
applied  
sciences

Article

Class Year Differences in Anthropometric and Fitness Measures
in Division I Field Hockey Athletes Pre and Post Season

Kathleen A. Bieryla 1,*, Jeremy A. Cook 2 and Ryan C. Snyder 3

����������
�������

Citation: Bieryla, K.A.; Cook, J.A.;

Snyder, R.C. Class Year Differences in

Anthropometric and Fitness

Measures in Division I Field Hockey

Athletes Pre and Post Season. Appl.

Sci. 2021, 11, 8103. https://doi.org/

10.3390/app11178103

Academic Editor: Mark King

Received: 23 June 2021

Accepted: 27 August 2021

Published: 31 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Shiley School of Engineering, University of Portland, Portland, OR 97203, USA
2 Department of Athletics, Bucknell University, Lewisburg, PA 17837, USA; jac059@bucknell.edu
3 Department of Chemical Engineering, Bucknell University, Lewisburg, PA 17837, USA; rcs048@bucknell.edu
* Correspondence: bieryla@up.edu; Tel.: +1-503-943-7176

Abstract: The purpose of this study was to investigate the way in which anthropometric and
fitness measures vary by class year before and after a Division I female field hockey competitive
season. Anthropometric (mass and percent body fat) and fitness measures (vertical jump and Yo-
Yo Intermittent Recovery Test 1 (Yo-Yo IR1) distance) were collected on 16 athletes (mean ± SD:
age = 19.5 ± 0.9 years) before and after a competitive season. Class year, based on the athlete’s year
in college, was used to group athletes in the study. Body mass, vertical jump height, and Yo-Yo IR1
distance all increased pre to post season (p < 0.05). First-year athletes had a significantly lower body
mass, vertical jump height and Yo-Yo IR1 distance compared to other class years across the testing
period (p < 0.05). Post season levels for first-years were lower than both pre and post season levels
for sophomore or junior athletes. Team mean vertical jump increased 8.9%, with all but two athletes
improving. Team mean Yo-Yo IR1 distance increased 16.4%. Athlete training over the course of the
study was designed to improve on field playing performance and training was not directly select
to improve measures in the study; therefore, the potential success of integrating fitness, speed, and
strength development into technical training sessions is indicated. Coaches should be aware that
first-year athletes may not be at the same level of conditioning as sophomores and juniors. Coaches
should work specifically with the first-year athletes during the season to monitor their fitness levels.

Keywords: field sports; seasonal changes; Yo-Yo Intermittent Recovery Test 1; vertical jump; percent
body fat; women

1. Introduction

Field hockey is a team sport that involves bouts of high speed running followed
by time spent walking and jogging [1,2]. Games are played on an artificial turf surface
and consist of two 35-min halves with a 10-min half time at the time of this study [3].
Internationally, field hockey is a more popular sport than in the United States and may be
played by individuals as young as four years old. In the United States, youth field hockey
leagues are less common. While research does exist at the international level for field
hockey athletes [4–6], there is little research on collegiate field hockey athletes in the United
States. Due to differences between international professional players and collegiate players,
research is needed on collegiate athletes. The NCAA dictates rules for collegiate athletes
that are different than a professional setting, restricting the number of hours athletes can
have formalized practice each week and when practices may occur [7]. In the United States,
female soccer has broader sport participation rates. Field hockey is similar to soccer, as
there are 10 field players and a goalkeeper. Much research has examined anthropometric
and fitness measures of collegiate female soccer athletes [8–11], but very little exists on
collegiate female field hockey athletes. This may be due to the difference in number of
women’s Division I teams in the United States, with 335 soccer teams [12] compared to only
77 field hockey teams [13]. Additionally, while there are some similarities between field
hockey and soccer, there are also critical differences that dictate the importance of field
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hockey specific research [3,14]. In soccer, there is an offside rule, while in field hockey there
is not. Another difference is in player substitution. In collegiate soccer, during the first
half, substituted players may not re-enter the game and during the second half substituted
players may re-enter once. Additionally, soccer players must wait until the game is stopped
to substitute. In field hockey, coaches can freely substitute players, without stoppage of the
game, and there is no limit to the number of times a player can re-enter the field of play.
Furthermore, soccer has a bigger field (7525.28 m2) compared to field hockey (5027 m2).
Limited substitution and a larger field lead to soccer necessitating more endurance than
field hockey, while field hockey players can use frequent substitutions to complete more
sprints and recovery.

