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Influence of Scene-Based Properties on Visual Search 

JAMES T. ENNS* AND RONALD A. RENSINK 

The task of visual search is to determine as rapidly as possible whether a target item is 
present or absent in a display. Rapidly detected items are thought to contain features 
that correspond to primitive elements in the human visual system. In previous theories, 
it has been assumed that visual search is based on simple two-dimensional features in 
the image. However, visual search also has access to another level of representation, 
one that describes properties in the corresponding three-dimensional scene. Among 
these properties are three dimensionality and the direction of lighting, but not viewing 
direction. These findings imply that the pafallel processes of early vision are much 
more sophisticated than previously assumed. 

I T IS EASY TO DETECT A VERTICAL LINE 

placed among a group of horizontal 
lines. The vertical line "pops out," 

drawing attention to itself regardless of how 
many horizontal lines are present. In con- 
uast, searching for a T-shaped target among 
L-shaped disuactors requires conscious ef- 
fort, and search time increases linearly with 
the number of L-shaped distractors in the 
display. These two classes of search exempli- 
fy the visual search paradigm, a useful tool 
for determining the primitive elements of 
early human vision. 

In theories of visual search it is hypothe- 
sized that there are two subsystems-(1-3). 
The first is a preattentive system capable of 
detecting simple features (for example, ori- 
ented lines) in parallel across the image. 
Processes at this stage do not detect spatial 
relations between features (for example, the 
relative locations of line segments). These 
spatial relations can only be determined by a 
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second system that inspects each collection 
of features in a serial fashion. 

When talking about features, however, 
one must distinguish between the world of 
objects in three-dimensional space (that is, 
the scene) and its projection onto a two- 
dimensional array (that is, the image). In a 
scene of objects illuminated by a distant 
point source, the array of image intensities is 
determined by: (i) direction of lighting, (ii) 
surface locations and orientations, (iii) sur- 
face reflectances, and (iv) viewing direction. 

Fig. 1. Experiment 1. The 
target (T) Ad distractor (D) 
items in the four condtions 
(A to D). Filled circles and 
bars represent data from tar- 
get-present trials; open cir- 
cles and bars represent tar- 
get-absent trials. (A) Search 
is rapid when the items cor- 
respond to three-dirnension- 
a1 blocks of different orienta- 
tion and lighting. (B to D) 
Search is slow when the 
items are two dimensional. 
Values are mean + SEM. 
Display size indicates num- 
ber of items presented in a 
trial. 
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These properties are only captured by the 
relations among image features. 

The experiments in this report tested the 
sensitivity of preattentive vision to several of 
these relations. Target and distractor items 
were composed of polygons shaded with 
one of three intensities: white (all pixels lit), 
gray (alternate pixels lit), and black (no 
pixels lit) (Figs. 1 through 4). Some of the 
items corresponded to projections of simple 
blocks under various orientation, viewing, 
and lighting conditions (Figs. lA, 2A, and 
3). Others could not be interpreted as three- 
dimensional objects (Fig. 1, B to  D, and 
Fig. 2, B and C). We asked whether visual 
search could distinguish among these items, 
and if so, which scene properties were rele- 
vant. 

A Macintosh computer was used to gen- 
erate the displays, control the experiments, 
and collect the data (4). Observers searched 
for a single target item among 1, 6, or 12 
items (5) .  The target was present in half the 
uials and randomly distributed throughout 
the uial sequence (6). Observers were in- 
structed to maintain fixation and to keep 
errors below 10% (7). Target presence or 
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absence was reported by pressing one of nvo Fig. 3. Experiment 3. A B C D 
response keys. In each experiment, ten ob- Search is rapid for a bottom- 

lit block among top-lit servers completed four to six sets of 60 trials blocks (A and C), but slow 
- m 0  - em- @ @  - @ @  

T D T D T D T D 
per condition (8). for a top-lit block among - 800 - 

Experiment 1 demonstrated that certain bottom-lit blocks (B and D). 
relations among simple features can be de- Viewing from above (A) Z 

