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Visual Search for Size Is Influenced by a Background Texture Gradient Deborah J. Aks University of Wisconsin at Whitewater



James T. Enns University of British Columbia



Research on the perception of texture gradients has relied heavily on the subjective reports of observers engaged in free-viewing. We asked whether these findings generalized to speeded performance. Experiment 1 showed that an important aspect of subjective perception—sizeconstancy scaling with perceived distance—also predicted the speed of pop-out visual search for cylinders viewed against a texture gradient. Experiment 2 showed that this finding could not be attributed to the local contrast between search items and the background texture. Experiment 3 assessed the relative contributions of 2 separable dimensions of texture gradients—perspective (radial spreading) and compression (foreshortening)—finding them to be independent in the more rapid search conditions (long target among shorter distractors) but combined in their influence in the slower conditions (short target among longer distractors).



When observers view the texture gradient shown in Figure 1A they usually report seeing a flat surface recede into the distance, despite the fact that a two-dimensional (2-D) image alone cannot specify the three-dimensional (3-D) surface that gave rise to the projection. This study asked whether the factors influencing the perceived slant of such texture gradients also influences rapid visual search for objects placed on their surface. Although a large number of previous studies have examined the perception of slant in texture gradients (e.g., Flock, 1965; Gibson, 1950a, 1950b, 1979; Pizlo & Rosenfeld, 1992; Stevens, 1981, 1983a, 1983b; Todd & Akerstrom, 1987; Witkin, 1981), most have relied on the subjective reports of observers. For example, observers in Gibson's (195 Ob) pioneering work matched the slant of textured surfaces in photographs by using their palms to show a corresponding inclination. The more recent studies have used variations on this method. We wondered whether the findings obtained with these measures would generalize to a performance-based measure. This question arose quite naturally from our concern for the larger issue of ecological validity. We noted that researchers who use naturalistic stimuli to study perception under ecologically valid conditions do not necessarily show the same consideration for the observer's task. Observers are typically given unlimited time to view the stimulus and to produce a slant estimate. This task is not related in any direct way to the everyday actions for which the visual system is used, ranging from those that are essential for the survival of an individual or the species (e.g., feeding, fightDeborah J. Aks, Department of Psychology, University of Wisconsin at Whitewater; James T. Enns, Department of Psychology, University of British Columbia, Vancouver, British Columbia, Canada. Correspondence concerning this article should be addressed to Deborah J. Aks, Department of Psychology, University of Wisconsin, Whitewater, Wisconsin 53190. Electronic mail may be sent via the Internet to [email protected].
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ing, fleeing, and mating) to those that are engaged in largely for pleasure (e.g., playing sports or video games). What these tasks all have in common is that there is an advantage to be gained by using vision rapidly to control actions (e.g., eye and head movements in visual exploration, hand movements in grasping, and foot movements in locomotion). From this perspective, studies based on observer reports tell us only that the depicted distance in a texture gradient can form the basis of a conscious percept under conditions of focused attention. There are now a handful of studies in which the perception of texture gradients has been assessed under stress of time (Bennett & Warren, 1993; Leibowitz & Bourne, 1956; Pringle & Uhlarik, 1982; Smets & Steppers, 1990; Uhlarik, Pringle, Jordan, & Misceo, 1980). Of these, Bennett and Warren (1993) came closest to the present goal. Observers were shown displays of a textured hallway against which shapes were presented in a same-different shape matching task. For this task, differences in shape and size were irrelevant, and it was in the observer's interest to ignore them. Nonetheless, reliable influences on response time (RT) were found for both environmental size (depth scaled) and retinal size (visual angle) differences. However, the challenging nature of the task (i.e., RTs in the shapematching task averaged 1-2 s) suggested that observers scrutinized the shapes with focused attention. Smets and Stappers (1990) presented observers with brief exposures of a texture gradient—the task was to detect a texture element oriented inappropriately in its immediate context. Detection accuracy was clearly dependent on the extent to which the gradient was disrupted, with the authors interpreting this as evidence for very rapid processing of slant from texture gradients. However, the possibility that the task was accomplished using local 2-D cues could not be ruled out. Furthermore, the task again forced observers to attend to the texture elements in making their report, leaving open the possibility that focused attention was involved in the effects. The task we used involved searching for a target cylinder
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Figure 1. Texture gradients consisting of a grid of lines. Superimposed on each gradient are 10 outline drawings of cylinders, one of which (the target) is smaller than the others. (A) The gradient is consistent with a surface slanted at 77° away from the frontoparallel plane of the viewer. (B) The texture is uniform, or slanted 0° from the frontoparallel plane.



