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Objectives: To gain more insight into the mechanisms that underlie the development of interval endurance
capacity in talented youth field hockey players in the 12–19 age band.
Methods: A total of 377 measurements were taken over three years. A longitudinal model for interval
endurance capacity was developed using the multilevel modelling program MLwiN. With the model,
scores on the interval shuttle run test can be predicted for elite and sub-elite male and female field hockey
players aged 12–19 years.
Results: A polynomial model of order 2 adequately represents development of the test scores over time.
The fixed part of the model contains a different intercept and linear age term for boys and girls, and a
common quadratic term; the random part of the model has a common level 2 variance and sex specific
level 1 variances. The model was significantly improved by including differential effects of performance
level for age and sex. A negative effect was found for percentage body fat, and positive effects for
additional training and motivation.
Conclusions: During adolescence, both male and female elite hockey players show a more promising
development pattern of interval endurance capacity than sub-elite youth players. Percentage body fat,
additional training hours, and motivation influence this development. However, differences between the
individual players are still considerable.

M
atch analyses make clear that field hockey is a high
intensity non-continuous game in which the physio-
logical demands are considerable.1–3 Players carry out

all sorts of explosive actions such as intermittent sprinting
with many changes of direction, cruising, and dribbling the
ball, placing it in the category of ‘‘heavy exercise’’.4 To
perform at the highest level, players need a well developed
interval endurance capacity. This is the ability to perform
high intensity activities such as running and sprinting, as
well as the ability to recover well during low intensity
activities such as walking and jogging.5 In terms of energy
requirements, the aerobic capacity is most important during
matches at the elite level. Although great anaerobic capacity
is needed during the many brief bursts of high energy release,
it is the aerobic capacity that is needed for efficient recovery
during the short rest periods.6–8

In our longitudinal study on performance characteristics of
talented youth field hockey players in the age band 12–18
years, a strong improvement in interval endurance capacity is
apparent. Both male and female elite youth players improved
more than sub-elite youth players with respect to interval
endurance capacity over a period of two years.9 10 So far,
however, the interval endurance capacity of youth field hockey
players who want to succeed is not known, or its relation to
performance level. To unravel the relations between interval
endurance capacity and performance level in talented field
hockey players, it is essential to gain a deeper insight into the
development of this performance characteristic.

As the interval endurance capacity is related to both
aerobic and anaerobic capacity, one could look at the
developmental pattern of these capacities in children and
youngsters. In ‘‘normal’’ children, aerobic capacity—that is,
maximum oxygen uptake—increases proportionally to body
size and mass in both sexes.11–13 Generally, anaerobic
performance also increases with age. Girls improve from late
childhood to 14–15 years of age, whereas in boys the increase

continues to 19 years. In late childhood and early adoles-
cence, sex differences are evident and they are magnified
later in adolescence.14

Factors that affect the development of aerobic and
anaerobic capacity and therefore interval endurance capacity
are multidimensional. The adolescent period is characterised
by acceleration of somatic growth and rapid changes in body
composition and hormonal status, including growth spurt
and increase in fat-free mass.15 Anthropometric character-
istics such as body height, lean body mass, and percentage
body fat influence the physiological aspects of a sports
performance, such as interval endurance capacity. Increase in
body height is related to an increase in lung volume and
therefore with an increase in metabolism and endurance. A
gain in lean body mass is related to an increase in muscle
mass and therefore positively influences endurance, in
contrast with a gain in body fat, which negatively influences
endurance.16

It is generally known that, with training, players can
improve their performance by increasing aerobic and
anaerobic energy output during a particular movement.
This is also the case in youth players.17 However, it is not
self evident that all players make use of their interval
endurance capacity to the full during training or competition.
A player has to be motivated to do so because intense activity
can cause uncomfortable side effects such as fatigue and
muscle soreness. Motivation affects the intensity and
persistence of a player’s behaviour, which in sport can
obviously have a big impact on performance.18

