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Abstract

A guideline is proposed that comprises the minimum items to be reported in research studies involving an eye tracker and human 
or non-human primate participant(s). This guideline was developed over a 3-year period using a consensus-based process via an 
open invitation to the international eye tracking community. This guideline will be reviewed at maximum intervals of 4 years.
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Introduction

This guideline provides a checklist (Table 1) of minimum 
items to be reported by eye tracking research studies. Its pur-
pose is to improve reporting standards to allow greater repro-
ducibility of eye tracking research methods and to facilitate 
a more comprehensive understanding of the data and results 
presented. This list will be helpful to authors when prepar-
ing their publications, and to reviewers and journal editors 
when assessing the reporting completeness of submissions. 
The foundation for the present guideline was laid by Hol-
mqvist et al. (2023), which comprehensively describes how 
the listed items can affect recorded eye tracking data.

Scope of the guideline

The guideline applies to any study which involves an eye 
tracker and human or non-human primate participant(s). Since 
the expertise of the author group lies primarily in human and 
non-human primate work, the guideline is aimed at research 
with only these species. While the guideline may prove helpful 
when designing research studies and preparing manuscripts 
involving studies of other species, the eye tracking technology 
involved may be considerably different, so judgement must 
be made on a case-by-case basis as to whether the guidance 
presented here is applicable in these settings.

Eye tracking is defined as the measurement of eye or 
gaze direction or the movement over time or the param-
eters derived from the data obtained, by an instrument 
referred to as an eye tracker. The measurement parameters 
are defined in detail in the checklist items.

The guideline is designed to be applicable to all cur-
rently available forms of eye tracking technology, includ-
ing but not limited to camera-based eye trackers, systems 
relying on infrared reflectance, and electrode-based sys-
tems. The guideline will be revised and updated at regular 
intervals and as new technology emerges (see Guideline 
review and update process).

Incidental measurements that eye trackers make (such 
as head position, pupil size, or blinks) are outside the 
scope of this guideline because they are not eye tracking 
per se. Note that suitable guidance already exists for pupil-
lometry (Kelbsch et al., 2019). This reporting guideline 
provides a minimum list of reportable items relating spe-
cifically to eye tracking. It therefore does not replace other 
reporting guidelines that cover broader aspects of study 
design (e.g., CONSORT for randomized trials, STROBE 
for observational studies, etc.), nor does it repeat items 
expected to be reported in intersecting research fields 
(such as stimulus size, which should be reported in vision 
research).

Flexibility

Reporting guidelines set the minimum amount of informa-
tion needed in a scientific article for readers to understand, 
critically appraise, and reproduce the methods. However, 
the extent to which reporting can be considered incom-
plete depends on the nature of any given study. We there-
fore advise against rigid adoption of the guideline as an 
inflexible barrier to publication. All items in the guideline 
should be considered, but failing to report an item should 

Table 1  Checklist of information to include when reporting an eye tracking study

Category Item no. Checklist item Reported 
on page 
no.

Items to be reported by all eye tracking studies A1 Manufacturer and model

A2 Software and firmware versions

A3 Eye tracking technology

A4 Sampling frequency

A5 Head movement restrictions

A6 Eye(s) recorded

A7 Parameters recorded

A8 Environment lighting

A9 Calibration

A10 Measurement uncertainty

A11 Data processing steps

A12 Data loss

Additional item to be reported by studies of eye movement dynamics B1 Signal latencies

Additional item to be reported by studies reporting screen-based gaze 
coordinates

C1 Participant to display monitor distance
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not automatically preclude publication. Authors, editors, and 
reviewers should consider on a case-by-case basis whether 
unreported items have the potential to undermine repro-
ducibility or interpretability in the context of the particular 
study. For more in-depth considerations, we refer the reader 
to Holmqvist et al. (2023).

Terminology

The terminology employed in this document aims to follow 
established ISO 99:2007 norms (International Organization 
for Standardization [ISO], 2007). However, note that, owing 
to consistent historical usage by the eye tracking community, 
the term ‘calibration’ is used with a looser meaning and 
refers to any procedure that enables an eye tracker’s output 
to be interpreted within its intended scope, i.e., to assess the 
empirical validity (Peacock & Peacock, 2010, p. 94) of the 
measured parameters.

Methods

The guideline was developed over a 3-year period by 
researchers and clinicians representing numerous eye 
tracking sub-specialties. The initiative was advertised 
internationally via e-mail lists and clinical/research groups 
from December 2019 to May 2020. Group membership 
was open to anyone with an interest in helping to develop 
the guideline. The initiative was a horizontal community 
effort with no individual or group leading the process; all 
decisions were made by the majority present at each meet-
ing. A minimum of six active participants were required 
for meetings to be deemed quorate. Twelve quorate meet-
ings were held between May 2020 and February 2023, 
with the number of participants ranging from eight to 
over 23. Representatives from the EQUATOR Network 
attended four of the meetings to provide advice and ensure 
the process followed current recommendations for report-
ing guideline development (Moher et al., 2010). All meet-
ings were held online.