that was either larger or smaller than nontarget (distractor) cylinders, as shown in Figure 1 A. If the apparent size of the search items is influenced by the background texture gradient, it should be easiest when retinal target size is inconsistent with its location in the image (e.g., a long target shown in a "far" location or a short target shown in a "near" location) and most difficult when retinal target size is consistent with location (e.g., a long target shown in a "near" location or a short target shown in a "far" location).



Experiment 1: Visual Search Is Influenced by a Background Texture Gradient The first experiment we report in detail benefited from several preliminary tests (Aks, 1993). In one, the search items were black bars of various lengths, designed to be comparable to those used in other studies (e.g., Treisman & Gormican, 1988). However, they yielded unreliable effects across background location. The items seemed to be easily segregated from the background texture, either because of their 2-D appearance, or their lack of apparent contact with the depicted surface, or both. We therefore tested items that had both apparent volume and appeared to contact the slanted surface. In a second test, line-drawn cylinders were presented against a textured surface that receded toward the top of the display, as shown in Figure 1A. Search was indeed more difficult when a shorter target cylinder was "far" (i.e., top of the display) and a longer target cylinder was "near" (i.e., bottom of the display), but the same location effects were observed, albeit reduced in magnitude, in the control background (see Figure IB). A possible reason is that observers may have been influenced by the height of the target in the picture plane, with height alone being interpreted as a depth cue (Bennett & Warren, 1993, describe a similar effect). A third test used the same stimuli shown in Figure 1, except that the displays were rotated by 90° to control for any possible contribution from the depth cue of height in the plane. The slanted surface therefore appeared to be a wall rather than a floor, which could slant either to the left or to



