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Sports and athletes’ highest performance offer a fascinating scenario to investigate perceptual-motor expertise. The remarkable work of Joan Vickers has captured this opportunity and built a valuable
experimental paradigm. Our commentary emphasizes what information is being acquired during
the period of Quiet Eye (QE), capable to produce successful performance. First, an extended notion
of visual system that includes posture is presented. It is suggested that QE would represent a collective postural effort (resulting from movements of eyes, head, trunk, and whole body) to acquire the
relevant information available in the optic flow. Second, the contribution of neural structures and
functioning for vision and attention is discussed. Models of neural networks of attention and two
visual systems are described with respect to QE and some questions about action parameters and
motor programs are raised.
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Introduction
Sports and athletes’ highest performance offer a fascinating
scenario to investigate perceptual-motor expertise. The remarkable work of Joan Vickers has captured this opportunity
and built a valuable experimental paradigm. Since its original
proposal 20 years ago (Vickers, 1996), research on the phenomenon of Quiet Eye (QE) has evolved consistently, offering
a cognitive approach to the success of motor skills based primarily on eye movements data. Vickers (2016) showed that QE
has become a comprehensive topic of research, covering the
following aspects: differences between expert and non-expert
(near-expert, intermediate or novice) athletes, targeting and
interceptive actions, training for QE enhancement, child devel2016 I innsbruck university press, Innsbruck
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opment and pressure or anxiety situations. Additionally, a more
precise identification of neural networks related to QE is offering a complementary interpretation and convincing generalization regarding this topic.
QE occurs when gaze is relatively stationary on a location or
moving object (according to a maximum 3 ° of visual angle and
minimum 100 ms criterion) prior to movement initiation. QE is
expected to facilitate information processing; its duration reflects the time needed to program and fine-tune a response;
long durations of QE extend the period of critical preparation,
which involves response selection and the fine tuning of movement parameters for motor programming (Gonzalez, Causer,
Miall, Grey, Humphreys, & Williams, 2015). During this period, it
is argued that “task-specific spatial information” (Vickers, 2016,
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p. 7) is acquired to accomplish the definition of motor program
parameters, with the goal-directed, dorsal attention network
(DAN) being responsible for focusing and sustaining attention to relevant cues at particular locations, and the stimulusdriven, ventral attention network (VAN) encoding memories
and controlling movement-related emotions (Corbetta, Patel,
& Shulman, 2008). As a result of practice and expertise, DAN is
thought to block or suppress distraction or anxiety-generated
stimuli that may arrive from the VAN system (Gonzalez et al.,
2015; Vickers, 2016).
We have organized our comments to emphasize what information is being acquired during the period of QE, capable to produce successful performance. Furthermore, an extended notion of the visual system is discussed, including posture as well
as the contribution of neural models of vision and attention.

Posture supporting QE
We would like to discuss how gaze behavior may be associated with balance control as well as theoretical aspects involved in this relation. Other perspectives, as alternative to the
information processing approach proposed by Vickers (1996,
2016), could add new elements to QE analysis. Not just the
visual search pattern itself, but how experts can make use of
the obtained information is crucial to understanding expertise
and talent development (Savelsbergh, Haans, Kooijman, & van
Kampen, 2010). A perception-action perspective suggests that
movement control is based on a continuous coupling to available perceptual information, which is presumed to evolve over
time (Savelsbergh & van der Kamp, 2000; Savelsbergh, Onrust,
Rouwenhorst, & van der Kamp, 2006). For instance, the Gibsonian notion of visual system (“eyes-in-the-head-on-the-bodyresting-on-the-ground”; Gibson, 1979, p. 205) favors the simultaneous consideration of gaze and postural data during motor
actions.
Continuous and predictable saccadic and smooth pursuit eye
movements improve postural stabilization during quiet stance
(Aguiar et al., 2015; Rodrigues et al., 2013; Rodrigues et al.,
2015); in more dynamical contexts, increased postural stability
due to motor learning has been reported in a variety of motor skills, such as rifle shooting (Era, Konttinen, Mehto, Saarela,
& Lyytinen, 1996) and manual rhythmic movements (Amado,
Palmer, Hamill, & van Emmerik, 2016). Interestingly, expertise
of ball cascade jugglers seems associated with parsimonious
oculomotor and attention pattern (“gaze-through” strategy)
with fixations at the scene’s central location, weaker frequency
locking between point-of-gaze and ball movements, reduced
dependency to visually tracking ball motion, and improved anterior-posterior body sway stabilization (Dessing, Rey, & Beek,
2012; Huys & Beek, 2002; Huys, Daffertshofer, & Beek, 2004;
Rodrigues et al., 2016), which is in line with experts’ higher capability of decoupling postural control and arm movements
(Amado et al., 2016).