The above characteristics of the players—that is, age,
performance level, sex, anthropometric factors, training, and
motivation—can potentially explain the development of
interval endurance capacity in talented youth field hockey
players. The goal of this study was to gain more insight into
the mechanisms that underlie the development of interval
endurance capacity.
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METHODS
Participants
During 2000–2003, 217 talented field hockey players aged 12–
19 participated in a semilongitudinal study on the relation
between multidimensional performance characteristics and
performance level. This group consisted of 110 male and 107
female players. All participants were part of a talent
development programme for a field hockey club of national
prestige, and were playing at the highest level for their age
category. Measurements were taken at the end of the
competitive field hockey seasons 2000–2001 (t1), 2001–2002
(t2), and 2002–2003 (t3). In total, 404 measurements were
taken, as 77 players were tested on all three occasions (231
measurements), 33 players were tested on two occasions (66
measurements), and 107 players were tested on one occasion
only (107 measurements). Of these measurements, 392
contained scores for interval endurance capacity, and 377
measurements were complete in that there were scores for all
variables.

As part of a talent development programme, young Dutch
field hockey players considered to be elite are invited to train
and play in a youth selection team for the Dutch Field Hockey
Association. Talented players considered to be the current
sub-elite youth players participate in the talent development
programme at their field hockey club only. According to this
distinction, players were divided into elite and sub-elite
players on each occasion (t1, t2, t3).

Procedure
Participants were informed about the procedure of the study
before they gave their verbal consent. The field hockey clubs
and trainers gave permission for the study. This study was
submitted to the local medical ethics committee of the
University of Groningen (METc). They decided that, because
all tests are sports specific and resemble exercises often
performed during regular training, permission was not
required. The players completed the interval shuttle run test
(ISRT) on a synthetic field hockey playing surface (water
based pitch). Ambient temperature, humidity, and wind
conditions were documented. Anthropometric measurements
were taken, and the players filled in questionnaires about
training and motivation.

Anthropometric characteristics
Anthropometric measurements were height (m), lean body
mass (kg), and percentage of body fat. The last of these was

estimated by leg to leg bioelectrical impedance analysis
(Valhalla BIA; Valhalla Inc, San Diego, California, USA). This
method proved to be reliable for estimating body fat
percentage, and results correlated highly with values as
obtained by underwater weighing and dual energy x ray
absorptiometry.19

Interval shuttle run test
Interval endurance capacity was measured with the ISRT
(fig 1).5 20 The ISRT is a field test with intervals at a work to
rest ratio of 2:1 and turns at 20 m. The frequency of the
sound signals on a pre-recorded CD increases in such a way
that running speed is increased by 1 km/h every 90 seconds
from a starting speed of 10 km/h and by 0.5 km/h every
90 seconds from a starting speed of 13 km/h. Each 90 second
period is divided into two 45 second periods in which players
run for 30 seconds and walk for 15 seconds. The number of
completed 20 m runs is recorded as the test score. During the
ISRT, players were carrying their hockey stick. The reliability
and validity of the ISRT as a maximal field test for
intermittent sport players has been confirmed.20–22

Training
Outcome variables of the questionnaire were field hockey
training (hours/week) and additional training (hours/week).
Time spent in matches, on average one hour a week, and time
spent in physical education at school, on average 2.5 hours a
week, were excluded.

Motivation
Motivation was measured using the Dutch youth version of
the psychological skills inventory for sports, a sports specific
questionnaire with five point Likert-type questions, which
has proved to be reliable in previous research.23–25

Data analysis
Longitudinal changes in interval endurance capacity were
investigated using the multilevel modelling program
MLwiN.26 Multilevel modelling is a relatively new extension
of multiple regression, which is appropriate for analysing
hierarchically structured data. In the present longitudinal
data set, a simple two level hierarchy was defined, with the
repeated measurements (defined as level 1 units) grouped
within the individual players, who form the level 2 units. An
advantage of using a multilevel regression modelling
approach is that both the number of measurements and the

3 m 3 m 8 m8 m

Start

20 m line 20 m line

Walking
area

Walking
area

3 m line 3 m line

14 m Figure 1 Course for the interval shuttle
run test.
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temporal spacing of the measurements may vary between
players.27 A multilevel model describes not only underlying
population trends in a response (the fixed part of the model),
but also models the variation around this mean response due
to the time of measurement and due to individual differences
(the random part).28

The first step in the multilevel modelling of interval
endurance capacity data was to establish a satisfactory
variance structure for these longitudinal data, using age
(measured as months/12–15 years).28 Then the difference
between elite and sub-elite groups was modelled, taking into

account interactions with age and sex. In the next step, the
effects of the anthropometric variables height (m), lean body
mass (kg), and percentage body fat were investigated.
Subsequently, the effect of the total number of training hours
a week, as well as the effect of different types of training
(distinguishing field hockey training and additional training)
were investigated. Finally, the effect of motivation was tested.

