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ABSTRACT

BY COMBINING TECHNICAL AND
TACTICAL GAME COMPONENTS
WITH APPROPRIATE PHYSICAL
LOADING, MODIFIED GAMES CAN
PROVIDE AN IDEAL ENVIRON-
MENT FOR YOUNG ATHLETES TO
DEVELOP AEROBIC FITNESS,
WHILE AT THE SAME TIME
ACCUMULATE PRECIOUS HOURS
OF TECHNICAL SKILLS DEVEL-
OPMENT. FURTHERMORE, MODI-
FIED GAMES PROVIDE AN
OPPORTUNITY FOR PLAYERS TO
DEVELOP THEIR DECISION-
MAKING AND PROBLEM SOLVING
SKILLS UNDER STRESSFUL
PHYSICAL LOADS, WHICH ARE
CRITICAL FACTORS IN SUC-
CESSFUL LONG-TERM PLAYER
DEVELOPMENT. THIS ARTICLE
DISCUSSES THOSE CON-
STRAINTS BELIEVED IMPORTANT
IN OPTIMIZING AEROBIC FITNESS
AND SKILL ACQUISITION IN
YOUTH USING A MODIFIED
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INTRODUCTION

odified games (MGs) are
Mgames that modify or manip-

ulate the task constraints,
such as the rules, number of players,
playing areas, and equipment, to pro-
vide an experience of the sport they
represent through structured, develop-
mentally appropriate games. In junior
sport, they can be used in place of the
traditional official game to enhance
participation and development and/
or as a form of training to improve
physical, technical, and tactical skills.
MGs are increasingly being used as
training to improve players’ skill acqui-
sition. A proposed benefit of MGs
training is the ability to develop fitness,
skill, and tactical components simulta-
neously, making it time efficient by
reducing overall training volume (9,29).

There is considerable research on the
physiology of MGs, but much less

emphasis on other components of
development, including skill acquisition
(49), despite the critical role of skill
acquisition on performance and player
development in youth sport (47). In skill
acquisition, there is increasing evidence
that exposure to a variety of game and
practice environments is beneficial in
the development process of elite players
(444) so that players are afforded
opportunities to experience representa-
tive game-based tasks in practice (46).
Simple engagement in MGs in itself,
however, is not sufficient for efficacious
fitness and skill development; rather,
appropriate scaffolding of game modifi-
cation in training is needed (19). This
article considers the development of
fitness and skill of youth players
through a MGs approach based on the
constraints-led perspective and a game
sense framework. The article concludes
with practical examples of how games
can be modified to influence specific skill
and/or aerobic fitness outcomes.

KEY WORDS:
player development; constraints; small-
sided games; games sense
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CONSTRAINTS-LED PERSPECTIVE
The constraints-led approach propo-
ses that organismic, task, and environ-
mental  constraints  interact  to
determine appropriate control and
coordination patterns (Figure 1). A
constraints-led perspective provides
a potential framework for understand-
ing how constraints shape skill acqui-
sition, and how skill and fitness can be
developed concomitantly through
game play. The constraints-led per-
spective aligns with a game sense ped-
agogical approach through their
shared emphasis on providing youth
players with opportunities to develop
functional movement solutions in MG-
centered practice (6,40,41).

A constraints-led approach contrasts
with traditional fitness and skill acqui-
sition models. For example, traditional
approaches for the development of
metabolic fitness typically periodize
in a linear fashion (aerobic — anaero-
bic lactic — anaerobic alactic) and
mostly involve continuous and interval
training of different work: rest ratios to
achieve the desired outcome (e.g.,
increased aerobic fitness). Similarly,
traditional skill acquisition approaches
adopt a linear “skill drill” progression of
learning from initial technical drills,
whereby youth players focus on repro-
ducing movement techniques in struc-
tured practice drills, before progressing
to using these skills in match play
(40,46). In both these traditional
approaches, the emphasis is on devel-
opment of “textbook” fitness and

technique, which can subsequently be
used in a game. This reductionist or
mechanical approach (45) with task
decomposition, where skill and fitness
are removed from the context of the
game (14,35), features repetitious prac-
tice of skills and/or continuous-interval
type exercise, with little application to
the performance context (44). Tradi-
tional approaches may benefit early
skill acquisition and enhance fitness
in isolation; however, their transfer to
the game and long-term development
of players have been questioned (44).
To assist youth development, it is
important to support the improvement
of skills and fitness qualities that are
functional and adaptive to the context
in which they will be performed in the
game (41). Thus, using MGs has the
potential to provide an “authentic”
training context (35) that will aid skill
acquisition and fitness, and ultimately
transfer them to the game environment
to better effect.

