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Abstract

Context: Field hockey is a very technical and tactical sport, requiring immense levels of visual concentration on moving and station-
ary targets, which can improve visual and team performance. However, in literature, this area of specialty remains underutilized,
with most studies seeking to improve physical and physiological performance. Essential visual skills cannot only be attributed to
field hockey but to other ball-playing sports and activities of daily living, which allow humans to coexist. The essential visual skills
reduce the propensity of making poor decisions, ill preparations, and the exclusion of potent and capable players.
Objectives: This review novelly aims to not only compile a comprehensive list of essential visual skills for field hockey players but
also to create a starting point for future studies to add to this list, to aid in player talent identification, and eventually create sport-
specific visual exercise programs and testing batteries.
Discussion: The skills identified in this review preface a platform for human performance professionals to include in their train-
ing regimens, with an intent to maximize performance and talent identification and to aid in the formulation of visuospatial test
batteries. Even though this list is comprehensive, this is only a starting point for future research to find more visual skills that are
essential to field hockey, as well as provide the opportunity to develop the performance of the visual skills of these athletes in ways
that have not been done before.
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1. Context

Vision is a fascinating aspect of human existence that
aids with visual memories, color identification, and the in-
terpretation of visual stimuli resulting in images formed
at the retina, which provides a “20-20 optometry,” or per-
fect vision (1-3). Citizen scientists utilize vision in activities
of daily living, such as driving automobiles, signage inter-
pretation, photographic memory recalls, and performing
house or work-related responsibilities (2). The main objec-
tive of vision in sports is to improve visual physiology and
sports performance. To date, it is recorded that vision plays
an integral part in sports performance, which enhances
psychological, perceptive, and physical abilities (1). Vision
is an important aspect of field hockey as it provides play-
ers with perception, the ability to perform sports-related
drills, synchronization between eyes and playing limbs,
and also providing action upon the perceived stimuli (3-5).
Visual skills in field hockey simplify an athlete’s life by per-
forming tasks such as target identification, scanning of the
opponents’ playing style, player positioning, reaction to
audio-visual signals such as pointing where a ball should

be played, and most importantly mastering the hand-eye
coordination (6-10). During the execution of a shot, the
player executing the shot has to have a peripheral aware-
ness of who’s behind him or her. As such, the stroke player
will also need to have a good speed of recognition of how
fast the player is intended to receive the ball and how much
force the ball should be hit with in order to be received by
the intended recipient (10-13).

Field hockey is a technical and tactical sport comprised
of eleven players on each side, which requires a great deal
of visual expertise in reaction time, hand-eye coordina-
tion, ball speed judgment, opponent eye gazes, and cen-
tral and central and peripheral vision (4). The game is
played on a rectangular surface which is 91,4 meters long
and 55 meters wide, which is divided into areas such as a
25-yard line, pitch boundary, penalty spot, striking circle,
goal post, and penalty corner landmarks, that require per-
fect visual skills in intercepting the opponents’ offense (4,
14). Areas such as the penalty corner and striking circle
require players to have good hand-eye coordination with
the ball and bat; in the process, must utilize opponent eye
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gazes alongside central and peripheral vision to complete
the stroke (15). All infield players require good accommo-
dation facilities to prevent ball-foot offense. Furthermore,
goalkeepers require good reflexes to perfect split-second
saves through object speed judgment, hand-eye coordina-
tion, and accommodation facility (15, 16).

To date, most studies have focused on single visual
skills in field hockey that is important for sports per-
formance, such as accommodation facility, visual perfor-
mance, speed of recognition, and hand-eye coordination
(11-13, 15, 17-20). The abovementioned studies all focused on
individual skills, and nowhere in the literature has there
been a study to bring all of these visual skills that are es-
sential to performing field hockey together. In this vain,
this review novelly aims to not only compile a comprehen-
sive list of essential visual skills for field hockey players, but
also to create a starting point for future studies to add to
this list, to aid in player talent identification, and eventu-
ally create sport-specific visual exercise programs and test-
ing batteries.