the right. This time, the control backgrounds revealed no systematic bias for targets located on the right or the left. However, the same targets viewed against the slanted background showed strong location dependency, with the mean RT for the short target over 250 ms slower (and 21% less accurate) in the far locations than in the near locations. Conversely, mean RTs for the long targets were 378 ms slower (and 29% less accurate) in the near versus far locations. RT slopes (mean RT as a linear function of display size) averaged over 30 ms per item in each condition. The present experiment began with the question of whether these effects would also be observed when the baseline search task was one of "pop-out," that is, when focused attention is not required for target detection. This is of interest because many theories of vision are premised on a distinction between two subsystems: a rapid preattentive system, which uses spatially parallel mechanisms, working in a bottom-up fashion, to register image features in independent topographic maps; and a later attentive system, which takes advantage of flexible, but spatially serial, topdown processes to conjoin features from shared spatialtemporal locations (Beck, 1982; Julesz, 1984; Treisman, 1986; Treisman, Cavanagh, Fischer, Ramachandran, and von der Heydt, 1990; Wolfe, 1994). These two subsystems have often been distinguished operationally on the basis of visual search RT slopes. Slopes that are less than 10 ms per item define pop-out or parallel search, because it is believed that the serial mechanisms of attention require more time to be able to move from item to item (or alternatively, because there is little decrease in the efficiency of spatially parallel processes with increasing display size, see Ashby & Townsend, 1986). More recently, the consensus has moved to the position that there is really a continuum of search slopes underlying performance. This alone, however, has not been too unsettling to the theories, because most are able to accommodate this range of performance while retaining the theoretical distinction (cf. Ashby & Townsend, 1986; Duncan & Humphreys, 1989; Treisman & Gormican, 1988; Treisman & Sato, 1990; Wolfe, 1994; Wolfe, Cave, & Franzel, 1989). Therefore, when we refer to two systems in this article, we do so with the understanding that visual processes may really be graded. The more troubling data for conventional theories come from reports showing that pop-out is sometimes possible for complex spatial relations among simple features—especially when those relations signal important features in the 3-D domain, such as surface orientation, convexity, stereodepth, and direction of lighting (Aks & Enns, 1992; Enns & Rensink, 1990a, 1990b, 1991; Kleffner & Ramachandran, 1992; Nakayama & Silver-man, 1986; Ramachandran, 1988). These findings strongly suggest that the mechanisms of visual search have access to a level of representation that has some information about 3-D object shape and surface layout. In the present experiment we asked whether pop-out search for items differing in a simple feature (i.e., size) might also be sensitive to the depicted slant in a background texture.
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Method Stimuli and apparatus. Display presentation and data collection were controlled by a Macintosh computer running VScope software (Enns & Rensink, 1992). The drawings of cylinders and textured surfaces were generated by the DynaPerspective Design and Modeling Program (Tatsumi & Okamura, 1988). Two examples of the displays are shown in Figure 1. The lines used to draw the search items and the background grid were black (12.2 cd/m2) against a white screen (158.9 cd/m2). The slanted background was generated by taking the control background, which consisted of a uniform square grid of lines (14° X 14°), and redrawing it at a 77° slant relative to the normal of the line of sight. To control for location-based differences in luminance contrast in the slant background, pixel density was controlled (i.e., every 2.25° X 2.25° region of the display contained 20% black pixels). Search items were randomly distributed over a 6 X 6 grid of notional cells, with the constraint that the target item appeared equally often in each of three equal-size vertical regions. For the control background, these were simply the left-, middle-, and right-thirds of the display. For the slant backgrounds, the same regions corresponded to the relative distances of far, midrange, and near. Observers were seated, with their eyes approximately 50 cm from the screen. Search items were also presented in one of two orientations: horizontally oriented cylinders were drawn so that they appeared to contact the surface of the gradient (i.e., the visible side of the cylinder was oriented to recede along with the textured surface), and vertically oriented cylinders were drawn so as to be viewed from above and thus suspended free of the textured surface. Design and procedure. In a preliminary phase of the experiment, the size difference between target and distractor items was determined separately for each observer. We used a staircase procedure (Comsweet, 1962) to ensure that each observer performed pop-out search (mean slope of 