. Schafer and 

Murphy found that subjects were more likely to name the. 

region that had been rewarded during the training phase than 
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the region that had been punished, which led them to 

conclude that viewers' "needs" can influence figure-ground 

organization. 

Schafer and Murphy's conclusions were not widely 

accepted for a number of reasons. First, their effects were 

obtained in only the first 16 of 32 test trials and they 

offered no reasons as to why their effects should be so 

short lasting (Pastore, 1949). Had their results been 

averaged over all 32 test trials, there would not have been 

evidence to support the "needs" hypothesis. Second, there 

were a number of failures to replicate, both by Rock and 

Fleck (1950) who used monetary awards and penalties and by 

Smith and Hochberg (1954) who used electric shock penalties 

rather than monetary penalties.1 Thus, the data suggesting 

that "needs" influenced figure-ground organization were, as 

a whole, unconvincing, and for many years, the possibility 

of top-down influences on figure-ground organization was not 

pursued. 

Shape recognition routines and viewers' intentions. 

Recently, Petersen and her colleagues (Peterson, Harvey, and 

Weidenbacher, 1991) examined the influence exerted on 

figure-ground organization by one form of top-down 

processing, the viewers' perceptual intentions to try to 

maintain (or "hold") one interpretation of a reversible 

figure-ground stimulus. Peterson et al. (1991) found that 



the mean duration of seeing a region as figure was 

significantly greater when viewers intended to hold that 

region as figure (i.e., when it was the intended region) 

than when they intended to hold the alternative region as 

figure (i.e., when it was the unintended region).2 

In addition to these intention effects, Peterson et al. 

(1991) showed that another cognitive variable - input from 

shape recognition routines - contributes to figure-ground 

computations: Regions that denoted meaningful shapes were 

seen as figure for longer durations than regions that were 

relatively meaningless. Moreover, observers' intentions to 

hold a region as figure were most successful when that 

region denoted a meaningful shape. 

Location of fixation and/or spatial attention. In 

subsequent research, Harvey, Peterson, and Gibson (1990) 

found that fixated regions were maintained as figure longer 

than unfixated regions. This fixation effect was obtained 

both for regions that observers were trying to maintain as 

figure and for those that observers were not trying to 

maintain as figure. Moreover, the fixation effect was not 

dependent on denotivity: it was found both for regions that 

denoted meaningful shapes and for regions that were low in 

denotivity. Since spatial attention is usually located 

around the point of fixation, these results suggest that the 

viewers' fixation location and/or spatial attention location 
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is weighed by figure-ground computations. 

Fixation location need not be considered a "top-down" 

variable, but it has been construed as such by Hochberg 

(1971). Hochberg proposed that fixation location may 

mediate effects of prior experience via learned perceptual 

expectancies. That is, through accommodation and 

convergence, we generally get a clear focussed view of 

fixated objects and a blurred view of unfixated objects. 

Hochberg further suggested that we most often fixate on 

regions that we see as figure and that regions we see as 

background are often unfixated/unfocussed. Subsequently, 

fixated regions will be more likely to be seen as figure 

than unfixated, unfocussed regions. Hochberg offered no 

empirical support for his hypothesis. 

Other theorists have proposed a role for spatial 

attention location: Recently, Sejnowski and Hinton (1987) 

presented a parallel relaxation model in which the location 

of spatial attention determines figure-ground organization. 

In this model, the inputs to figure-ground analyses consist 

of analyses of bottom-up input from the stimulus to 

determine edges and a top-down "attentional spotlight" that 

biases one side or the other towards being interpreted as 

figure. That is, according to their model, the region at 

which the attentional spotlight is directed should tend to 

be figure, and the region outside the spotlight should tend 
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to be background. Sejnowski and Hinton offer no theoretical 

reasons for choosing "attention" to bias one region towards 

being figure as opposed to, for example, the viewers' 

intentions or the location of the viewers' fixation. In 

addition, they offer no empirical support for their claims. 

The data obtained by Harvey et al. (1990) are the first to 

indicate that fixation location and/or spatial attention 

location do indeed influence figure-ground organization. 

Although Harvey et al.'s data are consistent with both 

Hochberg's and Sejnowski and Hinton's hypotheses, they 

cannot distinguish whether fixation or spatial attention 

location is the critical variable because fixation and 

attention were not separated in these studies. In addition, 

the Harvey et al. experiments were directed at assessing the 

influence of fixation location on figure-ground reversal, as 

opposed to initial figure ground organization. While there 

are theoretical reasons to expect the same variables to 

operate in reversal as in initial organization (Peterson et 

al., 1991), there may not be total overlap. Hence, the 

question must be explored directly. In the following 

experiment the effects of spatial attention location on 

initial figure-ground organization were assessed; fixation 

was held constant. 
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CHAPTER 2: GENERAL METHOD 

We tested the hypothesis that initial figure-ground 

organization is influenced by the allocation of spatial 

attention by pairing a cued detection paradigm with a 

figure-ground task. The cued detection paradigm has been 

used widely to demonstrate that viewers' attention can be 

allocated to a location in space other than the location 

where their eyes are fixed (Posner, 1978, Posner, Snyder, 

and Davidson, 1980). For example, the latency to detect a 

target is shorter when subjects are cued as to the correct 

location of the target, and is longer when they are cued as 

to the incorrect location of the target, in comparison to a 

neutral condition in which attention is distributed widely. 

These reaction time "benefits" and "costs" do not reflect 

eye movements: In these experiments, fixation is held 

constant (Posner, 1978, Posner, Nissen, and Ogden, 1976). 

Therefore, reaction time costs and benefits have been taken 

as an indication that the allocation of attention to a 

location other than the fixated location can facilitate the 

coding of information in that location. 