GAMES SENSE APPROACH

Game sense is a pedagogical approach
that uses MGs as learning activities
that can develop skill and fitness
through representative task design
(6,35,41,46). This approach consists
of several fundamental concepts (41):
developing representative match simu-
lations to progressively challenge the
physical and technical ability of
players; use of questioning to guide
discovery; setting challenges to
encourage motivation and problem

Task

Characteristics of the
performance context

(e.g, rules, equipment, goals)

Organismic
Characteristics of the player

(e.g., age, strength, motor skills,
agility, motivation, fitness)

Environment

Characteristics of the physical and
social environment

(e.g., weather, playing surface,
spectators)

ez Examples of organismic, environmental, and task constraints in games.
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solving; modification of task con-
straints to emphasize specific skills
and fundamental fitness qualities; and
an emphasis on similarity and transfer
between games within 4 game catego-
ries (invasion, net/wall, striking/field-
ing, and target games) which vary on
the task constraints imposed on players
(6,35,40). The game sense approach
provides for context-specific fitness
development and skill acquisition
through games progressing from sim-
ple to more complex formats (6,46).

Game sense approaches emphasize
task simplification (i.e., scaled down
representative versions of the full
game), rather than task decomposition
(i.e., closed skill practice of skills iso-
lated from the game environment). A
representative learning design frame-
work suggests that practice sessions
aimed at improving match perfor-
mance should be reflective of match
play conditions and replicate actual
game events and actions (42). Repre-
sentative learning design requires cre-
ativity in the manipulation of task
constraints to provide for skill practice
in contexts representative of the perfor-
mance context (45). MGs provide
a training environment that can pro-
vide this close representation of match
conditions for context-specific fitness
and skill development.

MODIFIED GAME PRESCRIPTION

Understanding the benefits and adap-
tations associated with MGs training
can be complex. Organismic, environ-
mental, and task constraints interact to
produce unique training effects based
on the particular game constraints pre-
scribed. Accordingly, it is important
for coaches working with young play-
ers to understand how MGs can be
used to achieve the desired adaptation
in their players. A key feature of MGs
is manipulating the task constraints to
shape and focus the desired outcomes,
whether it is improved aerobic fitness
and/or skill acquisition. Coaches who
can proficiently manipulate these con-
straints can shape the emergence of
new behaviors, functional skills, and
improved fitness. A number of task



constraints can be manipulated to
achieve the desired training outcomes.
Some examples of how these con-
straints can be manipulated during
MGs for skill acquisition (Table 1)
and aerobic fitness (Figure 2) are pre-
sented and discussed herewith. The
ensuing section briefly expands on
the task constraints believed important
in optimizing aerobic fitness develop-
ment and skill acquisition in youth
through a MGs approach.

SPACE

Manipulating space, such as shortening
or lengthening a playing area, can influ-
ence skill development, game focus, and
fitness. For example, scaling the court in

tennis can produce more hitting oppor-
tunities in practice (17). In invasion
games such as soccer, larger playing
areas allow more time and space for
the player, whereas smaller spaces
reduce decision making and skill execu-
tion time and space (38), while provid-
ing more skill execution opportunities
and greater player involvement (48). In
addition, larger playing areas, both in
absolute and relative terms, have been
shown to increase and have no effect
(18) on the stimulus for aerobic fitness
adaptation.

NUMBER OF PLAYERS
Reducing the number of players usu-
ally simplifies the game, whereas

Table 1

increasing the number of participants
reduces space, making skill perfor-
mance more complex. For example,
a greater number of players requires
more accurate passing, whereas more
fielders reduces space to hit the ball.
Reducing team sizes supports skill
acquisition by increasing skill practice
opportunities (1,43).

