UNIVERSITY OF OKLAHOMA
GRADUATE COLLEGE

THE ROLE OF SEX, MILITARY SCIENCE CLASS, AND ANTHROPOMETRICS ON
PERFORMANCE OF THE ARMY COMBAT FITNESS TEST (ACFT) IN RESERVE
OFFICERS’ TRAINING CORPS (ROTC) CADETS

A THESIS
SUBMITTED TO THE GRADUATE FACULTY
in partial fulfillment of the requirements for the
Degree of
MASTER OF SCIENCE

By
MEGAN NICOLE SAX VAN DER WEYDEN
Norman, Oklahoma
2021



THE ROLE OF SEX, MILITARY SCIENCE CLASS, AND ANTHROPOMETRICS ON
PERFORMANCE OF THE ARMY COMBAT FITNESS TEST (ACFT) IN RESERVE
OFFICERS’ TRAINING CORPS (ROTC) CADETS

A THESIS APPROVED FOR THE
DEPARTMENT OF HEALTH AND EXERCISE SCIENCE

BY THE COMMITTEE CONSISTING OF

Dr. Jason Campbell, Chair

Dr. Christopher Black

Dr. Daniel Larson

Dr. Rebecca Larson



© Copyright by Megan Sax van der Weyden 2021
All Rights Reserved



Acknowledgements

First and foremost, | would like to thank God for blessing me with the talents and
opportunities, without which I would not be where 1 am today. | would also like to thank the
United States Army and Cadet Command for allowing me to pursue advanced degrees within the
exercise physiology field and for supporting my research.

| am extremely grateful to my committee chair, Dr. Jason Campbell, for accepting me
into his lab, assisting me through this rigorous research process, and advising me on all sorts of
subjects. Likewise, I would like to thank my thesis committee of Dr. Chris Black, Dr. Rebecca
Larson, and Dr. Daniel Larson for the time, energy, and expertise that they have dedicated to this
project.

Thank you to my family for supporting me in all of my endeavors, both big and small,
and for raising me with an everlasting hunger for knowledge. Lastly, thank you Paige for always

being a voice of reason and my calm during the storm. I hope to make you all proud, always.



Table of Contents

ACKNOWIEAGEMENTS ... .ccuiiiiieieeie ettt et e st e b e s b e e sbe et e s seesteenteaneesaeenneenne e iv
LIST OF TADIES ...ttt st e et esae et e eneesre e e e vii
LIST OF FIQUIES ...ttt bbbttt bbbt et e et bbb b IX
L - To! S S SR UPTRORORRRRO X
Chapter 1 — INTrOQUCTION ......ouiiie ittt et e b e s e sae et e eneeereeee e 1
8 oo 11 1 o o TS 1

P U DIOSE ..t R R R e e R Rt Rt E e re e re e r e nre e 3
RESEAICN QUESTIONS .. .evieeiiie ittt et et e b e st e s teese e besteeseesaesbeaneeseesteanaensentennes 4
HYPOTNESES ... ettt sttt et e st e s be e s et e b e e te e st e st e s beese e besaeeseetesbeaaeeeesreeteenbenrenres 4
AREINALE HYPOTNESES ...ttt sttt e e b e s te et e et e sbeeteereesbesaeeneeaenre e 5
YT L ToF g ol USRS 6
=] [T 0T = U] o 3PS TORSTN 7
(I g = U o LTSS 8
N 0] o1 o] S SSSUSSSN 8
OperatioNal DefiNITIONS........c.cii ittt te et sre et esaesnesseeneenrenres 9
Chapter 11 — LIterature REVIEW.........uciiiiiiieiiesie sttt sttt 11
T 4 oo [ [o1 o] o OSSPSR 11

e N AT (0] (oo Lot LI I = (=] ot PSS 12
Anthropometric and Body Composition DIffErENCES ........ccvieiiiiiieiiicee e e 12
CardiovasCUIAr DITFEIBINCES ........c.oiiieie ettt b et b e b e bbbt e e e e e e e 14
MUSCUIOSKEIETAI DIFFEIENCES ... .cveiveiiieeiiteicte ettt sttt s b et bbbttt et 16

