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Introduction: Coincidence-anticipation timing (CAT) requires an individual to execute a task at the same time that an approaching
object arrives. Previous studies on intercepting a moving object suggest that if the interception location is known, observers quickly
shift their gaze to this location. The purpose of this experiment was to qualitatively determine whether a clinical CAT device with
a known interception location induces early predictive gaze shifts.

Materials and Methods: CAT responses were measured using a Bassin Anticipation Timer consisting of a linear track of lights
(3.58m). The lights illuminated sequentially to simulate movement along the track. A wearable video eye tracker was used to record
the participants’ gaze location. Participants pushed a button to coincide with illumination of the final light on the track. CAT responses
were assessed in 2 conditions. In the nonrandom condition, participants responded to blocks of 21 consecutive presentations at
stimulus velocities of Smph (8.04km/h), 10mph (16.09km/h), and 20mph (32.18km/h) (63 trials). In the random condition, participants
responded to randomized stimulus velocities of 5 to 20mph (64 trials).

Results: CAT responses were collected from 20 participants. The relationship between CAT errors and stimulus velocity was best fit
with a linear function for the nonrandom condition and with a quadratic function for the random condition. Gaze tracking data were
examined for 14 participants. Predictive gaze shifts occurred in 23.6% of the trials in the nonrandom condition and 12.4% of trials in
the random condition. In trials with no predictive movements, tracking generally occurred for most of the trajectory. Substantial head
movements in the direction of the approaching stimulus occurred regularly for most participants.

Conclusion: Predictive gaze movements were uncommon in this coincidence-anticipation timing task. Continuous tracking was the
most common gaze strategy. Future studies can explore whether training with CAT devices leads to improved sports performance.
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Introduction
Sports vision practitioners test and train visuomotor skills using a number of clinical devices.' Those skills that are
assessed and trained are thought to be relevant to performance in actual competition. Coincidence anticipation timing is
the ability of an individual to execute a task such as a button press or a tennis racket swing at the same time that an
approaching object arrives.? Coincidence anticipation timing is said to be an important skill in many sports and studies
have demonstrated that the efficiency of coincidence anticipation timing is better in athletes compared to nonathletes.>~
Little is known about the eye (and head) movements that observers employ when coincidence-anticipation timing
measures are made in clinical settings.®® It is important to understand the nature of these movements, as it is assumed
that the clinical devices employed for training sports-related skills such as coincidence-anticipation timing induce
behaviors that are similar to those required in sports.®'

There is a growing body of evidence that in coincidence-anticipation timing tasks on the field of play, such as batting
or catching approaching objects, individuals tend to track these objects initially with their gaze using some combination
of eye and head movements."''* After this initial tracking period, observers often make a predictive gaze shift (a

predictive saccade perhaps combined with a head movement) to a point near the predicted interception location.
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However, the predictable interception location included with some coincidence-anticipation timing devices may result in
gaze behaviors such as highly truncated periods of gaze tracking and very early predictive gaze shifts to the interception
location. Therefore, the gaze movements that occur in using these devices may not reflect the full range of eye and head
movement gaze tracking behaviors used in actual competitions. ">

In a recent study, observers were required to tap a projected target once this target reached an interception zone."> The
target was moved in a frontal plane on a screen. The participants were free to move their eyes and head. In some trials,
the interception zone was known immediately (that is, prior to the time the target was shown). In the other trials, the
interception zone was unknown until later in the target’s trajectory. When the interception zone was known immediately,
observers shifted their gaze to this area very early in the target’s trajectory. When the interception zone was not
immediately known, then observers tracked the target with their gaze. In a second experiment, a more predictable target
trajectory was used compared to that of the first experiment.'> This resulted in earlier gaze shifts to the expected
interception zone even in cases where the interception zone was not shown immediately. One might have hypothesized
that because the predictable target was easier to pursue, this might have delayed predictive gaze shifts. Since this did not
happen, the authors concluded that the ease with which an object can be tracked is less important than knowledge of the
location of the interception zone in determining whether and when a predictive gaze shift occurs in interceptive tasks.'