2. Methods

2.1. Inclusion Criteria

The studies that qualified for this review met the fol-
lowing criteria: A keyword search yielded MeSH headings;
"visual skills, "hand-eye coordination", "peripheral vision",
"eye movements", "field hockey vision", "field hockey rules",
"reaction time", "speed of recognition", "accommodation
facility," "visual memory", "discriminating efficiency", "vi-
sual endurance", "motor learning" and "cognitive func-
tion" which were combined and exploded. All the above
headings were used to search for article ranging from 1980
- 2021, as mentioned below in the data sources section. The
reason for the wide search is to find as many visual skills
that are essential to field hockey players as possible, to cre-
ate a starting point for future studies to identify more of
these visual skills to test and train these skills to aid in high-
performance.

2.2. Exclusion Criteria

To ensure that only relevant research was included in
this review, certain exclusion criteria were implemented.
For the purposes of this study, only full-text articles in the
English language were considered. Furthermore, articles
were excluded if the studies did not show to be relevant to
field hockey. Lastly, articles were excluded if no evidence
was provided in the studies to show that the mentioned vi-
sual skills are essential to field hockey.

2.3. Search Strategy

The literature was retrieved utilizing the guidelines of
systematic reviews from the Centre for Reviews and Dis-
semination (CRD), the Database of Abstracts of Reviews
of Effects (DARE), and Cochrane database of systematic re-
views (CDSR). The electronic search was accessed through
PubMed (1980 - 2021), Google Scholar (1980 - 2021), Biomed-
ical Central (1980 - 2021), Sports Discuss, Science Direct, and
International E-catalogues. A keyword search of “visual
skills, “hand-eye coordination”, “peripheral vision”, “eye
movements”, “field hockey vision”, “field hockey rules”,
“reaction time”, “speed of recognition”, “accommodation
facility,” “visual memory”, “discriminating efficiency”, “vi-
sual endurance”, “motor learning” and “cognitive func-
tion”. The searched data was narrowed down to peer-
reviewed articles written in English (21).

2.4. Data Extraction

Data corresponding to the topic was collected and
structured together by the first author, this included the
collection and analysis of essential visual skills in field
hockey. The inclusion criteria included published papers
that were in full text, studies that had the corresponding ti-
tle and abstract only, and without a full text were excluded.
All the co-authors validated the final choice for the studies
selected for the inclusion criteria through an agreement.
Depending upon the journals or conference papers they
were published in, the keywords associated with the pub-
lications were classified as vision in field hockey or essen-
tial visual skills in field hockey. As such, the data was col-
lected and extracted. Techniques such as window selection
and spatial aggregation were utilized to extract the data
collected. Data coinciding with performance, problem de-
scription, inclusion criteria, and the aim of the study were
extracted to evaluate the relationship of the included stud-
ies. Lastly, the overall findings were classified and placed
in a tabular format that would allow further discussions
based upon the findings. Please see Figure 1 below on how
studies were selected and data was extracted.

3. Results

The current study utilized 80 full-text English pub-
lished papers utilizing an electronic search. After critical
dissection of duplicate papers, 64 published papers in ac-
credited journals remained, of which only 26 matched the
criteria to form part of this study. Table 1 below mentions
and discusses the essential visual skills for field hockey
players, and Table 2 provides insight into the previous lit-
erature dissecting essential visual skills in field hockey.
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Total number of studies utilized (N = 80) [ 1980 - 2021]   
PubMed  

Google scholar  
Biomedical central  

Sports discuss  
Science direct  

International E-catalogues  

 

 Excluded:  26  
 Reasons:  Articles not in English or just   
                 abstracts.  
  
 

Total studies analyzed (n = 26)

6 studies excluded: Reason  

No evidence provided that the visual skills 

discussed is essential to field hockey   

Essential visual skills for 
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Figure 1. PRISMA flow chart of the study selection process
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Table 1. Essential Visual Skills for Field Hockey

Visual Skill Description References

Accommodation facility Identifies object size (goal line, ball, and opponent), its significance, and pattern (mode of play) in relation to the
performed tasks (strokes). This later increases the brain processing capacity resulting in greater cognitive abilities and
reaction times of the perceived stimuli. As such, field hockey players can calculate the distance to be covered, ball
interception, and game judgment.

(15, 18-20)

Saccadic eye movements Allows an athlete to scan the environment for any potential threats or areas that an athlete would like to exploit, such as
defenders not being well organized during a penalty corner, which can result in them conceding a goal. Furthermore,
eyes create visual attention which keeps them locked to the target.