10 ms per item or less on target-present trials) for the long target in the baseline measure. The possible targets in the staircase procedure ranged in size from 1.40° X 1.10° to 1.72° X 1.42° in .04° increments; distractors were held constant at 1.29° X .92°. Testing began with the largest (or smallest) target and was systematically decreased (or increased) until the target-present search slope was inside (or outside) the preattentive range (0-10 ms/item). The direction of the steps was then reversed, and testing continued until the search rate had crossed the boundary. The average target size required to achieve this pop-out criterion after 4 to 6 sets of 60 trials was taken as the threshold for each observer. Differences in threshold size ranged from 0.25° to 0.40° between observers. The item size determined by this procedure was then used as the target in the long target condition and as the distractor in the short target condition of the texture-gradient experiment. Observers made speeded bimanual responses to indicate whether a target cylinder was present in the display. On a random half of the displays, the target was present, with the total number of cylinders also varying randomly between 2, 6, and 10. Each trial began with a central fixation symbol (black dot) lit for 500 ms, followed by die display, which remained visible until the observer responded. Following the response, visual feedback was presented at the center of the screen ("+" for correct, "—" for incorrect). Observers were instructed to maintain fixation throughout the trial sequence, to respond as rapidly as possible, and to keep errors below 10%. Observers were tested in two 1-hr sessions, one for the long target and one for the short target (target and distractor sizes were reversed). Each session consisted of three sets of 54 trials in the
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control condition and the same number of trials in the slant condition, in a counterbalanced order. Because of the large number of conditions, observers were further divided into four groups: item orientation (horizontal, vertical) and direction of slant ("near" on the right, "near" on the left). Participants. Forty undergraduate students (24 female, age range = 17-27 years) participated in two 1-hr sessions. None had previous experience with visual search tasks, and all reported normal or corrected-to-normal vision. Results Mean correct RT and percentage errors for target present trials are presented in Table I.1 Preliminary analyses showed that search was easiest when the target was located in the middle region of both backgrounds. This was supported by a significant main effect of location—RT: F(2, 76) = 126.17, p < .001; errors: F(2, 78) = 28.37, p < .001)—and significant comparisons between middle and extreme locations for both RT and errors on each background (all ps < .05). As shown in Figure 2, visual search for short targets in the slant condition was 66 ms slower on average, ((78) = 8.60, p < .001, and 4.4% less accurate, ((78) = 4.04, p < .001, in the far than in the near location. Conversely, search for long targets was 27 ms slower, ((78) = 3.63, p < .001, and 0.1% less accurate, /(78) = 0.01, in the near than in the far locations. In the control condition, performance did not vary significantly for left and right locations (all ps > .05). These comparisons were supported in the overall analysis of variance (ANOVA) by the following significant interactions: Background X Target Size X Location (RT: F[2, 78] = 34.67, p < .001; errors: F[2, 78] = 7.58, p < .01]; Target Size X Location (RT [F(2, 78)] = 15.40, p < .001); and Background X Location (RT: F[2, 78] = 8.37, p < .001; errors: F[2, 78] = 4.20, p < .02). RT slopes (linear regression lines fit to the mean RT over display size) were not as sensitive to the texture gradients as the mean RT averaged over differences in display size. As expected, slopes showed no regional bias in the control conditions (M = 5.3 ms per item for long, M — 10.2 ms per item for short, all ps > .20). In the slant condition, there were marginal differences in slope for short targets, but these were opposite to the size-scaling prediction: near = 17.1 vs. far = 10.0 ms per item, ((38) = 1.86, p = .06. Slopes were approximately the same for long targets across near and far regions: 6.8 vs. 8.7 ms per item, ((38) = 0.50. The most direct measure of the influence of size-scaling on visual search was given by a combined size-consistency score. This was obtained by first subtracting from each of the two extreme locations in the slant background (i.e., near and far locations) the corresponding data points in the 1 Statistical analyses were based only on target present trials because absent trials are not differentiated by target location. Missing data were observed in 0.69% of the cells in this design, either because of a computer program failure or because there were no correct RTs observed for a given observer. These cells were filled by the group mean for statistical analyses, but in no case were the reported significance levels affected by this procedure.
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Table 1 Mean Correct Response Time and Mean Errors in Experiment 1 Target location