Only one study to the author’s knowledge, has examined differences in anthropomet-
ric and fitness measures in collegiate women’s field hockey athletes. In a group of Division
II women’s field hockey athletes, goalkeepers had a higher body mass and percent body fat
compared to all other positions [15]. No difference was found in grip strength, height, or
50-yard dash time across positions. Since this study was completed, a rule change allowing
players to self-start, which involves taking free hits to themselves, resulted in an increased
pace of game play, since little time is needed to reset. Therefore, the characteristics of a field
hockey team may have changed and new research is needed. Additionally, the current
study examines the changes over the course of a season, compared to only one time point.

Understanding the level of fitness prior to a season can help coaches design training
and conditioning for potential gains during the competitive season. This knowledge is of
particular concern for first-year athletes that are coming from a high school program. High
school conditioning can vary from team to team; therefore, first-year athletes may not be
starting at the same fitness levels as each other. In a survey sent to Division I NCAA strength
and conditioning coaches examining the readiness of first-year athletes, the researchers
concluded “incoming college freshman athletes are not adequately prepared for the rigors
of intercollegiate athletics [16]”. First-year athletes are generally the youngest on the team
and need time to mature physically. In Division I football players, it was noted that the
largest gains in body mass and vertical jump and decrease in percent body fat occurred
during the athlete’s first-year [17]. One study examined differences between class years in
women’s Division I soccer and found no significant differences in height, mass, vertical
jump, or distance in Yo-Yo Intermittent Recovery Test Levels 1 (Yo-Yo IR1) and 2 (Yo-Yo
IR2) [18]. This study measured the athletes one time, during their off-season, and did not
examine first-year athletes prior to the start of their competitive season. Awareness of how
the athletes begin the season is critical. Annual testing can also inform coaches on how each
cohort is progressing through years of training. A longitudinal study has been conducted
tracking female Division I basketball, swimming, volleyball, soccer, and track athletes
over the course of multiple seasons, but did not include field hockey athletes [19]. Female
Division I basketball players increased bench press, squat, incline press and vertical jump
from their first year to senior year [20]. No study has examined changes in anthropometric
or fitness measures across a season for Division I field hockey athletes.

Fitness levels of athletes can vary by class year and it may be useful for coaches to
understand those differences [17,18,20–22]. Testing of athletes prior to the season could
determine whether incoming first-year athletes are physically fit for playing at the collegiate
level. Currently, no study has examined differences in anthropometric and fitness levels,
specifically, body mass, percent body fat, vertical jump, and Yo-Yo IR1 distance between
class years in collegiate field hockey athletes. Therefore, the purpose of this study was to
investigate how body mass, percent body fat, vertical jump, and Yo-Yo IR1 distance, vary
between class years, and across a competitive season in a women’s Division I field hockey
team. It is hypothesized that first-year athletes will have a lower body mass, higher percent
body fat, lower vertical jump height, and shorter Yo-Yo IR1 distance when compared to
older athletes. It is also hypothesized that the vertical jump height and Yo-Yo IR1 distance
will increase for all class years across the season.
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2. Materials and Methods
2.1. Participant Characteristics