(6, 14)

Speed of recognition Provide athletes with an added advantage in identifying targets and stimulus judgment. Players of all departments
(defense to attack) are tasked with one duty, identify the ball and eliminate the threat as quickly as possible, this means
converting defense into attack at the blink of an eye.

(17, 22, 23)

Hand-eye coordination Provides athletic population with the ability to perform the desired task during the moment of thought through limbic
innervation pathways, which can prove to be pivotal in the dying minutes of the game, such as a save or a tackle.
Furthermore, hand-eye coordination is an essential element of playing any desired stroke, such as a flick or a push; the
success of the shot depends on this skill.

(15, 24)

Peripheral vision Provides an athlete with the probability capacity of estimating ball trajectory or possible opponents’ movements based
upon playing experience. Players can use their field of view which acts as side mirrors to identifying players on their
blind spots.

(17, 25, 26)

Visual memory Athletes can study other teams’ mode of play, strengths and weaknesses, through pre-match videos. This later creates an
expected outcome of the opponents’ tactics, and their movements can be intercepted easily. This skill in hockey is used
to remember the pattern of play that teams have created in the training grounds so to succeed or dissecting a particular
player because of the identified weakness. For example, finding the weakest link in the team, such that player will be
used as an outlet.

(10, 27)

Depth perception Provides an athlete with possible reactive means and possible judgements when under pressure, comprised of choices.
Among these choices, there would be one, that would be ideal for the current situation faced. For example, fouling a
player, or covering the adequate distance to intercept the goal bound puck.

(15, 28)

Dynamic-visual acuity Enables players with the capacity to focus on the intended object of focus, by neglecting factors such as contrast
sensitivity, that can disrupt the athlete, in focusing on the desired target. While the ball is moving at great speeds, players
have to be able to reach it and play the ball with minimal offense

(29, 30)

Anticipatory action Providing an athlete with the capacity of identifying opponents’ visual cues prior to the event, by means of utilizing
body language, game atmosphere and verbal cues. This skill is heavily dependent upon the athlete’s ability to assess
movement at short intervals. For example, if a defender imitates a fake shot, naturally attackers/ strikers would try to
block the pseudo shot, in that way the faking player gets away with the ball.

(31, 32)

Visual Reaction time This skill does not only improve individual and team performance but is found to be the key item that minimizes errors
and judgments during the game. Such judgements enable the brain to relay impulses quickly so that a reaction is
produced, a visual reaction enables athletes to reduce unforced such errors, when a player passes the ball to you quickly
and you attempt to play it instantly, but you are a little late and miss the ball completely.

(33, 34)

Atentional expertise Enable teams and coaches, with cross communication of knowing opponent positioning, response to referee’s signals,
and man marking of the assigned player. For example, players know that when they attack from the near post the goalie
will try to cover it.

(35-37)

4. Discussion

4.1. Previous Findings

Previous studies that were closely related to this review
had a common factor of one specialist equipment, which
was in the form of computerized software. However, it is
worth noting that not all visual skills can be isolated and
studied using one method, which is why this review is nec-
essary. Field hockey requires all players, regardless of a spe-
cialist position, to understand the field of view (the ability
of a player to make decisions based on landmarks on the
field), choice of reaction (action based on perceived stim-
uli), and peripheral vision as indicated by (15, 18-20). This
study used methods such as eye charts, eye ports, Dyna vi-
sion D2 trainer, a vision performance enhancement pro-
gram, and P-Rotators, on 34 male athletes. To investigate

factors such as field of view, reaction time, and periph-
eral perception, a six-week intervention consisting of a spe-
cial training program to improve visual ability (interven-
tion group) participated in the three different measuring
points (control group).

