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Summary

The study of pupil dilation, or pupillometry, has undergone a considerable revival in recent
years. Early research noted substantive changes in pupil dilation due to mental effort (Hess &
Polt, 1964; Kahneman, 1973; Kahneman, Tursky, Shapiro, & Crider, 1969); and this method
has seen a surge in usage following a rise in the popularity of automatic eye-tracking technology
coupled with the search for more robust methods in psychological science (van der Wel & van
Steenbergen, 2018; Winn, Wendt, Koelewijn, & Kuchinsky, 2018). Pupillometry, measured
using automated eye-tracking technology, thus provides a methodology that is cheaper than
most neuroimaging techniques, but more powerful than many behavioural measures, such as
overall looking time measurements common to eye-tracking experiments.
Despite these considerable advantages when compared to other paradigms, the details of
the actual methods and pipelines involved with pupillometry have been a topic for much
debate (Mathôt, Fabius, Van Heusden, & Van der Stigchel, 2018; van Rij, Hendriks, van
Rijn, Baayen, & Wood, 2019). These methodological differences are mostly attributable to
two causes. The first is that the nature of pupillometric studies require careful design and
procedure. Pupil dilation is highly sensitive to not just luminance, but also other properties of
the experiment, including gaze position due to stimuli locations (Gagl, Hawelka, & Hutzler,
2011), as well as stimuli-specific considerations such as brightness or location on the screen,
and participant-specific considerations, such as the stress levels and memory load. In this
way, the very nature of any pupillometric study demands careful planning on design, and
thoughtful consideration about the details of the methods. The second such cause of the
variable methods in pupillometric studies stems from the analytical decisions made in the
processing of the data. Due to many researchers following either closed, in-house analytical
pipelines, or open-source pipelines that require costly software, or particular equipment at
some point in the analysis, there has been a lack of consensus on the analytical decisions to
be made in processing. These decisions include how to filter and clean the data (Jackson &
Sirois, 2009), decisions to be made on baselining the data (Mathôt et al., 2018), and whether
to take time-course or aggregate pupil size forward as a variable (van Rij et al., 2019). Thus
PupillometryR aims to assist experimenters by providing a clear pipeline which is both free
and open-source, and available for usage with most common brands of eye-tracker.
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Implementation
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Figure 1: An example of a raincloud plot of pupil data in PupillometryR.

PupillometryR extends a suggested pipeline for implementation of pupillometric studies
(Jackson & Sirois, 2009), making heavy use of the signal package (Signal Developers,
2014) for pre-processing of the pupil data. The in-built plotting functions, designed for ease
of use, rely on ggplot2 (Wickham, 2016) for the data visualisation, and include raincloud plots
(Allen, Poggiali, Whitaker, Marshall, & Kievit, 2019) as an in-built data visualisation option.
For analysis several options are given, including the use of Generalised Additive Models which
uses the mgcv package (Wood, 2017), and Functional Data Analysis, which uses functions
from the fda package (Ramsay, Graves, & Hooker, 2020).
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Figure 2: An example of a functional t-test in PupillometryR.

Some comprehensive pupillometry pipelines exist already in MATLAB (Hershman, Henik, &
Cohen, 2019; Sirois, n.d.), and in R (Geller, Winn, Mahr, & Mirman, 2020), and while
each of these have their own merits, none offer the start-to-finish comprehensive pipeline
in an open-source language compatible with most brands of eye-tracker, which includes in-
built plotting functions, and flexibility of analysis style (time windows, FDA, GAMs) offered
in PupillometryR. In addition, PupillometryR is available on CRAN, making it easy to
download for R users, and subject to regular CRAN checks.

Acknowledgements

This package benefitted greatly from discussions with and past work made available by Sylvain
Sirois and advice from Mihaela Duta and Jacolien van Rij. I am also grateful to David Robinson
for assistance with the implementation of raincloud plots in the package, and Micah Allen and
the raincloud plots team for making the raincloud plot technique available.

References

Allen, M., Poggiali, D., Whitaker, K., Marshall, T., & Kievit, R. (2019). Raincloud plots:
A multi-platform tool for robust data visualization. Wellcome Open Research, 4(63).
doi:10.12688/wellcomeopenres.15191.1

Gagl, B., Hawelka, S., & Hutzler, F. (2011). Systematic influence of gaze position on pupil size
measurement: Analysis and correction. Behavior Research Methods, 43(4), 1171–1181.
doi:10.3758/s13428-011-0109-5

Geller, J., Winn, M. B., Mahr, T., & Mirman, D. (2020). GazeR: A Package for Pro-
cessing Gaze Position and Pupil Size Data. Behavior Research Methods. doi:10.3758/

Forbes, S. H., (2020). PupillometryR: An R package for preparing and analysing pupillometry data. Journal of Open Source Software, 5(50),
2285. https://doi.org/10.21105/joss.02285

3

https://doi.org/10.12688/wellcomeopenres.15191.1
https://doi.org/10.3758/s13428-011-0109-5
https://doi.org/10.3758/s13428-020-01374-8
https://doi.org/10.3758/s13428-020-01374-8


s13428-020-01374-8
Hershman, R., Henik, A., & Cohen, N. (2019). CHAP: Open-source software for processing

and analyzing pupillometry data. Behavior Research Methods, 51(3), 1059–1074. doi:10.
3758/s13428-018-01190-1

Hess, E. H., & Polt, J. M. (1964). Pupil size in relation to mental activity during simple
problem-solving. Science, 143(3611), 1190–1192. doi:10.1126/science.143.3611.1190

Jackson, I., & Sirois, S. (2009). Infant cognition: Going full factorial with pupil dilation.
Developmental Science, 12(4), 670–679. doi:10.1111/j.1467-7687.2008.00805.x

Kahneman, D. (1973). Attention and Effort (p. 24). Englewood Cliffs, New Jersey: Prentice-
Hall.

