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Abstract

Eye contact is a crucial aspect of social interactions that may enhance an individual’s cognitive performance (i.e. the eye contact effect)
or hinder it (i.e. face-to-face interference effect). In this paper, I focus on the influence of eye contact on cognitive performance in tasks
engaging executive functions. I present a hypothesis as to why some individuals benefit from eye contact while others do not. I propose
that the relations between eye contact and executive functioning are modulated by an individual’s autonomic regulation and reactivity
and self-regulation of attention. In particular, I propose that individuals with more optimal autonomic regulation and reactivity, and
more effective self-regulation of attention benefit from eye contact. Individuals who are less well regulated and over- or under-reactive
and who do not employ effective strategies of self-regulation of attention may not benefit from eye contact and may perform better
when eye contact is absent. I present some studies that justify the proposed hypothesis and point to a method that could be employed to
test them. This approach could help to better understand the complex mechanisms underlying the individual differences in participant’s
cognitive performance during tasks engaging executive functions.
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This paper presents a hypothesis regarding the relations be-
tween eye contact, autonomic reactivity and regulation, and
self-regulation of attention during tasks engaging executive
functions. I postulate that individuals with more optimal auto-
nomic reactivity and regulation, and more effective self-
regulation of attention benefit from eye contact. Individuals
who are over- or under-reactive and less well regulated in
terms of autonomic regulation, and who do not employ effec-
tive strategies of self-regulation of attention may not benefit
from eye contact and even may perform better when the eye
contact is absent.

First, I will present a brief review of the literature regarding
the eye contact effect and face-to-face interference. Then, I
will outline the polyvagal theory put forth by Porges (2007)
as a context of cognition. Next, I will review some studies
examining the relations between vagal regulation, attention,
and the control of attention. I will also demonstrate how
existing studies with participants with autism spectrum disor-
ders (ASD) can inform our understanding of the eye contact
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effect and face-to-face interference and their relations with
autonomic reactivity and regulation. Next, I will discuss some
findings that point to the role of self-regulation of attention in
cognitive performance. Finally, I will argue that the polyvagal
theory and the cited empirical findings converge to suggest
that the eye contact effect may depend on vagal reactivity and
regulation, and self-regulation of attention. I will propose
some specific hypotheses and outline a method that could be
employed to test them.

Eye Contact and Cognitive Performance

Eye contact is a crucial aspect of social interactions (for a
review see Hessels 2020) but its role and effects vary. Eye
contact can facilitate children’s (Farroni et al. 2004; Hoehl
etal. 2014; Reid and Striano 2005; Wu et al. 2014) and adults’
(Hietanen et al. 2016) information processing, a phenomenon
known as the eye contact effect (Senju and Johnson 2009).
Possible mechanisms underlying the eye contact effect in-
clude an early preparedness to process gaze, an informative
signal value of direct gaze, and certain specific responses elic-
ited by eye contact with another person (see a review in
Niedzwiecka 2020). However, an opposite effect has also
been demonstrated, that is the face-to-face interference effect
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(Riby et al. 2012). Eye contact can impede cognitive perfor-
mance because it may increase cognitive load (e.g., Phelps
et al. 2006), act as a distractor (Conty et al. 2010), or disrupt
cognitive control (Kajimura and Nomura 2016).

There are also some individual differences in responses to
eye contact. First, eye contact differentially affects task per-
formance of typically developing children and children with
ASD. In an experiment in which memory performance was
compared in two conditions: with and without eye contact
with an experimenter, typically developing children per-
formed better when eye contact was present, whereas no such
effect was observed in children with ASD (Falck-Ytter et al.
2015). Second, a variation in responses to eye contact can also
be observed in neurotypical individuals, as some react with
approach behaviors, while others tend to react with avoidance
behaviors (Helminen et al. 2011). Thus, certain intra-
individual factors seem to modulate the impact of eye contact
on cognitive processing.