Land and Tatler, as well as Alvarez & Franconeri (6, 14),
used a speed limit session and an accuracy check session
(8 black circles on a grey background) to assess a popula-
tion of 14 observers with normal or corrected vision. The
observers were assessed by exploring visual reaction, tar-
get accuracy, and saccadic eye movements using comput-
erized blinking targets that appeared on screen for 2 sec-
onds. The study’s main finding was that target tracking
was more effective at slow speeds than at fast speeds. In
the context of field hockey, all infield players are supposed
to track both the ball and the opponent simultaneously
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Table 2. Previous Literature Dissecting Essential Visual Skills in Field Hockey

Population Intervention Protocol Key Findings Methods Explored Factors References

34 male field hockey
players (age 12 - 16)

Special training program
to improve visual ability
over six weeks
(intervention group) took
part in the three different
measuring points (control
group)

Field of view, choice of
reaction & peripheral
perception can be
improved by visual
training

Eye charts; eye ports; dyna
vision D2 trainer; vision
performance
enhancement program;
P-rotators

Field of view; Reaction
time; Peripheral
perception

(6-14)

14 observers with
normal or corrected
vision

Speed limit session;
Accuracy check session (8
black circles on a grey
background)

Target tracking was more
effective at slow speeds
compared to fast speeds.

Blinking computerized
targets (for 2 seconds)

Visual reaction; target
accuracy; saccadic eye
movements

(15, 17-20)

Unspecified None Visual reaction; Target
accuracy; Saccadic eye
movements are all under
the influence of one
commanding center

Scan path fixations during
tea making process

Gaze system; motor
system; visual system

(20-23)

38 university student
athletes from men &
women’s hockey (18 - 23
years)

There was no control
group, all players were
part of the intervention
during the hockey season

Faster reaction time to a
visual stimulus, results in
improved visual stimulus
discrimination, better
visual memory and a
faster ability to shift focus
between far and near
objects significantly.

Nike SPARQ Sensory
Performance System (Nike
SST)

Visual clarity; depth
perception; dynamic
visual acuity; contrast
sensitivity; hand reaction
time

(25-27)

11 skilled male
basketball players & 11
less skilled, aged 25

No intervention was
utilized.

Experienced players had
an expert advantage in
identifying the full visual
field of an opponent and
had better central and
peripheral views.

Eye link software; Data
viewer software;
Experiment builder
software

Line of gaze; dynamic
visual stimuli; peripheral
visual fields; target
accuracy; saccades

(29-31)

12 female hockey players
(Age 20, height: 162 cm,
weight: 62 kg & training
experience: Eight years)

Visual exercises training;
eight weeks of training
included exercises.

Visual exercise training
significantly increased the
shooting ball velocity and
accuracy.

Vienna test system Double labyrinth, reaction
time, time/movement
anticipation, and visual
pursuit

(32, 33)

to achieve the teams’ objectives. For this to be successful,
skills such as visual reaction, target accuracy and saccadic
eye movements are required.

According to (14), visual reaction, target accuracy, and
saccadic eye movements are all influenced by a single com-
manding center that functions in three ways, gaze system
(fixating eyes on a target or object), motor system (the abil-
ity of muscles responding to stimuli), and visual system
(formation of image in the retina, by determining how far
or close the player should be towards the ball or oppo-
nent). During the game, the improved visual reaction can
result in better responses to stimuli; for example, a goal-
keeper with better visual reaction can have better reflexes
much better reflexes than one who does not, as evidenced
by (10, 27). Furthermore, the data obtained in this study
came from 38 collegiate men and women who played field
hockey. The data obtained in this study was obtained using
Nike SPARQ Sensory Performance System (Nike SST), by ex-
ploring factors such as visual clarity, depth perception, dy-
namic visual acuity, contrast sensitivity, and hand reaction
time.

In a study (17, 25, 26) between expert ball players

and non-expert players, factors such as line of gaze, dy-
namic visual stimuli, peripheral visual fields target accu-
racy saccades were investigated using computerized meth-
ods such as eye link, data viewer, and experiment builder.
According to the findings of this study, experienced play-
ers had a greater advantage when it came to identifying the
field of view, central and peripheral views. In a study con-
ducted by (22, 23), the population consisted of 12 female
hockey players who participated and had a visual train-
ing program for a duration of 8 weeks virtual training pro-
gram. The results showed that visual exercise training in-
creased shooting ball velocity and accuracy significantly.