In the experiment reported here, viewers1 fixation was 

held constant while a cued detection task was used to direct 

their attention to a location to one side of fixation in 

order to detect a briefly exposed dim target. Target 

exposure coincided with a brief exposure of a figure-ground 
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stimulus. If spatial attention location influences figure-

ground organization, viewers should be more likely to see a 

region as figure when spatial attention is allocated to that 

region than when it is allocated elsewhere. 

Because direct reports about which region appears to be 

figure may be subject to bias, i.e., viewers may report the 

attended region as figure simply because it was consistent 

with the spatial attention cue, we assessed figure-ground 

organization by asking viewers to identify any shapes they 

had seen in the visual field, after they had detected the 

target. An identification response is an excellent 

indicator of figure-ground organization for the following 

reason: A figure-ground contour can be assigned to only one 

region at a time (Rubin, 1915/1958); that region has shape, 

whereas the other region is shapeless and simply appears to 

continue behind the figure as its background. Therefore, 

subjects can "recognize" the shape depicted by a region only 

if they are in fact seeing that region as figure. As an 

example, consider the Rubin figure-ground stimulus shown in 

Figure 2? when the contour is assigned to the white region, 

the faces are seen but the vase is not; the black region is 

contourless, and becomes background. On the other hand, 

when the contour is assigned to the black region, the vase 

is seen but the faces are not; the white region is 

contourless and becomes the background. Accordingly, we can 
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assume that if observers can identify a shape depicted by a 

region, then they must have seen that region as figure. If 

figure-ground organization is influenced by the location of 

spatial attention, then viewers should be more likely to 

identify the shape depicted by that region of a figure-

ground stimulus to which their spatial attention is 

allocated than by the other, unattended region. 



CHAPTER 3: PRELIMINARY EXPERIMENT 

In what follows, I first describe a preliminary 

experiment designed to verify that the cued detection 

procedure yielded traditional cued detection results in the 

present experimental situation (i.e., shorter reaction times 

for detecting validly cued targets and longer reaction times 

for detecting invalidly cued targets in comparison to 

reaction times in the neutral cue condition). Then I 

describe the main experiment assessing the role of spatial 

attention location in figure-ground organization. 

Subjects. The subjects were 16 undergraduate students 

at the University of Arizona who participated in this 

experiment in order to fulfill a requirement for an 

introductory psychology course. All subjects had normal or 

corrected to normal vision. 

Stimuli and Apparatus. Subjects were required to use 

a chin rest throughout the experiment and were seated 63 cm 

from the display. The stimuli for the detection task were 

white on a black background and were presented on a 

Princeton Ultrasync monitor. The stimuli consisted of a 

fixation display that contained a fixation cross in the 

center of the 24.25 x 18.25 cm screen (21.05° x 16.15° 

visual angle), two gray boxes (.91° x .82° visual angle), 

one to the right and one to the left of the fixation 

(centered 1.45° from the center of fixation), and a precue 
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located 1.09° above the fixation cross. The precue was 

either an arrow (.68° x .45°) pointing to the left or the 

right, or an equals sign (.36° x .36°). The target for the 

detection task consisted of a .09° white dot that appeared 

1.45° to the right or left of the fixation. In addition, 

four rectangular figures with a straight vertical contour 

down the center were used in the experiment. The dimensions 

of these figures were chosen to represent the dimensions of 

the figure ground stimuli described in the main experiment 

(rectangles ranged from 4.5 to 9 cm in width, mean = 6.5 cm, 

5.9°, and ranged from 9.8 to 12.5 cm in height, mean = 11.4 

cm, 10.3°). 

Procedure. Subjects initiated trials by a key press 

that produced a 600 ms exposure of a fixation display 

consisting of the fixation cross, the two boxes marking the 

potential target locations, and a precue. There was a 17 ms 

ISI between the fixation display and either of two target 

displays. In one target display, a target dot was presented 

for 83 ms simultaneously with one of the four rectangles 

that remained in view for 100 ms. In the other target 

display, no target dot appeared, there was only a 100 ms 

presentation of one of the four rectangles (see Figure 3). 

The rectangles were presented so that the target, if it 

appeared, was located in the right or left region of the 

rectangle and so that the previous fixation was vertically 
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centered on the center contour. 

Subjects were instructed to respond as quickly as 

possible if they detected a target by pressing a single key, 

regardless of the target's location, and to refrain from 

responding if the target did not appear. Subjects received 

feedback after each trial as to their speed (RT in ms) and 

accuracy in detecting the target. 

Each subject participated in 50 practice trials 

followed by 200 experimental trials. Prior to beginning the 

practice trials, subjects were instructed to keep their eyes 

fixed on the fixation cross at all times and to try to see 

the precue with their peripheral vision. Within the 

fixation constraint they were to allocate their attention to 

the box indicated by the arrow on trials in which the precue 

was an arrow (cued trials), and to both boxes on trials in 

which the precue was an equals sign (neutral trials). 

Subjects were told that the cues were not always valid, but 

that they would be valid more often than invalid. Also, it 

was stressed that they should try to use the cues to 

allocate their attention because the experiment was directed 

at assessing their detection performance when their 

attention was in the location/s indicated by the cue. 

Within the 50 practice trials and the 200 experimental 

trials, 48% were valid cued (half cued right), 16% were 

invalid cued (half cued right), 16% were neutral cued (half 
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with target appearing on the right), and 20% were catch 

trials in which no target appeared (of these, 40% were cued 

right, 40% were cued left, and 20% were neutral cued). The 

experimental trials were randomized within blocks of 12 or 

13 trials (8 blocks of 12, and 8 blocks of 13 trials). Each 

block contained 6 valid trials, 2 invalid trials, 2 neutral 

trials and 2 or 3 catch trials. 