The authors are aware of four published studies examining uninstructed eye movements during coincidence-
anticipation timing measurements.®” In all of these studies the object was moved in a frontal plane rather than
approaching in depth (sagittal approach). In two of these studies, the head was fixed and participants were required to
push a button to coincide with the arrival of the target.*’ In the other two studies, both of which were from the same
laboratory, participants threw a dart to intercept a moving object (head free to move).®” The results of these four studies
suggest that different eye movements ranging from primarily smooth pursuit to one or more saccades are possible
depending on the characteristics of the stimulus. In one of the dart-throwing investigations, the researchers hypothesized
that if the predictability of the target speed and the predictability of the target motion were reduced, the likelihood of
a predictive gaze shift would decline.® This hypothesis was only partially supported by the results. For one-dimensional
(horizontal) target motion, the investigators hypothesis did not hold true as gaze tracking was similar regardless of the
predictability of the target velocities. However, when the target followed a two-dimensional trajectory that included
unpredictable vertical target motion, participants were less likely to gaze at the interception point. Instead, gaze was
located on or ahead of the target for longer periods of time compared to when the target followed a one-dimensional
(horizontal) trajectory. This latter result suggests that less predictable two-dimensional target motions reduce the like-
lihood of predictive gaze shifts or result in later predictive gaze shifts. Finally, in the other dart-throwing study,
individuals either threw the dart at the target whenever they deemed it appropriate or threw the dart to intercept the
target when the target reached a known interception location.” Observers were more likely to gaze at the interception
point at higher target speeds and in the condition where the interception point was known. Taken together, these studies
suggest that, in intercepting approaching objects, predictive gaze shifts to the interception location are more likely to
occur or occur earlier when the interception location is known, when the motion of the target is more predictable, and
when the speed of the object is greater.

A commonly used device to measure coincidence anticipation timing is the Bassin Anticipation Timer.'®'® This
device consists of a row of light emitting diodes on a track. The LEDs are illuminated sequentially in order to simulate an
approaching object. The observer’s task is to push a button or execute a motor response (eg a bat swing) to coincide with
the illumination of a particular light on the track. The linear Bassin Anticipation Timer track has both a predictable
trajectory and a known “interception” point. Therefore, based on the studies described above, one might expect that in
using the Bassin Anticipation Timer, predictive gaze shifts (saccadic eye movements combined with head movements) in
the direction of the target LED would be very common and would begin relatively early in the object’s approach.”'* This
might reduce the efficacy of the Bassin Anticipation timer and similar devices as testing and training tools in sports
vision, because the periods of gaze pursuit used in actual competitions may not be employed when using these devices. It
is important therefore to determine whether an observer immediately shifts their gaze to the known interception point or
simply fixates on the interception point when using the Bassin Anticipation Timer and similar coincidence-anticipation
measurement and training devices.
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The primary purpose of this study was to assess coincidence-anticipation timing responses and determine the
frequency of different gaze tracking behaviors with the Bassin Anticipation Timer when observers were not instructed
on how to move the head and eyes. Comparison of gaze behavior with this instrument to known behaviors during on field
sports activities could be made to assess the validity of the widely used Bassin Anticipation Timer and similar devices for
the measurement (and perhaps) training of coincidence anticipation timing. Because the “interception point” of the
Bassin Anticipation Timer is always the same, it was expected that observers would make a predictive saccade or
a combined predictive saccade and predictive head movement to the end of the track nearest them relatively early in the
target’s approach. The secondary purpose of the study was to determine whether the likelihood of predictive movements
was influenced by randomizing the target speed. The questions addressed in this study are of particular relevance for
sports vision practitioners and others interested in visuomotor control.

Methods

This study was approved by The Ohio State University Biomedical Institutional Review Board in compliance with the
Declaration of Helsinki. Participants were recruited through an Email sent to faculty, staff, and students of The Ohio
State University College of Optometry, and through the “Study Search” website administered by the Ohio State Clinical
and Translational Science Institute (CTSI). Prior to data collection, all participants provided written informed consent.
Participants were required to have visual acuity of 20/20 in each eye, 60 arc seconds of stereoacuity or better, and no
strabismus (as assessed with a unilateral cover test) in primary, left or right gaze. Participants were not required to have
sports experience.