Kahneman, D., Tursky, B., Shapiro, D., & Crider, A. (1969). Pupillary, heart rate, and skin
resistance changes during a mental task. Journal of Experimental Psychology, 79(1),
164–167. doi:10.1037/h0026952

Mathôt, S., Fabius, J., Van Heusden, E., & Van der Stigchel, S. (2018). Safe and sensible
preprocessing and baseline correction of pupil-size data. Behavior Research Methods,
50(1), 94–106. doi:10.3758/s13428-017-1007-2

Ramsay, J. O., Graves, S., & Hooker, G. (2020). fda: Functional Data Analysis. Retrieved
from https://CRAN.R-project.org/package=fda%20

Signal Developers. (2014). signal: Signal processing. Retrieved from http://r-forge.r-project.
org/projects/signal/

Sirois, S. (n.d.). Pupillometry Walkthrough. Retrieved from https://oraprdnt.uqtr.uquebec.
ca/pls/public/gscw031?owa_no_site=314&owa_no_fiche=3&owa_bottin=https:
//oraprdnt.uqtr.uquebec.ca/pls/public/gscw031?owa_no_site=314&owa_no_fiche=3&
owa_bottin=

van der Wel, P., & van Steenbergen, H. (2018). Pupil dilation as an index of effort in
cognitive control tasks: A review. Psychonomic Bulletin and Review, 25(6), 2005–2015.
doi:10.3758/s13423-018-1432-y

van Rij, J., Hendriks, P., van Rijn, H., Baayen, R. H., & Wood, S. N. (2019). Analyz-
ing the time course of pupillometric data. Trends in Hearing, 23, 1–22. doi:10.1177/
2331216519832483

Wickham, H. (2016). ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New
York. ISBN: 978-3-319-24277-4

Winn, M. B., Wendt, D., Koelewijn, T., & Kuchinsky, S. E. (2018). Best practices and advice
for using pupillometry to measure listening effort: An introduction for those who want to
get started. Trends in Hearing, 22, 1–32. doi:10.1177/2331216518800869

Wood, S. N. (2017). Generalized Additive Models: An Introduction with R (2nd ed.). Chap-
man; Hall/CRC.

Forbes, S. H., (2020). PupillometryR: An R package for preparing and analysing pupillometry data. Journal of Open Source Software, 5(50),
2285. https://doi.org/10.21105/joss.02285

4

https://doi.org/10.3758/s13428-018-01190-1
https://doi.org/10.3758/s13428-018-01190-1
https://doi.org/10.1126/science.143.3611.1190
https://doi.org/10.1111/j.1467-7687.2008.00805.x
https://doi.org/10.1037/h0026952
https://doi.org/10.3758/s13428-017-1007-2
https://CRAN.R-project.org/package=fda%20
http://r-forge.r-project.org/projects/signal/
http://r-forge.r-project.org/projects/signal/
https://oraprdnt.uqtr.uquebec.ca/pls/public/gscw031?owa_no_site=314&owa_no_fiche=3&owa_bottin=https://oraprdnt.uqtr.uquebec.ca/pls/public/gscw031?owa_no_site=314&owa_no_fiche=3&owa_bottin=
https://oraprdnt.uqtr.uquebec.ca/pls/public/gscw031?owa_no_site=314&owa_no_fiche=3&owa_bottin=https://oraprdnt.uqtr.uquebec.ca/pls/public/gscw031?owa_no_site=314&owa_no_fiche=3&owa_bottin=
https://oraprdnt.uqtr.uquebec.ca/pls/public/gscw031?owa_no_site=314&owa_no_fiche=3&owa_bottin=https://oraprdnt.uqtr.uquebec.ca/pls/public/gscw031?owa_no_site=314&owa_no_fiche=3&owa_bottin=
https://oraprdnt.uqtr.uquebec.ca/pls/public/gscw031?owa_no_site=314&owa_no_fiche=3&owa_bottin=https://oraprdnt.uqtr.uquebec.ca/pls/public/gscw031?owa_no_site=314&owa_no_fiche=3&owa_bottin=
https://doi.org/10.3758/s13423-018-1432-y
https://doi.org/10.1177/2331216519832483
https://doi.org/10.1177/2331216519832483
https://worldcat.org/isbn/978-3-319-24277-4
https://doi.org/10.1177/2331216518800869
https://doi.org/10.21105/joss.02285

	Summary
	Implementation
	Acknowledgements
	References

