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major, and it includes many different subjects relating to 
how the brain functions. Some of these topics are language 
comprehension, decision making, attention, memory, and 
perception, including visual perception. Studying vision is 
an important part of understanding how all the parts of the 
brain work together to allow us to perceive the world. Also, 
the research I did at NASA is closely tied to human factors, 
which is the study of making machines that are well-suited to 
the cognitive capabilities of human users.

After completing this research project, what do you 
think was your most fulfilling experience? 

The most fulfilling experience was being able to say that 
I’ve worked for NASA. I mean, how many people can say that? 
More importantly though, the research I did this summer has 
helped guide me towards what areas of cognitive science I 
would like to study in graduate school. The internship this 
summer also helped to solidify my desire to go into research, 
and I am grateful I had the opportunity to participate in the 
USRP.

How can undergraduates get started in this kind of 
research? 

To apply for the NASA USRP, go to the NASA Education 
website at http://education.nasa.gov/. From there, you will 
find links to the USRP site. It’s also very easy to get involved 
with research here at UR. Read about the research being 
done in your professors’ labs, and if it interests you, contact 
them and tell them that you are interested in being a research 
assistant. Faculty in the BCS department are conducting 
research on a wide array of topics, and many of them like to 
have undergraduates working with them.
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What is visual research all about? 
 Visual perception is the process by which the brain 

interprets the visual information that enters our eyes. How 
does the brain turn waves of electromagnetic radiation into 
objects we can recognize, such as a friend’s face, a coffee cup, 
or the cockpit in a Space Shuttle? We can study this process 
by using an eye tracker to record a person’s eye movements 
as they look at a scene in front of them. Eye movements are 
closely linked to attention, and they allow us to see what 
someone is thinking about, based on where they are looking, 
at any given time. 

Attention is an important part of perception, since the 
brain can only process a limited amount of information at 
once. By studying eye movements in a controlled condition, 
we can understand how the brain processes visual information 
and allows us to perceive the world as we do.

Who or what motivated you to start on this 
research project?

 My research was done through the NASA Undergraduate 
Student Research Program (USRP). This is an internship 
program for undergraduate science and engineering majors that 
allows them to do research at one of several NASA facilities. 
I first found out about the program from two of the graduate 
students in our lab, Ellen Campana and Kate Pirog. I had 
always wanted to work for NASA, and this internship gave me 
that opportunity. My adviser at NASA Ames, Brent Beutter, 
was essential for motivating me to design an experiment to 
study visual attention.

How does it relate to your major? 
BCS (Brain and Cognitive Science) is a very extensive 

This Featured Researcher article focuses on Joseph Toscano, a senior majoring in Brain and Cognitive Sciences, who did his research 
at the National Aeronautics and Space Administration (NASA) under the guidance of Brent Beutter. Joe plans to attend graduate 
school in cognitive science after graduation.



Volume 3 • Issue 2 • Spring 2005 jur.rochester.edu 9

We use our visual system to continuously update 
our information about the world around us. By 
looking at various objects in the environment, we 

acquire knowledge about the properties of the objects and 
their locations. One important aspect of this process is visual 
search—the ability to locate and identify objects in a complex, 
noisy environment. Visual search allows us to routinely analyze 
the world and gain information about it. One situation in 
which visual search plays a significant role is in space. The 
ability of astronauts to successfully search for objects in a 
complex environment, such as a spacecraft cockpit, is crucial 
for safe manned spaceflight. Understanding how humans 
perform visual searches allows us to design interfaces that are 
well-matched to the capabilities of human users. 

When performing a visual search task, the brain signals the 
eyes to make rapid movements, known as saccades, to various 
places in order to gain information about the objects present. 
The mechanisms that control the location of eye movements 
are determined by the task, the observer’s biases, and the 
properties of the objects present in the scene. Patterns of eye 
movements are particularly important in visual search tasks in 
which the observer must scan a display to locate a target. 

Eye movements are closely linked to attention. While it is 
possible to attend to a location without making a saccade to it,1 
the converse situation is not necessarily true.2,3 Slightly before 
a saccade occurs, attention normally shifts to the location of 
the eye movement. Thus, eye movements provide us with a 
good observable phenomenon to test where an observer’s 
attention is focused. Since eye movements and attention are so 
closely linked, studying eye movement patterns help us gain 
an understanding of where an individual’s attention is focused 
in a complex environment, such as the Space Shuttle cockpit 
(Fig. 1). 

