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Unexpected Findings from a Pilot Study
on Vision Training as a Potential Intervention

to Reduce Subconcussive Head Impacts
during a Collegiate Ice Hockey Season
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Abstract

Player-to-player contact is the most frequent head impact mechanism in collegiate ice hockey. Training with three-

dimensional multiple-object tracking (3D-MOT) could potentially reduce the quantity and severity of head impacts by

enhancing player anticipation of these impacts. The purpose of this study was to evaluate the efficacy of 3D-MOT training

to reduce the numbers of head impacts sustained by National Collegiate Athletic Association Division III men’s and

women’s ice hockey players. Collegiate men’s and women’s ice hockey players (N = 33; men = 17, women = 16) were

randomly assigned to a 3D-MOT group (n = 17) or a control (C) group (n = 16). Head impacts were monitored during

practices and games, and 3D-MOT training occurred twice per week for 12 weeks throughout one regular season.

3D-MOT forwards sustained head impacts with greater mean peak linear acceleration (3D-MOT = 41.33 – 28.54 g;

C = 38.03 – 24.30 g) and mean peak rotational velocity (3D-MOT = 13.59 – 8.18 rad.sec-1; C = 12.47 – 7.69 rad.sec-1) in

games, and greater mean peak rotational velocity in practices versus C forwards (3D-MOT = 11.96 – 6.77 rad.sec-1;

C = 10.22 – 6.95 rad.sec-1). Conversely, 3D-MOT defensemen sustained head impacts with a mean peak rotational velocity

less than that of C defensemen (3D-MOT = 11.54 – 6.76 rad.sec-1; C = 13.65 – 8.43 rad.sec-1). There was no significant

difference for all other parameters analyzed between 3D-MOT and C groups. Player position may play an important role

in future interventions to reduce head impacts in collegiate ice hockey.
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Introduction

The incidence of concussions in collegiate ice hockey

players has been reported as 0.76/1000 athlete exposures (AE)

for men and 0.72/1000 AEs for women.1 These differences have

been attributed to force of impact and rotational acceleration of

the head,2,3 rule differences (checking in men’s ice hockey vs. no

checking in women’s ice hockey), anticipation of contact, and

differences in neck strength.4-6 Concussions are of concern in

collegiate ice hockey with 415 reported concussions in men’s and

women’s ice hockey between 2009/10 and 2014/15 (Divisions I

and III combined)1; however, the frequency of repetitive sub-

concussive head impacts in collegiate ice hockey is also troubling.

Wilcox and colleagues reported 1965 head impacts for men, and

2532 for women throughout three ice hockey seasons of home

games, while Brainard and colleagues reported 15,281 head im-

pacts for men, and 12,897 head impacts for women over two sea-

sons of practices and games.2,3 The higher incidence of repetitive

subconcussive head impacts in collegiate ice hockey compared

with concussion incidence are noteworthy due to the potential for

increased susceptibility to future concussive events or poor long-

term outcomes, such as development of chronic traumatic en-

cephalopathy.7–11 The potential for repeated subconcussive head

impacts and the incidence of concussions in ice hockey high-

light the need to develop interventions that assist in preventing the

occurrence of these potentially injurious events.

The use of vision training has been proposed as a modality to

reduce the incidence of subconcussive and concussive head im-

pacts in sport. By enhancing both foveal and peripheral vision,

athletes may better prepare for contact and/or avoid contact alto-

gether, thereby lowering the risk of injury.12,13 Three-dimensional

multiple-object tracking (3D-MOT) has been shown to improve

foveal and peripheral vision, working memory, and visual infor-

mation processing speed in university aged students.14 Further,
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collegiate athletes have shown greater learning abilities than age

matched non-athletes when training with 3D-MOT.15 Ultimately,

training with 3D-MOT may increase spatial awareness during com-

petition, which may aid athletes in avoiding injury-causing situa-

tions during play.16

The most frequent subconcussive and concussive head impact

mechanism in men’s and women’s collegiate ice hockey is player-

player contact.2,5,6,17 Through enhanced spatial awareness as can

be obtained with 3D-MOT training, the ability for players to avoid

or reduce the incident of player–player contact may in turn reduce

the incidence of subconcussive and concussive head impacts. The

purpose of this pilot investigation was to examine the utilization of

in-season 3D-MOT training in reducing the quantity and magni-

tude of head impacts in National Collegiate Athletic Association

(NCAA) Division III men’s and women’s ice hockey players.