Target and texture



Far Display size



M



Target location



Middle



SE



M



Near



SE



M



Far



SE



M



Middle



SE



M



Near



M



SE



SE



Response time (ms) Horizontal item orientation



Vertical item orientation



Short Slant



Control Long Slant Control



2 6 10 2 6 10



750 753 843 653 671 747



23 23 31 32 16 18



627 626 680 624 593 697



17 13 16 20 14 25



665 682 812 628 690 746



17 21 20 13 18 22



752 754 764 626 679 712



35 38 31 21 26 30



610 629 654 597 602 685



22 22 20 21 19 26



646 673 746 668 710 733



19 20 22 28 47 33



2 6 10 2 6 10



595 628 653 594 598 620



21 26 27 20 18 18



592 569 604 535 540 559



26 22 21 16 16 19



645 680 701 555 582 615



24 31 34 15 15 18



597 579 612 563 555 598



22 14 14 10 11 16



539 535 584 515 531 551



20 13 18 11 19 14



566 580 628 558 584 557



17 16 18 11 19 11



Errors (%) Vertical item orientation



Horizontal item orientation Short Slant Control Long Slant Control



2 6 10 2 6 10



12 8 14 5 2 7



2 2 2 2 1 2



3 3 I 4 2 4



1 1 1 1 1 2



5 3 9 4 9 13



1 2 2 2 2 3



13 6 5 7 7 5



2 2 1 2 2 2



3 4 3 2 7 3



1 1 1 1 2 1



7 4 9 5 3 7



2 1 2 1 1 2



2 6 10 2 6 10



5 5 4 5 3 5



2 2 2 3 1 2



4 2 9 1 1 4



1 1 2 1 1 2



5 6 8 3 2 4



2 2 3 1 1 2



8 5 9 9 4 7



3 2 3 3 2 2



4 3 3 3 3 4



2 1 1 2 2 1



6 4 7 3 5 8



2 1 2 2 2 3



control background (i.e., left and right locations). The scores in the size-inconsistent conditions (i.e., short targets in the near location, long targets in the far location) were then subtracted from those in the consistent conditions (i.e., short targets in the far location, long targets in the near location). The difference scores in Figure 3 thus reflect the effect of apparent slant after all control factors have been taken into account. Note that almost all conditions yielded a significant size consistency effect in RT. The two exceptions involved the vertically oriented, long target items (2- and 6-item displays). An ANOVA revealed a marginally significant effect of target size, F(l, 38) = 3.91, p < .06, reflecting the generally stronger effects for short targets. Three interactions were also significant: Target Size X Item Orientation, F(1, 38) = 7.54, p < .01, reflected smaller consistency scores for the vertical long targets (M = 8 ms) than for the others (M = 73 ms for horizontal long, 99 ms for vertical short, and 58 ms for horizontal short); whereas Target Size X Display Size, F(2, 76) = 3.31, p < .05, reflected a decline in consistency scores, with increasing display size for short targets (Ms = 102, 96, and 38 ms, respectively) but



not for long targets (Ms = 46, 20, and 55 ms, respectively), a trend that was most pronounced when items were oriented vertically, Target Size X Display Size X Item Orientation, F(2, 76) = 3.33, p < .05. A size-consistency analysis of the error data was generally in agreement with the RT data, although only two main effects reached significance: short targets resulted in stronger effects than long targets, F(\, 38) = 7.03, p < .02, and effects tended to diminish with increasing display size; mean errors = 8.0%, 2.1%, and 1.9%, respectively; F(2, 78) = 3.54, p < .05.



Discussion These data show that pop-out visual search, based on a simple feature such as size, can be influenced by the slant that is depicted in a background texture gradient. Both search speed and accuracy varied with the location of the target on the texture surface—being best when the projected size of the target was inconsistent with the depicted slant (i.e., when the short target was near or the long target was far) and worst when shown with consistent size-scaling (i.e.,
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Target Location Figure 2. Mean correct response time (RT) for selected target present trials in Experiment 1. Bars in each group of three show display sizes of 2 (left bar), 6 (middle bar), and 10 (right bar).



the long target was near or the short target was far). A control condition involving a background of uniform texture also revealed a location effect (i.e., an advantage for targets in the middle region), but this could not be attributed to depicted depth. The clear implication is that the background texture gradient affects the processes underlying visual



Short Target



Item Orientation



Long Target



I Vertical PI Horizontal



10 Display Size Figure 3. Size-consistency scores in Experiment 1. Bars in each group of two show vertical (left bar) and horizontal (right bar) item orientations.



search and that focused attention is not necessary for the depicted slant to be processed. The finding that the influence of the texture gradient was more reliable for the horizontally oriented than for vertically oriented cylinders further supports the hypothesis that popout search is sensitive to depicted surface slant. Recall that search items in this condition appeared to be attached to the receding background surface, whereas those in the vertical condition appeared to be suspended in front of the textured plane. This suggests that the processes underlying visual search were also sensitive to depicted "surface attachment" (Butler & Kring, 1987). Why was search easiest for targets in the middle location, regardless of whether the background depicted a slanted or a flat surface? There are several ready explanations, including that the efficiency of search has often been noted to increase with proximity of the target to the fovea (e.g., Carrasco, Evert, Chang, & Katz, 1995; Wolfe, 1994) and that search is made more efficient by increased proximity between the target and distractor items (Green, 1992; Northdurft, 1992; Poisson & Wilkinson, 1992; Sagi, 1990; Sagi & Julesz, 1987). Both of these effects would be strongest in the middle location in the present experiment. The one unexpected finding was that texture gradients did not influence search rates (i.e., RT slopes) as consistently as they influenced overall search speed (i.e., mean RT). One possible reason may have been the presence of a floor effect. That is, the search task may have simply been too easy in large display size conditions for the influence of the texture to be observed in the slopes. But there are also less trivial explanations. One is premised on the idea that it is easier to compare stimuli at the same apparent depth than to compare across different depth planes. In the present displays, the probability of such comparisons increased directly with display size.2 Another account appeals to the influence of item grouping. There are several reports demonstrating the effects of item grouping at
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the earliest stages of vision (Callaghan, 1989; Callaghan, Lasaga, & Garner, 1986; Duncan & Humphreys, 1989; Humphreys, Quinlan, & Riddoch, 1989; Rensink & Enns, 1995; Treisman, 1982). Item grouping can be used both to increase the speed of search, as occurs when all nontarget items are homogeneous, or to decrease its speed, as occurs when the target is embedded in a larger gestalt-like configuration. Here, two such operations may have been at work. The first, a grouping of homogeneous distractors, should have worked to speed up search disproportionately in large display sizes, because under these conditions the items could be segmented, as a group, more easily from the background texture. The second operation, a grouping of the search items with the background surface through apparent attachment, should have worked to make size-consistent search more difficult in the horizontally oriented item conditions. Both of these effects were evident in the data.