4.2. Key Visual Skills for Field Hockey & Direct Play Applications
of This Review

Accommodation facility is a skill facilitated by the
amount of time required by the visual system to iden-
tify the image, and its significance to the field of play,
which creates an anticipatory action. Additionally, the
field hockey ball can travel at great speeds of up to 147 kilo-
meters per hour, which would require an athlete to have
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a good accommodative facility, so as to know the direc-
tion of the ball to be intercepted (15, 38). Many strokes,
such as pushes, drags, and flicks, can be played during a
field hockey match, necessitating greater accommodative
capacities from players to spectators (8). Accommodative
facility can also be seen as a "screening tool" in field hockey
or other team sports. In field hockey, there are midfield
players, defenders, and goalkeepers who provide an ath-
lete with spatial awareness as to what and when to execute
a certain shot, depending on the athlete’s position (31).

Saccades are used in field hockey to read the game’s
atmosphere, such as body language, providing an athlete
with an anticipatory reactive mechanism. Goalkeepers use
saccades and body language to anticipate the type of shot
that an opponent will play, which improves their percep-
tion and action; additionally, successful athletes perform
saccadic eye movements 5 - 8 times before any stroke is
played (16). Saccadic eye movements selectively identify
ball trajectory, and ball position, without requiring an ath-
lete to turn their head completely (39). As a result, saccades
in field hockey helps athletes regardless of playing posi-
tion, with "where" and "when" to process the visual infor-
mation. For example, when a penalty corner is conceded,
striking players and defenders are selectively tasked to lo-
cate the fast-moving ball intended for the goal among the
crowded territory using saccades (15).

During practice and games, an athlete must use their
eyes and upper limbs in synergy to execute shots per-
fectly. This is accomplished by emphasizing technique and
frames of reference (40). During a penalty a goalkeeper is
expected to save the ball as it travels at high speeds. Hand-
eye coordination is the most important skill for the success
of the save; the eye detects the speed of the ball, and visuo-
motor reflexes are activated, resulting in a successful save
(24, 41). The success of hand-eye coordination is dependent
on the player’s ability to concentrate on the ball intended
for a shot and stick holding position (42). The importance
of hand-eye coordination can be seen in defenders flicking
a ball about 20 - 30 meters away from the goal mouth to a
striker and delivering it to the intended recipient who can
score; this skill requires a lot of practice on the training
field but can be improved (42). Furthermore, when playing
field hockey, an athlete must always hold the playing stick,
requiring substantial amounts of arm, chest, and shoulder
strength, as well as being a key factor in hand-eye coordina-
tion

Peripheral vision aids in the processing of visual stim-
uli that require eye gazes to locate the target, resulting in a
dart or an interception from the player (17). Field hockey is
a fast-paced sport that requires split-seconds decisions. Be-
cause of this, players must have a high level of visuospatial
awareness in relation to the athlete’s playing position (43).

The mastery of peripheral vision can be seen in playing
formations such as 5-3-2, which consists of four forwards,
three half-backs, and three full-backs, and 4-3-3, which is
influenced by the opponents’ playing style, coaches’ objec-
tive, and the team’s position in the level of competition (4).
In field hockey, the surface markings are used to remind
athletes what to do in relation to the territory they find
themselves in. As such, the defending team uses peripheral
vision to create an anticipatory action, which triggers tac-
tical and technical defending to be practiced in the form
of zonal marking (27, 44). In some cases, coaching depart-
ments encourage athletes to be vocal, especially if an oppo-
nent is approaching the player with the ball’s blind spots;
as a result, teams develop their own jargon to alert players
to the potential threat on their periphery (45).

An athlete’s visual memory retains a precise sequence
of previously seen events, resulting in a replication of ac-
tion (27). Teams use pre-match video analysis to study an
opponent’s strengths and weaknesses to maximize perfor-
mance (27). Trans saccadic memory (memory lasting tens
of milliseconds), active online scene memory (memory
lasting seconds), and long-term scene memory (memory
lasting minutes, hours, days, and years) are the three types
of visual memory (27). Field hockey requires the use of all
three types of memories in tandem during a game, with
trans-saccadic memory being ideal for territory screen-
ing of opponents using saccadic eye movements and ball
speed identification. Active online scene memory is used
during accommodative facility, where a player and ball po-
sition must be identified to be intercepted, and long-term
scene memory can be attributed to learning a skill such as
performing a push and a flick, as well as having good hand-
eye coordination.