Y T U A AN o] o] o U o] o ISR 19
Physical Fitness TeSt SEX DIffEIENCES ........coiiiiiiiiieie bbb bbb e 19
Lab-Based Fitness TSt SEX DIffErENCES ......c.vcviiiiiee ittt 21
BOody MasS INAEX (BIMI) .....voiiicieice ettt ettt ettt et te e be et e besbe st e be st e st e b e e e s enseneenes 22
(0] T 1113 o] o OSSPSR 25
Chapter T - MetROUOIOGY ........coiiiiiiiiieiei et 26
8 oo [Nt o o OSSR 26

ST 10 0] o] 11T SO S PO OOTPOURPR PP 26
Instrumentation and MEASUIEMIENT ........cuiiiiriiiiiiiie bbb 27

R T=T= T (ol o T 1= To | o PSSRSO 29
Data COlECTION PrOCEAUTES ..ottt ettt sb et sb et nenb e st nbe e 30
Data ANAlYSIS PIrOCEAUIES .......ccviiieieeitiese e esee sttt e s e s e s e st e e seeereesneesneesneeeneeeneeeneeeneeenees 30
Chapter 1V — ReSUlts and DISCUSSION...........cciiuiiiiiriiieieiesie sttt 32



ST | R 32

POPUIALION CRAFACTEIISTICS .....c.eiiiiiiiiiieiteet ettt b bbbt b bbb e b e e 32
ACFT Scores and SeX DIffEIrENCES .......coviiiiiiiiie e bbbttt 32
Military Science Class COMPATISONS .......c.ccucivieiiieiesestesestesteseseessesserae e eseasessesseatestessestestesressesseseessesseseeses 36

YN a1 1] o] oTo] g [=] A Tl @] g =] Fo1 4 o] U RSRRRR 46

Pre and POSt ACFT COMPATISONS.......cccoviiiieiertisesiestesieseestestesaessesseseeasseasessesseasessessessessessessessessessessessessensens 49
Multinomial LOgiStiC REGIESSION.......cvciiieieesesese e st se et e e e e e e e resre e sbesteseesaesteseesteseeseeneenseneenes 53
Dol Ui o] o PSP PR RPN 64
Age and AnthropomeELriC Variables..........cooov i st 64
Three-Repetition Maximum Deadlift ...........c.ccviiiiiiiiiiiiirie e 67
StANAING POWEE TRFOW ..ottt b bbbttt nb ettt sttt b e b 72
HaNA-REIEASE PUSN-UD ..ottt bbb et b ettt sttt 77
SPFINT-DIFAG-CAITY ..ttt bbbt b b bbb s b s bt bt bbb bbbt bbbt b etk e b b et st 80

L0 TUCK ...tttk ek bbbt bbbt b £ h e £ R e b ek Rk R b E R bt bbbt 85
TWO-IVITE RUN ...ttt bttt sttt b st et e et s e st et e Rt e Rt e b e e bt eb e et e e besbesbesbeseesbenteseenteneas 91
TOLAI ACEFT SCOTE.....eiitiiteieiite etttk bttt bbb e b e e e e st e Rt e b e Rt e R e e b e e bt eheebeebeebeebe st see b e nbennetaneas 97
ACFT QUAlITICATION CABYOTY ...ttt ettt st b e e se b se e e s e b e e e e bt et e et e ebeebeebesbeebesbesbesbeneas 102
Implications and Practical APPHCALIONS ..o e 106

[T o1 =L [0 OOV PRSP 112
Chapter V = CONCIUSION ..ottt sre et et esre e beebeaneenneas 115
R (=] =] 10T USSP PORSUPS 119
AppendiXx A — ACFT 2.0 SCOFNQG SCAlE........ccccviiieeciece et 129