RESULTS
Table 1 presents anthropometric variables, training,
motivation, and interval endurance capacity scores by sex,
performance level, and age.

Table 1 Scores for talented youth field hockey players presented by sex, performance level, and age (217 players; 377
complete measurements)

Cohort n Age (years) Height (m)
Lean body
mass (kg) % Body fat

Field
hockey
training
(h/week)

Additional
training
(h/week)

Motivation
(1–5 points)

ISRT
(runs of 20 m)

Male elite youth players
12–13 years 11 12.88 (0.55) 1.62 (0.06) 43.3 (5.1) 10.75 (2.82) 3.4 (0.7) 6.2 (2.7) 4.51 (0.35) 58.82 (18.64)
14 years 20 13.95 (0.29) 1.67 (0.07) 49.6 (7.0) 9.23 (2.48) 3.9 (1.2) 5.0 (4.5) 4.56 (0.30) 77.10 (23.03)
15 years 21 15.04 (0.30) 1.73 (0.07) 52.8 (6.7) 7.94 (2.48) 4.8 (2.2) 3.0 (2.4) 4.24 (0.50) 88.76 (22.53)
16 years 13 16.06 (0.27) 1.78 (0.04) 59.7 (4.3) 7.97 (2.70) 5.0 (1.7)* 2.4 (2.5)* 4.27 (0.51)* 91.46 (21.55)
17 years 7 16.98 (0.31) 1.79 (0.06) 64.1 (2.9) 7.46 (3.03) 5.5 (1.4) 2.0 (2.0) 4.18 (0.58) 88.86 (29.13)
18–19 years 2 17.94 (0.24) 1.81 (0.05) 70.0 (0.3) 8.90 (1.12) 5.3 (1.1) 3.0 (2.8) 3.56 (0.80) 100.50 (0.71)
Male sub-elite youth players
12–13 years 9 13.04 (0.40) 1.63 (0.09) 44.4 (7.3) 9.96 (4.72) 3.4 (0.7) 2.8 (2.7) 4.22 (0.44) 54.67 (23.77)
14 years 26 13.96 (0.32) 1.67 (0.08) 47.4 (6.8) 10.54 (5.90) 3.5 (0.6) 3.6 (4.4) 4.27 (0.44) 56.58 (18.64)
15 years 16 14.83 (0.32) 1.68 (0.10) 48.0 (8.8) 8.47 (4.49) 3.5 (0.9)* 4.7 (4.0)* 4.35 (0.38)* 81.19 (26.16)
16 years 29 15.97 (0.31) 1.77 (0.06) 57.0 (6.5) 8.89 (3.93) 3.5 (0.7)� 3.7 (3.5)� 4.17 (0.50)� 84.59 (20.48)
17 years 25 16.83 (0.34) 1.79 (0.06) 60.6 (6.3) 9.16 (4.45) 4.1 (1.4)* 3.4 (3.0)* 4.17 (0.63)* 74.16 (27.16)
18–19 years 21 17.91 (0.45) 1.81 (0.05) 67.7 (4.4) 7.31 (4.33) 4.3 (0.9) 1.8 (2.5) 4.06 (0.64) 74.90 (21.49)
Female elite youth players
12–13 years 12 12.95 (0.32) 1.56 (0.08) 38.3 (5.1) 15.64 (5.17) 3.5 (1.1)� 5.3 (1.9)� 4.54 (0.29)� 48.50 (12.56)
14 years 17 14.01 (0.32) 1.62 (0.08) 41.9 (4.6) 19.05 (6.58) 3.7 (1.3) 3.3 (2.5) 4.55 (0.34)* 58.35 (12.92)
15 years 18 14.98 (0.29) 1.66 (0.06) 43.9 (3.5) 21.57 (4.76) 4.4 (1.1)* 2.3 (2.4)* 4.57 (0.47)� 65.67 (19.42)
16 years 15 16.07 (0.30) 1.67 (0.06) 44.5 (3.3) 22.65 (5.03) 5.5 (1.6) 1.5 (1.9) 4.36 (0.52) 59.80 (18.16)
17 years 9 17.00 (0.31) 1.69 (0.07) 48.5 (5.9) 18.88 (5.95) 6.0 (2.2) 2.5 (4.5) 4.68 (0.20) 61.00 (24.12)
18–19 years 0
Female sub-elite youth players
12–13 years 14 12.89 (0.45) 1.61 (0.05) 39.8 (3.5) 17.94 (7.32) 3.1 (0.4)� 2.1 (1.8)� 3.91 (0.47)� 47.79 (16.70)
14 years 25 13.88 (0.33) 1.64 (0.07) 42.3 (4.2) 18.20 (5.30) 3.1 (0.4) 2.7 (2.2) 4.19 (0.58) 57.08 (16.29)
15 years 18 14.92 (0.38) 1.66 (0.05) 41.8 (3.2) 21.18 (5.46) 3.3 (0.9) 1.5 (2.5) 4.06 (0.66) 51.44 (10.00)
16 years 27 15.88 (0.27) 1.69 (0.04) 44.5 (2.8) 24.02 (4.67) 3.4 (0.8) 1.4 (1.5) 3.93 (0.57) 48.88 (15.92)
17 years 21 16.79 (0.25) 1.69 (0.04) 45.7 (3.8) 25.23 (4.38) 4.5 (1.5) 2.2 (2.5) 4.23 (0.56) 51.29 (13.14)
18–19 years 16 17.84 (0.38) 1.71 (0.05)* 51.1 (3.9)* 21.95 (3.56)* 4.7 (1.0)* 1.8 (2.2)* 4.31 (0.38)* 46.35 (15.03)