The choice of reaction is determined by the team’s play-
ing style, organization, score line, and opposition team re-
sistance; as such results, this creates a visual memory, for
retaliation to the opponent’s game plan, without violating
the rules (4, 15). Goalkeepers must have a wide range of
reactions to make a successful save. For example, when
diving with an outstretched leg or arm, the goalkeeper
must decide what is the best reaction for the encountered
stimuli (15). Coaches who want to strengthen their team
by signing new players must make an informed decision
based on the athlete’s consistency, adaptive responses to
varying game conditions, and whether the athlete fits the
coach’s playing style (46). The choice of reaction can be
seen during stroke plays; for example, in a crowded terri-
tory, short passes can be effective (31). When the opponents
decide to be compact, the players in possession of the ball
can choose the intensity of play, causing the compact team
to begin to open. Furthermore, diagonal balls have been
shown to be an effective way to hit opponents on a coun-
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terattack (46).
Another critical skill is reaction time, which is aided by

the hemispheres of the cerebrum assisting in the coordina-
tion of field hockey duties (47). Because of the high inten-
sity and tempo of the game, players must be agile and fast
to adapt to the sport (48). The ability of the infield players
to have quick times determines the team’s success. A field
hockey ball can travel at high speeds when hit with good
technique, requiring a player to react as quickly as possible
(15, 38, 47). Reaction times can be used to classify athletes’
game intelligence, implying that mastery of basic drills
and exposure to different playing styles would indicate a
high level of game intelligence (33). When a team is trail-
ing, especially in the fourth quarter, the trailing team be-
comes very technical and tactical to level the scores, by hav-
ing good hand-eye coordination skills and reaction times
to the strokes played by opponents (8).

The teams play for 15 minutes per quarter, with the ref-
eree having the authority to enforce fair play and allow
the game to flow. Players pay close attention to not violat-
ing the fair play rules (4, 35). Man marking is a technique
used in many ball-playing sports to limit an opponent’s po-
tential moves (49). Man marking can only be successful
if an athlete focuses his or her attention on the assigned
player while using drills learned during training (49). Field
hockey requires divided attention to focus on opponent
positioning, teammates’ position, distance to cover, and
coaches’ signals (35). Divided attention is defined as an ath-
lete’s ability to multi-task to fulfil their positional duties.
For example, a goalkeeper would call for reinforcements
when the opposing team is overriding his/her team at the
same time the goalkeeper is anticipating a potential shot
(35, 37). Players must be zoned into the game by paying
close attention for an extended period, allowing goalkeep-
ers and strikers to communicate with one another. Sus-
tained attention allows players to be vigilant of potential
opponents’ exploits, have in-depth spatial awareness, and
reduce the possibility of making faulty decisions during
the game (3).

The dorsal section of the brain recognizes ball veloc-
ity recognition and complex strokes, providing an athlete
with a perception of ball trajectory. The cortical pathways
innervate the eyes and, more importantly, aid in visual mo-
tion identification, such as territory, player, and shot pat-
terns (23, 50). During practice sessions, a lot of emphasis
is put on drills such as dribble, dodge, and shoot, which
should be performed as quickly as possible, putting a lot
of strain on the athlete’s fight or flight mechanism (23).
Players with greater ball velocity recognition can intercept
a ball from an opponent before the intended recipient re-
ceives it; additionally, a faster rate of recognition can excite
muscles corresponding to received stimuli and improve

cognitive function (51, 52).

4.3. Conclusions

This review focused on what had been studied previ-
ously as research in field hockey as experimental research
involving collegiate athletes, amateurs, semi-professional
athletes, and elite athletes. Because visual skills are essen-
tial in hockey, this review combined all data, regardless
of the level of play, to produce a comprehensive list. The
visual skills highlighted in this study provide a platform
for human performance professionals to include them in
their training programs to maximize performance, iden-
tify talent, and aid in the development of visuospatial
test batteries. According to the findings, interdisciplinary
professional relationships related to sports vision should
be established to maximize team and individual perfor-
mance. It is clear from the current literature that no re-
view has been compiled comparing visual skills for field
hockey. While the essential visual skills have been com-
piled and identified in this review, previous studies in this
field should not be overlooked as a result of this review.
However, they should also be used as a frame of reference
for future research.
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