The study was conducted on a NCAA Division I female field hockey team with
21 members. Inclusion criteria for the study was a field player (non-goalkeeper), 18 years
or older at the beginning of the study, injury free for at least half the season, and completion
of data collection both pre and post season. Of the 21 athletes, five were removed for not
fitting the inclusion criteria: three did not complete post season data collection, a fourth
was not a field player, and one was under 18 years of age at the beginning of the study.
Therefore, anthropometric and fitness measures were collected on 16 NCAA Division I
female field hockey athletes from the same team (mean ± SD: age = 19.5 ± 0.9 years;
height = 166.4 ± 6.3 cm). All included study participants missed no more than one week
of activity due to injury. The study was approved by the university’s Institutional Review
Board and written informed consent was obtained from all participants prior to data
collection. Prospective participants in the study were given a presentation about the study
along with a written explanation before any data collection occurred. Those prospective
participants who returned signed informed consent forms were included in the study.

Class year was used to group athletes: first-year (n = 5, age = 18.4 ± 0.2 years, height
= 167.7 ± 5.4 cm), sophomore (n = 4, age = 19.6 ± 0.3 years, height = 167.0 ± 3.2 cm), and
junior (n = 7, age = 20.3 ± 0.3 years, height = 165.1 ± 8.5 cm). The university involved in
the study does not typically allow athletes to redshirt, except for medical reasons. No such
specific medical cases were present for any members of the team in the fall 2017 semester;
therefore, in the context of this study, all athletes described as a “first-years” were in their
first year of college started after their senior year in high school, “sophomores” were in
their second year of college, and “juniors” were in their third year of college.

2.2. Experimental Procedures

The athletes were tested in August 2017 at the beginning of the pre-season and again
in November 2017 after the end of the competitive season. The time between pre and post
measures was 13 weeks. The first two weeks took place before the start of classes and
the remaining 11 weeks took place during the academic year which included 10 regular
season weeks and one post season week, culminating with the league tournament. There
were two scrimmages, i.e., games played prior to the first regular season game that do
not count towards the team’s win-loss record, in the pre season, 18 games in the regular
season, and two games in the league tournament. Each week included both field training
and weight training. A typical week included two hours of weight training and one
or two competitive games. Weight training was consistent with an in-season program
prioritizing injury prevention over strength or explosive gains, using a combination of
resistance and plyometric exercises. The program was periodized off the previous spring
and summer, modulating every two weeks, with a performance peak at the end of October.
The program was further monitored to compliment on-field conditioning and activities.
Typically, weeks with one competitive game had approximately eight hours of field training
while weeks with two competitive games had approximately six hours of field training.
Field training consisted of hockey skill-based drills, small sided games and large coached
games. Each of these were intentionally designed to mimic activity levels seen during a
game. These were generally done in 6–7 min increments followed by a 3–4 min rest. All
athletes completed the same amount of field training each week, with only game time
differing between players for overall training exposure. For each game, the time spent on
the field relative to the total game time, was calculated for each athlete and called percent
playing time. The percentage of playing time for each game, for each athlete, was calculated
from substitution sheets provided by the head coach. The individual game percent playing
time was then averaged for the season.

This study used both anthropometric measures, body mass, and percent body fat,
as well as fitness measures, vertical jump height, and Yo-Yo IR1 distance traveled. Mass
was measured using a standard scale to the nearest 0.5 kg, and height was measured
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using a stadiometer to the nearest 0.5 cm, both without shoes. To measure height, athletes
were instructed to stand with knees straight, arms at their sides, looking straight ahead.
Percent body fat was measured using a Bod-eComm2 (Futrex Tech, Inc., Hagerstown,
MD, USA) according to the manufacturers recommended procedures. The Bod-eComm2
uses near-infrared interactance (NIR) to measure percent body fat. A Light Wand was
placed on the athlete’s biceps and percent body fat was calculated from the manufacturer’s
pre-programmed regression equation. NIR was chosen due to its ease of use, in that it is
noninvasive, portable, and requires no special restrictions for the subject [23]. The Bod-
eComm2 uses the same technology as the Futrex-6100, which has been shown to be a valid
method to estimate percent body fat in college-age women [24]. Test-retest measurements
from one lab using the Futrex-6100/XL found a total error measurement of 0.704% and
coefficient of variation of 3.62% [25]. Team members were encouraged to be well hydrated
throughout the season, and no additional instructions regarding hydration were provided
specifically around the time of anthropometric measurements. Additionally, no restriction
was placed on eating, as the players needed to be ready for practice. The same protocol
was followed for both pre and post season testing. Athletes wore athletic apparel during
the anthropometric measurements and all anthropometric measurements were performed
by the same two people: an assistant coach and a certified athletic trainer. Pre season
anthropometric measures were taken the evening before the first pre season practice. Post
season anthropometric measures were taken two to five days after the final competitive
match, which was chosen based on student availability in coordination with their class and
exam schedules.