Comparisons between practices and games, as well as positional

differences (forwards and defensemen) were examined. We hy-

pothesized that in-season 3D-MOT training would decrease quan-

tity and magnitude of head impacts among male and female

Division III ice hockey players during practices and games. In

addition, when examining differences in quantity and magnitude

of head impacts by position, forwards and defensemen, 3D-MOT

training would result in fewer and lower magnitude head impacts

versus control (C).

Methods

Subjects

Members of collegiate men’s and women’s varsity ice hockey
teams (N = 33; men = 17, women = 16, mean age = 20.52 – 1.77
years) were recruited for a season-long study. All participants were
either forwards or defensemen. Prior to beginning the study, sub-
jects provided informed consent and proper Institutional Review
Board approval was attained. Using a random number generator,
subjects from both teams were randomly assigned to a 3D-MOT
group (3D-MOT = 17) or a non-3D-MOT, control group (C = 16).
Table 1 presents the demographic data for 3D-MOT and C groups.

Head impact monitoring

The ice hockey helmets (Bauer RE-AKT, Bauer Hockey, Inc.,
Exeter, NH) were fit according to manufactures’ guidelines. To
account for helmet movement being associated with movement of
the head, all head impacts were confirmed either live or upon video
review. In cases where there was a recorded head impact as a result
of helmet movement but no contact to the head, that head impact
was deleted from analysis. Only head impacts where there was
confirmation of a direct blow to the head and/or the head made
direct contact with an object (boards, ice, stick, puck, another
player) were included in the analysis.

Players were individually assigned head impact monitors (GFT;
GForce Tracker Inc., Richmond Hill, ON, Canada) attached to the
back of the outside of the helmet. The GFT contained a triaxial
accelerometer and a triaxial gyroscope, allowing for the measure-
ment of linear acceleration (g) and rotational velocity (rad.sec-1).
This unit has been tested on the outside back location of the Bauer
RE-AKT ice hockey helmet and was demonstrated to be an ef-
fective tool to measure linear acceleration and rotational velocity.18

All GFTs were calibrated per manufacturer’s guidelines when
secured to the helmet.

Head impact data was viewed in real time and was also stored
on the GFT. GFT data were subsequently uploaded onto a com-
puter every other day when charging the units. A reportable AE was
defined as one student-athlete participating in one collegiate
practice or game in which the student-athlete was exposed to the
risk of injury, regardless of playing time.

3D-MOT

Three-dimensional multiple-object tracking was performed with
NeuroTracker (CogniSens Inc., Montreal, Quebec, Canada), using
a modification of the Athletic Performance training protocol, as
recommended by the manufacturer. Baseline 3D-MOT testing was
performed using three Core sessions and one Sustained Attention
session in the NeuroTracker program. The sessions consisted of
20 trials, each lasting between 6 and 8 sec where the subject was
presented with eight yellow spheres, or balls, in a 3D box on a
television monitor. At the center of the visual field, a fixation spot
was displayed and subjects were instructed to focus on the fixation
spot while tracking four target balls. The four target balls were
illuminated, informing the subject which balls to track during that
trial, and then turned back to their original yellow color before the
start of each trial. All eight balls moved in a linear, random manner
around the screen for 6 to 8 sec. When the trial concluded, the
balls were numbered 1-8 and the subject identified the four target
balls that were marked for tracking at the beginning of the trial.
During the Core sessions, the movement speed of the balls in-
creased for the next trial with correct identification of all four target
balls; incorrect identification of the four balls resulted in a decrease
in movement speed for the next trial. At the end of 20 trials, a speed
threshold was calculated.14

The three Core sessions and the one Sustained Attention ses-
sion were considered the first week of training for the subjects in the
3D-MOT group. Training occurred twice per week for 12 weeks
and included a progression from sitting to standing to stickhand-
ling, with players using their own stick and gloves. Players in
the 3D-MOT group performed the training 173 cm away from a
165.1 cm television monitor (XBR65X930D, Sony Inc.) with the
lights off, while wearing active 3D glasses (TDG-BT500A, Sony
Inc.). The 3D-MOT protocol is presented in Table 2.

