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Reading &
Language

Relevant Publications

Eye-tracking solutions for
research in reading and
spoken language

comprehension.

Developmental

Relevant Publications

Understanding the

development of cognitive,
perceptual, social, and
linguistic processes, from

infants to the elderly.

fMRI &
MEG

Relevant Publications

The world's most popular and

effective solution for eye
tracking in MRI/MEG
environments.

EEG &
fNIRS

Relevant Publications

Combine eye tracking with a
range of other
neurophysiological recording

technigues for deeper insights.
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Clinical & Cognitive Usability Non-Human
Oculomotor & Applied Primate
Research into oculomotor and Insights from eye tracking into Eye-tracking research out of Fast, accurate, reliable, and
cognitive dysfunction due to attention, memory, decision the lab — solutions for usability non-invasive eye-tracking for
neuropsychiatric disorders. making, and more. and more. non-human primates.
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Eyelink Eye-Tracking

Publications Library

All EyeLink Publications

All 11,000+ peer-reviewed EyeLink research publications up until 2022 {with some early 2023s) are listed below by year. You can search the
publications library using keywords such as Visual Search, Smooth Pursuit, Parkinson's, etc. You can also search for individual author

names. Eye-tracking studies grouped by research area can be found on the solutions pages. If we missed any EyeLink eye-tracking papers,
please email us!

All years

TM8entries[<|[[| 1of 112 |l
2023

Chuanii Zang; Zhichao Zhang; Zhang Manman; Federica Degno; Simon P Liversedge

Examining semantic parafoveal-on-foveal effects using a Stroop boundary paradigm TR
In: Journal of Memory and Language, vol. 128, pp. 1-14, 2023.

Abstract | Links | BitTex

Yuyang Zhang; Jing Yang; Zhisheng Edward Wen

Learners with low working memory capacity benefit more from the presence of an instructor 's face in video lectures [T
In: Journal of Intelligence, vol. 11, no. 5, pp. 1-14, 2023.

Abstract | BibTeX

Tania S. Zamuner, Theresa Rabideau; Margarethe McDonald; H. Henny Yeung

Developmental change in children's speech processing of auditory and visual cues: An eyetracking study
In: Journal of Child Language, vol. 50, pp. 27-517, 2023

Abstract | Links | BibTeX
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Pupil—CR Eye Tracking

Why we track both Pupil and CR? — —Controlling for head movements

o (AR ERRE AL A 2 ) — — EAEAHUAL s LRI & AT RE = N HR S i
e o Nl 1 KAk e
-ﬁ%%%ﬁ%@ﬁﬁﬁ%ﬁﬁé R HF 2 3l A1 3k iz 3h:
o AL 0
AR DU R
» AL DA I S S Z A E 22 5% (Pupil - CR)  BEAE IRIE 3l i il A2
(BG5S B Al % sl i RS A X E
* EyeLinks ’EB—IU\WLERLE_ETHE?L (pupil only eye tracking) , {H—f{AEL,
B B £ LI 2R SRR B E




EYELINK

Pupil—CR Tracking
& 8> e

& e e

AREN{ARYE I RREFL A0 A
6\ ?/G) PRI

AREEVINEE S, CRIVVEENEZE (RALIMNCREE)




EYELINK

Video-based systems




EYELINK

CR HXEE - EEEERIMNEE)

WAL

A I,

Efﬁ

fLRICRZ [A]#Y“ 2K 2 b 35 1R i e 11




EYELINK

Looking to the Looking to the

Looking ahead (participant’s) right (participant’s) left

L AICRZ IR X 5 Fi o5 AR I % 20 T e 22
{HANSASK A TS 3, WIPRFr AL

@) (

S .

Head moves right Head moves left




EYELINK

Looking to the Looking to the

Looking ahead (participant’s) right (participant’s) left

MR 2 MR TR AL E A CRALE, THER T kEBRshs [ rTRE .

@) (

S .