Results and Discussion. Reaction times for each trial 

type (valid, invalid and neutral) were recorded by a Compaq 

386. A series of t-tests was performed to determine if 

traditional cued detection results were obtained. RTs were 

significantly shorter for valid trials (M = 424 ms) than for 

neutral trials (M = 454 ms), t = 6.09, p < .005, se = 4.85 

(M benefits = 30 ms). RTs were not significantly longer for 

invalid trials (M = 466 ms) than for neutral trials (M = 454 

ms), however, t = 1.23, p < .25, se = 10.06 (M costs = 12 

ms). Thus, significant benefits were obtained but 

significant costs were not. Although more than half the 

subject in this experiment did exhibit both benefits and 

costs, reaction times on invalidly cued trials were highly 

variable. In fact, some subjects exhibited negative costs, 

or benefits, on invalid trials (i.e., their mean reaction 

time on invalid trials was faster than on neutral trials). 

The reason for the failure to obtain significant costs 

is unclear. One possible explanation is that there may have 
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been a floor effect caused by the proximity of the target to 

the fovea (1.45° from fixation). Consequently, targets may 

have been reasonably easy to detect, leaving little room for 

performance to deteriorate (in comparison to the neutral 

condition) when attention was not on the target 

location. 

Another possible explanation stems from the hypothesis 

that the power of spatial attention gradually decreases with 

increasing distance from the location on which it is 

centered (i.e., there is a gradient of attention, see 

Downing and Pinker, 1985). Downing and Pinker (1985) 

demonstrated that attentional costs are more likely to be 

obtained with larger separations between the attended 

location and target locations. Using a separation between 

attended and target locations that was equal to 1° of visual 

angle, Downing and Pinker obtained negative costs of 

approximately 20 ms (i.e., subjects reaction time was 20 ms 

faster on these invalidly cued trials in comparison to the 

neutral cue condition). Using a separation between attended 

and target locations that was equal to 5° of visual angle, 

Downing and Pinker obtained approximately 20 ms in costs 

(i.e., subjects reaction time was 20 ms slower on these 

invalidly cued trials in comparison to the neutral cue 

condition). These results suggests that the target may have 

appeared close enough to the focus of attention for some 
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attentional facilitation to occur in the 1° condition. 

Downing and Pinker did not report whether the negative costs 

they obtained in the 1° condition were in fact significant 

benefits, nor did they report whether the costs obtained in 

the 5° condition were significantly different from 0. 

Moreover, their experiments did not included any fixation-

target location separations between 1° and 5°. In another 

experiment, Downing and Pinker (1985) obtained an average of 

about 25 ms in costs with a 2.5° separation between attended 

and target locations, but again, they did not report if 

these costs were significant. Taken together, the data from 

these 2 experiments lend support to the "attentional 

gradient" hypothesis (Downing and Pinker, 1985) which 

predicts that the facilitation in processing due to 

allocation of attention should gradually decrease with 

increasing distance from the location at which attention is 

centered. 

It is possible that the separation between the 

invalidly cued location and the actual target location in my 

preliminary experiment (2.9°) was not large enough to be 

excluded from some attentional facilitation. Evidence 

favoring this explanation was obtained in a subsequent 

experiment in which the distance between cued and target 

locations on invalid trials was increased to 14°. Here, the 

same procedure yielded significant reaction time costs (M = 
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16 ms) as well as benefits (M = 15 ms); t(ll) = 3.01, p < 

.01, and t(ll) =2.29 , p < .025, respectively. 

Because the limited size of the figure-ground stimuli 

dictated the locations of the targets, it was not possible 

to increase the separations between the fixation location 

and the target locations in the next experiment. Hence, in 

the following experiment, subjects who failed to exhibit 

costs and benefits of at least 1 ms were eliminated from 

further analysis. 
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CHAPTER 4: EXPERIMENT 1 

Subjects. The subjects were 12 undergraduate students 

at the University of Arizona who participated in this 

experiment in order to fulfill a requirement for an 

introductory psychology course. All subjects had normal or 

corrected to normal vision. 

Stimuli and Apparatus. The 24 figure-ground stimuli 

shown in Figure 3 were drawn from a set of figure-ground 

stimuli that has been developed in our lab (Peterson, Rose, 

Gibson, and Vezey, 1990). In these stimuli, a single center 

contour separates two regions of equal area. The regions 

differ in that one region denotes a meaningful shape, 

whereas the other region does not. We refer to this as the 

"denotivity" of a region. Denotivity was quantified as 

follows. 

Quantifying denotivity. We quantified the denotivity 

of the two regions of the figure-ground stimuli in a 

preliminary experiment in which 30 observers reported as 

many interpretations for each region as they could, rating 

these interpretations on a scale from 1-5 in terms of how 

well each interpretation fit the shape (1 = not a very good 

fit, 5 = very good fit). 

We computed (1) the mean number of interpretations for 

each region (i.e., the within-subjects ambiguity (X.)), (2) 

the between-subjects agreement (P(a)) (i.e., the proportion 
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of subjects giving the most frequently offered 

interpretation for each region), and (3) the mean rating 

for the most frequently offered interpretation (R). From 

these data, a denotivity index (D) was calculated for each 

region as follows: 

D = [P(a) • (R/5) ] / X,. 

The denotivity of the two regions in each of our 

experimental figures is shown below each figure. One region 

of each figure was high in denotivity (HD) whereas the other 

region was low in denotivity (LD). It is virtually 

impossible to design figure-ground stimuli so that both 

regions are high in denotivity. Hence, we will be 

interested primarily in subjects' ability to identify the 

high denotative regions when they are attended versus when 

they are unattended. 