A single Yo-Yo IR1 was performed on a turf hockey field [26,27]. Athletes completed
repeated 2 × 20 m shuttle runs at increasing speeds with a 10 s recovery time following
each 2 × 20 m shuttle. Athletes received a warning the first time they did not complete
the run within the allotted time. Upon the second failure, the test was stopped and total
distance ran was calculated. The Yo-Yo IR1 was shown to be reliable and correlated to
high intensity running in both soccer and field hockey [27,28]. Athletes completed the
pre and post season Yo-Yo IR1 as a group, administered by the team coach and assistant
coaches. The pre season Yo-Yo IR1 was performed early morning on the first day of pre
season practice, taking place before all other practice activities. The post season Yo-Yo IR1
test was performed three days after the final competitive match in the late afternoon, as
this was the allowable practice time for the athletes during the academic year.

For the vertical jump test, athletes completed a countermovement jump. Athletes
were instructed to begin upright with their feet shoulder width apart. Athletes swung their
arms back to move to a semi squat position in preparation for the jump. Athletes jumped
in the air, swinging their arms forward and above their head. The best of three of these
countermovement jumps was used with 30 s of recovery between jumps. The jump height
was measured as the difference in the standing reach height to the highest marker reached
by a Vertec vertical jump tester, which provides data in 1.27 cm increments (JumpUSA,
Sunnyvale, CA, USA). Vertical jump was selected as a metric for the field hockey athletes, as
it is correlated to sprint and change of direction speeds [29]. This method has been shown
to be valid in comparison to other vertical jump test methods [30]. The pre season and
post season vertical jump tests were administered by the team strength and conditioning
coach. The pre season vertical jump was performed in the morning, before any practice
activities, three days after the Yo-Yo IR1 pre season test. The post season vertical jump was
performed in the morning, scheduled around team class schedules, six days after the Yo-Yo
IR1 post season test.

2.3. Statistical Analysis

A one-way ANOVA was used to determine any differences in playing time and height
between class years. A two-way, repeated measure, mixed model ANOVA was used to
determine the effects of session (pre and post season), class year (first year, sophomore,
junior) and their interaction on body mass, percent body fat, vertical jump height, and
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Yo-Yo IR1 distance. In the event of a significant main effect or interaction, post-hoc Tukey
HSD was conducted. The effect sizes, partial eta squared (ηp

2), were calculated and were
considered small (ηp

2 = 0.01), medium (ηp
2 = 0.06), and large (ηp

2 = 0.14) [31,32]. All
statistical analyses were completed in JMP Pro 12 (Cary, NC) with significance set at
p < 0.05 for all tests.

3. Results

Percent playing time for each player is shown in Figure 1. There was a significant dif-
ference in percent playing time between the class years (F2,13 = 6.128, p = 0.013, ηp

2 = 0.485),
with first-years having a significantly lower average percent playing time, 26.0 ± 22.0%,
than sophomores at 63.8 ± 5.7% (p = 0.021), and juniors at 57.3 ± 19.1% (p = 0.028). There
was no difference in height between the class years (F2,13 = 0.236, p = 0.793, ηp

2 = 0.035).

Figure 1. Percentage of total on field playing time for each athlete, grouped by class year.