In May 2020, a meeting was held to discuss whether 
an eye tracking methods reporting guideline was needed, 
and consider whether existing published guidance (Hessels 
& Hooge, 2019; Oakes, 2010) was sufficient to provide a 
minimum reporting guideline covering most eye tracking 
research applications. The group decided that a complete 
guideline was warranted and opted to produce a single 
document to cover minimum reportable items across all 
eye tracking fields, rather than separate guidelines for 
each subspecialty, since most issues affecting eye track-
ing data quality are common across research fields. Fol-
lowing the Delphi Method (Brown, 1968), from January 
to March 2022, all 47 members of the group were invited 

to contribute anonymously to an unstructured list of items 
to be considered for inclusion, resulting in 69 suggestions 
(see Supplementary Material for list). In September 2022, 
a structure was added to the guideline to enable inclusion 
of items specific to certain types of eye tracking studies. 
From September to December 2022, over three rounds, 
each item on the preliminary list was discussed in the con-
text of the guideline scope and its inclusion was voted 
on by the group to reach the final checklist presented in 
Table 1 of minimum reportable items.

Checklist items

Below, we provide the rationale and an example of ideal 
reporting for each item included in the checklist. For some 
items (A3, A7, and A12), constructed examples are given, 
as we were unable to find any suitable publication to cite 
as an example of good reporting for these items. Note that 
some studies might require more or fewer details when 
reporting their methods. The checklist and worked exam-
ples provided here have the aim of reminding authors 
about the minimum aspects of their research that must be 
described in their publications to allow critical appraisal 
and reproducibility.

Items to be reported by all eye tracking studies

Item A1: Manufacturer and model

Example – “To track eye movements, participants wore a 
pair of SMI Eye Tracking Glasses […] (SMI GmbH, Berlin, 
Germany)” (Sullivan et al., 2021).

Explanation – Identifying both the manufacturer and 
model enables the reader to seek further information about 
the eye tracker used in the study. Supplying the city and 
country helps the reader to locate the manufacturer in 
order to replicate a study using similar hardware. If the eye 
tracker used in the study is self-built or not commercially 
available, a complete description of the eye tracker design 
should either be included or referred to in a readily acces-
sible supplement.

Item A2: Software and firmware versions

Example – “This setup used the Tobii Pro Glasses 2 […] 
(firmware version 1.25.3-citronkola). […] This setup used 
the […] headset in combination with the open-source 
eye tracking software EyeRecToo (version 2.0 commit 
51a839aa).” (Niehorster et al., 2020)

Explanation – Software and firmware are programs 
required to run most eye tracking hardware. Since they are 
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used alongside eye tracking devices, the version number typi-
cally defines the inherent functionality and how recent or up 
to date the eye tracking system is. Software and firmware are 
used during the calibration process, to record data, present 
stimuli, process and analyze the data. If the recording process 
was controlled by bespoke software, this should be described 
in sufficient detail (or the code provided if possible).

Item A3: Eye tracking technology

Example – “We used the […] eye tracker, a video-based eye 
tracker providing gaze coordinate data”.

Explanation – There are many different methods for track-
ing eye movements or gaze direction. These methods include, 
but are not limited to: electrooculography, scleral coils, dual 
Purkinje imaging, limbus tracking, video-oculography, and 
retinal-image-based tracking. See Holmqvist et al. (2023) for 
details on these methods. The nature of the eye tracking signal 
should be reported, i.e., whether the system natively provides 
data as, e.g., an analog voltage, digital gaze coordinates, or 
digital gaze directions.

Item A4: Sampling frequency

Example – “Eye movements were recorded [...] at a sample 
rate of 250 Hz" (Jayaramachandran et al., 2014).

Explanation – Sampling frequency (the number of times 
per second the tracking data is recorded, expressed in Hertz) 
is an indicator of the eye tracker’s ability to represent time-
dependent parameters, e.g., fixation duration, eye velocity and 
acceleration, and the onset and termination of events such as 
fixations and saccades. The relevance of sampling frequency 
depends on the phenomena under investigation, e.g., the evalu-
ation of saccadic peak velocity is typically much more sensi-
tive to sampling frequency than that of fixation duration (Mack 
et al., 2017). If the eye tracker samples at irregular intervals, 
this must be stated.

Note that this item refers to native sampling frequency. If 
the data are resampled to a different frequency, this should be 
specified as a data processing step (see Item A12).