Head moves right Head moves left




EYELINK

Looking to the Looking to the
(participant’s) right (participant’s) left

R, HERRHE U L AU ORICR (2000 Hz...) X T HERI
IR B R B ofe U A

Looking ahead

@) (

S .

Head moves right Head moves left




EYELINK

LR ETR 1T

fE FL FICRE B ABOA R KA ?

o EET RS I

AL PR R

Fupil: 100
CH G e

0 50 100 150




EYELINK

Pupil and CR thresholds are greyscale values that
can vary from 0 (black) to 255 (white).

T T
0 50 100 150 200 255

You are basically telling the host how “black” or
“white” something has to be to be considered as
either pupil or CR.

Too Low Too High
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Eyelink 1000 Plus

« Camera Mount % e \
DA B, i AR ZL MG AL AL %
Gaze Video
« Host PC ” [ % (c?;t?:::n
B 1L, P Tieyelink R 5E, 4IRS (LA e i) PR
_‘IAI? Q%JEH B/‘J Im , A EJFH jé{z.@ EEHEE% 4‘% o @ﬁ BEET —lﬁ 7F H e i c“":’:’g:tji'gi'al'}:: [;_OPtiona” Computer
N NS N ar ona igital Inputs y
BRI LB e N e
C‘;?ne!r'a EyeLink API
USB or Ethernet Library
Digital

» Display PC
P52 I S 6 0 ey A

I VGA
ual: p or Video
=

EyeLink 1000 Plus

Response Box
(Optional)
\ J

Figure 1-1: Typical EyeLink 1000 Plus Configuration with a Desktop
Mount
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Camera Power Supply
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Camera Ethernet Cable
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Eyelink 1000 Plus

Host PC

o WEUUHIHLE

o PEEMPLRESE, BIIRES (250, 500, 1000,
2000)

C B T b L

o PR MR TR S (k. 2 HRA )

o REAEREEE O, 0] Rk EOA AL

o LB

Figure 2-4: Example Camera Setup Screen
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Eyelink 1000 Plus

Dlsplay PC ( S-Video g
Out
1t Experiment Builder (‘7)) iHARSE = 84 (N o
e-prime. psychtoolbox) 5 SRFL, 5Bl -
EyeLink Host Computer
v s \ s \ S bl et S e s - S & gn1y/\"i0g Oulputs [ Digplay
WARAES 0, TG LI, SR || e S (S

RSETNRE, b RT AT S IR Sh el RO . TR Etemet ) ications

— NS NATRN N PN EyeLink
Kj]%#[:) ’ Miﬂ.‘»&%ﬂﬁ%%m HE — g};::;:t EyEiLbi:\akwAPl

Digital

Response Box
(Optional)
\ J

Figure 1-1: Typical EyeLink 1000 Plus Configuration with a Desktop
Mount

il Data ViewerfI4i4# T H. (EDF2ASC) |, ifffT
B S R A At

I VGA
ual: p or Video
=

EyeLink 1000 Plus
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1.3 System Specifications

1.3.1 Operational / Functional Specifications

1.3.2 Physical Specifications

Tower Mount

Desktop and LCD Arm Mounts

Physical

Anodized aluminum enclosure.

/Primate Mount Base
System

Remote Tracking
|Remote Camera Upgrade required)

Average Accuracy’

Down to 0.15° (0.25" to 0.5° typical)

0.25-0.5" typical

GL (EyeLink 1000 Plus
Camera)

Standard thread (%"-20) centered on optical axis from 3 sides.

M8 thread on front for DM and AM mounts.

Power requirements: +12VDC, B0OD mA for camera alone, 1.8A maximum
when used with illuminator(s).

Imaging rates up to 2000 fps.

