
A few questions on the content of the 
previous lecture
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Local field potentials (LFP) and EEG activity reflect the ... 
activity of ... ... neurons acting as ...

ⓘ Start presenting to display the poll results on this slide.
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ERP stands for ... and reflects a change in ... at the scalp  
following a particular cognitive event.

ⓘ Start presenting to display the poll results on this slide.
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An ERP can be described in terms of ... 
and ...

ⓘ Start presenting to display the poll results on this slide.
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The eye and eye movements
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Purves et al. (2018), p. 234
8

contains neurons that are sensitive to light and transmit visual signals to the brain

rich capillary body that nourishes the retinal photoreceptors

contains muscles that adjust the size of the pupil

adjusts the refractive power of the lens

outermost, opaque layer of the eye

transparent extension of the sclera to the front of the eye

supplies nutrients to the cornea and lens

maintains eye shape and contains 

phagocytic cells that remove blood 

and other debris that might 

otherwise interfere with light 

transmission (its failure leads

to floaters) 

highest visual acuity

region where the retinal axons leave the retina to form the optic nerve; contains the blind spot 

(no photoreceptors)

connective tissue bands that

hold the lens of the eye in place 

produces the aqueous humor, which then flows through the pupil into the anterior chamber

Anatomy of the eye

also called crystalline lens; 

transparent, mostly proteinaceous; 

focuses light onto the retina



The retina

Kandel et al. (2021), p. 522

foveola = the center of the 

fovea; contains only cone 

cells, more densely packed 

than anywhere else on the 

retina => maximal acuity 

visual axis = a line passing from the centre of the visual field of the eye, 

through the centre of the lens, to the fovea.

Note that the optic nerve is protected by meninges.

Mtui et al., (2021), p. 327

If you need a refresher on refraction and reflection, please see: https://www.britannica.com/science/light/Reflection-and-refraction  
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https://www.britannica.com/science/light/Reflection-and-refraction


6 extra-ocular muscles

Eye movements
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5 eye movements

saccades

rapid (ballistic) eye 

movements

smooth pursuit

voluntary, slow tracking 

eye movements

vergence

simultaneous movement 

of both eyes in opposite 

directionstowards away

Adapted from Giesel et al., (2019) 
https://www.nature.com/articles/s41598-019-53902-y 

vestibulo-ocular

vestibulo-ocular reflex (VOR)

uses information from the vestibular 

labyrinth of the inner ear to generate 

eye movements that stabilize gaze 

during head movements

optokinetic reflex 

allows the eyes to follow objects in 

motion when the head remains 

stationary (e.g., from a moving train)

optokinetic

Shifts in eye position Stabilizing movements 
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https://www.nature.com/articles/s41598-019-53902-y


Stewart et al., (2020)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7645222/

USEFUL TERMS

1. foveal vision 

maximal acuity and contrast sensitivity in a small region 

around the gaze position; > 40% of primary visual cortex 

is devoted to the processing of foveal input

2. peripheral vision

large field of view, but: lower resolution, contrast 

sensitivity, higher positional uncertainty, and more 

crowding

3. saccade 

rapid eye-movement (voluntary or involuntary)

4. fixation 

maintenance of gaze at a fixed location

5. saccadic suppression 

perceptually suppressing retinal image motion during 

eye movements

6. smooth pursuit 

a voluntary, slow tracking movements of  the eyes, 

meant to maintain a moving target on the fovea, once 

foveation is achieved
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The evolution of eye tracking technology
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Noticed that people made saccades and 

fixations while reading.

Louis Émile Javal
(1839-1907)
French ophthalmologist

Guy Thomas Buswell
(1891-1994)
American psychologist

Used light beams which were reflected 

on readers’ eyes and recorded them on film. 

He noticed that there is a significant 

difference between oral and silent reading.

Alfred Lukyanovich Yarbus
(1914-1986)
Russian psychologist

Noticed that readers’ eye movement 

and fixation depend on their interest 

and the given task; published 

“Eye movements and vision”.

(a) No specific task

(b) Estimate the wealth of 
the family

(c) Give the ages of the 
people in the painting

1908
1879

1937 1967

Edmund Burke Huey
(1870-1913)
American psychologist

Built the first eye tracker (a lens placed on the 

cornea, with an opening for the pupil and a 

pointer attached to it); tracked eye 

movements during reading.
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Modern eye trackers work by directing near-infrared light towards the centre of our pupil and detecting the reflexion in 

both the pupil and the cornea (together or separately). 

In an EyeLink eye tracker (left), one can 

choose whether to rely on the pupil 

reflexion only or to use both the pupil and 

corneal reflexion combined. Each has both 

advantages and disadvantages; the pupil 

only mode allows for higher sampling rates 

(i.e., how many times per second the eye 

tracker registers the position of the eye (in 

Hz)), but the pupil plus corneal reflexion 

mode does a better job correcting for 

ocular drift (i.e., unconscious movement 

our eyes make when fixating on something).
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https://tinyurl.com/mry8549d 

wave 

oscillation which propagates in space, 

without carrying matter, but 

carrying energy with it when traveling 

wavelength

quantitative property of waves

reflecting the distance between 

two consecutive peaks

Infrared Light (IR) 

the light found just past what 

is visible to the human eye

Near-Infrared Light (NIR) 

the section of electromagnetic 

radiation (EMR) wavelengths 

nearest to the normal range but 

just past what we can see
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https://tinyurl.com/mry8549d


Calibration and validation 

One of the objectives of the calibration procedure is to 

fine-tune the geometry to get as close as possible to 

the true location of the fovea.