Having fewer players, however, limits
tactical complexity because fewer op-
tions and constraints are placed on the
players. This may be advantageous for
increasing aerobic fitness, because the
attainment of high exercise intensity is
a crucial requirement to optimize
adaptation during training (13,30).
The notion of modifying games to

Example of task constraint manipulation in modified games to influence skill acquisition

Task constraint Modification
Space Larger

Smaller
No. of players More

Fewer

Uneven

No goalkeeper (soccer)

Rules Time in possession
Method of scoring

Zones

Tagging or restricted tackling

No. of touches

Expected influence on technical and tactical skill

Increased attacking focus, increased difficulty to defend, decreased technical
skill repetitions, more space to hit into, longer passes

Easier to defend, more challenge for passing, increased technical skill
repetitions, less space to hit into, shorter passes

Increased complexity, reduced space, more options, less opportunities for skill

execution

Task simplification, increased space, longer rallies, fewer options, more

opportunities for skill execution

Emphasize moving into space and passing to the open player to maintain

possession.

Changes in tactical approaches, players become more defensive

Challenge strategy development (e.g., can only hold the ball for 1 s encourages

a passing strategy)

Can encourage different strategies (e.g., 3 point player encourages tactics
around creating space for that player in attack)

Can change strategies (e.g., must pass twice in each zone encourages strategies
around passing and creating space), reduce congestion and congregation
around the ball grouping of players at similar developmental levels

skills, more passes

Reduced pressure on player in possession, develop ball possession and disposal

Increased skill practice opportunities for more players

Tactics

Equipment

Emphasis on attacking

Emphasis on defending

Scaling
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Maintain possession, reduced turnovers, more scoring

Maintaining defensive structure/system, pressurized closing down of
opponents

Producing functional movement patterns, task simplification, reduced risk of
injury, maintaining task representativeness



Task Constraint

3 vs. 3 playing numbers, matched
team selection, continuous regime,
specific rule modification

Combined MG training and high-
intensity interval training

4 vs. 4 or 6 vs. 6 playing numbers

Intermittent playing regime

Expected Influence on
Aerobic Fitness

Optimize stimulus for aerobic

fitness adaptation

Optimize aerobic fitness

development

Optimize higher speed running

Optimize higher speed runn

the ability for coach inpu

Example of task constraint manipulation in modified games to influence

aerobic fitness.

attain a higher intensity of training is
especially pertinent in the context of
sports practices; as research shows
that, during a 1-hour practice session,
young athletes can be sedentary for
nearly 50% of the time (21,32,34).
Games played with smaller numbers,
while relative field size remains con-
stant, elicit higher heart rates, blood
lactate, and perceptual responses when
compared with higher numbers (33).
Specifically, researchers have shown
that mean % HRpeak response and
time spent above 90% HRpeak is high-
est during 3 versus 3 soccer (31), rugby
league (18), and non-sport-specific
(23) MGs in young athletes.

Rule modification. The execution and
involvement with technical aspects of
the game are important for the skill
development of young players. Thus,
it may be considered that the most
effective MGs are those that are phys-
ically demanding, yet also allow play-
ers to maximize and refine technical
skills and decision-making abilities.
With rule modification, coaches can
simulate the physiological intensity of
MGs while at the same time develop
specific technical and tactical compe-
tencies in their players (11,15). For
example, modified tackling rules (e.g.,
tagging) can allow players to develop

ball possession and disposal skills by
reducing pressure and encouraging
more passes (48), whereas the use of
zones can reduce congestion and con-
gregation around the ball (39).
Although research investigating rule
modification during MGs for young
players is limited (10,11,20,22,27), pre-
vious researchers have shown that
increasing the scoring area in soccer
(22), removing a player’s ability to
dribble during basketball (11), and
“off-side” touch games (20) elicit
a higher exercise intensity compared
with no rule changes.