E 600 tected preattentively. In Fig. lA, items cor- and (B) versus viewing from ,= 
below (C) and (D) does not g respond to blocks differing in orientation aEect search rate significant- 

and lighting. Regardless of how many items ly, although 
were in the display, obsenrers were quick to below (C) does slow base- !? - 

-10 2 
report target presence or absence (6 ms per he time some- hCI l n k  h h e 
item for both conditions) In contrast, ob- ::;, :icy ze ~~~y~ 

200 " l o ;  
1 6 1 2  1 6 1 2  1 6 1 2  1 6  12 

senTers were much slower to find the target bols are as given in legend to Display size 
when items were two dimensional Fig. 1. 
(P < 0.01). For example, search for spatial 
relations among the polygons in flat items from above; items with black tops as blocks 
required 19 and 35 ms per item (Fig. 1B) lit from below. Conditions in Fig. 4, A and 
and 15 and 23 ms per item (Fig. 1C). Search B, compared to Fig. 4, C and D, tested for 
based only on the edges that distinguished the influence of viewpoint, whereas Fig. 4, A the nvo blocks took 20 and 22 ms per item A and C, compared to Fig. 4, B and D, 
(Fig. 1D). tested for the influence of lighting direction. 

Because visual search is sensitive to spatial Viewing from above resulted in some- 
relations that capture three dimensionality, what faster base-line responses than viewing 
we asked whether it has a similar sensitivity from below (P  < 0.06), but viewpoint had 
to intensity relations. In experiment 2 we no significant effect on search slopes 
examined this question by using items that (P > 0.20). In contrast, direction of light- 
differed only in the intensities assigned to ing had a large influence on search rate 
the polygons. Once again, search was rapid (P < 0.01). When the target item had a B 
for items corresponding to three-dimension- black top, search was relatively easy (6 and 5 
a1 blocks [8 and 6 ms per item (Fig. 2A)] ms per item for Fig. 4A, 10 and 11 ms per 
and slow for items that could not be given item for Fig. 4C). Search for a white-topped 
such an interpretation [P < 0.01, 19 and 25 target was much slower (21 and 23 ms per 
ms per item (Fig. 2B), and 20 and 36 ms per item for Fig. 4B, 18 and 23 ms per item for 2 

item (Fig. lC)] .  Together, experiments 1 Fig. 4D). Fig. 4. Examples of 12-item target-present dis- 

and 2 show that rapid search is possible only When a switch between target and dis- plays h experiment 3. When viewed from above, 
the item with the black top stands out from white- 

when items can be interpreted as three- tractor items leads to slower search, it indi- topped items (A) more readily than the reverse 
dimensional objects. cates that the easily found item contains a arrangement (B). Turning the page upside down 

Objects are more easily apprehended primitive feature not present in the other reverses the relative difficulty of the &splays: (C) 
when they are below the line of sight (9) and (11). Thus, the results of experiment 3 show @lack top) is now easier than (white top). 

What remains constant, however, is that search are more readily grouped when they are lit that the scene-based property captured by for a black-topped item is still easier than search 
from the same direction (10). In experiment these items behaves like other preattentive for, white.topped item, 
3 we asked whether these factors influence features (1-3). This preattentive feature 
visual search (Fig. 3). Note that lighting seems to be the deviation from the standard 
direction for each item is determined by its direction of lighting, that is, lighting from akin to the discoveq'that rapid search can be 
pattern of intensities (Fig. 4). Items with above. based on conjunctions of features such as 
white tops can be interpreted as blocks lit The findings of experiments 1 to 3 are binocular disparity and color (12) and of 

motion and form (13). However, the fea- 
tures presented in these experiments are 
more complex, describing scene-based prop- 
erties derived from spatial relations in single 

1000 static images. 
T D Which properties of the scene might these 

be? First, experiments 1 and 2'showed that - 800 early vision is sensitive to spatial and intensi- 
ty relations that convey three dimensionality 

E .- (14). Moreover, experiment 1 (Fig. 1D) and 
600 experiment 2 (Fig. 2C) showed that local 