Experiment 2: Controlling for Local Texture Contrast Effects The second experiment was designed to control for local 2-D contrast effects. This was motivated by the observation that in our size-consistent conditions (i.e., short target in far location, long target in near) the target item was presented against a background that may have contributed locally to a more difficult search (i.e., short target presented against a fine texture, long target presented against a coarse texture). Conversely, in our size-inconsistent conditions (i.e., short target in near location, long target in far), the target item may have been more conspicuous simply because of its relation to the local background scale of texture (i.e., short target presented against a coarse texture, long target presented against a fine texture). To examine the possible contributions of such effects, we replicated a substantial portion of Experiment 1 using a larger set of control backgrounds, as shown in Figure 4. Observers searched for a target among horizontally oriented items in both the slant condition and three control conditions that differed in background texture scale.



Method Stimuli and apparatus. Visual search displays and items were similar to those in Experiment 1, with the following exceptions. First, the lines making up the search items and the textures (12.2 cd/m2) were placed on a square gray background (60 cd/m2) to delineate a 14° X 14° texture viewing region. Second, to increase the discrim inability of the search items even further, all items were filled with a slightly darker gray (50 cd/m2). Third, control background displays consisted of three uniform-grid textures at different scales, with examples of the fine and coarse scales shown in Figure 4. These square grids correspond in shape to nonslanted surfaces used in the control condition of Experiment 1. The square grid elements matched the mean horizontal dimension of the far, middle, and near texture elements on the slanted surface. Thus, fine-control consisted of a 40 X 40 grid of lines each 0.05° wide, medium-control consisted of a 20 X 20 grid in which lines were 0.10° wide, and coarse-control consisted of an 11 X 11 grid in which lines were 0.10° wide. Pixel density of the lines was again controlled (i.e., every 2.25° X 2.25° region of the display con-



Coarse



Fine



Figure 4. Two of the three control textures tested in Experiment 2, along with 10 search items (1 short target and 9 distractors). tained 20% black pixels). Fourth, target and distractor items sizes were fixed for all observers at 1.67° X 1.24° for long items and 1.29° X .92° for short items. Finally, all search items were horizontally oriented, because it was these items that yielded the most consistent effects, Design and procedure. Observers performed the same visual search task as in Experiment 1, against a texture gradient (slant) and the three uniform grids (fine, medium, coarse) in a random order. Each observer was thus tested for three sets of 60 trials in each condition. All other procedural details were identical to those in Experiment 1. Participants. Thirty undergraduate students from the University of Wisconsin (17 female; age range = 17-26) participated in a 1 hr or two 1/2 hr sessions. Observers received course credit for participating, and all reported normal or corrected-to-normal vision.