Our 24 experimental figures were chosen with the 

criterion that the difference in denotivity between the two 

regions on either side of the center contour (high 

denotative region (HD) - low denotative region (LD)) was at 

least .30 (mean denotivity for HD regions = .64, range = .45 

- .78; mean denotivity for LD regions = .11, range = .03 -

.41). Six other figures that did not meet this criterion 

served as "filler" items on catch trials on which no target 

appeared. The figure ground stimuli ranged from 9.8 to 12.8 

cm in height (mean = 11.2 cm, 10.1°) and 3.5 to 10.3 cm in 
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width (mean = 6.7 cm, 6.1°). In addition to the figure-

ground stimuli, the four rectangular figures with a straight 

vertical contour down the center, previously described in 

the preliminary experiment, were used in this experiment. 

All of the stimuli in the experiment were white on a 

black background and were presented on a Princeton Ultrasync 

color monitor for a duration of 100 ms.3 Subjects were 

required to use a chin rest throughout the experiment and 

were seated 63 cm from the display. The display for the 

detection task was the same as described in the preliminary 

experiment, except that on 30 of the 200 experimental 

trials, figure-ground stimuli replaced the rectangles.4 

The figure-ground stimuli were presented so that the 

target appeared in either the right or left region of the 

figure ground stimulus and so that the previous fixation was 

approximately vertically centered on the figure-ground 

contour (it is approximately centered due to the limitation 

of the first constraint, i.e., the target must appear within 

the right or left region). 

Procedure. Subjects were first instructed and 

practiced on the detection task with no figure-ground 

stimuli presented. Each subject participated in 50 practice 

trials followed by 200 experimental trials. The procedure, 

display and stimulus durations for the detection task were 

as described in the preliminary experiment. Prior to 
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beginning the practice trials, subjects received the same 

instructions described in the preliminary experiment. 

After completing the detection practice trials, the 

recognition task was introduced to the subjects. Subjects 

were told that they would now participate in 200 detection 

trials in which figure-ground stimuli replaced rectangles on 

30 of the 200 trials. Following each trial in which a 

figure-ground stimulus appeared, a number appeared on the 

computer screen. Subjects were asked to write down the name 

of any familiar shapes they may have seen in the figure-

ground stimulus and to indicate on which side of fixation 

that shape appeared (right or left) on an answer sheet. 

Subjects were given as much time as needed to record their 

responses, as the next trial did not begin until subjects 

pressed a key. Before beginning the experimental trials, it 

was stressed that the primary task was the detection task. 

The percentage of valid, invalid, neutral and catch 

trials in the experimental trials and the method of 

counterbalancing for both the practice and experimental 

detection trials was the same as was described in the 

preliminary experiment. 

There were 24 experimental figure-ground trials, 8 

trials in each of the following 3 attention conditions; (1) 

valid cue trials on which attention was directed to the HD 

region (attended HD / unattended LD condition); (2) valid 
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cue trials on which attention was directed to the LD region 

(unattended HD / attended LD condition); and (3) neutral cue 

trials on which the HD region was on the left for half the 

trials and on the right for the other half (neutral 

condition). The 24 experimental figure-ground stimuli were 

divided into 3 groups of 8 figures. The mean denotivity of 

the high denotative regions was approximately equal in these 

3 groups (group 1 = .62, group 2 = .64, group 3 = .67). 

Each of the 3 figure groups served as stimuli in a different 

attention condition in a given order. Three orders were 

constructed; each of the figure groups served in a different 

attention condition in each order. 

Figure-ground stimuli never appeared on invalid trials 

because the appearance of the target at the uncued or 

unattended location may have automatically drawn attention 

away from the cued location, thereby interfering with our 

attention manipulation.5 On valid trials, the target always 

appeared in the cued or attended location; therefore, any 

automatic drawing of attention by the appearance of the 

target is consistent with our manipulation of attentional 

allocation. On arrow cued trials, the right/left location 

of the high denotative region, the attended region, and the 

target location counterbalanced within subjects. On 

neutral trials, the target appeared on the right half the 

time and on the left half the time. On half the neutral 
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trials, the target was located on the HD region of the 

figure and on the other half it was located on the LD 

region. 

Three more orders were created in order to 

counterbalance between subjects (1) whether the HD region 

for each figure in each attention condition appeared on the 

right or left and (2) whether each figure in each attention 

condition appeared in the first 100 or second 100 

experimental trials. Each subject viewed one of the six 

orders, two subjects were run in each order. 

In addition, six "filler" figure-ground stimuli 

appeared on catch trials, in which no target appeared. Six 

figures were chosen so that the percentage of target trials 

in which figure-ground stimuli appeared (15%) equalled the 

percentage of catch trials in which figure-ground stimuli 

appeared (15%). All filler stimuli were presented on arrow 

cued catch trials in attempts to balance out the percentage 

of arrow cued and the percentage of neutral cued trials on 

which figure-ground stimuli appeared, (14% and 20%, 

respectively). 

Figure-ground stimuli were distributed randomly 

throughout the 200 experimental trials with the following 

constraints; (1) half of the figures in each attention 

condition (half with the HD region on the right) appeared in 

each of the two blocks of 100 trials and (2) no two trials 
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that contained figure ground stimuli followed each other. 

Results. The 200 detection trials were analyzed to 

determine (1) if subject's reaction times reflected 

traditional cued detection "benefits" and "costs" (i.e., at 

least 1 ms shorter RTs on the valid cue trials and at least 

1 ms longer RTs on the invalid cue trials in comparison to 

the neutral cue condition) and (2) if subjects's error rate 

was less than 15%. Subjects who did not meet these criteria 

were dropped from the experiment and their identification 

responses were not analyzed. 

The first 12 subjects, 2 from each order, that met the 

above detection task criteria were included in the final 

analysis. A total of 20 subjects participated in the 

experiment, 7 subjects were dropped because they did not 

exhibit reaction time costs or benefits (4 subjects did not 

exhibit costs, 3 subjects did not exhibit benefits), and one 

subject was dropped because he exceeded the maximum error 

rate criterion. A summary of the 12 remaining subjects' 

detection performance is shown in Table 1. 