Eye Tracking

After the eligibility testing, an infrared video eye tracker consisting of cameras mounted on a spectacle frame (ETL-
500B, ISCAN Inc., Woburn, MA) was placed on the participant. The eye tracker was equipped with a 60Hz forward-
facing scene camera in order to obtain gaze tracking measures (left eye only) and a qualitative indication of the head
movement relative to the scene viewed by the participant. The eye tracker was calibrated using a five-point calibration.
There were cases where the eye tracker could not be properly calibrated for the participant. For those individuals, the
calibration was done while one of the experimenters wore the device, and then this calibration was used for the
participant. Those cases where the eye tracker was calibrated on an examiner prior to data collection could have resulted
in quantitative errors in measuring gaze location. However, this procedure would not have influenced the qualitative
assessments of eye and head movement patterns used as outcome measures in this experiment. A DVD recording from
the scene camera of the eye tracker was made for each participant during the coincidence-anticipation timing measure-
ments. This recording showed both the scene viewed by the participant and a cross-hair representing the location of the
gaze in the scene.

Coincidence-Anticipation Timing Measurements (Bassin Anticipation Timer)
Coincidence anticipation timing was measured using a Bassin Anticipation Timer (Lafayette Instruments, Lafayette,
IN) consisting of a linear track of LED lights. The track was 3.58 meters in length. The lights (10mm) are red
except for the yellow cue light at the end of the track opposite the participant. The lights, which are about 4.5cm
apart, illuminate sequentially to simulate movement along the track. The Bassin Anticipation Timer was located on
a table 1.21 meters from the floor. The participants stood at a designated location at the end and to the side of the
track. The participant’s orientation was much like a baseball batter, situated at the side of the track so that the
approaching lights would simulate a non-head-on sagittal approach similar to that of a pitched baseball. Participants
stood on the right side of the Bassin Anticipation Timer if they identified as left-handed, and the left side of the
track if they identified as right-handed.

The experiment was controlled by a computer program (PsymSoft, Lafayette Instruments, Lafayette, Indiana). To
reduce anticipation, the yellow cue light at the end of the track opposite the participant remained lit for a random amount
of time from 0.50 to 2 seconds prior to the lights approaching the participant.
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Experimental Conditions

The participants were tested in two randomized conditions. Participants were not instructed on whether to maintain their
gaze on the illuminated lights or whether to move the head or eyes in either condition. Further, in both conditions,
participants were instructed to push a button to coincide with illumination of the final light (nearest the participant) on the
Bassin track.

Initially, 18 practice trials were completed. In these trials, participants made six coincidence-anticipation timing
responses at each of three stimulus speeds (Smph (8.04km/), 10mph (16.09km/h), 20mph (32.18km/h)). After the practice
trials, the test trials were performed. The test trials consisted of randomized speed presentations (random condition), and
matched-speed presentations (nonrandom condition). In the random condition, participants pushed the button in response
to randomized stimulus speeds of 5 to 20mph (8.04km/h to 32.18km/h). All whole number values (ie Smph, 6mph, 7mph,
etc). of stimulus speed in this range were used. Each stimulus speed was usually shown 4 times for a total of 64
presentations, although for three participants there were 65 presentations due to a glitch in the software. In the
nonrandom condition, participants pushed the button in response to blocks of 21 consecutive presentations at the
Smph speed, 10mph speed, and 20mph speed. This resulted in 63 total presentations, although for 4 participants there
were 64 presentations once again because of a software glitch. The order of the blocks of each speed for the nonrandom
condition was randomized for each participant. For one subject, the random condition was repeated because those data
from the eye tracker were not properly recorded.

Data were collected with an 11-bit analog-to-digital converter (USB-1208FS, Measurement Computing, Norton,
MA). The pushbutton responses were recorded in synchrony (2000Hz) with outputs from a photodiode placed over the
cue (start) light and a second photodiode placed over the “target” light at the end of the track adjacent to the participant.
Once the final target was illuminated, the Bassin Anticipation Timer was reset by the examiner using a second push
button. Participants therefore did not receive feedback about their performance as all of the lights on the Bassin
Anticipation Timer track were illuminated on every trial.