Equipment scaling. Equipment scaling
is an important task manipulation in
MG:s to allow youth players to develop
appropriate movement patterns (2)
and focus on key perceptual variables
present in the performance context (8).
For younger players especially, modi-
fying equipment is critical when the
equipment constraints are used to pro-
duce movement patterns that are not
characteristic of the mature and effi-
cient movement pattern. For example,
a basketball hoop that is at a standard
height may encourage an underarm
toss to the target rather than a jump
shot movement, or a tennis ball that
bounces too high constrains the child
to strike the ball above their head (8).
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Equipment scaling for skill acquisition
has been supported in a few sports,
including tennis (8,17), basketball (3),
and cricket (16).

CONTINUOUS VERSUS
INTERMITTENT PLAYING
REGIMES

In practice, intermittent MGs proto-
cols are very common because the rest
periods allow coaches time to provide
technical and tactical feedback to their
players. However, the inclusion of rest
periods or changing the work-rest
ratio affects the physiological and
movement characteristics of a game.
Although intermittent protocols pro-
vide an effective stimulus for training
the associated demands of higher
speed running (28), continuous proto-
cols are more favorable at eliciting the
training stimulus necessary to improve
aerobic fitness (23,28). Therefore, the
strength and conditioning coach must
decide which training component re-
quires prioritizing and manipulate
practice accordingly.

PLAYER SELECTION

Empirical observations would sug-
gest that young athletes decrease
their intensity during MGs that fail
to promote a competitive environ-
ment, that is, when one team domi-
nates play or individuals within
a team are struggling to compete.
This problem is evident when con-
sidering age-group sport, whereby
quite often, early maturing children
will likely play with and against later
maturing children. This can facilitate
a match scenario whereby the early
maturing children (who are naturally
taller, heavier, and stronger than
their less mature peers) are primed
to dominate games, which can lead
to a decrement in training intensity
for the later maturing children. In
an effort to reduce the potential neg-
ative impact of growth and matura-
tion on youth sports, the concept of
“bio-banding,” which essentially is an
MG, has recently been reintroduced.
The bio-banding approach groups
players according to biological matu-
ration rather than chronological age



and is designed to optimize skill
development and enjoyment, while
potentially reducing the risk of injury
stemming from gross mismatches in
physical stature (12). A constraints-
led perspective emphasizes that the
constraints will shape skill acquisi-
tion, so that players with different lev-
els of ability are likely to perceive the
same environment differently and
produce different movement re-
sponses (40). Therefore, it is intuitive
to think that matching MGs teams by
the technical skill, tactical intelli-
gence, and fitness of the players
involved would stimulate competitive
play and encourage higher game
intensities and improve skill acquisi-
tion. Further research is required to
validate this observation.

SPORT-SPECIFIC VERSUS NON-
SPORT-SPECIFIC GAMES

Given that in some sports access to
young athletes is often limited (i.e.,
1-2 times per week), training sessions
may be best directed at developing
technical skill and physical qualities
concurrently using  sport-specific
MGs. However, for sports that rely
on highly skilled players to accurately
control possession to maintain high
intensities (e.g., soccer), improving
aerobic fitness may be difficult. Alter-
natively, less technical MGs during
which the “flow” of play is main-
tained could be better suited for the
development of aerobic fitness.
Indeed, a previous study showed that
a non-sport-specific MG that
required fundamental technical skills
to control possession (e.g., catch and
pass) allowed players to reach and
maintain intensity during play, which
is necessary for aerobic fitness adap-
tation (24).

Evidence supporting the use of non-
sport-specific games is not only
restricted to improvements in physical
capabilities. Research investigating the
notion of transferability in games has
demonstrated that non-specific tactical
tasks exist across many invasion games
(37). Transfer of tactical skills across
game categories (invasion, net/wall,
striking/fielding, and target games) is
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a consistent theme in game sense ap-
proaches to skill acquisition (6,35,40),
so that players can develop transfer-
able tactical skills across games in the
same game category such as invasion
games. Consequently, young players
may be able to take advantage of the
physiological benefits that non-
sport-specific MGs provide, while at
the same time develop tactical and
technical capabilities across a wide
range of sports they are participating
in if using games from the same game
category. This aligns somewhat with
the long-term athlete development
models that advocate balancing train-
ing load and competition throughout
childhood and adolescence, and
developing and enhancing general
athletic competencies and physical
literacy to participate in a wide vari-
ety of activities and for sport special-
ization (36).