Pre season and post season average values of body mass, percent body fat, vertical
jump, and Yo-Yo IR1, for each class year are presented in Table 1. There was a significant
main effect of session (F1,13 = 9.640, p = 0.008, ηp

2 = 0.426) and class year (F2,13 = 92.950,
p < 0.001, ηp

2 = 0.935) and a significant interaction effect (F2,13 = 4.074, p = 0.042, ηp
2 = 0.385)

on body mass (Table 1). There was a significant main effect of class year (F2,13 = 129.665,
p < 0.001, ηp

2 = 0.952), but no significant effect of session (F1,13 = 3.755, p = 0.075, ηp
2 = 0.224)

or interaction (F2,13 = 1.610, p = 0.237, ηp
2 = 0.199) on percent body fat. First-year athletes

started the pre season with a lower body mass and percent body fat than sophomores (body
mass: p < 0.001, percent body fat: p < 0.001) and juniors (body mass: p < 0.001, percent body
fat: p < 0.001). Additionally, first-year athletes significantly increased their body mass pre
to post season (p = 0.013). The average body mass gain for first-year athletes was 3.03 kg,
0.33 kg for sophomores, and 0.58 kg for juniors from pre to post season. Although each
first-year athlete increased their body mass over the season, and all but one increased their
percent body fat, the average post season body mass and percent body fat for first-year
athletes were still lower than both pre and post season averages of sophomores and juniors.
The percent difference in average post season body mass was 9.3% for first-years compared
to sophomores and was 4.3% for first-years compared to juniors. The percent difference in
percent body fat post season was 14.7% for first-years compared to sophomores and was
13.3% for first-years compared to juniors. Four athletes had slight decreases in their body
mass and percent body fat over the course of the season, with a maximum percent decrease
of 2.9% for mass and 4.3% for body fat (Figure 2). Each of these players played more than
60% of the time.
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Table 1. Pre and post season data of anthropometric and fitness measures for first-year (n = 5), sophomore (n = 4), and
junior (n = 7) athletes, in addition to team (n = 16) data. Mean ± standard deviation reported.

Pre Season Post Season
First-Year

(n = 5)
Sophomore

(n = 4)
Junior
(n = 7)

Team
(n = 16)

First-Year
(n = 5)

Sophomore
(n = 4)

Junior
(n = 7)

Team
(n = 16)

Mass (kg) 60.9 ± 8.5 69.7 ± 2.3 66.2 ± 6.2 65.4 ± 6.9 63.9 ± 10.7 70.1 ± 2.8 66.7 ± 6.7 66.7 ± 7.5
% Body Fat 18.0 ± 2.2 21.9 ± 1.3 21.3 ± 2.8 20.4 ± 2.7 18.9 ± 2.9 21.9 ± 1.2 21.6 ± 2.9 20.8 ± 2.8

Vertical Jump (cm) 39.4 ± 5.3 41.3 ± 4.2 41.0 ± 2.0 40.6 ± 3.7 43.2 ± 7.6 46.0 ± 5.8 43.9 ± 3.7 44.2 ± 5.4
Yo-Yo IR1 (m) 744.0 ± 222.0 1250 ± 210.1 1062.9 ± 284.6 1010.0 ± 307.6 920.0 ± 105.8 1330.0 ± 253.8 1194.3 ± 355.8 1142.5 ± 306.0

Figure 2. Percent change from pre season to post season for each individual player, grouped by class
year for (A) mass and (B) percent body fat.

Vertical jump height for all athletes improved pre to post season an average of
8.9 ± 7.0% (F1,13 = 22.900, p < 0.001, ηp

2 = 0.638). First-year athletes, on average, performed
worse on the vertical jump during both the pre and post season compared to sophomores
and juniors, though there was no significant main effect of class year (F2,13 = 2.610, p = 0.111,
ηp

2 = 0.287) or interaction effect (F2,13 = 0.463, p = 0.639, ηp
2 = 0.067) on vertical jump. All

but one athlete, a junior, improved or maintained their jump height post season. The largest
gains were seen in the sophomores who increased an average of 11.5 ± 6.4%, compared to
9.2 ± 4.5% for the first-years and 7.2 ± 9.0% for the juniors (Figure 3A). The single largest
percent change, 25.0%, occurred in a junior athlete. This player also had the largest absolute
increase in jump height, 10.2 cm, where she went from having the fifth highest jump pre
season to the third highest jump post season.