Data Analyses

A custom computer program written by one of the investigators was used to analyze these analog data to obtain the
signed or constant coincidence-anticipation timing errors. Positive errors corresponded to late responses (that is the
pushbutton was depressed after the “target” light was illuminated), and negative timing errors corresponded to early
responses. The program calculated the time between illumination of the cue light and the final light on the Bassin
Anticipation Timer track, as well as the (signed) difference in timing between the illumination of the cue light and the
push-button response. Minitab Version 14 (Minitab, Inc., State College, PA) statistical software was used to calculate
means and standard deviation for the signed errors. Software (WinX DVD, Digiarty, Software Inc). was used to convert
the DVD recordings of the scene and the gaze cross-hair in the scene to MP4 video files (30Hz). The MP4 video files
were then viewed frame by frame by one of the investigators (DP) in digitizing software (Tracker, Brown et al, Open
Source Physics) to categorize the eye movements and head movements made during a trial. Some of the trials in which
predictive saccades were identified by this investigator were also viewed by a second investigator (NF) to confirm that
predictive saccades occurred. There were very few trials (<10) where the two examiners disagreed.

Results
Data were collected from 20 participants (13 female, 7 male) between the ages of 18 and 40 (mean age 27.4 + 5.1, range
22-40).

Coincidence-Anticipation Timing Responses

Figure 1 shows the overall signed mean coincidence-anticipation timing errors (mean of participant means) for the
nonrandom and random conditions at each stimulus velocity for all 20 subjects. Those data points relating coincidence-
anticipation timing errors and stimulus velocity could be well fit with a linear function (r* = 98.4%) in the nonrandom
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Figure | Means (and standard errors) of the signed coincidence-anticipation timing errors (milliseconds) for the random and nonrandom conditions for 20 subjects.

condition, while these data points were better fit with a quadratic function (r* = 94.9%) rather than a linear function in the
random condition. All of the mean responses for both conditions were early.

Eye and Head Movements
In viewing the videos from the gaze tracker, head movements could be detected as movements of the entire visual scene,
while eye movements in the orbit could be discerned as movements of the eye tracking cross-hair relative to the scene.

Both eye and head movements were placed in one of five categories for each trial. These categories are shown in
Table 1 below.

There was one participant for whom no eye tracker data were obtained, and three other participants for whom the
calibration was not adequate to assess the location of the eyes. Specifically, for these three latter participants the location
of the eye at the beginning of the trials was grossly different from the location of the cue light (two participants), or the
crosshair representing the gaze location could not be seen at the beginning of the trials (one participant). A fifth
participant was not included in the analyses described below because the cross-hair was not visible late in the stimulus
trajectory. Finally, a sixth participant was not included in the eye and head tracking analyses because this participant did
not track the approaching lights with eye or head movements. Instead, this participant placed their gaze part-way between

Table | Categories for Eye Movements and Head Movements

Eye Movement Head Movement

le. No movement Ih. No movement

2e. Tracking for all or nearly all of the trajectory 2h. Tracking for all or nearly all of the trajectory

3e. Tracking until a predictive saccade occurred 3h. Tracking initially but tracking only continued for a portion of the
trajectory

4e. Tracking began after a portion of the trajectory was completed 4h. Tracking began after a portion of the trajectory was completed

Se. Predictive saccade occurred almost immediately after the cue light | 5h. Predictive head movement

was extinguished
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the proximal and distal ends of the Bassin Anticipation Timer track and then mostly maintained their gaze at this location
throughout the trials.

For those 14 participants (8 female, 6 male) for whom gaze tracking was analyzed, trial numbers 1-10, 26-35, and
54-63 were included in the analysis for the nonrandom condition and trial numbers 1-10, 27-36, and 55-64 were
included in the analysis for the random condition to cover the early, middle, and late eye and head tracking responses
respectively. There was one subject for whom eye tracker data were not properly recorded for the first 9 trials in the
random condition. For this subject, trials numbers 10-19, 27-36, and 55-64 were used in the analyses. There were some
trials from two participants in which the eye tracking was not adequate for analysis; 9 in the nonrandom condition (7
from one participant and 2 from a second participant) and 18 in the random condition (12 from one participant and 6
from the second participant).