Sampling rate®

Monocular: 250,500,1000,2000 Hz
Binocular: 250,500,1000,2000 Hz

Monocular: 250,500,1000 Hz
Binocular: 250,500,1000 Hz

End-to-End Sample Delay’

1000 Hz: M = 1.97 ms, 3D = 0.39 ms
2000 Ha: M= 1.34 ms, SD=0.20 ms

500 Hz: M = 3.29 ms, 5D =0.58 ms
1000 Hz: M= 2.19 ms, SD = 0.30 ms

Blink/Occlusion Recovery

1.0 ms @ 1000 Hz
0.5 ms @ 2000 Hz

2.0 ms @ 500 Hz
1.0 ms @ 1000 Hz

OC (Fiber Optic Camera
Head)

M3 tapped holes on body.

Adapter for %"-20 mounting available.

Supply: 3.6-5.7VDC, T00mA via LEMO connector and power harness.
Imaging rates up to 2000 fps.

Non-magnetic (< 0.5g of iron or nickel).

Radio-quiet case and cable design for use in research environments.

Spatial Resolution?

0.01

Noise with Participants®

Filter (Off /Normal /High)

1000 Hz: 0.02"/ 0.01°f 0.01°
2000 Hz [monod:  0.03°/ 0.02°/ 0.01°
2000 Hz [binoc): o.04°) 0,02 0.02°

Filter (Off {Normal fHigh)
500 He: 0.03°f0.02°/0.01" (25 mm lens)
0.067/0.03°/0.01° (16 mm lensg)
1000 Hz (.05 /0.03° /0.01° (25 mm lens)
0.08*/0.04°/0.02° (16 mm lensg)

FL-890, FL-940
(890/940 nm Fresnel
Muminator Module)

Standard thread (%"-20) at center and sides.

Adjustable focus and beamwidth.

Wavelength: 890 or 940 nm.

Supply: 3.6-5.7VDC, 1.1A via LEMO connector and power harness.
Non-magnetic (< 0.5g of iron or nickel).

Radio-guiet case and cable design for use in research environments.

PM-910, PM-940
{910/940 nm
Muminator Module)

Wavelength: 910 or 940 nm.
Eye illumin ation level: less than 1 mW fem? at >200mm from illuminator.
lNuminators powered from camera through supplied cables.

Eye Tracking Principla‘

Dark Pupil - Corneal Reflection

Pupil Detection Models

Centroid or Ellipse Fitting

Ellipse Fitting

Pupil Size Resolutions

0.1% of diameter

0.2% of diameter (16 mm lens)
0.1% of diameter (25 mm lens)

DM-850W, DM-850L,
DM-890, DM-940,
AM-890, AM-940 (DM
and AM Series
Muminators)

Wavelength: 850 to 940 nm.
Eye illumination level: less than 1 mW fem® at >450mm from illuminator.
Powered from camera via integrated cables.

Gaze Tracking Range

60" horizontally,
40° vertically

Customizable

Default is 32 © horizontally * 25° vertically

Allowed Head Movements
Without Accuracy Reduction

+25 mm horizontal or vertical

16 mm lens: 35%35 cm at 60 cm
40%40 cm at 70 cm
25 mm lens: 22%22 cm at 60 cm
25%25 cm at 70 cm

Camera Ethernet

Cabling: Unshielded CATSe or CATG cables up to 30 meters in length.
Requires host computer with supported Ethernet hardware capable of
gigahit speeds.

Optimal Camera-Eye Distance

Tower: 48 cm
Primate: 30 - 45 cm

40 -T0ecm

Infrared Wavelength

Tower: 940 nm

Primate: 910 /940 nm

850 to 940 nm

Glasses Compatibility

Good Excellent

Good

Power Supply
Specifications

GL camera: 12VDC, 2A external power supply with 2.5mm coaxial
(“barrel") power connector (3.5 x 2.5 x 9.5mm).

OC camera head and FL illuminator: 3.6-5.6VDC@2A minimum. When
used with supplied power harness, DB-9 connector is required (contact SR
Research for pinout).

Power supply must have EN 60950, UL 950, CSA 22.2 No. 950, or other
equivalent safety approval, with LPS or Class 2 rating.