Item A5: Head movement restrictions

Example – “The participant's head was supported on a chin-
rest” (Murray et al., 2022).

Explanation – It should be stated whether the head move-
ment was free (unrestrained) or whether head movement was 
restrained in any way. Head restraints may include but are not 
limited to: chin rest, forehead rest, bite bar, or a child may 
be seated on their parent’s knee with the head held by the 
parent. If the head is unrestrained, the extent to which head 
movements could impact data reliability should be consid-
ered and reported.

Item A6: Eye(s) recorded

Example – “Eye positions were recorded for both eyes” 
(Ukwade & Bedell, 1992).

Explanation – It should be stated whether the parameters 
measured were from one eye (and if so, which eye) or both 
eyes. Please note that this item refers to the data recorded. 
Whether a parameter is measured through a process that 
involves one or both eyes (e.g., a gaze direction measured 
through monocular or binocular eye tracking) is information 
related to the eye tracking technology, to be reported as part 
of Item A3.

Item A7: Parameters recorded

Example – “The eye tracker recorded horizontal and verti-
cal gaze position in pixels on the screen, where (0,0) cor-
responds to the top-left of the screen.”

Explanation – The parameters measured by the eye 
tracker and recorded for subsequent interpretation should 
be listed. To allow an unequivocal interpretation of these 
parameters, the coordinate system used should also be 
reported, including its units (e.g., degrees, pixels, etc.), 
frame of reference (e.g., world-centered coordinates such 
as a position on a screen/plane/object, head-centered etc.), 
origin (zero), and (where necessary to interpret the presented 
data) the directions (e.g., up/down) represented by positive 
and negative values.

Item A8: Environment lighting

Example – The […] environment was a room with large 
windows facing the tracker; additional lighting came from 
[…] fluorescent lights. Data was collected on a cloudy day” 
(Feit et al., 2017).

Explanation – Environment lighting may affect eye 
tracking data quality. At the least, a statement indicating 
whether the environment was dark, moderate, or light should 
be provided, referring to a reference/definition for these 
terms where meaningful.

Item A9: Calibration

Example – “Rather than using the built-in EyeLink 1000 
calibration sequence, a custom 5-point (0°, ±10° vertical, 
±10° horizontal presented for 4 s each at location) monocu-
lar calibration was performed for each eye by fixating a small 
white dot (0.3° diameter) presented on a black background, 
and validated using a four-point validation procedure (aver-
age validation error 0.8°)” (example based on Kelly et al. 
(2019), Niehorster et al. (2019)).

Explanation – In the majority of published eye tracking 
research, the calibration process is a key determinant of the 
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interpretation of the parameters measured. If the eye tracker 
was not subject to a formal calibration process, this should 
be stated. If the eye tracker was calibrated, the following 
should be reported:

1. Calibration method: State whether the calibration pro-
cess was provided by the eye tracker manufacturer, or 
if an alternative method was used – in which case, suf-
ficient detail should be provided to replicate it.

2. Calibration design: Details about the design of the 
calibration process, including stimulus, the number of 
calibration targets used, their color, size, shape, duration 
and position or movement should be provided. A state-
ment describing any calibration-related participant task 
should be made (e.g., press a button when looking at a 

target), as this may affect the significance of the calibra-
tion outcome (e.g., people with motion impairment may 
take longer to press a button in response to a stimulus 
than people with normal movement).

3. Calibration validation: The criteria against which the 
calibration was accepted as valid should be provided. 
If a validation procedure was performed, the validation 
method should be described using the same guidelines 
as for calibration method and design. If the quality of 
the calibration was monitored during the recording, with 
drift checks or by other means, this should be stated. 
If these checks may result in recalibration being per-
formed, this should be stated, and the criteria to trigger 
a recalibration should be described.

Item A10: Measurement uncertainty

Example – “Precision in terms of sample-to-sample RMS dis-
tance of the gaze data, averaged across participants, was 0.30°, 
and in terms of mean standard deviation, 0.42°. These values 
did not differ between conditions.” (Niehorster et al., 2019)

Explanation – For any quantities reported, the estimated 
uncertainties should be stated. These may be reported using 
any measure suitable for the specific experimental context. 
E.g., when reporting precision of gaze position, this is typi-
cally reported as root mean square, sample-to-sample deviation 
(RMS-S2S), standard deviation or bivariate contour ellipse area.