Eye and head movement behaviors were assessed for a total of 411 trials in the nonrandom condition and 402 trials in
the random condition. In general, either gaze tracking of the stimulus, or a predictive gaze shift, or both gaze tracking and
a predictive gaze shift occurred. In only 12 trials (6 in the nonrandom condition and 6 in the random condition) was there
no tracking and no predictive gaze shift. The number of predictive saccadic eye movements, or combined predictive eye
movements and predictive head eye movements, was determined for the nonrandom and random conditions (Table 1:
Category 3¢ or 5S¢ for eye movements and/or Category 5h for the head movements). Predictive gaze shifts were said to
have occurred if there was a rapid gaze shift in the direction of the approaching lights. Generally, these shifts placed the
gaze location at or near the end of the Bassin Anticipation Timer track. For a particular trial, only one predictive
movement was counted even in cases where more than one predictive movement may have occurred. At lower stimulus
velocities, predictive gaze shifts placed gaze ahead of the approaching lights such that the stimulus “arrived” after gaze
had “landed”, but at higher stimulus velocities these gaze shifts may have resulted in the gaze landing at the same
location and at the same time that the stimulus “arrived” at this location.

The number of predictive gaze shifts for the nonrandom and random conditions is summarized in Figure 2.

In the nonrandom condition, predictive gaze shifts occurred in 97 trials (23.6%). Seventy-two (74.2%) of these
predictive gaze shifts occurred for the Smph stimulus, 24 (24.7%) occurred for the 10mph stimulus, and 1 (1.03%)
occurred for the 20mph stimulus. There were 7 instances (1.70%) where a predictive saccade occurred very early in the
stimulus trajectory (category Se). In the random condition, predictive gaze shifts occurred in 50 trials (12.4%). Of these

==@== Random
—fi— Nonrandom

w ~ 0
o o o

Number of predictive saccades

N
o

-
o

T B R e S P
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Stimulus velocity (mph)

Figure 2 The number of predictive saccades at each stimulus velocity for the random and nonrandom conditions for 14 subjects.
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latter trials, 38 (76.0%) occurred for stimulus speeds of 10mph or less. In this latter condition, there were 3 instances
(0.75%) where a predictive saccade occurred very early in the stimulus trajectory (category 5e). In both conditions, in
trials with no predictive movements, gaze tracking or attempted gaze tracking generally occurred for most of the
trajectory.

The median value for the percentage of trials with predictive saccades (at any stimulus velocity) for the random
condition was 5.42 and for the nonrandom condition was 28.34. A statistical comparison of these values just missed
significance at the a = 0.05 level (p = 0.05, Wilcoxon signed-rank test).

The number of trials in which the head moved in the direction of the approaching lights throughout much of the
trajectory (Table 1: Category 2h for head movements) was also assessed. This was done because there are a number of
studies in which head movements in the direction of an approaching object have been found in interceptive tasks.'*'%*
Eye movements (including predictive eye movements) sometimes accompanied these head movements. Predictive head
movements (Category Sh for head movements (Table 1) or partial head movements (Categories 3h and 4h for head
movements (Table 1)) were not included in this analysis. The mean percentage of those head movements that were placed
in Category 2h (mean of subject means) in the nonrandom condition was 60.8% + 30.7%, and for the random condition
this mean value was 66.3% =+ 30.8% of trials. The median percentage values for the nonrandom and random conditions
were not significantly different (p = 0.61, Wilcoxon signed-rank test).

Finally, the number of cases in which the head was relatively stable and the eyes were moved in the direction of the
approaching lights throughout much of the trial was determined. (Table 1: Category 2e for eye movements with Category
1h for head movements). No predictive eye movements were made in this category. Eighty-one of the nonrandom trials
(19.7%) met this latter criterion. Of these 81 trials, 57 of them were found for just three participants. For the random
condition, 55 trials (13.4%) met this criterion. Of these 55 trials, 40 of them occurred for just two participants, and these
two participants were two of the three participants that had numerous eye tracking trials (with a stable head) in the
nonrandom condition.