Several parameters affect when and where eye movements 
will occur. One set of factors, often referred to as bottom-
up factors, consists of the properties of the stimulus itself, 
and are determined by low-level mechanisms in the brain.4-7 
These factors include contrast, color, shape, onset, location, 
and a number of other features. Stimulus features give us a 
measure of an object’s salience, that is, how well it “stands 
out” in a scene. The other set of factors, top-down factors, 

include the observer’s conscious decisions about where to 
focus his eyes, and are determined by higher order processing 
and decision making areas in the brain.8 While we often make 
eye movements without conscious thought, it is also possible 
to exert a great deal of conscious control over where we are 
looking. If, in a visual search task, an observer is looking for 
any objects in the scene that have a certain set of features, a 
purely top-down system would be able to attend to only objects 
that exhibit those features and ignore those that do not. 

Understanding how the brain controls these processes 
is important for knowing how we should design spacecraft 
controls to minimize the mental workload that astronauts 
must cope with. For example, a crucial aspect of a Shuttle 
mission is lift-off. While this procedure is largely computer 
controlled, the crew must act quickly if an emergency situation 
arises. The Space Shuttle cockpit controls consist of a mix of 
brightly lit flat panel displays, as well as numerous switches 
and buttons that are not illuminated. In this environment, 
is an astronaut’s attention guided by the properties of the 
controls themselves, that is, bottom-up factors, or is the focus 
of attention determined by the astronaut’s objectives and goals, 
that is, top-down factors? Neither bottom-up nor top-down 
influences will exert complete control over eye movements. 
To what extent do these two sets of influences interact to 
determine the location of eye movements, and consequently, 
attention? This experiment was designed to answer these 
questions in a specific task condition that we can apply to the 
needs of astronauts in the operation of a spacecraft. 

Bottom-up influence 
If the task is dependent on mostly bottom-up factors, we 

expect to see an improvement in performance with an increase 
in target salience. In this experiment, the target and distractor 
items varied by contrast level. There are a number of possible 
ways contrast could affect performance. One possibility 
is that only the contrast of the target would be relevant to 
determining task performance. If target contrast is increased, 
there is an improvement in performance regardless of the 
level of the distractor contrast. Alternatively, performance 
may depend on both the contrast level of the target and the 
distractor. This relative salience hypothesis states that the 

Figure 1: The cockpit of the Space Shuttle Atlantis while in orbit around Earth on mission STS-101. This image shows the new touchscreen panels and 
displays that were installed.
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During each trial, observers were presented with a stimulus 
and were required to identify the location of the target in one 
of the six possible locations. They used a mouse to initiate 
the trial, chose which location they thought contained the 
target image, and then continued to the next trial. Observers 
used the left and right mouse buttons to rotate a pointer 
and pressed the middle button to indicate their response. In 
addition to the target, a distractor item was present in one of 
the other locations. A set of control trials that had no distractor 
were also included. The observers were told that the stimuli 
may contain a distractor, but they were not given explicit 
instructions to avoid looking at it. They were simply told to 
indicate which location contained the target image. On each 
trial, the observers’ eye movements were recorded as well as 
their perceptual responses about the location of the target. 

Two observers with normal or corrected vision participated 
in the experiment. After the experiment, each observer’s results 
were analyzed. Only the observer’s initial eye movement for 
each trial was measured. 

Results
The results indicate a clear bottom-up effect on 

performance. The proportion of correct saccades increased 
with the relative salience of the target item (Fig. 4). Both an 
increase in target contrast and a decrease in distractor contrast 

Figure 2 (left): Cue images used in the experiment.
Figure 3 (right): Sample stimulus image. Target (horizontal item) contrast 
at 12 percent; distractor (vertical item) contrast at 24 percent.

difference in contrast level between the two will determine 
the level of performance, not the target contrast alone. 

Top-down influence 
If top-down effects dominate in this task, we can expect 

that the observer’s knowledge of the task and his or her goals 
will determine the location of saccades. If top-down control 
is used, the visual system would be acting as a filter, allowing 
objects that match the target to pass and discarding information 
about distractor items. Optimally, an observer would actively 
disregard information about the distractor instead of simply 
searching for objects matching the target item’s properties. 
The top-down hypothesis predicts that performance would 
be determined by a top-down filter favoring the target items.

 
Methods 

Previous research has shown that patterns of saccadic and 
perceptual decisions are similar.9,10 It has also been established 
that an eye tracking paradigm is useful for studying visual 
search tasks.11,12 In this experiment, an eye tracker was used to 
measure the observers’ performance. 