Vagal Regulation as a Context of Cognition

An individual’s automatic responses to eye contact can be
assessed by measuring brain activity (Hietanen et al. 2008),
muscle activity (Hietanen et al. 2018), changes in skin con-
ductance (Prinsen et al. 2019), and heart activity (Wieser et al.
2009). A useful theoretical framework for research based on
the measurement of heart activity is the polyvagal theory
(Porges 2007). The theory offers a model that links changes
in peripheral indices of autonomic activity (heart activity) dur-
ing resting states and during cognitive tasks with neurobiolog-
ical bases of these changes. It explains the couplings between
heart activity and cognitive processes. The polyvagal theory
affords testable hypotheses regarding the relations between
eye gaze, autonomic reactivity, and cognitive performance.
The polyvagal theory focuses on the balance between three
main circuits in the autonomic nervous system, with a partic-
ular interest in the functioning of the myelinated fibres of the
ventral complex of the vagus. While the dorsal complex of the
vagus and the sympathetic system are key to reacting to dan-
ger, the ventral complex of the vagus is involved in more
complex social behaviors, which are only readily observable
when individuals do not perceive any source of danger
(Porges 2007). The myelinated vagus inhibits the sympathetic
system (turns on the “vagal brake”), resulting in a subjective
state of calm. Consequently, various behaviors engaged in
establishing social relations can be activated (e.g., making
eye contact). A withdrawal of the vagal brake results in an
increase of arousal, enabling fight or flight responses.
Concurrently, it disfavours social engagement. Eye contact
is a crucial element of social engagement, therefore it is com-
patible with the physiological state warranted by the vagal

brake and incompatible with the physiological state following
a withdrawal of the vagal brake.

As heart activity is partially controlled by the vagus, cardi-
ac measures have been central to research stemming from the
polyvagal theory. Heart rate variability (HRV) and, more spe-
cifically, respiratory sinus arrhythmia (RSA) have been used
as measures of vagal regulation and reactivity, and as mea-
sures of cognitive effort and sustained attention (Porges 2007,
Suess et al. 1994). HRV has been conceptualized as an indi-
cator of an overall level of self-regulatory abilities of an indi-
vidual, as well as an indicator of the effort required to self-
regulate during a task (Segerstrom and Nes 2007).

Measures of HRV are used to evaluate the levels of pre-
frontal cortical control over phylogenetically older structures
(Thayer et al. 2009). A more effective regulation results in a
higher adaptability and better cognitive performance, espe-
cially in tasks recruiting executive functions (Hansen et al.
2004), that is the high-order, effortful cognitive processes,
including inhibition, working memory, and cognitive flexibil-
ity (Diamond 2013).

Measures of vagal regulation have also been used to assess
temperamental reactivity and behavioral self-regulation
(Calkins 1997). For instance, a moderate decrease in HRV
during tasks has an activating effect, favouring optimal per-
formance. Similarly, a greater vagal withdrawal while viewing
a stimulus evoking negative emotions is related to more effec-
tive emotion regulation and lower depressive symptoms
(Gentzler et al. 2009). Thus, dynamic changes of HRV during
testing may reflect an adaptation to situational demands.

Vagal Regulation, Attention, and Cognitive
Control

Vagal regulation is related to attention. When infants view
objects, a greater deceleration of heart rate accompanies
sustained attention (Richards 2003). It is also linked to en-
hanced processing of stimuli (Richards 2003) and lower dis-
tractibility (Lansink and Richards 1997; Richards and Gibson
1997). Furthermore, infants with higher baseline RSA are less
distractible and show a greater task-related heart rate deceler-
ation (Richards 1987).

A recent study showed that twelve-month-olds who were
less reactive to negative stimuli and who showed more dy-
namic changes of arousal during a task had the highest ability
to sustain attention (Wass et al. 2018). Another study demon-
strated that changes in arousal preceded changes in attention
(Wass et al. 2016). This suggests that adequate vagal regula-
tion provides an optimal level of arousal for tasks engaging
voluntary attention. The ability to regulate arousal according
to situational demands, via its impact on attention, results in
effective information processing and consequently in optimal
task performance.
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Vagal regulation and executive functions share common
neural substrates, with the prefrontal cortex being the
highest-order regulator (Thayer et al. 2009). A neuroanatom-
ical model elucidating two-way relations between the func-
tioning of prefrontal cortical and subcortical structures and
their peripheral effects (heart activity) was proposed by
Thayer and Lane (2000). In adults, higher HRV is associated
with better executive functioning and attention control
(Hansen et al. 2003), irrespective of the level of stress induced
by experimental conditions (Hansen et al. 2009). Consistent
with these results, a study with children showed that at
3.5 years of age, children who had higher resting RSA and
moderate RSA withdrawal during testing scored higher in
executive functions tasks than children with other patterns of
autonomic regulation and reactivity (Marcovitch et al. 2010).