~ i ~ .  2. Experiment 2, Search is rapid image relations consistent with three-dimen- 
for three-&mensional blocks that dif- sional corners were not sufficient to permit 

400 20 - fer only in lighting (A) but not for rapid search. That is, the underlying pro- 
- - i o two-dimensional items that have sim- cesses seem to test for a consistent interpre- 

ilar intensity relations (B and C). 
o Values are mean t SEM. Display tation of the entire item. Although in ma- 

200 
1 6 1 2  1 6 1 2  1 6 1 2  size and symbols are as given in leg. chine vision this can be done by a constraint 

Display size end to Fig. 1. satisfaction algorithm such as line-labeling 
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(IS), hrther tests will be needed to deter- 
mine whether this is the process used in 
human vision. 

Second, not every relevant scene property 
had an influence on search. Experiments 2 
and 3 showed that the direction of viewing 
had no effect on how easily a target could be 
found. We have run additional tests that gener- 
alize this result for blocks rotated 60" and 90" 
&om those used in experiments 2 and 3. 

Third, our experiments showed that visu- 
al search can be influenced by the direction 
of lighting in the items, although other 
scene properties may also be involved (16). 
As such, our results are consistent with 
reports (10, 17) that viewers are able to 
assign the correct direction of lighting to a 
scene only on the basis of intensity gradients 
in an image. However, our results support 
two stronger claims: (i) that preattentive 
processes determine lighting direction for 
objects in parallel over the image and (ii) 
that it is the deviation from the standard 
direction that is detected most readily. We 
also note that these effects did not require 
intensities to be varied smoothly (10, 17)- 
three intensities were sufficient. Perhaps the 
underlying processes make use of the fact 
that direction of lighting can be calculated 
by using only the orientations of the lines 
and the intensities of the three regions at 
each vertex in the image (18). 

Taken together, these experiments imply 
that visual search has access to a level of 
representation that describes several proper- 
ties of the three-dimensional scene. There- 
fore, search cannot be based entirely on the 
simple properties thought to be encoded at 
the earliest stages of cortical processing (for 
example, two-dimensional orientation, con- 
trast, and motion registered by neurons in 
area 17). Either these cells are also sensitive 
to scene-based properties, or else visual 
search must access areas higher in the corti- 
cal hierarchy. In addition, these findings 
suggest that computational studies of vision 
should examine the extent to which scene 
properties can be computed in parallel early 
in the visual stream (19). 
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Growth Factors Induce Phosphorylation of the 
Na+/H+ Antiporter, a Glycoprotein of 110 kD 

The Na+/H+ antiporter, which regulates intracellular pH in virtually all cells, is one of 
the best examples of a mitogen- and oncogene-activated membrane target whose 
activity rapidly changes on stimulation. The activating mechanism is unknown. A Na+/ 
H +  antiporter complementary DNA fragment was expressed in Escherichia coli as a P- 
galactosidase fusion protein, and a specific antibody to  the fusion protein was 
prepared. Use of this antibody revealed that the Na+/H+ antiporter is a 110-kilodalton 
glycoprotein that is phosphorylated in growing cells. Mitogenic activation of resting 
hamster fibroblasts and A43 1 human epidermoid cells with epidermal growth factor, 
thrombin, phorbol esters, or  serum, stimulated phosphorylation of the Na+/H+ 
antiporter with a time course similar to  that of the rise in intracellular pH.  

HE NA+/H+ ANTIPORTER IS A 

widespread plasma membrane trans- 
porter that regulates intracellular p H  

(pHi) (1, 2) and is important in signal 
transduction. Its biochemical ground state is 
modified by oncogenic transformation and 

Centre de Biochimie-CNRS, Parc Valrose, 06034 Nice, 
France. 

in response to a wide variety of external 
signals (including sperm, phorbol esters, 
lectins, growth factors, hormones, neuro- 
transmitters, and chemotactic peptides) (3- 
5), resulting in a persistent cytoplasmic alka- 
linization (6). This induced pH, change, 
which is most evident in the absence of 
bicarbonate (7, 8) ,  results from an increased 
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