The proportion of shapes subjects attempted to identify 

was calculated for HD and LD regions for each attention 

condition (attended/neutral/unattended)(see Table 2).6 

Subjects identified significantly more of the HD shapes than 

the LD shapes (t(70) = 28.6, p < .0005). Post hoc 

comparisons indicated that viewers were more likely to 
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identify the LD region when it was attended than when it was 

unattended (t(ll) = 2.5, p < .025). This effect can be 

attributed the apparent facilitation of identification of LD 

shapes in the attended LD region condition for only one of 

three figure groups (see Table 3; note the performance of 

the four subjects in figure group order 2, attend LD 

condition). 

Comparisons of identification responses for the LD 

region in the neutral condition vs the unattended condition 

were close to significance (t(ll) = 1.74, p < .10). A post 

hoc analysis was performed using a more liberal cost/benefit 

criterion that included subjects who exhibited a difference 

in mean RT on invalid trials and valid trials greater than 

10 ms (see Posner, Nissen, and Ogden, 1975, for rationale 

for using this measure of RT benefits). Using this 

criterion, 3 of the previously rejected subjects were 

included in the analysis, raising the number of subjects to 

15, hence, increasing the power of the test. In analysis 

the significant difference in identification performance for 

LD regions on attended vs. unattended was replicated as 

described above (t(14) = 2.28. p < .025). In addition, in 

this more powerful test, the difference in identification 

performance for LD regions in the unattended vs. the neutral 

attention condition was shown to be statistically 

significant (t(14) = 2.06, p < .5). Viewers were more 
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likely to identify the LD region in the neutral attention 

condition than in the unattended condition. Such results 

suggest that the failure to obtain significant difference in 

identification performance for the LD region in the neutral 

vs. the unattended condition in the first analysis may be 

attributed to a lack of statistical power. Comparisons of 

identification responses for the LD region in the attended 

condition vs the neutral condition yielded no significant 

effects (t(ll) = 1.45 and 1.74, respectively). 

The location of attention within the figure did not 

have an effect on whether or not the high denotative region 

was identified (attended vs neutral, t(ll) = .98, unattended 

vs neutral, t(ll) = 1.11, and attended vs unattended , t(ll) 

=  0 . 0 ) .  
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CHAPTER 5: CONCLUSIONS 

The results indicated that (1) viewers* tended to 

identify high denotative regions (44%) far more often than 

low denotative regions (5%) , regardless of the location of 

attention within the figure; and (2) the location of 

attention did not appear to have an influence on whether or 

not high denotative regions were identified, but it did 

appear to influence whether or not low denotative regions 

were identified, at least in one of three figure groups. 

The finding that, independent of spatial attention 

location, subjects can identify the shapes depicted by high 

denotative regions more often than the shapes depicted by 

low denotative regions at brief exposures lends support to 

the studies by Peterson and Gibson (1991; Peterson, Gibson, 

and Avery 1992) in which viewers see high denotative regions 

as figure significantly more often than the corresponding 

low denotative regions, even with exposures as brief as 33 

ms to 250 ms. Peterson, Harvey, and Weidenbacher (1991) 

have provided evidence that shape recognition routines 

influence figure-ground reversal. The effects of denotivity 

observed in this study in addition to those observed by 

Peterson and Gibson indicate that shape recognition routines 

influence initial figure-ground organization as well as 

figure-ground reversal. 

In addition to the effect of denotivity, an effect of 



spatial attention location on the identifiability of low 

denotative regions was found in this study. This effect is 

due to the identification performance of four subjects who 

viewed the stimuli in Figure 4B in the attend LD condition 

in comparison to identification performance in the 

unattended LD condition. All subjects were virtually unable 

to identify the LD regions (see Table 3, Table 3 also shows 

which of the figures groups in Figure 4A-C appeared in each 

of the three attention conditions for each of the three 

basic orders). It is unclear why attention should 

facilitate identification for the LD regions only for 

subjects who viewed the stimuli in set 4B in the attend LD 

condition: The three figure groups were equated in mean 

denotivity for both HD and LD regions; the two regions 

within all figures were equated for relative area and 

symmetry; there was no apparent effect of the presentation 

order or of the right/left location of the LD region (since 

this was counterbalanced across the four subjects who saw 

the stimuli in Figure 4B in the attended LD condition and 

all four subjects exhibited an apparent facilitation in 

identification performance for LD regions in the attended LD 

region condition); nor did the effect appear to be carried 

by a single figure or by a single subject's performance. 

Even though the facilitation of identification performance 

for LD regions when attention was allocated to the LD region 



appeared to be specific to one of three groups of figures, 

subjects were virtually unable to identify any of the LD 

regions (1%) when attention was directed to the HD region on 

the other side of the figure-ground contour, regardless of 

which figure group appeared presented in the unattended LD 

region condition. Thus, these data do suggest that 

attention may have had some influence on identification of 

the shapes depicted by the LD regions; Note, however, that 

no effects of attention location were obtained for high 

denotative regions. 

Why would allocation of spatial attention influence the 

identification of the shapes depicted by low denotative 

regions, but not high denotative regions? The answer to 

this question requires a framework for how figure-ground 

decisions might be made. Peterson et al. (1991) proposed 

that figure-ground computations weigh inputs from several 

variables, such as gestalt variables; input from shape 

recognition routines; and the viewers1 intentions, fixation 

location, and allocation of spatial attention. To resolve 

the long standing question regarding how figure-ground 

computations can be influenced by shape recognition routines 

when those regions that have shape cannot be distinguished 

from those that do not until after figure-ground decisions 

are made, Peterson et al (1991) assumed that edge-based 

recognition processes operate to partition the figure-ground 
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contour into parts simultaneously from both sides. Hence, 

shape recognition routines, i.e., the matching of stimulus 

input to structural memory representations, could proceed 

for both sides of the figure-ground contour prior to the 

completion of figure-ground computations. Consequently, 

figure-ground decisions may be made by weighing inputs from 

shape recognition routines as well as inputs from other 

variables on each side of the figure-ground contour. 