Vi



List of Tables

Table 1: Age and anthropometric measures for male and female cadets.............cccccvevveieiieennenn, 32
Table 2: Differences between males and females for ACFT events scored on a 0-100 scale ..... 34
Table 3: Differences between males and females for ACFT raw event performances................ 35
Table 4: Percent of failures per ACFT event and overall separated by SeX.........cccccevvvivieieennenn, 35
Table 5: Percent of cadets scoring in the “HEAVY” category per ACFT event and overall
SEPAIAEA DY SEX ...t 35
Table 6: MS-class age and anthropometric variables ...........cccoovviiiieii i, 36
Table 7: Age differences between MS-classes, observed effect sizes, and statistical power

TS LA USSR 36
Table 8: Height differences between MS-classes, observed effect sizes, and statistical power
BSEIMIALES ... ettt bRt Rt R e e Rt et e bbb neereene et e e 37
Table 9: Mass differences between MS-classes, observed effect sizes, and statistical power
BSTIMIALES ... bbbt Rt h et b b bbbt e n e e 37
Table 10: BMI differences between MS-classes, observed effect sides, and statistical power

B IIMIAEES ...ttt ettt e r e r et R Rttt eR e e Rt et e R e e Rt e bt en e e R e e beentenneenne e e anes 37
Table 11: MDL points differences between MS-CIaSSES .......cccoovveiiiiiiniiee s 39
Table 12: MDL raw differences between MS-CIaSSeS ........cceveririieiiniinieiee e 39
Table 13: Relative MDL differences between MS-Classes........cccvvvirrviiniinienie e 40
Table 14: SPT points differences between MS-CIasSes ........cccvevviieiieresierieee e 40
Table 15: SPT Raw differences between MS-CIaSSeS .........ccueiieieiininieiee s 40
Table 16: HRP points differences between MS-CIaSSES.........ccccovviiieiiiiiiie i 41
Table 17: HRP Raw differences Detween MS-CIaSSES ........c.civuierirrieiniienieie e 41
Table 18: SDC points differences between MS-CIaSSES........cccvcveiieiiiieiieeieee e 41
Table 19: SDC Raw differences between MS-CIaSSES ..........oovriirirriiiieiieneee e 42
Table 20: LT points differences between MS-CIaSSES ... 42
Table 21: LT Raw differences between MS-CIasSeS.........cuiviriiiiiiinieieiee s 42
Table 22: 2MR points differences between MS-CIaSSES ........cceiviviiieiiieiie e 43
Table 23: 2MR raw differences between MS-CIaSSeS.........ccoovvviiiieiiiie i 43
Table 24: Total points differences between MS-CIasSes........cccevvviieiieie i 43
Table 25: Total Qualification differences between MS-CIaSSES.........cccovvvveiiiieeiiiee e 44
Table 26: Percent of each MS-class that scored in each qualification category ............c.ccocveueee. 44
Table 27: Spearman Rho values for correlations between ACFT event points and anthropometric
VAITADIES ...t b bRt E ettt bbb ne e nes 47
Table 28: Spearman Rho values for correlations between ACFT event raw scores and
ANthropOMELIiC VArTADIES . ........oiiie e 47
Table 29: Spearman’s Rho values for correlations between males” ACFT event points and
aANthropoMELriC VArTabIES . ........cc.oiii s 49
Table 30: Spearman’s Rho values for correlations between males” ACFT event raw scores and
anthropOMELIiC VAriADIES.......cc.ooiiiie et sre e ens 49
Table 31: Spearman’s Rho values for correlations between females” ACFT event points and
aANthropOMELIiC VArTaDIES. ..o 49
Table 32: Spearman’s Rho values for correlations between females’ ACFT event raw scores and
aNtNroOPOMELIIC VANADIES . ......ccuiiii ittt 49
Table 33: Differences between males’ pre- and post-semester ACFT SCOIeS ........ccocvvvvvreeene 50

vii



Table 34:
Table 35:
Table 36:
Table 37:
Table 38:
Table 39:
Table 40:
Table 41:

Differences between females’ pre- and post-semester ACFT SCOreS .........c.ccoovevennene. 51

Significant stepwise multinomial regression results for MDL ............cccooevviviiennene, 54
Significant stepwise multinomial regression results for SPT ..o, 56
Significant stepwise multinomial regression results for HRP ...........c.ccccoiiiiiieiinnne. 57
Significant stepwise multinomial regression results for SDC .........ccccccvvevvevieennenn. 59
Significant stepwise multinomial regression results for LT .........cccccovvviivviicieenenn, 60
Significant stepwise multinomial regression results for 2ZMR...........c.cccccvvviiieiieenne. 62
Significant stepwise multinomial regression results for overall qualification............. 63

viii



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

List of Figures

Differences between males and females for ACFT events scored on a 0-100 scale.... 33
Differences between males and females for total ACFT SCOre. .......ccccevveieieniiiennnne 34
Percent of males and females qualified for each ACFT category........cccccoovvvvvrvennne. 35
Differences between MS-classes for individual events points.............cccocveveiieieennenn, 45
Differences between MS-classes for total ACFT SCOIeS........ccocvvveiirieninieiieseenn, 46
Total ACFT scores plotted versus mass, with trendling...........ccocevevieiieiinininenene 47
ACFT event raw and scaled scores plotted versus mass (kg), with trendline............... 48
Differences in males’ individual event scores from pre- to post-semester .................. 51
Differences in females’ individual event scores from pre- to post- semester .............. 52

Figure 10: Differences between total ACFT scores from pre- to post- semester for each sex.... 52



Abstract

The Army Combat Fitness Test (ACFT) was created to better assess all realms of
physical fitness on an age and sex-neutral scale. Despite an increasing number of females joining
the more physically rigorous military occupational specialties, to date, no published research has
analyzed how female soldiers score on the sex-neutral ACFT compared to male soldiers.
Similarly, no research has analyzed how military experience plays a role in ACFT performance
nor how body anthropometrics may affect ACFT outcomes. Lastly, no research has been
presented analyzing how effective a semester of military physical training is at eliciting
performance gains on the ACFT. PURPOSE: The main purpose of this study was to identify if
and where sex-based and experience-based differences exist and to identify possible
relationships between anthropometric variables and ACFT outcomes in ROTC cadets. An
additional aim of this study was to analyze if a semester of physical training is an adequate
stimulus to elicit ACFT performance improvements and to determine significant predictors that
put a cadet at more or less risk to fail or score in a particular qualification category. METHODS:
Retrospective ACFT scores, military experience, and anthropometric data were used from 20
universities within Cadet Command’s 5th BDE. Each university’s ROTC program conducted the
ACFT at the end of the semester per published protocol and reported the de-identified results.
Analysis was conducted using SPSS (SPSS Inc., Chicago, IL, version 26.0) and statistical
significance was set at p < 0.05. RESULTS: Male cadets performed significantly better than
female cadets on all ACFT events, in total ACFT score, and in average qualification category.
Female cadets’ worst event was the leg tuck (LT) with 40% of females failing the event. MS-3
and MS-4 (upperclassmen) cadets tended to outperform their underclassmen counterparts and

scored statistically better than MS-1 (freshmen) cadets on the standing power throw (SPT),



sprint-drag-carry (SDC), two-mile run (2MR), total points scored, and average qualification
level. Height, mass, and BMI were significantly correlated with ACFT outcomes. Moderate
correlations (> 0.5) were observed between height and the three-repetition maximum dead lift
(MDL), SPT, SDC, and total points. Moderate correlations were also observed between mass and
MDL, SPT, and SDC. All other correlations were significant but weak. When separated by sex,
anthropometric values were significantly, but less strongly correlated to ACFT outcomes. A
semester of physical training was able to elicit performance gains with male cadets significantly
improving their MDL, SDC, 2MR, total points, and qualification category outcomes and female
cadets significantly improving their SDC, LT, SPT, total points, and qualification category
outcomes. Lastly, multinomial logistic regression determined sex, height, body mass, and
military experience to be significant predictors in ACFT qualification categories for individual
events and total outcomes. CONCLUSION: In summary, females performed significantly worse
on the ACFT than males and cadets tend to increase their overall fitness each year they are
enrolled in the ROTC program. Based on these, pre- and post-semester, and anthropometric
results, additional resistance training to increase strength, power, anaerobic capacity, and muscle
mass may be beneficial for female and MS-1 cadets.