On-line Event Parsing

Fixation f Saccade [ Blink [ Fixation Update

Operating conditions

10°C tw 30°C, 10%-80% humidity (non-condensing)
For indoor use only.

EDF File and Link Data Types

Gaze, Raw, and HREF eye position data/ Pupil size / Online events [
Buttons / Messages [ Digital inputs

Real-Time Operator Feedback

Eye position gaze cursor superimposed on static image or position
traces with camera images and tracking status.

Storage conditions

=10°C to 60°C, 10%-90% humidity (non-condensing). Allow to warm to
room temperature before unpacking or use after storage at temperatures
below 10°C to prevent condensation.

Specifications are preliminary and subject to change without notice.
i Measured with real eye fixations at multiple screen positions on a per subject basis.
2 Availability depends on having the appropriate hardware and camera programming.
3 Time from physical event until first registered sample is available via Ethernet or Analog output. Optional data
filter algorithm adds one sample delay for each filtering level.

+ Measured with an artificial eye.

5 Measured with real subject fixations.
% Pupil-Only tracking mode is available for use in head fixed conditions.

Safety Standards

IEC 60950-1:2005 (2nd Ed.) + Am 1:2009

IEC 60825-1:1993 + A1:1997 + A2:2001

IEC 62471:2006 (1=t Ed.)

UL 62368-1:2014 Ed.2

CSA C22.2#62368-1:2014 Ed.2

FDA 21 CFR laser products, under Laser Notice No. 50,

Fiber Optic Link (GL
and OC modules)

Class 1 laser product, IEC 60825, CFR 21
850 nm, multimodal duplex fiber, LC connector.

41
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2 Camera Connection

Using the black Ethernet cable, connect the Host PC
Ethernet port labeled “EyeLink Camera” to the
Ethernet port on the EyeLink 1000 Plus camera.

W W |Surge Protector

EyeLink® 1000 Plus
with Desktop Mount

— T

r——

re(t )= (B

3 Host PC to Display PC Connection

Using the blue Ethernet cable, connect the Host PC
Ethernet port labeled “Display PC Ethernet” to an
Ethernet port an your Display PC. Configure that port
with the following static IP address:

IP Address: 100.1.1.2

Subnet Mask: 255.255.255.0

| EEE 4 AR

[l

I .l.‘l‘“l (LLL]

- -

- -

HH H S— Leave the default gateway and
. H P wiEE .

i) £ (111 (5
N— C =

See Chapter 9 of the EyeLink 1000 Plus Installation Guide for detailed instructions

42
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AP EIP address

s

-- - - A r - y
U Local Area Connection Properties === Internet Protocol Version 4 (TCP/IPv4) Properties L P ]
[ Networking | Sharing|

General

Connect using You can get IP settings assigned automatically if your network supports
= this capability. Otherwise, you need to ask your network administrator
" 7

&¥ Atheros ARB131 PCI-E Gigabit Ethemet Controller (NDIS € for the opriate IP ngs.

[ Corbgue... Obtain an IP address automatically
. ’ folowing Rems:
This connection uses the following items @ Use the following IP address:
v "% Client for Microsoft Networks — . L -3
4Bl 005 Packet Scheduler PRSI - - -
W Qﬁle and Printer Sharing for Microsoft Networks Subnet mask: 255 .255.255. 0
M -a. Intemet Protocol Version & (TCP/IPvE)
" Default gateway:
(CI |ntemet Protocol Version 4 (TCP/IPv4) %tf‘t-ﬁ;ﬁﬁﬂﬁj]{s& .
] -a. Link-Layer Topology Discovery Mapper 1/ Driver IRXXE :
-&. Link-Layer Topology Discovery Responder Obtain DNS serv =5 AU ly
T connect to tracker at 100.1.1.1
[ Install._ ‘ ninstal Preferred DNS server:
Description Alternate DNS server:
Transmission Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication - )
across diverse interconnected networks || Validate settings upon exit Advanced... |
[ ok || cance |
[ ok |[ Cancel |

Figure 9-2: Configure IP address on Windows 7
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EyelLink Developers Kit / API
https://www.sr-support.com/thread-13.html
Experiment Builder

https://www.sr-support.com/thread-1.html

Data Viewer
https://www.sr-support.com/thread-7.html

W, A] DA AT RS Eyelink T 5E TR B H B
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EyeLink 1000 Plus Installation Guide
EyeLink 1000 Plus User Manual
EyelLink 1000 Plus Quick Start Guide
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No Windows

- EBERBRAT. FALERE.