Coincidence-Anticipation Timing Errors and Gaze Pattern

In a final analysis, constant (signed) coincidence-anticipation timing errors were calculated for three categories of eye
and head tracking responses to determine whether an advantage in coincidence anticipation timing was conferred by
a particular gaze pattern.’’ The gaze tracking patterns analyzed included cases where head movements occurred
throughout the trial and eye movements were mostly limited (primarily head movement trials), cases where eye
movements occurred throughout the trial and head movements were limited (primarily eye movement trials), and
cases where a predictive gaze shift occurred. Trials where a partial head or eye movement occurred were not included.
The mean signed errors at each stimulus velocity for each of these categories of eye and head tracking responses was
determined for those data from every trial. The results are shown in Figures 3 (nonrandom) and 4 (random). There were
stimulus velocities (mentioned in the figure captions) for which a particular gaze tracking pattern did not occur or only
occurred once.

A formal statistical comparison of the response errors for the different gaze tracking patterns represented in Figures 3
and 4 was not performed as the number of responses for the various stimulus velocity/gaze tracking patterns was variable
and, in some cases, very small. For the nonrandom condition, the number of responses for the different gaze tracking
patterns ranged from 20 to 72 at Smph, from 21 to 79 at 10mph, and from 1 to 76 at 20mph. In comparing the number of
responses at 5, 10, and 20mph in the random condition, these values ranged from 3 to 10 at Smph, from 1 to 16 at 10mph,
and from 2 to 18 at 20mph.

Discussion

This study examined coincidence-anticipation timing responses and gaze tracking strategies under a specific group of
experimental parameters. These included the inclusion of healthy subjects, use of a linear (rather than curvilinear) Bassin
Anticipation Timer track, use of a simple push-button coincidence-anticipation timing response rather than a complex motor
response, inclusion of a small number of subjects who utilized primarily an eye tracking strategy, and use of qualitative
classification of the gaze tracking strategies. Some of these experimental conditions including the linear track and the push-
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Figure 3 Means (and standard errors) of signed coincidence-anticipation timing errors in the nonrandom condition for different gaze tracking patterns. Fourteen subjects
were included. Only one value was recorded for the predictive gaze shift pattern at 20mph so this value was not included on the graph.
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Figure 4 Means (and standard errors) of signed coincidence-anticipation timing errors in the random condition for different gaze tracking patterns. Fourteen subjects were
included. For the predictive gaze shift pattern no values were recorded at |2mph, I3mph, 16mph, and I8mph and one value was recorded at 10mph and |9mph.

button response are described in the 2006 American Optometric Association Sports Vision Screening Protocols included in
Erickson’s book entitled “Sports Vision: Vision Care for the Enhancement of Sports Performance”, and are therefore likely to
be commonly employed by practitioners.”> As described below, the results under these experimental conditions suggest that

predictive gaze shifts are relatively uncommon and that continuous tracking is a common gaze strategy.
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Coincidence-Anticipation Timing Responses

As shown in Figure 1, the relationship between the stimulus velocities and the signed coincidence-anticipation timing errors
varied for the nonrandom and random conditions. The signed error versus stimulus velocity plot was linear for the
nonrandom condition and nonlinear (quadratic) for the random condition. One explanation for these differences may be
that in the random condition, participants were “primed” to respond earlier at the lower speeds because of the possibility that
the stimulus speed could be high. In the nonrandom condition, the stimulus speed was known before each trial. This could
explain why, in the random condition, participants responded earlier to the slower stimuli until the stimulus velocity was high
enough that the time required for the push-button response approached the duration of the stimulus approach.

Eye and Head Movement Responses

Predictive eye or combined predictive eye and head movements were relatively uncommon in both the nonrandom and
random conditions, although they occurred in a greater percentage of trials in the nonrandom condition (23.6%)
compared to the random condition (12.4%) (Figure 2). These data suggest that at least in the case of the Bassin
Anticipation timer, predictive movements are relatively uncommon even though the location of the interception point
is known prior to each trial. These results are consistent with the results from a study of predictive motion (PM).?! In
a predictive motion task, observers are shown a portion of an object’s trajectory and are then required to predict when
that object will arrive at a particular location. It has been shown that in PM tasks, performance is better if the object is
tracked along the entire trajectory compared to when fixation remains at the object’s arrival location. The results of PM
studies might therefore predict that in coincidence-anticipation timing experiments using devices such as the Bassin
Anticipation Timer, observers are more likely to at least attempt to track the approaching object continuously rather than
making a predictive gaze shift to the (known) interception point. The continuous tracking strategy was found in the
majority of trials in this study.