Atypical Vagal Regulation, Eye Contact,
Attention, and Executive Functions in Autism
Spectrum Disorders

Vagal regulation varies across the typical population.
Moreover, neurotypical individuals differ with regard to vagal
regulation and executive functions from those with ASD.
ASD is a group of neurodevelopmental disorders character-
ized by severe disturbances in social interaction and social
communication (including eye contact), and restriction, repet-
itiveness, and rigidity of behavior or interests (World Health
Organization 2018). Atypicalities in the development of dif-
ferent aspects of attention are prevalent in ASD (Fujioka et al.
2020; Hendry et al. 2020; Macari et al. 2020; Moriuchi et al.
2017; Vivanti et al. 2017), as are deficits in executive func-
tions (Demetriou et al. 2018; Jones et al. 2018; Leung et al.
2016; Peng and Wallace 2017; Wallace et al. 2016).

Children with ASD show a lower baseline RSA and a low-
er RSA reactivity in comparison with typical controls (Porges
et al. 2013). RSA grows slower with age in infants and tod-
dlers with ASD than in typically developing controls
(Sheinkopf et al. 2019). Among individuals with ASD, higher
baseline RSA is associated with better social functioning and
receptive language (Patriquin et al. 2013). Furthermore,
higher RSA during an emotion recognition task is related to
better performance (Bal et al. 2010). Therefore, in individuals
with ASD, a pattern of RSA reactivity similar to the one ob-
served in neurotypical individuals is associated with better
functioning.

Children with ASD show a decreased RSA in response to
pictures of unfamiliar faces, an indicator that the vagal brake
has been turned on. This suggests that they react to certain
novel social cues with a fight or flight response on a physio-
logical level (Van Hecke et al. 2009). A withdrawal of the
vagal brake while interacting with unfamiliar people could
possibly account for the avoidance of eye contact and social

@ Springer

withdrawal in ASD. This is consistent with the studies that
showed a lack of positive effect of eye contact on cognitive
performance in individuals with ASD (Falck-Ytter et al.
2015), and a lack of typical approach reactions to faces with
direct gaze (Kyllidinen et al. 2012). This could also explain the
lack of preferential looking at the eye region of unfamiliar
adults in toddlers with autism (Jones et al. 2008). Thus,
Porges and colleagues (Porges et al. 2013) propose that symp-
toms of ASD, such as deficits in social engagement, but also
regulatory disorders and atypical auditory processing, may be
explained by defective vagal regulation.

Although the polyvagal theory cannot account for all the
symptoms of autism, it offers a promising perspective for
studies of the influence of eye contact on executive function-
ing in neurotypical individuals and those with ASD by linking
vagal regulation with responses to eye gaze and attention. This
approach could help to elucidate the mechanisms underlying
the eye contact effect and the face-to-face interference.

Self-Regulation of Attention as a Tool
to Optimize Affect and Cognitive
Performance

“Self-regulation refers to the many processes by which the
human psyche exercises control over its functions, states,
and inner processes” (Vohs and Baumeister 2004, p. 1). It is
associated with the outcomes across various developmental
areas throughout the life-span, such as health, academic
achievement, and economic well-being (McClelland et al.
2018). Self-regulatory systems are organized hierarchically
(Derryberry and Tucker 2006). Higher-order processes, such
as voluntary control of attention, can regulate the lower-level,
reactive processes (Derryberry 2002).

Attention plays an important role in the development of
self-regulation (for a review see Berger et al. 2007).
Improvements in attention control through training are asso-
ciated with better self-regulation (Cavicchioli et al. 2020;
Hanif et al. 2012). Attention-related strategies of self-
regulation include withdrawing attention from a stimulus,
shifting gaze, and refocusing attention on a different stimulus.
For example, in a study of mother-infant face-to-face interac-
tions, infants who averted gaze more frequently also smiled
more (Stifter and Moyer 1991). Concurrently, a study
with adults demonstrated that participants with a lower
ability to disengage attention reported more negative
affect (Compton 2000).