Confirmation of head impacts

All head impacts were confirmed via video analysis. Both men’s
and women’s ice hockey home games and practices were recorded
(Handycam DCR-SR45 Hybrid HDD, Sony Inc.) from the highest
possible viewing location. Away games were filmed from the best
viewing location for that arena, such that the zone of game play
(offensive, defensive, or neutral zone) was clearly visible in the
camera field.

A minimum threshold of 20 g for peak linear acceleration (PLA)
was used.2 A head impact was defined as a direct blow to the head
from an external force, such as another player, the boards, a stick, or
the puck, or the head hitting the ice during falls. A head impact was
verified if there was a clear live view of the player at the time of
the head impact event and/or the head impact event was clearly
identified on film.

Table 1. Baseline Demographic Characteristics

of Subjects

3D-MOT (n = 17) Control (n = 16)

Sex (males/females) 9/8 8/8
aMean age (years) 20.65 – 1.69 20.38 – 1.89
aMean height (cm) 171.45 – 12.67 174.70 – 8.53
aMean weight (kg) 72.63 – 12.03 78.51 – 10.88
bPlayer position (F/D) 12/5 9/7

aData for age, height, and weight are presented as mean – standard
deviation.

bF = forwards, D = defense
3D-MOT, three-dimensional multiple-object tracking.
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Statistical analysis

Independent samples t-tests compared quantity of head impacts,
mean PLA, and mean peak rotational velocities (PRV) between 3D-
MOT and C players for practices and games. We used 2 · 2 inde-
pendent groups analyses of variance compared the mean PLA and
mean PRV of impacts between player positions (forward and de-
fense) of 3D-MOT and C players. To examine the effect of time
relative to changes in PLA and PRV between groups throughout
the season, we performed a general linear mixed-model analysis
with the between-subjects factor of Neurotracker training versus
no Neurotracker training, and the within-subjects factor of four
average time-points over 8 weeks. Although the overall vision
training program was 12 weeks, we only analyzed the Core scores
for the seated portion of the training program. For Weeks 9-12,
players were standing and then stick handling for training
(standing Weeks 9-10; stick handling Weeks 11-12). Due to
quantity of head impacts each week from the variable practice
and game schedules, and also because some players had no im-
pacts in a particular week, we averaged head impacts in 2-week
increments to analyze the effect of time, thereby resulting in four
average time-points over the 8 weeks. All statistical analyses
were performed using SPSS software version 25. The level of
significance was set at p < 0.05.

Results

Quantity and magnitude of head impacts

Head impact data was recorded for 43 games and 96 practices

during the regular season. Players in the 3D-MOT group sustained

a total of 230 and 903 head impacts in practices and games, re-

spectively. Players in the C group sustained a total of 154 and 655

head impacts in practices and games, respectively. Ice time was

recorded for all games. Players in the 3D-MOT group had a mean

ice time of 1045 – 272 sec per player, the C group had a mean ice

time of 1004 – 296 sec per player. There was no significant differ-

ence in the mean ice time between groups ( p = 0.683).

There was no significant difference in the quantity of head

impacts sustained per player between 3D-MOT and C groups

in practices (3D-MOT = 0.28 – 0.18 head impacts per player-per

practice; C = 0.20 – 0.17 head impacts per player-per practice;

p = 0.195). In games, there was no significant difference in number

of head impacts sustained per player between the 3D-MOT and C

groups (3D-MOT = 2.32 – 1.17 head impacts per player-per game;

C = 1.71 – 1.39 head impacts per player-per game; p = 0.178).

For PLA, there was no significant difference between 3D-MOT

and C groups in practices and games (Practice: 3D-MOT =
39.04 – 27.32 g; C = 37.60 – 23.39 g; p = .591; Games: 3D-MOT =
41.34 – 29.06 g; C = 39.47 – 26.44 g; p = 0.194). For PRV, there

was no significant difference between 3D-MOT and C groups

in practices (3D-MOT = 11.85 – 6.60 rad.sec-1; C = 11.29 – 7.04

rad.sec-1; p = 0.427). Likewise, in games, there was no signifi-

cant difference in mean PRV of head impacts between 3D-

MOT and C groups (3D-MOT = 13.18 – 7.95 rad.sec-1; C = 12.98 –
8.03 rad.sec-1; p = 0.627).