Considering that postural adjustments seem to support opti-
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mal gaze behavior during complex actions, QE could be interpreted as a period of extraction of relevant visual information
(e.g., time-to-contact variables; Lee, 1998, 2009) from optic
flow. Although optic flow results from translational components of head movements in space and eye movements add
rotational components to the flow on the retina (Cutting, 1996;
Kim, Growney & Turvey, 1996; Kim, Turvey & Growney, 1996), a
process of minimization of rotational consequences to the flow,
called gaze stabilization (Daniel & Lee, 1990), seems advantageous to optimizing translational information acquisition with
respect to the perceiver. As human visual input depends on the
dynamics of all body parts, QE is constrained by posture. On
the other hand, QE would represent this collective postural effort (resulting from movements of eyes, head, trunk, and whole
body) to acquire the relevant information available in the optic
flow, needed to successful performance.

Brain, vision, attention, and QE
To analyze the role of brain functioning in perception and action, we would like to briefly discuss models regarding processes of vision and attention. As shown above, Vickers (2016)
emphasized the neural bases of attention, referring to functions of DAN and VAN (Corbetta et al., 2008). Also based upon
neurological evidence, Milner and Goodale (1995, 2008) proposed a model of two visual systems, advancing from previous
work (Livingstone & Hubel, 1988; Schneider, 1969; Trevarthen,
1968; Ungerleider & Mishkin, 1982). This model posits a separate ventral visual system for the purposes of object perception and representation in space and a second dorsal system,
which uses this visual information in formulating an effective
response. Visual inputs of each system are transformed for
different purposes – one for representing visual information
and another for using vision to guide action (Milner & Goodale, 2008). Despite the apparent independence of the two
streams, coordinated action is dependent upon a high degree
of cooperation between the two pathways, with enhanced attentional activity probably around movement initiation (Milner
& Goodale, 1995); the transfer of high-level visual information
between the two streams probably occurs in an early stage of
this process. A first prerequisite of an action is selecting a goal
object to be addressed, when the object is “flagged” due to enhanced attention, during processing by the ventral stream; a
second prerequisite is to convey whatever “top-down” knowledge about the object is needed to supplement the “bottomup” sensory information used by the dorsal stream (Milner &
Goodale, 1995).
According to this general view, QE period would be under
control of the ventral vision-for-perception system, mentally
representing environmental information, and the motor action would be regulated by the dorsal vision-for-action system,
within the three-dimensional space. For example, in a table tennis forehand stroke task, participants visually tracked the ball
(QE) and stabilized eye and head around the time of ball-bat
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contact; Milner and Goodale’s model accommodate evidence
from both early information acquisition to predict a ball’s future trajectory and action planning, and late movement adjustments based on image expansion information (Rodrigues, Vickers, & Williams, 2002).
Models of both Milner and Goodale (2008) and Corbeta et al.
(2008) characterize visual and attentional processing in the
brain, which results in perceptuo-motor behaviors, such as
QE. Although we acknowledge the importance of combining
neuroimaging (event related potentials, transcranial magnetic
stimulation, functional magnetic resonance imaging) and other technologies to better explain the links between gaze and
performance in future studies (Corbetta et al., 2008), data from
investigations on neural networks and perceptuo-motor behavior represent distinct levels of analysis. Yet, knowledge on
neural structure with respect to QE is important and welcome;
it does not necessarily imply improvement of QE explanatory
power. For instance, the referred models do not describe the
information content obtained during QE which generates successful performance.
The use of a more detailed description of neural structures underlying the QE by Vickers (2016), emphasizing the role of attention during the process of information acquisition to action
control, has left some open questions. How are these attention
networks connected to the process of providing parameters
to a motor program? How does the better understanding on
these neural structures affect the rationale of setting parameters for a motor program during QE, originally presented by
Vickers (1996)? The “GPS”-like (Vickers, 2016, p. 8), optimal spatial representation, supposedly acquired during QE, should
feed the motor program to be subsequently triggered; however, the notion of motor program was replaced by the term
“brain” in the present version of QE perspective. Which are the
theoretical consequences of this change?
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