Key Words: Tactical Fitness, Military Physical Testing, Female Soldiers, Strength and

Conditioning
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Chapter | — Introduction

Introduction

The nature of conflicts in the 21% century necessitates all United States Army soldiers,
regardless of sex, must possess the basic soldier functions required to deploy, fight, and win the
Nation’s wars. Since the ban on women serving in combat roles was lifted in 2015, increasing
amounts of females have joined the physically demanding combat arms branches. Additionally,
females have now entered and passed prestigious schools like Army Ranger School and Army
Special Forces Qualification. Females are now being held to the same physical standards as
males. Because of this, a new sex-neutral physical fitness test was recently implemented.

Previously, the Army Physical Fitness Test (APFT), consisting of push-up, sit-up, and 2-
mile run events, was the official fitness test of the United States Army from 1980 until 2020
(Knapik & East, 2014). It has long been argued the APFT was not a good indicator of soldiers’
overall fitness levels, ability to succeed at job duties, and perform in combat, because it did not
test strength, power, anaerobic capacity, but rather muscle endurance and aerobic capacity only
(Batchelor, 2008). Recently, the Army announced the newly established Army Combat Fitness
Test (ACFT), will replace the APFT in 2020 as the official test of record (Headquarters Center
for Initial Military Training, 2019). The ACFT incorporates events that test muscular strength,
power, agility, and anaerobic endurance as well as the traditional muscular endurance and
aerobic endurance (Bedard et al., 2019). The ACFT is scored on a sex and age neutral scale and
minimum requirements are determined by a soldier’s military occupational specialty (MOS).

Despite females having successfully served in combat roles and passing intense military
schools, there are still inherent physiological differences between males and females. On

average, females possess lower cardiorespiratory fitness, less absolute muscular strength and



power, and lower anaerobic capacity compared to males (Courtright et al., 2013). Additionally,
the average female is shorter, weighs less, and has more relative fat mass and less fat free mass
than males (Miller et al., 1993; Rogol et al., 2002; Wells & Plowman, 1983). Mechanisms
behind these physiological disparities stem from differences in growth during puberty, inherent
differences in heart size and function, muscle morphology and the amount of muscle mass to
produce force (Cain et al., 2009; Jeon et al., 2019; Miller et al., 1993). These innate differences
between males and females may pose difficulties for performance on the ACFT, where multiple
realms of fitness are tested. While some characteristics, such as height and heart size cannot be
corrected, others such as muscle mass, fat mass, and cardiorespiratory fitness can be altered
through specific training. If the differences between males and females are identified, future
preparation can be modeled to attempt to decrease the gap.

The Army Body Composition Program has established guidelines for minimum and
maximum allowable body mass index (BMI) depending on age and sex of soldiers (Headquarters
Department of the Army, 2019). Failure to pass BMI standards results in the assessment of body
fat percent through circumference measurements where further failure may result in disciplinary
action. The applicability of BMI as an adequate measure of body composition in active
populations has been debated in the literature as it can incorrectly label individuals with high
muscle mass and low body fat percent as overweight or obese (Grier, Canham-Chervak,
Anderson, et al., 2015). While higher BMIs have been negatively correlated with performance on
the APFT and tests of cardiovascular endurance, they have also been positively correlated with
performance on tests of power and strength (J. Pierce et al., 2018). The ACFT incorporates tests
of cardiovascular endurance, muscular strength and endurance, power, and anaerobic capacity

and therefore, optimal BMI for successful performance may differ across the varying events.