Appl. Sci. 2021, 11, 8103 7 of 12

Figure 3. Percent change from pre season to post season for each individual player, grouped by class
year for (A) vertical jump and (B) Yo-Yo IR1 distance.

There was a main effect of class year (F2,13 = 38.961, p < 0.001, ηp = 0.857) and session
(F1,13 = 9.860, p < 0.008, ηp

2 = 0.431) on Yo-Yo IR1 distance. First-year athletes performed
worse on the Yo-Yo IR1 compared to sophomores (p < 0.001) and juniors (p < 0.001). All
but three athletes increased their Yo-Yo IR1 distance pre to post season (Figure 3B). Each of
these players played less than 60% of the time. The largest gains were seen in the first-year
athletes who increased an average of 30.2 ± 28.0%, compared to 12.2 ± 16.9% for the
juniors and 6.6 ± 9.5% for the sophomores. The top three gains in percent change were
seen in first-year athletes, due to the athletes starting at a lower initial distance. The single
largest percent change, 58.3%, was a first-year athlete who played the least, started with
the lowest initial Yo-Yo IR1 distance, and ended the season with the second lowest Yo-Yo
IR1 distance. There was no interaction effect (F2,13 = 0.399, p = 0.679, ηp

2 = 0.058) on Yo-Yo
IR1 distance. The average power for all main effects was 81.6%.

The data set is available online in Supplementary Materials.

4. Discussion

This study was the first to examine differences in anthropometric and fitness measures
between class years in Division I female field hockey players. First-year athletes had lower
values for the anthropometric measures, mass and percent body fat. First-year athletes also
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had lower vertical jump height and Yo-Yo IR1 distance in accordance with the hypothesis.
Additionally, when averaged across all athletes, all measures increased pre to post season.

While mass and percent body fat, on average, increased slightly for all class years,
the largest gains were seen in the first-year. First-years had the lowest average mass
which is different from a study that examined differences in mass in Division I female
soccer players [18]. Lockie et al. found that their redshirt athletes, who were equivalent
in experience to the current study’s first-years, were not different in mass from the next
two grade levels [18]. It should be noted that the soccer measurements were recorded in
February and March, three to four months after a competitive season, compared to the
pre season data reported in this paper collected in August. Average field hockey mass
post season was higher for all equivalent class years than the soccer players. The average
mass increase for first-year field hockey athletes of 3.0 kg (4.6%) is slightly higher than
the average mass increase for first-year college students. A meta-analysis conducted on
24 studies found a weighted mean of 1.75 kg increase in first-years’ (both male and female)
mass [33] while a second meta-analysis found an average of 1.34 kg increase in mass for
female first-years [34]. The meta-analysis also suggests that the largest gains for mass occur
in the first semester of the first-year [34]. Since the field hockey season occurs in the fall,
which for first-year students is the first semester of their first year, the increase in mass
seen in the first-year athletes may be a result of the combination of the first semester in
college and athletic training.