- FETERN,. RIERZFHRRENREE
DU o

= = - REREYR. EDHRTRDTZAREY
T IReEmREa iR EERBRRTRES
. Some ) 57|‘|I§|['];]§'ﬁ2£5l‘f #HIRVREME RN 2 RS FREN

oK = Al

[‘ . . BEEMFERENERERTIR, NXRIE

Lights RS, it AN EEeE, b Tk,

L 5= . RE—EAENTNASEEET

Figure 1-1: Suggested 1000 Plus System Layout
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A

Step A) Position the monitor so that it subtends no more than 32 degrees of visual angle horizontally
and 25 degrees of visual angle vertically for the participant. The eye-to-monitor distance should be at
least 1.75 times the display width to ensure that it falls within the trackable range.

Step B) Position the participant so that the eyes align with the top quarter of the monitor — adjust the
chair and/or head support to ensure this alignment.

Step C) Position the eye tracker so that the distance from the top knob on the front of the Desktop
Mount to the front of the chinrest is 50-55 cm. If using Remote Mode, make sure that the reported
target distance on the Host PC is around 60 cm (55-60 ¢cm is ideal for calibration).

Step D) Adjust the height of the eye tracker so that it is as high as possible without blocking the
participant’s view of the display.

Step E) Position the eye tracker so that its bottom knob is centered horizontally on the front of the
manitor.

See Chapter 3 of the EyeLink 1000 Plus User Manual for detailed instructions
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BB RaES

[ Enter Screen Settings

Exit to the File Manager if the Host Application is running (press Ctrl-Alt-Q or click Offline
and then Exit EyeLink).

Screen Dimensions i . i
Display Resolution N |
From the File Manager, press the Configuration Button. R oeon Distance _
i 2 Camera-to-Screen Distance
Configuration

height 292 mm

=& EE E- 0 ®

From the Configuration screen press the Screen Settings button.

e PERLIO000

Height of the viewable portion of the Display PC monitor (in milimeters) : 292

iewable portion of the Display PC monitor (in milimeters) 376

Screen Settings Next

Follow the instructions that appear to enter the Screen Dimensions, Display Resolution,
Eye-to-Screen Distance, and Camera-to-Screen Distance.

) ) ) Figure 8-5: Updating Screen Dimensions
See Section 8.4 of the EyeLink 1000 Plus Installation Guide for detailed instructions




EYELINK

BHERERAE

P L F 1 EyeLink 1000 Plus User Manual
EyeLink 1000Plus ‘B /7 = A0 5



BEXTR

- F—F: fTHELRER

« BT WTHMVARE, EEBEEK

- =2 FIMEYLERE

B WATHEESL (Pupil) MARRSTA (CR) HE
- FHhP: NMEkE

« /AN KHE (Calibration)

« Bt Kk (Validation)

« BNAD: FIRIER




~FEF: Fis — SR Research3{ {43 —
Track.exe

(75223 Eyelink Developers Kit / API)

HR 1%
BT

AERIZEL (FLARERSR) T DAYERE

- SR Research

"2 Configure ASIO

~e\ DataViewer (x64)

I

o5 Experiment Builder

—

a ExperimentBuilder User Manual
. EyeLink Manuals and Programmi...
l Eyelink Sample Experiments

| Install Hasp Driver

B8 License Manager

O  participant Camera Plugin

BT WebLink (x64)



EYELINK

F2H. FTHENAR. BEFERRN

T WREIRS YL AL, 1B ERA IR A TP IALET A ]