In this experiment, the observers were presented with a 
series of stimuli in which they were required to locate a target 
object. A cue image (Fig. 2), indicating which item represented 
the target, was presented at the beginning of the experiment. 
The stimuli consisted of horizontal and vertical grating 
patterns, called sine wave gabors, in the presence of noise. 
Each image contained one target item and one distractor item 
in two of six possible locations (the other locations contained 
only noise). The target and distractor items always differed 
in orientation by 90 degrees. That is, if the target item was a 
horizontal pattern, the distractor item was a vertical pattern. 
The target and distractor varied by contrast level, and each run 
was blocked by target contrast. Four contrast levels were used 
for the target and five for the distractor (including a “zero” 
level in which no distractor was present). Figure 3 represents 
a sample stimulus image. The target and distractor items were 
presented randomly, and all possible combinations of contrast 
level and orientation were used. There were 144 trials per run, 
and a series of four runs gave a complete set of data. 
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Figure 4: Proportion of correct initial saccades by the relative  contrast 
difference between the target and distractor items for the two observers. 
Error bars indicate standard error. The line in each plot represents a linear 
fit of the data.
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improved performance. However, the relative difference 
does not account for all of the results. Figure 5 shows that 
there was a significant difference in performance for each of 
the target contrast levels. Also, there was an improvement in 
performance for a given target contrast when the distractor 
contrast was lower (Fig. 6). All of these results strongly favor 
the relative salience hypothesis. 

Weak top-down effects were also present. These can be 
seen by looking at the proportion of eye movements to the 
distractor items. If relative salience determines performance, 
it is helpful to look at how often the observers looked at 
the distractor for each relative contrast level. Figure 7 is a 
plot of the proportion of saccades to each item by its own 
relative contrast (i.e. a contrast of “-3” for the target saccades 
corresponds to a “+3” condition for the distractor saccades). 
The mean proportion of saccades to the distractor was slightly 
lower than the proportion of saccades to the target for most of 
the relative contrast levels. This indicates that an item received 
more attention if it was a target than if it was a distractor. 

Discussion 
In the task presented in this experiment, bottom-up 

influences, namely the contrast of the two items in the 
display, determined the focus of the observers’ attention. 
Even though the observers knew the orientation of the target 
item, they were still unable to initially disregard the irrelevant 
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Figure 6: Proportion of correct saccades by the target contrast at each distractor 
contrast level for the two observers. The “0” line represents trials with no 
distractor item present. Error bars indicate standard error.present. Error bars 
indicate standard error.

Figure 5: Proportion of correct saccades by relative contrast at each target 
contrast level presented for the two observers. Error bars indicate standard 
error.

information about the distractor. Thus, the programming 
of eye movements by the brain, in this task, likely occurred 
primarily via low-level mechanisms rather than higher order 
processing based on the goals of the observer. It should be 
emphasized that this effect is task-dependent. Our perceptual 
results show that once the display has been adequately scanned 
and the observer has had the opportunity to examine each 
location, performance is nearly perfect (98-99 percent correct) 
with the exception of the lowest contrast level (65-70 percent 
correct). However, when initially viewed in the periphery of 
the visual field, it is possible that the orientation differences 
are less visible, and observers were forced to foveate each item 
in order to determine its orientation and make a perceptual 
decision. 

The orientation of each item may not have been a distinct 
enough feature to allow for top-down control, causing the 
observers’ knowledge about the task to be less useful. Also, it 
is possible that both the target and distractor were included 
in the attentional filter.8 A future experiment that varied the 
target and distractor items by a different property, such as 
color, might produce results favoring top-down processing. 

These results are consistent with theories that the 
programming of saccadic eye movements by the brain is 
regulated by two pathways; one receiving input from higher 
order brain areas and the other from low-level perceptual 
areas.3,8,13 However, neither of these pathways solely determines 
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the pattern of eye movements that occur. 
What does this mean for the problem of designing spacecraft 

controls? Since the level of attention an object receives is 
dependent on its salience relative to the other objects in the 
display, we must carefully choose which objects will have a 
high salience. For example, a brightly displayed altimeter will 
be easy to see, but it will also be extremely diffcult to ignore if 
our task is to locate the engine shut-off controls. While a high 
contrast object will serve as a good target, the same object 
will serve as an almost equally good distractor in a different 
task. Therefore, for a given task, the target of a visual search 
should not only be suffciently visible overall, but it should also 
have a high salience relative to other objects in the display. 
Ideally, the spacecraft’s computer would dynamically change 
the contrast levels of the individual display elements so that 
they are optimal for the current task. These results are critical 
for NASA’s design of manned spacecraft, including the Space 
Shuttle and the Crew Exploration Vehicle (CEV). 
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Figure 7: Proportion of saccades to the target and the distractor by relative contrast for the two observers. Error bars indicate standard error.