Given this framework, the effects of spatial attention 

location on the identification of LD shapes could be 

interpreted in one of the following two ways; (1) attention 

influences figure-ground computations directly, that is, by 

adding weight to the figure-ground computation for the 

attended side of the figure-ground contour, or (2) attention 

influences figure-ground computations indirectly, by 

influencing other variable(s) that enter into figure-ground 

computations. In what follows, I will discuss these two 

routes through which attention might influence figure-ground 

organization, and will then turn to a discussion of how our 

data bear other research and hypotheses regarding initial 

figure-ground organization. Finally, I will discus the 

plausibility of other interpretations for these data that 

suggest that these attention location effects may reflect 

attentional influences on post figure-ground identification 

processes, as opposed to influences on initial figure-ground 



37 

organization, and suggest future research that will be 

directed at eliminating such alternative interpretations. 

Direct influence of attention. If attention influences 

figure ground computations directly (i.e., by adding weight 

to the attended side of the figure-ground contour), why 

would effects of attention be found for low denotative 

regions and not for high denotative regions? The results of 

previous studies by Peterson and her colleagues (Peterson, 

Harvey and Weidenbacher, 1991, Peterson and Gibson, 1991; 

Peterson, Gibson and Avery, 1991) and the main effect of 

denotivity observed in this study indicate that shape 

recognition outputs are weighed heavily in figure-ground 

computations. Therefore, for high denotative regions, a 

good match to a structural representation may bias figure-

ground computations so much towards the interpretation that 

the high denotative shape is figure that the added influence 

of attention (when the HD region is attended) or the 

subtracted influence of attention (when the HD region is 

unattended) would have little effect on the outcome of the 

figure-ground computation. However, since the shape 

recognition input to figure-ground computations for low 

denotative regions is small, any added bias towards the LD 

region via allocation of attention may in fact increase the 

likelihood that region will be seen as figure. 

Indirect influence of attention. Another possibility 
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is that attention influences figure-ground computations 

indirectly, i.e., by facilitating the processing of other 

variable/s that enter into figure-ground computations. It 

is unlikely that attention has its influence via stimulus 

variables (such as gestalt variables), since in the stimuli 

we used, the regions on either side of the contour were 

equated for symmetry, closure, and area. It is possible, 

however, that attention influences figure-ground 

computations via shape recognition inputs by speeding the 

match to structural memory representation and thereby 

influencing whether or not shape recognition processes are 

completed in time for their output to be included in figure-

ground computations. If this is the case, why would we 

observe effects of attention for low denotative shapes and 

not for high denotative shapes? Since HD shapes are, by 

definition, such good matches to structural representations, 

these matches are often completed in time for the output to 

enter into figure-ground computations, even when attention 

is not allocated to the HD region. (See Krueger, 1975, for 

evidence that familiar shapes are processes faster than 

unfamiliar shapes). Since LD shapes are not a good match to 

any particular structural memory representation, it may take 

more time to search for and settle into the best match 

between the stimulus shape and the best fitting structural 

memory representation. If attention can facilitate this 
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shape recognition process, added facilitation from directing 

spatial attention to the LD region may increase the 

likelihood that a best fitting structural memory 

representation is found for LD regions before figure-ground 

computations are completed. The withdrawal of attention may 

inhibit shape recognition routines, thereby reducing the 

likelihood that a best fitting structural representation for 

the LD region is found prior to the completion of figure-

ground computations 

Relationship to previous theories. The present 

experiment demonstrated that attention allocation, 

independent of fixation location, may influence figure-

ground organization. This result, however, does not rule 

out the possibility that fixation location may also have an 

effect on figure-ground organization, as Hochberg (1972) has 

suggested. In a study that more directly addressed 

Hochberg's hypothesis Peterson, Gibson and Avery (1992) 

manipulated the location of fixation in a brief exposures 

figure-ground experiment. In their experiment, viewers were 

presented with figure-ground stimuli at seven different 

brief exposure durations ranging from 16 ms to 250 ms, and 

were asked to determine which region was figure. The only 

condition in which subjects chose the fixated region as 

figure significantly more often than the unfixated region 

(as would be predicted by Hochberg1s hypothesis) was in the 
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16 ms condition; this was the only condition in which none 

of the other variables exerted any influence. The failure 

to find robust fixation effects in the Peterson et al. 

(1992) study fails to support Hochberg's hypothesis that 

prior experience might exert an influence on figure-ground 

organization via the location of fixation. However, the 

location of spatial attention was not controlled in the 

Peterson et al. (1992) study, it is not clear whether 

spatial attention was centered on fixation in their studies. 

The experiment presented here more directly addressed 

Sejnowski and Hinton's (1987) hypothesis. In their model, 

stimulus input was analyzed to determine edges and an 

attentional spotlight biased one side or the other towards 

being interpreted as figure. The data obtained in this 

experiment in which viewers were more likely to identify the 

low denotative region when attention was on that region than 

when attention was directed elsewhere does lend some support 

to Sejnowski and Hinton's hypothesis. In addition, their 

model may be seen as a representation of the framework for 

figure-ground computations introduced by Peterson, Harvey, 

and Weidenbacher (1991). In the framework proposed by 

Peterson et al. (1991), luminance borders are simultaneously 

parsed from both sides, and inputs from several variables 

such as gestalt variables, the viewers' intentions, shape 

recognition routines, and location of spatial attention are 
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weighed in figure-ground computations. Similarly, Sejnowski 

and Hinton begin with stimulus input that is analyzed to 

determine edges or contours and a "top-down" variable, an 

attentional spotlight, subsequently biases one side or the 

other of the contour towards being figure. The Sejnowski 

and Hinton model may be mimicking the weighting process 

proposed by Peterson et al.(1991), although the results of 

this study in addition to other studies suggest that 

Sejnowski and Hinton's model is far too simple in weighing 

only the location of spatial attention. Furthermore, of the 

two routes previously discussed through which attention 

might influence figure-ground computations, the model 

presented by Sejnowski and Hinton can mimic direct 

attentional influences on figure-ground computations but not 

indirect influences on figure-ground computations (i.e., via 

some other variable), since the only other variable in their 

model is the detection of edges. 

