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Eye-tracking

Let’s apply what we’ve learned to some real data.

An eye-tracker makes it possible to record the eye-movements of
subjects while they are performing a cognitive task:

looking at a scene;

driving a vehicle;

using a computer;

reading a text.

Mind’s Eye Hypothesis: where subjects are looking indicates what
they are processing. How long they are looking at it indicates how
much processing effort is needed.
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Eye-tracking

A head-mounted, video-based
eye-tracker.
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Mid-lecture Problem

Can you think of other applications of eye-tracking? Come up with
cases in which recording eye-movements is useful to study:

language processing

visual cognition

memory

cognitive impairment
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Eye-movements and Reading

Let’s looks at eye-tracking data for reading in detail:

eye-movements are recorded while subjects read texts;

very high spatial and temporal accuracy;

eye movements in reading are saccadic: a series of relatively
stationary periods (fixations) between very fast movements
(saccades);

average fixation time is about 200 ms; can be longer or
shorter, depending on ease or difficulty of processing;

typically we test a number of subjects, with a number of test
sentences, and do a statistical analysis of the results.
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Probability Distributions

Data: 23 subjects read a 2000 word text while their
eye-movements were being recorded.

To analyze the data, define two random variables:

X : time taken to read a word;

Y : number of regressions made while reading a word;

Note that X is a continuous random variable, while Y is a discrete
random variable.

Plot the distributions; compute their means and standard
deviations.
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Distribution: Reading Time
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µ = 269.58, σ = 132.88. Almost normal distribution.
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Distribution: Number of Regressions
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µ = 1.31, σ = 1.81. Almost a binominal distribution.
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Probability Distributions

We can therefore approximate the empirical distributions as
follows:

f (x) = n(x ; 269.58, 132.88) =
1

132.88
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2
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f (y) = b(y ; 20, 0.01)− 10 =

(
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y

)
0.01y0.0920−y

These distributions fit the empirical distributions reasonably
closely. They give us an idea about the process that generated
these distributions.
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Summary

Using an eye-tracker, we can accurately record where someone
is looking, and for how long;

this can be used to investigate cognitive processing, based on
the mind’s eye hypothesis;

eye-tracking data can be used to study scene perception,
reading, or applied tasks like driving;

reading data can be described using probability distributions;

reading times are approx. normally distributed; regressions are
approx. binomially distributed.

Frank Keller Computational Foundations of Cognitive Science 17