Results Mean correct RT and percentage errors are presented in Table 2,3 with the specific conditions relevant to our hypotheses graphed in Figure 5. Preliminary analyses again showed that search was easiest when targets were located in the middle regions of all backgrounds—RT: F(2, 58) = 10.62,;> < .001; errors: F(2, 58) = 7.37, p < .01. However, they also showed that target location (left, middle, right) interacted with the scale of the texture (fine, medium, coarse) in the control backgrounds— RT: F(4, 116) = 3.07, p < .02; errors: f(4, 116) < 1. Specifically, there was a smaller advantage for the middle location in the mediumscale texture [16 ms, 1.6%] than in the fine [38 ms, 1.5%] or coarse-scale textures [31 ms, 2.5%]. To control for location and texture scale effects as much as possible, all subsequent comparisons between slant and control conditions were made with these variables held constant (e.g., near left-side locations in the slant background were compared with left-side locations in the coarse control background). 2



We thank Jeremy Wolfe for this idea. Missing data were observed in 0.0025% of the cells in this design, either because an original data file was lost or because there were no correct RTs observed for a given observer. As in Experiment 1, these cells were filled by the group mean for statistical analyses, but in no case were the reported significance levels affected by this procedure. 3
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Display *-^*u!r*fcv size



Middle



Far



M



SE



A/



SE



Near M



S£



Response time (ms) Short Slant Control Long Slant Control



Short Slant Control Long Slant Control



2 6 10 2 6 10



626 677 706 652 667 695



27 26 28 28 21 24



570 666 649 574 634 715



20 33 23 18 20 39



606 653 690 633 688 729



22 23 20 21 24 31



2



587 616 606 581 620 619



30 21 18 18 23 19



575 573 594 564 579 599



19 17 21 21 16 19



600 627 699 586 608 625



19 21 36 17 20 22



6 10 2 6 10



Errors (%) 2 6 10 2 6 10



9 11 10 4 6 9



2 2 2 2 1 2



6 8 11 7 10 3



2 2 3 2 3 1



9 10 12 7 13 7



2



2 6 10 2 6 10



5 6 7 6 7 10



2 2 2 2 2 2



5 7 9 5 8 8



2 2 3 2 2 2



7 10 12 10 9 9



2 3 2 3 2 2



As shown in Figure 5, search for short targets in the slant condition was 21 ms slower, f(58) = 1.45, p < .10, and equally accurate (mean difference < 1% error) in the far vs. near location. This difference was significant when compared with the fine versus coarse-scale textures in the conSlant Background Short Target



Near



Far



trol condition, which yielded a 12 ms difference in the opposite direction, r(58) = 2.26, p < .05. Conversely, search for long targets was 38 ms slower, f(58) = 2.60, p < .05, and 3.8% less accurate, f(58) = 2.52, p < .05, in the near than in the far locations. In the control conditions, Control Background



Long Target



Near



3 2 2 3 2



Short Target



Long Target



Fine



Fine



Coarse



Coarse



Target Location Figure 5. Mean correct response time (RT) for selected target present trials in Experiment 2. Bars in each group of three show display sizes of 2 (left bar), 6 (middle bar), and 10 (right bar).
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performance did not vary significantly for the fine versus coarse texture (p > .05). These comparisons were supported in the overall ANOVA by a significant interaction of Background X Target Size X Scale—RT: F(2, 58) = 3.37, p < .04; errors: F(2, 58) = 1.11. As in the previous experiment, RT slopes were not as sensitive to the slant of the texture gradients as the mean RT measure. In the slant condition, RT slopes for the long target in the near location were significantly larger than in the far location—12.4 vs. 4.3 ms per item, f(29) = 2.25, p < .05— but slopes for the short target did not vary with location— far = 10.0 vs. near = 10.5 ms per item, r(29) < 1. In the control condition, the trend for short targets was in the opposite direction to the predicted effects of local size contrast (slopes were non-signlficantly larger for the coarse texture, 10.7 vs. 5.4 ms per item, t[29] = 1.48, p > .10), whereas slopes for the long targets were similar in the fine and coarse conditions (4.7 vs. 4.9 ms per item, r[29] < 1). The size-consistency RT scores, shown in Figure 6, were significantly larger than zero for both target sizes—short: /(89) = 1.77, p < .05; long: t(89) = 2.23, ;> < .05—but did not differ significantly with target size or display size (p > .05). Errors showed a similar pattern, although none of the effects were significant (mean consistency score = 1.5% for short, 1.9% for long).



Discussion These data show that there is an influence of depicted surface slant on visual search for item size even when the
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