Alternative interpretations. As previously discussed, 

figure-ground organization was assessed indirectly through 

identification responses (since subjects should only be able 

to identify a region if they perceive that region as figure) 

because direct reports about figure-ground organization may 

have been subject to bias (i.e., viewers may have reported 

the attended region as figure simply because it was 

consistent with the spatial attention cue). This presents 
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the possibility that the effect of attention location on 

identification responses for the LD shapes may not reflect 

the influence of attention location on figure-ground 

computations, but may reflect the influence of attention 

location on post figure-ground identification processes. 

For example, one possibility is that when attention was 

on the region perceived as figure, post figure-ground 

recognition processes were facilitated rather than pre-

figure-ground recognition processes. However, a post 

figure-ground account should predict the same effect for HD 

and for LD regions; subjects should be more likely to 

identify a region if attention is directed to that region 

than if attention is directed elsewhere. The only potential 

explanation for the failure to find effects for the HD 

region is that there may have been a ceiling effect on 

identification performance for HD shapes. This explanation 

is unlikely, however, since subjects in the identification 

pilot experiment (see footnote 3) were able to identify 76% 

of the HD shapes and subjects in this experiment were only 

able to identify 44% of the HD shapes. The proportion of 

choices of the HD regions as figure in this experiment (44%) 

did not appear to be at ceiling. 

There are, however, three differences between the pilot 

experiment and this experiment that may have caused the 

functional ceiling to be lower in the experiment presented 



here. First, subjects in the brief exposures pilot 

experiment were performing only the identification task. In 

the experiment reported here, subjects were performing a 

detection task in addition to the identification task. 

Therefore, the detection task may have interfered with 

performance on the identification task since subjects were 

essentially performing a dual task. Second, in the 

experiment reported here, it was important to insure that 

subjects were concentrating primarily on successfully 

directing their attention at the beginning of each trial, so 

figure-ground stimuli were presented randomly on only 15% of 

the trials. This may have caused subjects to be somewhat 

"surprised" on trials when a figure-ground stimulus 

appeared, resulting in an overall attenuation in their 

identification performance, in comparison to the pilot 

experiment in which subjects saw figure-ground stimuli on 

every trial. Third, subjects in the attention experiment 

were directing their attention to one of two small boxes on 

trials in which figure-ground stimuli appeared. The fact 

that subjects attention was so narrowly directed within the 

figure-ground regions may also have influenced subjects 

overall ability to recognize the shapes. Therefore, it is 

possible that some type of ceiling effect may have 

attenuated any effects of attention on identification 

performance for the HD shapes. 
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Another possibility is that the location of attention 

influenced subjects' motivation to try to name the shape 

that they perceived as figure; subjects put more effort 

into identifying the figure when their attention was 

allocated to that region than when attention was elsewhere. 

Again, this interpretation can not account for the failure 

to obtain attention effects for the HD region; there is no 

apparent reason why subjects should have been more motivated 

to find interpretations for attended LD shapes than for 

unattended LD shape (when the LD shape was perceived as 

figure), but not more motivated to find interpretations for 

attended HD shapes than unattended HD shapes (when the HD 

region was perceived as figure). It is possible, as 

previously discussed, that there was a ceiling effect on 

subjects identification performance that attenuated any 

effects of attention on HD shapes. 

The proposal by Neisser (1967) that attention is drawn 

the figural region after the figure-ground decision has been 

made, casts doubt on interpretations for these data that 

suggest that attention had its influence on post figure-

ground identification processes. If we accept Neisser's 

hypothesis, whether or not attention is directed to a region 

prior to figure-ground decisions should not have a 

differential effect on post figure-ground processes; since 

once the figure-ground decision is made, attention will 
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always be drawn to the figure region. Neisser offered no 

empirical support for his hypothesis, however, nor have any 

other investigators, although this assumption is widely 

accepted. 

If we accept the possibility of ceiling effects on 

identification performance for HD shapes, we can not rule 

out post-figure-ground interpretations of these attention 

effects. Therefore, future experiments might attempt to 

rule out the possible occurrence of ceiling effects. One 

way to do this would be to use a different method of 

manipulating the location of viewers' attention. The 

effects of attention described here were obtained in a 

situation in which attention was intentionally allocated to 

a location in space specified by a symbolic cue (endogenous 

orienting). It has also been demonstrated that attention 

can be drawn automatically to a location in space by an 

abrupt stimulus onset (exogenous orienting)(e.g., Jonides, 

1981). Using an exogenous orienting paradigm to manipulate 

the location of viewers' attention instead of an endogenous 

orienting paradigm may reduce the plausibility of obtaining 

a functional ceiling in the identification task for the 

following reasons: First, an exogenous orienting paradigm 

would reduce the danger of dual task interference since 

subjects' attention would be drawn automatically, i.e., 

subjects would not have to concentrate on intentionally 
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allocating their attention Second, since attention would be 

drawn automatically, we would not have to be concerned with 

subjects concentrating mainly on the detection task and, 

hence, we would be able to present subjects with the 

experimental figure-ground trials in succession (as opposed 

to randomly intermixing them amongst detection only trials). 