Player position

We also examined quantity, PLA, and PRV of head impacts by

player position: forwards (n = 21; 10 male, 11 female) and defensemen

(n = 12; 7 male, 5 female). Forwards in the 3D-MOT group (n = 12)

had a mean of 0.31 – 0.19 head impacts per player-per practice, while

forwards in the C group (n = 9) had a mean of 0.21 – 0.20 head impacts

per player per practice. In games, forwards in the 3D-MOT group had

a mean of 2.61 – 1.12 head impacts per player per game, while for-

wards in the C group had a mean of 1.81 – 1.52 head impacts per

player-per game. Defensemen in the 3D-MOT group (n = 5) had a

mean of 0.20 – 0.15 head impacts per player-per practice, while de-

fensemen in the C group (n = 7) had a mean of 0.18 – 0.13 head im-

pacts per player per practice. In games defensemen in the 3D-MOT

group had a mean of 1.61 – 1.07 head impacts per player per game,

while defensemen in the C group had a mean of 1.58 – 1.31 head

impacts per player per game. There were no significant differences

between 3D-MOT and C groups for quantity of head impacts per

player for practices and games by position ( p > 0.05).

There was a significant difference between the mean PLA of

head impacts for 3D-MOT forwards and C forwards in games

( p = 0.045; 3D-MOT = 41.33 – 28.54 g; C = 38.03 – 24.30 g), but

not in practices ( p = 0.139; 3D-MOT = 38.12 – 25.06 g; C = 33.62 –
21.07 g) with the 3D-MOT forwards having greater PLA versus C.

There was a significant difference between the mean PRV of

head impacts for 3D-MOT forwards and C forwards in practices

( p = 0.047; 3D-MOT = 11.96 – 6.77 rad.sec-1; C = 10.22 – 6.95 rad

.sec-1) and in games ( p = 0.029; 3D-MOT = 13.59 – 8.18 rad.sec-1;

C = 12.47 – 7.69 rad.sec-1) with the 3D-MOT forwards having

greater PRV versus C (Fig. 1 and Fig. 2).

There was no significant difference between the mean PLA of

head impacts for defensemen in the 3D-MOT group and defense-

men in the C group in practices ( p = 0.848;3D-MOT = 42.55 –
34.67 g; C = 43.66 – 25.54 g) or in games ( p = 0.993; 3D-MOT =
41.35 – 31.15 g; C = 41.37 – 28.95 g). There was a significant

difference between the mean PRV of head impacts for 3D-MOT

defensemen and C defensemen in games (p = 0.003) (3D-MOT =
11.54 – 6.76 rad.sec-1; C = 13.65 – 8.43 rad.sec-1), but not in prac-

tices (p = 0.244) (3D-MOT = 11.45 – 5.96 rad.sec-1; C = 12.92 –
6.92 rad.sec-1) with C defensemen having greater PRV versus

3D-MOT (Fig. 3 and Fig. 4).

Vision and time

For vision (Core) scores, there was a significant difference in

Core scores from Weeks 1-2 compared with Weeks 7-8 ( p = 0.005;

Table 2. Training Protocol for 3D-MOT Subjects

Training position Sitting Standing Standing + stick handling

Week 1 2 3 4 5 6 7 8 9 10 10 11 12
Session 1 CORE x3 DYN OVR SLT DTB OVR CORE CORE OVR OVR DYN DYN
Session 2 SA CORE CORE CORE CORE CORE OVR OVR CORE DYN DYN