Image Throoholds 1
Camera Setup

Denlklog Fomoe bar
TCP- 1P Link Open

Camera Setuj

Image Thresholds
Desktop Monocular

Auto Threshold
TCP,IP Link Open
Screens

= || =

Tracking Mode

Tracking Fode

[~ o]

Sample Rate

IR

Fapll Tracking
WWeT
| | Eblipes

[

Pupil Tracking

T " |
[l e T o LamE

] Srn
dviiy | LABLE

[ RR TR P o

LEFT EVE [1ffGEE
LEFT EYE IMAGE
HOT AVAILABLE

R 2

NU PUPIL

[ no cr |
=TT

XA LRI ARRE. . .



EYELINK

E=F. FTHEYEREE
B BERAALGEL, VAR, LETEHCRAR

BERR G AR AT AR




EYELINK

%%ﬁ (EEEE) . BFHEFL (Puwpil) MIAERS S (CR)
In
B SofkaHIREEE, AEFaE0RE

Threshold values help eye tracker
to identify pupil and corneal reflection (CR)

Pupil




EYELINK

W EFL (Pupil) fiAERSS (CR) BUE
PR ) A" BHBIRATEIE, FARIESEPRE 3 0E .
M L R . WA i g = Fp g i -

Threshold Too low: Noisy =~ Good Pupil Threshold Threshold too high:
Shadows

PRAESEE: 0 T BTN R DAY T I L B



EYELINK

WSl (Pupil) fIfAERITS (CR) BE

CRIFE . MG FIEARA =R g 0L

pupil

MopEgE. ¢+ 1 - JECRIF(E. CRAIRE AT ARG {5 BARAG— A A,



EYELINK

FLS. OREE
B BB R, FRERRLRICRAG A5

“WE A LM “ -> WAL CRATPupil ¥ iH 511 ol
" AR T A “ -> W CRFNPupil 1 H 515 Bl
" AR RENA LA “ -> W CRFNPupil 1 H 5115 Bl
" AR PREA A “ -> W CRFNPupil 1 H 5115 Bl

R T84 )E, BE-—T7, WMEPUpilFICRIFIN A5 H I T B iR R

AR TR U I S B T A A R A A



EYELINK

ENw. A (Calibration)
F:Camera Setup i, Fn S d-CalibrationikI 5 % R iE4EC.

™ _i;‘—i“*‘i-_,:m.?:_* T
 Calibrate
Tower Bino-Mono
TCP-IP Link Open

[ SR

-]
°
D cursor represents position of eye in camera image !
System is uncalibrated at this point,
so D cursor won't fall on top of calibration targets
N3
Tracking: Right Eye, Pupil-CR "
Calibration: 9 point grid

FEML L A 1 T WL A T



EYELINK

ENw. A (Calibration)
TR RS G, RS,

RHE TG
-« EAFIIRHESCRE
* BRI

» ZRIBERHR
BRSO R S B D
o« LPHAR AT SR RS R T

During calibration, the Host PC will draw a crosshair for each target 51;'1;% ( $Eﬁ'l§%ﬁﬁ'l§)

B Z K5I E AT EyeLink®
1000 Plus User Manual 8311 & #

KT T 4.




ENF. BA (Calibration)

HE: REZHE, WMRERET, fHacceptEZKIMHELR.
MR BRELERA, HIREZERAERENNBITFHRENSRERNE, HUHFIIRE.

Good Calibratio Poor Calibrati . T
1D 1 AU DraLIon Filc Sample Filter _‘“i[ sﬂ | extn |

Link-Analog Filter 1 OFF |m| EXTRA

rioe ||




BASR

Ik
F:Camera Setup i, FRp S ValidationE #REERV.

dEnipe= BRI ERIERE, HSHEE.
{55 B F-3h B IE R B 4

B BYCTHRE/NTF05 ", Bkigs
“ 1 NF1

For healthy adult participants with normal vision, we recommend
using criteria of 0.5 degrees or less average error
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