Looking away from stimuli during testing can have a sim-
ilar function. This was demonstrated in a study with toddlers:
those who had more off-task glances during an assessment
with a developmental scale also had longer periods of
sustained attention (Choudhury and Gorman 2000). Thus,
withdrawing from eye contact, as well as shifting attention



Curr Psychol (2023) 42:3284-3290

3287

away from task stimuli, are attention-related strategies of self-
regulation that individuals can use to optimize their affect and
cognitive processing.

Examining the Relations between Eye Contact
and Vagal Regulation and Reactivity

The existing literature gives rise to the following three hypoth-
eses. First, the influence of eye contact on individuals’ exec-
utive functioning depends on inter-individual differences in
baseline vagal regulation and task-related vagal reactivity.
Individuals with high baseline vagal regulation and moderate
task-related vagal reactivity perform better when eye contact
with an experimenter is present than when there is no eye
contact because they are in a state optimal for social engage-
ment. Individuals with low baseline vagal regulation and high
or low task-related vagal reactivity perform better when there
is no eye contact with an experimenter than when eye contact
is present because the vagal brake is activated. Second, indi-
viduals use attention-related strategies of self-regulation to
optimize task performance. The use of strategies varies with
vagal regulation and reactivity. Participants with high baseline
vagal regulation and moderate task-related vagal reactivity may,
overall, have a tendency to use more eye contact and use more
effective strategies. Participants with low baseline vagal regula-
tion and high or low task-related vagal reactivity may use more
gaze avoidance and regulate less effectively. Third, eye contact
disturbs executive functioning of individuals with ASD and in-
creases their use of various strategies of self-regulation. This
effect is less prominent in individuals who show more optimal
patterns of vagal regulation and reactivity.

In order to test these hypotheses, genuine eye contact dur-
ing participant-experimenter interactions should be used as
experimental manipulation. Although eye-tracking has been
successfully used to study the eye contact effect (e.g.,
Dalmaso et al. 2017; Hadjikhani et al. 2018; Hoehl et al.
2014; Reid and Striano 2005), some responses to eye contact
can only be observed in interactions with a live partner (e.g.,
Myllyneva & Hietanen 2015; Hietanen and Hietanen 2017). A
procedure involving eye contact with a live experimenter
would increase the ecological validity of the study. This may
be crucial when testing participants with ASD, as genuine
social interactions are challenging for those individuals.
Moreover, task performance of participants with ASD may
be more strongly affected by the presence or absence of the
eye contact with an experimenter than the performance of
neurotypical participants.

The hypotheses could be tested by measuring partic-
ipants’ baseline HRV and changes in HRV during the
administration of tasks engaging executive functions in
two conditions: with and without eye contact with an
experimenter. One possible task would be the backward

digit span task, which assesses working memory (based
on McCarthy 1972), and which was used by Falck-Ytter
et al. (2015). Overall, a researcher would have to find a
way to manipulate the eye contact variable while
assessing executive functions. Concurrently, attention-
related strategies of self-regulation should be observed.
Intelligence level must be controlled, as well as temper-
ament and severity of autistic symptoms in participants
with ASD (or broad autistic phenotype in neurotypical
participants). Finally, demographic data should be col-
lected to account for possible effects of socioeconomic
status.

Conclusions

In this paper, I reviewed studies that point to a possible mod-
ulation of the eye contact effect by vagal reactivity and regu-
lation. The modulation hypothesis could be tested using a set
of psychophysiological and behavioral measures in a con-
trolled, yet ecologically valid setting. The ultimate aim of
the research would be to develop a model of the impact of
eye contact on executive functioning that takes into account an
individual’s baseline vagal regulation and task-related reactiv-
ity, and behavioral self-regulation of attention.

This model could influence the way the eye contact effect
and face-to-face interference effect are understood by demon-
strating that 1. individual differences in autonomic responses
to eye contact determine its influence on cognition, 2. this
effect is modified by attention-related self-regulation and 3.
the overall effect of eye contact on executive functioning de-
pends on a complex interplay between physiological and be-
havioral responses to task demands. This model could help to
better understand the complex mechanisms underlying differ-
ences in participant’s cognitive performance in tasks engaging
executive functions.
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