Session types: Sustained Attention (SA), Core, Dynamic (DYN), Overload (OVR), Selective (SLT), and Distribute (DTB)
Shaded boxes indicate that no training occurred in that time slot, note that Week 10 was split between standing and standing and stick handling
3D-MOT, three-dimensional multiple-object tracking.
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Weeks 1-2 = 1.56 – 0.54; Weeks 7-8 = 1.74 – 0.36). The Core score

associated with the Neurotracker program is the score that tracks

progress. An increase in Core score is associated with an increase

in foveal and peripheral vision tracking ability (or perceptual,

cognitive ability). There was no significant difference in PLA

throughout the season for the 3D-MOT group ( p = 0.469; Weeks

1-2 = 40.46 – 10.75 g; Weeks 3-4 = 37.74 – 12.33 g; Weeks 5-6 =
40.78 – 14.02 g; Weeks 7-8 = 35.66 – 11.82 g). There was no sig-

nificant difference in PLA throughout the season between groups

( p = 0.312; Weeks 1-2: 3D-MOT = 40.46 – 10.75 g, C = 41.31 –
16.79 g; Weeks 3-4: 3D-MOT = 37.74 – 12.33 g, C = 38.90 –

11.56 g; Weeks 5-6: 3D-MOT = 40.78 – 14.02 g, C = 39.28 – 15.11g;

Weeks 7-8: 3D-MOT = 35.66 – 11.82 g, C = 35.50 – 10.47). For

PRV, there was no significant difference throughout the season

for the 3D-MOT group ( p = 0.695; Weeks 1-2 = 13.18 – 4.30;

Weeks 3-4 = 12.34 – 3.12; Weeks 5-6 = 12.40 – 3.28; Weeks 7-8 =
11.42 – 2.71). There was no significant difference in PRV through-

out the season between groups ( p = 0.139; Weeks 1-2: 3D-MOT =
13.18 – 4.30, C = 13.18 – 5.35; Weeks 3-4: 3D-MOT = 12.34 –
3.12, C = 10.51 – 3.43; Weeks 5-6: 3D-MOT = 12.40 – 3.28, C =
11.68 – 4.72; Weeks 7-8: 3D-MOT = 11.42 – 2.71, C = 13.00 –
5.21; Fig. 5A-D).

FIG. 1. Peak linear acceleration (PLA) for forwards between three-dimensional multiple-object tracking (3D-MOT) and Control
(C) groups in practices and games. *3D-MOT forwards had higher PLA versus C in games.

FIG. 2. Peak rotational velocity (PRV) for forwards between three-dimensional multiple-object tracking (3D-MOT) and Control
(C) groups in practices and games. *3D-MOT forwards had higher PRV versus C in both practices and games.
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Discussion

This is the first investigation to examine if 3D-MOT training

can be a useful tool in reducing the quantity and severity of head

impacts in NCAA Division III men’s and women’s ice hockey

players. The use of 3D-MOT may improve skill to enhance

decision-making capabilities, by training players to track multiple

objects in the foveal and peripheral visual fields, thereby increasing

spatial awareness. Spatial awareness requires the uptake and pro-

cessing of real time data in the visual field, contributing to athletic

movement.19 In ice hockey, increased spatial awareness during

game play enhances decision making processes affecting puck

and body movement, thereby affecting performance.20 Utilizing

3D-MOT may enhance spatial awareness and decision-making

capabilities assisting athletes in collision avoidance leading to a

reduction in head impacts.16 Contrary to our hypothesis, we found

no significant difference in the quantity of head impacts sustained

between players training with 3D-MOT and C players in both

practice and game settings.

We also examined head impact differences by position, forwards

and defensemen, between 3D-MOT and C groups. Previous studies

in ice hockey have not reported positional differences in head

FIG. 3. Peak linear acceleration (PLA) for defensemen between three-dimensional multiple-object tracking (3D-MOT) and Control
(C) groups in practices and games. There were no significant differences between mean PLA between groups in practices and games.