Item A11: Data processing steps

Example – “Any samples reporting a gaze position ≥ 50% 
beyond the screen edge were discarded as artefacts. Short 
gaps in the data (≤ 25 ms) were interpolated with cubic 
splines. Any remaining data lying ≥ 10 standard deviations 
from the median gaze position for the entire recording were 
discarded as artefacts. Next, to remove remaining blink-
related artefacts, all data ≤ 75 ms either side of all gaps in 

the data were also deleted. Position data were then filtered 
using a generalized Savitzky–Golay filter […] Saccades 
were detected using the method described by Engbert and 
Kliegl” (Cutsuridis et al., 2021).

Explanation – All data processing steps in eye track-
ing include manipulations to the native eye tracker signal as 
reported in Item A7, to produce the parameters relevant to the 
experimental study (e.g., to convert the native signal into a gaze 
signal or a velocity signal, fixation duration, saccade amplitude, 
blink rate, etc.). These steps may be performed by commercial 
or custom software. See Figure 1 of Holmqvist et al. (2023), 
for an outline of data processing steps involved in eye tracking.

Item A12: Data loss

Example – “18% of samples were lost, 5% of which were as 
a result of participant blinks. These samples appeared ran-
domly distributed across participants, conditions, and time”.

Explanation – Data loss refers to the proportion of 
samples either reporting no tracking data, or which were 
discarded during analysis as not being representative of 
measured data. E.g., let us assume that a 250-Hz eye tracker 
is expected to deliver 250 gaze coordinates per second. If 
only 225 reliable samples are delivered, 10% data loss is 
observed. Data loss may result from experimental condi-
tions, such as blinks, or from an issue relating to the eye 
tracker or participant setup and may be reported in different 
ways depending on the eye tracker and purpose(s) of the 
study. If the eye tracker has a fixed sampling frequency, this 
should be expressed as a percentage; if not, the effective 
frequency should be reported (see Hooge et al. (2022) for 
considerations regarding which measure to use).

Additional item to be reported by studies of eye 
movement dynamics

The item below should be reported where relevant, espe-
cially for studies employing gaze-contingent stimulus pres-
entation, or in which multiple temporal signals are combined 
across different technologies (e.g., neuroimaging studies). 
This item may also be important in eye tracking studies that 
are concerned with the latency, speed, or other dynamic 
property of eye movements (e.g., studies of pursuit or sac-
cadic reaction times) where synchronization between the eye 
tracker and stimulus delivery system is required for accurate 
estimates of such parameters.

Item B1: Signal latencies

Example – “Updating the display contingent on the viewer’s 
gaze required 1 ms to receive a sample from the eye tracker, 
less than 1 ms to draw the three image textures, and up to 
7 ms to refresh the screen” (Nuthmann, 2014).
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Explanation – System latency refers to the duration of a 
signal traveling from the input to the output of a system. For 
a video-based eye tracker, this is the time taken to produce 
gaze coordinates from the light reaching the eye tracker cam-
era. For a gaze-contingent display (a system in which gaze 
is actively used to manipulate a stimulus), the total system 
latency includes eye tracker latency and the latency of the 
stimulus presentation system. Systems with long and vary-
ing latencies may produce signals that are problematic to 
interpret. When an experimental setup consists of several 
subsystems (e.g., concurrent eye tracking, head tracking, and 
EEG), the different subsystem latencies may complicate syn-
chronization. Any latency (device latencies, system latencies, 
etc.) should therefore be reported if likely to be relevant with 
reference to the experiment rationale and design.

Additional item to be reported by studies reporting 
screen‑based gaze coordinates

The item below should be reported in any eye tracking study 
in which gaze coordinates are defined relative to a display 
monitor.

Item C1: Participant to display monitor distance

Example – “Observers were measured at a distance as close 
to 0.620 m as possible and our software blanked out the screen 
and displayed a warning message (which suspended data 
acquisition) whenever the observer’s eyes were closer than 
0.520 m or further than 0.720 m from the screen. The stimu-
lus was presented on a screen in a fronto-parallel plane at a 
distance of 0.5 m from the participant.” (Mooney et al., 2021)

Explanation – When a display monitor is used as the ref-
erence frame for gaze coordinates, the distance of the eye(s) 
to the display monitor and its dimensions should be reported. 
This allows verification of the proportion of the monitor 
falling within the eye tracker’s trackable range and allows 
the reader to determine whether the recorded gaze directions 
contain a significant vergence component.

The plane of stimulus presentation should also be 
reported if there is a significant vergence component of eye 
movements. E.g., if the stimuli are presented on a screen 
lying flat on a table top, vergence eye movements will 
change for targets presented at different depths.

Guideline review and update process

Timing of updates of this document will be guided by feed-
back and use as well as technological and other develop-
ments in the field. Review will occur at maximum intervals 
of 4 years.

Conclusion

This guideline presents a recommended minimal set of items to 
consider reporting in eye tracking studies. The aim is to improve 
reproducibility of methods and comparability of results.
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