Predictive gaze shifts were more common at the lower stimulus velocities compared to the higher stimulus velocities
and they were more common in the nonrandom condition. These results suggest that the easier it is to track the stimulus,
the more likely it is that a predictive gaze shift will occur for the Bassin Anticipation Timer.

Cases where tracking occurred primarily with the head for most of the stimulus approach were also examined. In both
the nonrandom and random conditions, these head movements occurred at a relatively high percentage in both the
nonrandom (60.8%) and random (66.3%). The results of the present study are not sufficient to determine whether these
head movements were beneficial for coincidence-anticipation timing responses.' ¥ 20

Of those participants who used less common eye and head movement strategies, eye movements were used almost
exclusively, and one participant did not tend to move the head or the eyes.

Eye and Head Movement Responses and Coincidence-Anticipation Timing Errors

It was of interest to determine whether a particular pattern of eye and head movement responses resulted in better mean
coincidence-anticipation timing responses. As shown in Figures 3 and 4, those individuals who moved the eyes rather
than the head tended to respond earlier (at least at some stimulus velocities) compared to individuals who moved their
heads throughout the trial or compared to individuals who made predictive gaze shifts. This result must be interpreted
with caution, because there were very few individuals who primarily moved the eyes, and because there were stimulus
velocities where there were very few or no trials where larger eye movements were accompanied by minimal head
movements or where predictive gaze shifts occurred.

Summary

In the majority of trials in this study, participants maintained their gaze near the stimulus throughout much of its approach
in both nonrandom and random conditions. While predictive gaze shifts did occur, they were relatively uncommon
compared to cases where gaze tracking occurred throughout the stimulus trajectory. In addition, when predictive gaze
shifts did occur, they rarely occurred very early in the stimulus trajectory. These results suggest that coincidence-
anticipation timing devices such as the Bassin Anticipation Timer that have both a predictable trajectory and a predictable
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“interception” point do not typically induce predictive saccades with no periods of gaze tracking. While future studies are
necessary to assess the potential impact of coincidence-anticipation training on performance in competitions, this study
suggests that training with the Bassin Anticipation Timer will engage most individuals in gaze tracking behaviors similar

to those known to occur in the field of play.'*!?

Strengths and Limitations

The strength of this study is that it is the first to assess the likelihood of predictive saccades with a commercially available
coincidence-anticipation timing device. The primary limitation in this study is that the eye and head movement responses
were examined in a qualitative way. Quantifying these responses may allow for a more detailed comparison between subtle
differences in head and eye movements and the accuracy of coincidence-anticipation timing responses. In addition, the
participants’ task in this study was to push a button. While it is not unusual for coincidence-anticipation timing responses to
be measured using push-button responses, different eye and head movement patterns may have occurred if a more complex
visuomotor interceptive action such as reaching for, tapping on, or swinging a bat or racquet at the approaching lights was
required.”> > Finally, in future studies, a larger sample size may help to ensure that an adequate number of individuals who
primarily move the eyes and not the head are examined to determine how this movement pattern affects the accuracy of
coincidence-anticipation timing responses relative to other patterns of gaze movement.

Conclusions

Predictive gaze shifts were relatively uncommon when participants made coincidence-anticipation timing responses with the
Bassin Anticipation Timer. Most participants moved their heads substantially in the direction of the approaching lights while
the eyes were generally moved (in the orbits) to a lesser extent than the head. A small number of participants (3 in the
nonrandom condition and 2 in the random condition) primarily moved the eyes in the direction of the approaching lights.
Predictive gaze shifts were more common in the nonrandom condition, and more common at lower stimulus velocities. At
least in the case of the Bassin Anticipation Timer, the results suggest that predictive gaze shifts are more likely to occur when
the predictability of the stimulus velocity is higher and when the stimulus velocity is lower. Overall, participants tended to
gaze at or near the approaching lights rather than at the interception point. These latter behaviors are qualitatively similar to

those seen in studies in which gaze tracking responses have been assessed in sports-specific tasks.'' 41920
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