FIG. 4. Peak rotational velocity (PRV) for defensemen between three-dimensional multiple-object tracking (3D-MOT) and Control
(C) groups in practices and games. *3D-MOT defensemen had lower PRV versus C in games.
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impact quantity and severity.21 Wilcox and colleagues reported no

significant differences in the quantity or linear acceleration of head

impacts between collegiate ice hockey forwards and defensemen,22

and Mihalik and colleagues21 reported similar findings in youth ice

hockey players. In our investigation, forwards in the 3D-MOT

group sustained head impacts with a greater mean PLA and greater

mean PRV in games, as well as a greater mean PRV in practices

compared with the C group. Conversely, defensemen in the C

group sustained head impacts with greater mean PRV than de-

fensemen in the 3D-MOT group in games. The PRV result is

particularly meaningful due to the injury causing effects of rota-

tional forces on the head, causing greater strain on brain tissue

versus linear force.23,24

The positional requirements of forwards and defensemen in

ice hockey may partly explain the differences between 3D-MOT

and C groups. For example, forwards have a greater need for puck

possession versus defensemen. Generally, forwards are respon-

sible for competing with opposing players to retrieve the puck in

the offensive zone and maintain possession, which may increase

head impact exposure. It is also possible that forwards who en-

gage in 3D-MOT training may experience increased confidence

in addition to improvements in vision. Romeas and colleagues

reported that collegiate soccer players had improved confidence

in decision-making accuracy proportional to on-field statistical

improvements after training with 3D-MOT13 compared with

active and passive C subjects. Clark and colleagues reported that

vision training increased on-field awareness in DI football

players.25 While we did not evaluate confidence levels of par-

ticipants, the potential for increased confidence and on-ice

awareness may have contributed to a more aggressive style of

play by 3D-MOT forwards, subsequently increasing head impact

exposure.

Conversely, defensemen are predominantly positioned in space,

constantly scanning the ice for opposing players, and move into

position for puck support. Additionally, defensemen are tasked

with retrieving the puck in the defensive zone and controlling its

clearance, thereby requiring awareness of opposing players and

teammates. The positional requirements of defensemen demon-

strate the importance of enhanced vision, particularly in the pe-

riphery, thereby improving on-ice spatial awareness. Due to the

positional requirements of forwards and defensemen, 3D-MOT

training may not be an effective tool to reduce head impact ex-

posure in collegiate ice hockey forwards, but may be effective for

defensemen.

Concussive/sub-concussive head impact risk is higher in con-

tact, collision, and combat sports versus non-contact sports, due in

part to the increased frequency of head impacts.26 While training

with 3D-MOT may aid athletes in reducing exposure to injury-

causing collisions,16 our findings suggest that player position may

be an important factor to consider with future interventions

FIG. 5. Peak linear acceleration (PLA) and peak rotational velocities (PRV) throughout the season for three-dimensional multiple-
object tracking (3D-MOT; A and C) and Control (C) groups (B and D). There were no significant differences in PLA and PRV
throughout the season or between groups.
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attempting to reduce head impact exposure in collegiate ice hockey.

Further study is required to examine the potential for vision training

as an intervention to assist in the reduction of subconcussive and/or

concussive head impacts, however position specific interventions

may be required in variable athletic settings. In conjunction with

examining vision training programs to decrease head impact ex-

posure, measures of confidence and personality are warranted.

Poltavski and Biberdorf20 suggested that impulsivity of players

may help explain potential negative consequences of vision train-

ing programs. We recommend that future studies assess personality

traits of players to examine if more aggressive personality traits,

such as impulsivity, result in negative consequences regardless of

enhanced visual acuity.

When studying collegiate level athletes during a regular season,

there are implicit limitations due in part to class schedules, school

breaks, and other demands place on collegiate athletes. Players

participated in 3D-MOT training during the regular season, which

included a 3-week break for the winter holidays. During this

3-week period, 3D-MOT players did not participate in training and

resumed training following the break for the remainder of the

regular season. Losses of perceptual cognitive gains during 1- to

2-month gaps in training have been reported to be negligible.16

However, further research is needed to examine whether the effects

of 3D-MOT training persist over time,14 and it is unclear whether

this gap in training played a significant role in the results of

this study. In addition, all collegiate ice hockey players, exclud-

ing goalies, that agreed to participate in the study were included

(Participation rates: men = 74%; women = 94%). Therefore, the

sample size was limited to those who volunteered from a sample of

two NCAA Division III ice hockey teams during a single season.

The competitive and aggressive nature of collegiate ice hockey

provides an opportunity for further research evaluating vision

training programs such as 3D-MOT, as an intervention to reduce

head impact exposure.
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