First-year percent body fat was comparable to Division II field hockey players reported
at 17.29 ± 3.79% [15]. The sophomores and juniors, while having a higher percent body fat
than the first-year athletes, were lower than elite English field hockey players (23.0 ± 1.9%)
aged 22.7 ± 2.8 years [4] and regional Australian field hockey players (24.8 ± 0.7%) aged
19.4 ± 1.0 years [5]. While important to consider, direct comparisons to past studies with
respect to percent body fat have many challenges. The method of calculating percent body
fat was not consistent across all studies. The current study used NIR to measure percent
body fat compared to standard calipers in the other studies. The game play is also different
between the studies. As stated in the introduction, numerous NCAA rule changes have
occurred since the study on Division II players, and international games have different rules
from the NCAA. Due to different regulations (e.g., NCAA rules) and player expectations
(students, non-students) the training environment also can be very different between levels
of play, which cannot be controlled for when comparing results [7]. The degree to which
player behavior off the field also can vary. In this study, the athletes had one large group
meeting with a nutritionist. Additional individual coaching on nutrition was offered to
each subject; however, they were not required to further engage with nutritional coaching
and their nutritional activities were not tracked throughout the season. Similarly to body
mass, the increase in percent body fat for first year athletes may be due to changes that
occur during the first semester in college, such as change in diet, and differences in athletic
training compared to sophomores and juniors.

Average vertical jump heights for this study, other than for pre season first-years,
were higher than reported for elite (40.3 ± 6.0 cm) and county (36.6 ± 4.2 cm) field hockey
players in England [4]. Further, all class-year average vertical jump heights in this study
were higher than regional 35 ± 1 cm and club 29 ± 1 cm female field hockey players in
New Zealand [5]. Keogh et al. attributed the higher vertical jump in regional players to a
higher level of lower body muscle power and an indicator of better play in field hockey [5].
The difference between the current athletes and past field hockey studies may be attributed
to the methods used for the vertical jump. The prior studies did not use a countermovement
jump, nor did they allow participants to swing their arms, which has been shown to result
in higher vertical jump heights [35,36]. Field hockey players, both in this study and prior
studies, had a lower reported vertical jump height than Division I soccer players [10,11,18].
Although soccer and field hockey require similar fitness levels, soccer requires jumping
throughout games, whereas field hockey does not. This necessary game skill may be the
reason for the differences in the jump heights between the two sports. Due to the number
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of improvements in vertical jump seen in the current study, this may indicate that the
team’s ability, specifically with regards to explosive quick movements, improved during
the competitive season.

The Yo-Yo IR1 results conform to the hypothesis first-year athletes would have the
lowest distance, and Yo-Yo IR1 distance would improve from pre to post season. The Yo-Yo
IR1 distances by athletes in this study tended to fit within the context of other published
studies of female field hockey players. Yo-Yo IR1 distances have shown to increase with
both age and competition level [26]. Yo-Yo IR1 distances of sub-elite players in Australia
were found to be 840 ± 280 m for under 21 athletes (19.4 ± 0.7 years) [37] and to increase
to 1320 ± 353 m for athletes aged 22.3 ± 2.3 years [38]. Yo-Yo IR1 distances of elite players
in Canada ranged from 1068 ± 220 m for under 17 athletes and increased to 1480 ± 332 m
for under 21 athletes [28]. Using consistent athlete level classifications from Schmitz et al.,
athletes in this study would fall at the amateur level, just below the sub-elite level [39].
Thus, the first-year athletes in this study having an average Yo-Yo IR1 distance lower than
previous studies is reasonable. Further, the sophomore and junior athletes in this study
having a higher Yo-Yo IR1 distance than the younger elite athletes, but lower than older
sub-elite and comparably aged elite athletes was also expected. The average pre to post
season gain of 19.7% for the current study is similar to the range of 12–28% improvement in
Yo-Yo IR1 distances from multiple studies [26]. The large difference between the first-year
average and the older athletes in this and previous studies indicates additional training or
conditioning may be needed to bring new players to a higher level of fitness. The Yo-Yo IR1
test may be useful for coaches to determine if players are ready for the competitive season.
First-year, sophomore, and junior athletes each received similar suggested summer workout
routines. Sophomore and junior athletes also had previous collegiate level athletic training
from spring; however, first-year athletes were not part of a collegiate level athletic training
program prior to the beginning of fall pre season practice. The presence of a collegiate
level spring training may explain the difference of Yo-Yo IR 1 distance for sophomore and
junior athletes when compared to first-years. Future work examining longitudinal athlete
development across the spring could account for these differences.