MODIFIED GAMES VERSUS
GENERIC TRAINING

Traditional fitness training ap-
proaches, such as high-speed shuttle
running, are commonly used by
coaches to improve aerobic fitness
in team sports. Work periods that sit
at, or near, peak oxygen uptake
(VVo,peak) to elicit an appropriate
stimulus to improve aerobic fitness
(26), and are individually prescribed
to control the workload across play-
ers differing in aerobic profiles (7),
can be used successfully for this pur-
pose. However, the external load
exerted on young players during
high-intensity interval running is
high; a likely consequence of the
mechanical forces associated with
acceleration and fast speed running
(5,25). Accordingly, coaches should
take care when prescribing this form
of exercise to players with movement
inefficiencies to avoid excessive over-
load and potential injury. A further
limitation of generic fitness training
approaches is the isolation of the fit-
ness training from skill acquisition
and the game context, thereby run-
ning the risk of developing skills
and fitness qualities that are not as
functional and adaptive to the game

context, potentially minimizing trans-
fer to the game (9,29).

CONCLUSION

The acquisition of fitness and skill oc-
curs through continual evolution and
adaptation. A goal of this article was
to discuss the development of fitness
and skills in tandem as a means to pro-
duce improved performance in compe-
tition through enhanced training
efficiency. Traditionally, aerobic train-
ing regimes have been based on non-
sport-specific generic activity, including
moderate-intensity continuous exercise
or high-intensity interval training.
Although generic training is an effective
means of developing aerobic fitness,
many young athletes find adhering to
traditional training protocols difficult.
Often, a lack of enjoyment and experi-
ence with this type of exercise restricts
their capacity to work at the intensity
levels required for successful adapta-
tion. For these athletes, a more
motivating training stimulus can be
beneficial-one that they perceive to
be directly related to their development
in the sport that they participate. A
MGs approach has been suggested as
a means of providing that motivational
stimulus. This examination of modify-
ing games for improving aerobic fitness
and skill acquisition with youth players
has advocated a constraints-led per-
spective using a game sense framework
based on recent theoretical develop-
ment in skill acquisition. MGs are used
to create problems for players to solve
through the modification of task con-
straints to develop skills and fitness,
which has particular advantages over
more traditional approaches.

Some guidelines for developing and

using MGs in training to enhance aer-

obic fitness and skill acquisition have

been outlined in this article. When

using MGs, it is important that the

strength and conditioning coach:

e Has an aim or theme for each game
rather than simply playing the game.

e Uses small-sided teams to maximize
participation and opportunities for
skill execution and fitness.

e Replicates scenarios that occur fre-
quently in a competitive game.



e Modifies task constraints to focus on
skills.
® Prepares variations of the game that
can be manipulated to increase task
complexity and achieve various fit-
ness outcomes.
e Develops questions to assist in the
learning process.
One issue with a MG approach in
terms of fitness prescription is the
monitoring of workload, in particular
how the strength and conditioning
coach tracks and modifies the athlete
on- and off-field training. Monitoring
high-intensity interval training using
the number of intervals, speed of the
interval, or physiological response to
the interval (e.g., heart rate) allows
the strength and conditioning coach
to track the fitness response and adapt
training  prescription  accordingly.
However, the free nature of game-
based training makes this task more
challenging. The gold standard mea-
surement tool for game-based training
is a portable global positioning system
(GPS). With GPS, exercise intensity,
time-motion characteristics, and body
load (e.g., total stress resulting from
acceleration, decelerations, and
changes of directions) can be moni-
tored. When budget constraints negate
the use of GPS to track training load,
ratings of perceived exertion (RPE)
can be used. Session RPE is deter-
mined; then RPE is multiplied by
training duration (minutes) to quantify
global training load. When using RPE,
care should be taken to familiarize ath-
letes to the process and anchor values
appropriately.

Finally, the strength and condition-
ing coach needs to realize that
a MG approach does not need to be
adopted for all sessions, and at times
the circumstances may necessitate
a focused fitness session, for example,
time constrained, large numbers, no
equipment and/or fields, etc. How-
ever, the concepts discussed in this
article do provide the strength and
conditioning coach with additional
options for their toolbox, especially
if variation is believed an important
training principle.
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