Calibration and validation are necessary because the shape and geometry of the eyes, and the exact location of the fovea varies between 

individuals. In addition, participants can move, or the cameras can slip (if head mounted) during experiments.

Above: a calibration and validation procedure of both eyes, using a 9 point 
fixation template, on a head-mounted EyeLink 1000 eye tracker

The geometry of the visual axis of the eye, optical axis, 

fovea, the center of the pupil (CP), and gaze point. 

https://tinyurl.com/525zj449

16
*imaginary line perpendicular to the cornea that intersects the center of the pupil (CP)

**imaginary line that connects the object in space, the center of the entrance and exit pupil, and the center of the fovea

*

**

https://tinyurl.com/525zj449


Desktop mount Head mount

A chin rest can be used to help 
participants keep their head in 
the same position/location.

Portable

Arm mount

Long range
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7880983/ 

root mean square (RMS) precision

the average difference between a measured value 

and the true value

microsaccades 

miniature fixational eye movements approx. 6-25 ms 

in duration, that occur at a rate of about 1-2/s
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7880983/


Pupillometry
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The iris dilator muscle contracts

 it pulls the inner side of the iris outward

 the pupil dilates

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6634360/ 

The iris dilator muscle is controlled by the 

sympathetic nervous system, the part of the 

autonomic nervous system that is involved in 

arousal, wakefulness, and the fight-or-flight response. 

The iris constrictor muscle contracts 

 it tightens the inner side of the iris

 the pupil constricts
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6634360/


Contrary to common belief, pupils do NOT dilate symmetrically or concentrically around their centre! 

Watch from 12:26: https://www.youtube.com/watch?v=xaMc-8bU7Zc&t=926s

(This is also the source of these screen shots; this is an excellent webinar on pupillometry)
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https://www.youtube.com/watch?v=xaMc-8bU7Zc&t=926s


“pupil diameter can only be used to accurately predict a small 

fraction of LC activity on a moment-by-moment basis. 

In addition, pupil exhibited large session-to-session fluctuations 

in response to identical optical stimulation in the LC.

Some individuals may 

present with unequal 

pupil size (i.e., anisocoria) 

(e.g., David Bowie)
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Paradigms and applications
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Without eye tracking – e.g., experiments of Renee Baillargeon: https://www.youtube.com/watch?v=hwgo2O5Vk_g

With eye tracking: https://www.youtube.com/watch?v=KY-6YfIsy5c  

Dependent variable: dwell time = time spent investigating a particular area of interest (AOI)

Developmental psychology, e.g., object permanence
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https://www.youtube.com/watch?v=hwgo2O5Vk_g
https://www.youtube.com/watch?v=KY-6YfIsy5c


A randomly generated configuration composed 

of distractors L and target T 

(circled in red, for illustration purposes only).

A repeated display; similar in appearance to

the novel ones, but these configurations will, 

unbeknownst to participants, be repeated half

the times throughout the experiment.

i.e., shorter reaction times

Implicit learning
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Instructions at the beginning of the experiment.

These are followed by calibration and validation. 

Each trial begins with a fixation 

cross (500 ms). The eye tracking 

experiment is designed so that if the 

pupil is not correctly detected at this 

stage, a calibration error message is 

displayed and calibration and validation 

must be redone, otherwise the search display will not be shown.

This ensures (1) accurate gaze data, and (2) minimal loss of trials.

The fixation cross also acts as baseline for pupil size.
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A recording of a contextual cueing eye-traking paradigm. 
Dependent variables: dwell time, revisits (i.e., how many times participants gazed back at 
learned location), pupil dilation?.

So why would we want to combine 

contextual cueing with eye tracking?

1. To explain the source of the reaction 

time difference between repeated and 

novel configurations; 

2. To investigate group differences in 

implicit learning (e.g., between autistic 

and neurotypical participants).
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In real-life applications, to aid people with disabilities communicate (e.g., a man with amyotrophic lateral sclerosis) 

(ALS) to write his memoirs: https://www.hamiltonhealthsciences.ca/share/als-eye-tracking-author/

In marketing

29

https://www.hamiltonhealthsciences.ca/share/als-eye-tracking-author/


Psychophysics
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The term was coined by Gustav Theodor Fechner, in his book, “Elements of Psychophysics”. 

He was inspired by the work of  Ernst Heinrich Weber, who formulated the concept of “just 

noticeable difference”/JND (i.e., the amount something must be changed by in order for a 

difference to be noticeable, detectable at least half the times).

A visual just noticeable difference (VJND) is the amount of change in either an image (e.g. a 

photographic print) or in vision (e.g. due to a change in refractive power of a vision 

correction device or visually coupled optical system) that is just noticeable when compared 

with the prior state.

Ernst Heinrich Weber
(1795–1878)

Gustav Theodor Fechner
(1801-1887)

Psychophysics 

scientific, quantitative study of the relationship between the physical properties of stimuli 

and the sensations and perceptions they elicit. It can be applied to any sensory system.
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https://link.springer.com/article/10.3758/s13414-018-1554-3

(Great example of psychophysics & eye tracking)

“Ergonomics (or human factors) is the scientific 

discipline concerned with the understanding of 

the interactions among human and other 

elements of a system, and the profession that 

applies theory, principles, data and methods to 

design in order to optimize human well-being 

and overall system performance.”

(International Ergonomics Association

https://www.ergonomics-fees.eu/node/7)
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https://link.springer.com/article/10.3758/s13414-018-1554-3


https://psychclassics.yorku.ca/Fechner/ 

Further resources
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https://psychclassics.yorku.ca/Fechner/
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