The largest gains in all measures, except vertical jump, were in the first-year similar to
male DI football players [17]. The first-year is an important area of focus for strength and
conditioning coaches. The athletes in the current study came in at a lower fitness level for
all measures. These athletes may not have had the strength and conditioning regimen in
high school that is necessary for competing at the Division I level. Although the first-year
athletes improved vertical jump and Yo-Yo IR1 distance after the season, they were still
not at sophomore and junior levels. All athletes on the team did not have equal exercise
workloads, as game time contributors had, on average, two more high load workouts in
games per week than developmental players. Developmental players were provided with
optional off field workout plans for game days when they were not playing; however,
NCAA rules make tracking and requiring those workouts problematic [7]. Playing time
was lowest for first-years, which may be one reason why the post season Yo-Yo IR1 distance
was still below the average pre season distance for sophomores and juniors. Steady
improvement to bring first-year levels to sophomore and junior levels may occur in the
off-season when all athletes have more consistent workload experiences.

There are limitations to this study. First, athletes were tracked for one competitive
season. These results may not extrapolate to other seasons or other teams. Future work
should follow athletes longitudinally through their collegiate career. The sample size is
small, but comparable to other Division I field hockey teams. Roster sizes in the low
twenties are common for Division I teams, typically with two to three goalkeepers, which
may limit the power of the results from a single team. The most experienced members of
the team, the seniors, were not included due to no post season data available. Once the
competitive season is over, NCAA rules prohibit required athletically related activities,
thus seniors whose playing career has ended can (and readily do) choose not to participate
in post season testing, thus the reason for them not being included here. In the future,
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it would be advantageous to include all four class years in analysis. This would benefit
younger players as they could track their development. Additionally, scheduling needs
did not allow for a fasting period for measuring percent body fat; nonetheless, NIR does
not require any specific subject preparation according to the manufacturer specifications.
Finally, while nutritional guidance was provided the diet of subjects was not rigorously
monitored across the season; therefore, alimentation could impact the results seen here.
Therefore, it is possible this lack of fasting could lead to variability in percent body fat, and
make it more challenging to compare to other work.

5. Conclusions

This study is the first to examine differences in anthropometric and fitness measures
in Division 1 field hockey athletes. The largest gains in mass and percent body fat were
seen in first-year athletes. Vertical jump improved for all first-years and sophomores.
Only two junior athletes did not improve their jump height. The largest percent gain in
Yo-Yo IR1 distance was seen in first-year athletes though sophomores had the overall best
performance both before and after the season.

The density of the NCAA field hockey season (20 games in 14 weeks) creates an
environment where student-athletes are training up to 20 h a week, with an average of
two games per week, and only a single day off. Fitness measures, as well as speed and
strength, can be built into tactical and technical training sessions without specific time
and work spent on the former. This study seems to suggest this approach, as very little,
if any time during the season was spent on specific activities designed to improve either
vertical jump or Yo-Yo IR1 distance. Further, the results may warrant looking at the phases
of the competitive year (pre season, season, spring training) as one phase, continuously
moving towards speed, strength, and fitness. Such a continuous approach is less common
as many coaches have previously used summer pre season to focus on endurance, the
season to focus on tactical and technical aspects of the game, early spring to focus on
building strength and explosiveness, and late spring to bridge the strength and endurance
to game play. Also, coaches should continue to consider ways to encourage athletes who
are not participating in games to consider optional, alternative, high intensity workouts,
on or around game days, while being mindful of NCAA rules.

Coaches should be aware that first-year athletes may not be at the same level of
conditioning as sophomores and juniors. Coaches should work specifically with the first-
year athletes during the season to monitor their fitness levels. Using the fitness metrics of
vertical jump and Yo-Yo IR1 distance may be one method to determine the readiness of
first-year athletes to handle the increased physical load of competition in college.
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