Values are mean (SD). Field hockey training (hours a week) is exclusive of field hockey matches. Additional training (hours a week) is exclusive of physical
education at school.
*One missing value.
�Two missing values.

Table 2 Final multilevel model for interval endurance
capacity data (377 measurements)

Fixed effects Coefficient SE p Value

Constant 52.6 9.10 ,0.001
Age (months/12–15 years) 6.21 1.20 ,0.001
Age2 21.83 0.363 ,0.001
Boy 16.5 4.30 ,0.001
Sub-elite 0.786 2.90 0.393
Age 6 boy 5.27 1.33 ,0.001
Age 6 sub-elite 25.11 1.39 ,0.001
Boy 6 sub-elite 213.0 4.55 0.002
Percentage body fat 20.889 0.201 ,0.001
Additional training 1.092 0.324 ,0.001
Motivation 4.86 1.87 0.003

Random effects Variance SE

Between individuals 136.0 25.43
Within boy 292.8 39.20
Within girl 105.9 16.31
Deviance 3205.6
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Figure 2 Predicted development of the interval endurance capacity,
assessed as interval shuttle run test (ISRT) score, of talented youth field
hockey players in the age band 12–19 years.
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A polynomial model of order 2 adequately represents the
development of the test scores over time (deviance 3394.0,
difference from a fully saturated model of 43.9 on 36 degrees
of freedom, p = 0.17). The fixed part of the model contains a
different intercept and linear age term for boys and girls, and
a common quadratic term; the random part of the model has
a common level 2 (between individual) variance and sex
specific level 1 (measurement) variances. The model was
significantly improved by including differential effects of
performance level for age and sex (deviance 3367.8,
difference from previous model 26.2 on 3 degrees of freedom,
p,0.01). No effect was found for height and lean body mass,
but a significant negative effect was found for percentage
body fat (t = 4.423, p,0.01). A positive significant effect
was found for additional training (t = 3.374, p,0.01),
whereas no effect was found for field hockey training as
such. Finally, a positive significant effect of motivation was
found (t = 2.726, p = 0.003). Table 2 gives the model
variables. The coefficients of the variables percentage body
fat, additional training hours, and motivation are unstan-
dardised. Their effects, however, can be interpreted such that
an additional training hour could compensate for 1.23% body
fat (1.093/0.889), or, likewise, is equivalent to 0.225 points on
the motivation scale (1.093/4.86).