Active Duty, National Guard, and Reserve soldiers, as well as Army ROTC (Reserve
Officers’ Training Corps) programs, are all adopting the ACFT as their official physical fitness
test. ROTC, the largest commissioning source for the Army’s officers, produces the future
leaders of the Army. Thus, cadets are expected to maintain physical fitness to the same standards
as regular soldiers. No formal basic training is required for a cadet to initially sign up for ROTC.
Therefore, military education and tri-weekly physical training sessions are used to enhance
physical fitness and military occupational awareness. Thus, upperclassmen may differ from
underclassmen since they have had significantly more experience and exposure to both. To date,
no published studies have analyzed the physical differences between cadets in different military
science classes nor on the basis of sex related to ACFT performance. Therefore, understanding
the physical fitness capabilities across sexes and military science classes is integral to
recognizing where the greatest changes in fitness may occur during a cadet’s career and how to
better determine the training strategies that may facilitate the most equitable performance on the
ACFT.

Purpose

The ACFT was created to mirror the physical requirements needed to perform job duties,
Warrior Tasks/Battle Drills, and Common Soldier Tasks but will require widespread adjustment
across the entire force. The purpose of this study was to identify if and where sex-based and
experience-based differences exist in ACFT scores within a cohort that regularly conducts
military-based physical training. The purpose of this study was also to identify possible
relationships between anthropometric variables and ACFT outcomes. Additionally, the purpose
of this study was the analyze if a semester of physical training is an adequate stimuli to elicit

ACFT performance improvements. Lastly, the purpose of this study was to determine significant



predictors that put a cadet at more or less odds to fail or score in a particular qualification
category.
Research Questions
1. Do male and female ROTC cadets achieve similar score totals on the ACFT?
a. Do male and female ROTC cadets achieve similar scores on the individual events
of the ACFT?
2. Do ROTC cadets of different military science classes achieve similar score totals on the
ACFT?
a. Do cadets of different military science classes score similarly on the individual
events of the ACFT?
3. Are there correlations between BMI and ACFT outcomes?
a. Which event(s) is BMI positively correlated with?
b. Which event(s) is BMI negatively correlated with?
4. Do male and female ROTC cadets significantly improve their total ACFT scores over the
course of a semester?
a. Do male and female ROTC cadets significantly improve in individual ACFT
events over the course of a semester?
5. Do sex, MS-class, and anthropometrics play a role in ROTC cadets’ overall qualification
category?
Hypotheses
1. There will be no significant difference between male and female ROTC cadets’ total

ACFT scores.
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a. There will be no significant difference between male and female ROTC cadets
individual ACFT event scores.
2. ROTC cadets of different military science classes will not have significantly different
total ACFT scores.
a. ROTC cadets of different military science classes will not have significantly
different individual event scores on the ACFT.
3. There will be no correlations between BMI and ACFT outcomes.
a. No events are positively correlated with BMI.
b. No events are negatively correlated with BMI.
4. Male and female cadets will not significantly improve their total ACFT scores.
a. Male and female cadets will not significantly improve their individual ACFT
event scores.
5. Sex, MS-class, and anthropometrics will not play a significant role in cadets’ overall
qualification category.
Alternate Hypotheses
1. Males and female ROTC cadets will have significantly different score totals on the
ACFT.
a. There will be significantly different individual ACFT event scores between male
and female ROTC cadets.
2. ROTC cadets in different military science classes will have significantly different total
ACFT scores
a. ROTC cadets of different military science classes will have significantly different

individual event scores on the ACFT.