Consequently, the appearance of figure-ground stimuli would 

not be a "surprise" as it was in the endogenous orienting 

experiment. Third, we would be able to reduce the potential 

problem of subjects having too narrow a focus of attention 

by manipulating the size and shape of the abrupt onset 

stimulus used to draw viewers' attention. If we found 

similar attention effects (attentional facilitation for 

identification for LD but not for HD shapes) using an 

exogenous orienting task in which the plausibility of 

ceiling effects in identification performance was reduced, 

we could more strongly conclude that attention has its 

influence on figure-ground computations (either directly or 

indirectly), since interpretations that suggest that 

attention has its influence on post figure-ground processes 

can not account for the failure to find attention effects 

for identification of HD shapes. 

A further study addressing the effects of exogenously 

oriented attention on figure-ground organization in 

conjunction with the research presented here may also 



47 

provide additional evidence as to whether the role of 

attention in figure-ground computations is strictly top-down 

(i.e., limited to intentional orienting of attention) or 

whether attention can influence figure-ground organization 

via automatic orienting of attention (as in exogenous 

orienting). In addition, comparing the effects of and 

exogenous oriented versus an endogenous oriented attention 

on figure-ground organization may provide evidence regarding 

the functional similarities or differences between 

endogenously and exogenously oriented attention. 
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APPENDIX A: ADDITIONAL NOTES 

1 Smith and Hochberg did replicate Schafer and Murphy's 

results with one of two experimental figures, but failed to 

replicate with the other. 

2 It should be noted that Peterson and Hochberg (1987; 

Peterson, 1986) have demonstrated that the effects obtained 

in the opposed set procedure can be attributed to perceptual 

processes as opposed to memory processes or response bias by 

having subjects report indirectly about perceptual 

organization through reports about a variable that was 

perceptually coupled to it (i.e., illusory motion). 

3 A pilot experiment was conducted in order to identify 

the figure-ground stimulus exposure duration to be used in 

the experiment. On each trial, subjects were presented with 

a 600 ms exposure of the fixation display followed by a 

brief exposure a figure-ground stimulus. 

At an exposure duration of 100 ms, the mean percentage 

of HD regions that were recognized was 76%. We decided that 

this exposure duration would (1) allow for an overall 

deterioration in recognition performance due to the addition 

of the detection task, (2) allow for deterioration and 

improvement of performance due to manipulation of attention 

location within the figures, and (3) give us the shortest 

possible exposure duration for the figure-ground stimuli, 

while satisfying the above constraints, in order to 
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minimize the possibility that subjects will have time to 

move their attention to locations other than the cued 

location after the stimulus appeared. The mean percentage 

of LD regions that were recognized was 8%. 

4 The rectangles were presented on non-figure ground 

trials so that subjects would be accustomed to the presence 

of a figure around the detection display and would not be 

too distracted from the detection task on trials in which 

figure-ground stimuli appeared. 

5 Studies have demonstrated that attention can be 

"automatically" drawn to a location in space by an abrupt 

onset of a stimulus in that location (e.g., Jonides, 1981). 

Therefore, on invalid trials, although attention is directed 

to one region by the precue, the appearance of the target in 

the opposite region may draw attention away from the cued 

region. 

6 All identification responses were included except for 

4 responses in which subjects gave the most frequently 

offered interpretation for the HD region for the 

corresponding LD region. Since we could not be sure if this 

was the subjects' true interpretation or simply an error in 

recording their response, these data were dropped from the 

final analysis. However, it should be noted that including 

those responses would not have changed the statistical 

significance of any of the results described here. 
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The four itimuli prctented in the training icriei 

The two itimuli prctented in the poet-training leriet. 
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Figure 4D 



Table 1. 

APPENDIX C: TABLES 

Subject Error RT (ms) 

Number Rate V N I Benefits Costs 

1 8% 245 258 

2 7% 239 248 

3 3% 243 253 

4 3% 270 291 

5 7% 262 295 

6 3% 234 282 

7 4% 295 322 

8 5% 249 260 

9 3% 327 355 

10 0% 311 320 

11 3% 306 311 

12 3% 290 292 

280 13 22 

259 9 11 

298 10 45 

294 21 3 

308 33 13 

285 48 3 

326 27 4 

272 11 12 

370 28 15 

354 9 34 

326 5 15 

330 2 38 

Mean 4.1 273 291 308 18 18 

SD 2.27 32.0 32.7 33.6 13.6 14.1 
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Table 2. 

Percent identification as a function of denotivitv of 

figure-ground region. 

ATTENTION CONDITION 

DENOTIVITY ATTENDED NEUTRAL UNATTENDED 

HD REGION 46% 40% 46% 

LD REGION 10% 5% 1% 
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Table 3. 

% IDENTIFICATION FOR LD REGIONS FOR EACH SUBJECT IN EACH 
ATTENTION CONDITION GROUPED AS A FUNCTION OF FIGURE GROUP 
ORDER. 

LD 
FIGURE GROUP 

ORDER ATT N UNATT 

1A 0 0 0 
1A 0 0 0 
IB 0 0 0 
IB 0 12.5 0 

M 0 3 0 

2A 50  12 .5  12 .5  
2A 12.5 0 0 
2B 25  25  0  
2B  25  12 .5  0  

H 28  12  3  

3A 0 0 0 
3A 12.5 0 0 
3B 0 0 0 
3B 0 0 0 

M 3 0 0 

10 5 1 

** A/B REFLECTS BETWEEN SUBJECTS COUNTERBALANCING OF 
RIGHT/LEFT LD REGION AND FIGURE PRESENTATION ORDER. 

FIGURE GROUP ASSIGNMENT TO EACH LD ATTENTION CONDITION IN 
EACH FIGURE GROUP ORDER. 

FIGURE GROUP ORDER ATTENDED NEUTRAL UNATTENDED 

1A AND B 4A 4B 4C 
2A AND B 4B 4C 4A 
3A AND B 4C 4A 4B 
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