In fig 2, predicted mean scores of the ISRT derived from the
multilevel model are plotted against age for elite and sub-
elite boys and elite and sub-elite girls. The general trend is
that interval endurance capacity increases with age in male
youth players. However, elite youth players improve more
across time than sub-elite youth players. In female players,
the interval endurance capacity increases with age in elite
youth players only. Sub-elite youth players improve until the
age of about 15 and thereafter their interval endurance
capacity decreases.

In fig 3, the data are presented for the four different sex
and performance groups. The lines connect two or three
individual yearly observations; the points are single indivi-
dual observations. The bold solid lines depict the estimated
mean ISRT score for ‘‘average’’ representatives of each
group—that is, with mean scores on percentage body fat,
additional training hours, and motivation (8.65, 3.82, and
4.35 for elite boys; 9.15, 3.36, and 4.2 for sub-elite boys; 20.0,
2.84, and 4.53 for elite girls, and 21.6, 1.94, and 4.11 for sub-
elite girls respectively).

The dotted lines around the bold line indicate the 95%
confidence region, taking into account between individual
(level 2) variation. This variation is estimated by the level 2
variance of 136 (table 2), which is equivalent to a standard
deviation of about 12 runs, indicating rather large differences
between individuals, as is also apparent from fig 3.

The curvature of the lines represents the fitted second
order polynomial (quadratic) model. It can be observed
that the linear effect of the model is strongest for elite boys
and least strong for sub-elite girls, and about equal for sub-
elite boys and elite girls (because of the interaction
effects with age and sub-elite). Also evident from the figure
is the rather large within individual (level 1) variance,
which is much larger for boys than for girls, estimated
as 292.8 (equivalent to a standard deviation of about 17
runs) and 105.9 (standard deviation about 10 runs)
respectively.

With the multilevel model for interval endurance capacity,
if the age of a player, his or her percentage body fat,
additional training hours, and motivation are known,
scores on the ISRT for elite and sub-elite boys and girls can
be predicted. Equations for the four subgroups can be
derived from the model in table 2. The numbers in
parentheses correspond to the coefficients of the fixed part
of the model.

Elite boys:
ISRT = 52.6 + 16.5 + (6.21 + 5.27) 6age 2 1.83 6age2 2

0.889 6 percentage body fat + 1.092 6 additional training
hours + 4.86 6motivation

Sub-elite boys:
ISRT = 52.6 + 16.5 + (0.786 2 13.0 + 6.21 + 5.27 2 5.11)6

age 2 1.83 6 age2 2 0.889 6 percentage body fat + 1.092 6
additional training hours + 4.86 6motivation

Elite girls:
ISRT = 52.6 + 6.21 6 age 2 1.83 6 age2 2 0.889 6

percentage body fat + 1.092 6 additional training hours +
4.86 6motivation

Sub-elite girls:
ISRT = 52.6 + 0.786 + (6.212 5.11)6age 2 1.836age2 2

0.889 6 percentage body fat + 1.092 6 additional training
hours + 4.86 6motivation

Thus the development of interval endurance capacity in the
age band 12–19 years can be predicted with the multilevel
model. For instance, it is predicted that an elite 15 year old
male player will increase his performance on the ISRT in one
year by (6.21 2 1.83 + 5.27) = 9.65 runs. In contrast, in the
age band 15–16 years, a sub-elite male player will increase
‘‘only’’ by (6.21 2 1.83 + 5.27 2 5.11) = 4.54 runs. An elite
girl is predicted to achieve an extra (6.21 2 1.83) = 4.38
runs, whereas a sub-elite girl will run (6.21 2 1.83 2 5.11) =
0.73 runs less according to the model.

DISCUSSION
We used the multilevel modelling program MLwiN to analyse
our data.26 Multilevel modelling is a relatively new approach
for examining longitudinal trends, with the advantage that
both the number of measurements and the temporal spacing
can vary between players. This makes it very suitable for our
longitudinal study design in which some players participated
once, and others in two or three measurements. Another
advantage is that the multilevel model makes it possible to
estimate a consecutive seven year development pattern with
measurements taken for only three consecutive years.
Therefore this statistical technique is very promising, and
we recommend its application not only in talent research but
in sports research in general.

The model predicts that interval endurance capacity
develops differently in boys and girls, and elite and sub-elite
players. During adolescence, differences between boys and
girls become apparent. Boys show much more rapid devel-
opment of their interval endurance capacity than girls, but
differences are also notable within the male and female
groups. During the ISRT, both aerobic and anaerobic energy
production contribute to the total energy requirement.5 In a
‘‘normal’’ population of adolescents, boys increase their
aerobic and anaerobic performance with age, whereas girls
improve to 14–15 years with a gradual decrease thereafter.13 14

However, the development of interval endurance capacity in
talented youth field hockey players is not quite the same as in
‘‘normal’’ adolescents. Instead of decreasing their perfor-
mance after the age of 15, elite girls are able to sustain the
improvement in their interval endurance capacity. Although
boys and sub-elite girls seem to follow the ‘‘normal’’ pattern,
elite boys improve their interval endurance capacity more
than sub-elite boys.

Motivation was found to have a significant effect in
improving the model. Motivation can be defined as the
direction and intensity of one’s effort.18 As the road to the top
is long, motivation is not only essential for current
performance in a match or test, but also in talent develop-
ment. Talented players have to devote long hours of training
for many consecutive years to improve their performance
level.29 30 In addition, we found significant effects of addi-
tional training and percentage body fat. The effect of the
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latter was negative, which is in line with a study on young
male gymnasts, swimmers, soccer, and tennis players.31

There is a large variation in interval endurance capacity
within and between players. The within person variation—
that is, the variance between measurements—is noticeable
especially in boys and elite girls. This variation was based on
the players tested repeatedly, which is about half of the
population. As previous research underscored the reliability
of the ISRT, we do not doubt the reliability of the test.21 The
between person variation is based on the total population and
is clear-cut in the whole 12–19 year age band. It is evident
that field hockey performance can be broken down into many
multidimensional characteristics, of which interval endur-
ance capacity is only one.32 The combination of anthropo-
metric, physiological, technical, tactical, and psychological
characteristics results in a player’s performance level.10

Therefore it is possible for sub-elite players to possess great

interval endurance capacity—because they spend a lot of
time on additional training—but, if they lack a high level of
the other performance characteristics, they will not make it to
the elite team of the Dutch Field Hockey Association. In their
young adolescent years, it seems that players can still
compensate for less well developed performance character-
istics, such as interval endurance capacity. However, towards
expertise, performance demands increase, and all players
need to score highly for all performance characteristics,
including interval endurance capacity.

It is apparent that the development of interval endurance
capacity differs in male and female, elite and sub-elite youth
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Figure 3 Predicted curves for interval endurance capacity, as assessed by interval shuttle run test (ISRT) score, for (A) elite girls, (B) sub-elite girls, (C)
elite boys, and (D) sub-elite boys. See the main text for further explanation.

What is already known on this topic

N With training, young players can improve their aerobic
and anaerobic capacity

N Motivation affects the intensity and persistence of a
player’s behaviour, which has a strong effect on
performance

What this study adds

N The interval endurance capacity of elite youth field
hockey players increases more, on average, than that
of sub-elite youth players. From the age of 14, the gap
between elite and sub-elite youth players becomes
progressively larger

N Multilevel modelling is a promising statistical technique
for analysing the development of sport capacity, not
only for research purposes but trainers and coaches
can also use the results for evaluating the development
of their players
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field hockey players. Percentage body fat, additional training
hours, and motivation all influence this development. With
the presented model, scores on the ISRT can be predicted for
elite and sub-elite boys and girls. The results show that,
during adolescence, the development pattern of interval
endurance capacity of both male and female elite youth
players is, on average, more promising than that of sub-elite
youth players. However, the differences between individual
players are considerable.
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