3. There will be significant correlations between BMI and ACFT outcomes.
a. BMI will be positively correlated with the three-repetition maximum deadlift and
the standing power throw.
b. BMI will be negatively correlated with the two-mile run.
4. Male and female cadets will significantly improve their total ACFT score over the course
of a semester.
a. Male and female cadets will significantly improve their individual ACFT event
scores over the course of a semester.
5. Sex, MS-class, and anthropometrics will play a significant role in cadets’ overall
qualification category.
Significance
Army Training and Doctrine Command (TRADOC) has identified physical tasks required
of all soldiers such as running, changing direction, pushing, pulling and/or climbing, lifting and
jumping and landing (Knapik et al., 2009; Lowman, 2010). These are key elements in the
successful completion of Warrior Tasks and Battle Drills and Common Soldier Tasks; basic
tasks every soldier must be proficient at given the nature of today’s conflicts. A survey of Army
Majors, who are combat veterans, revealed the most important physical tasks in combat to be the
following: move from one covered and concealed position to another, lift a weight from the
ground, drag a casualty to safety, conduct a “Fireman’s” carry, engage in continuous movement
under combat load, and climb a wall (Batchelor, 2008). These, along with tasks identified by
TRADOC (Training and Doctrine Command, U.S. Army), are critical in ensuring not only the

success of the Army’s mission, but also the well-being and safety of each and every soldier.



ROTC cadets, during field training exercises, are often required to complete the Warrior Task
and Battle Drills. Thus, physical tasks required of soldiers apply to cadets as well.

The ACFT was created to better assess the physical fitness required for soldiers to
complete these tasks. Because females now serve in combat roles (key for the assumption of
leadership positions within the military), the importance of females meeting the same ACFT
standards as males is integral to mission safety, mission success, and for women to have access
to all Army military occupational specialties (MOS). No studies to date have been published
regarding the ACFT and differences between the sexes. Therefore, identifying where these
differences may exist has provided crucial insight on how to adjust training to decrease, where
possible, the disparity between sexes. Since ROTC cadets, upon graduation, will serve as officers
in the National Guard, Reserve, or Active Duty, preparing them to meet the same standards as
the soldiers they will someday lead is of utmost importance. Because the ACFT was only
recently established, there are currently no studies that have been published incorporating the
test. Therefore, this study helps fill the gap in literature and provides baseline knowledge that can
be included in future studies.

Delimitations
The delimitations of this study are as follows:
1. Cadets currently participating in an Army ROTC Program.
2. Cadets that have taken at least one prior ACFT before the test included in the data set.
3. Retrospective ACFT scores obtained at the end of a semester of physical fitness training.
4. Cadets will be 18-35 years old.
5. Cadets have no musculoskeletal injuries and cardiac or metabolic abnormalities at the

time of testing.



6. Participating ROTC programs within Cadet Command’s 5™ Brigade.
Limitations

The limitations of this study are as follows:

1. Researchers were not present when the ACFT was conducted and could not ensure all
protocols were followed correctly.

2. Cadets may train and/or perform to meet the standard of their desired MOS or program
mandated minimum and not to achieve the best score possible.

3. Researchers could not control for training that cadets conduct outside of structured,
mandated ROTC physical training sessions.

4. Researchers could not account for differences in nutritional intake and sleep habits of
cadets.

5. Cadets may join ROTC with differing levels of baseline fitness and/or training

experience.

Assumptions
The assumptions of this study are as follows:
1. All Army Combat Fitness Tests were conducted according to published Army protocol
and under similar conditions (Headquarters Center for Initial Military Training, 2019).
2. Cadets gave their best effort during the ACFT and scores are indicative of their abilities.
3. Cadets were free of injury or illness at the time of testing and observed normal patterns
for nutritional intake and sleep.

4. Cadets join ROTC with similar baseline fitness and training experience.



Operational Definitions

1. Army Physical Fitness Test (APFT): Test compromised of two minutes of push-ups,
two minutes of sit-ups, and a two-mile run. (Knapik & East, 2014)

2. Army Combat Fitness Test 2.0 (ACFT): Test compromised of six events; three
repetition maximum deadlift (MDL), hand release pushup (HRP), standing power throw
(SPT), sprint-drag-carry (SDC), leg tuck (LT), and a two-mile run (2MR) (Headquarters
Center for Initial Military Training, 2019).

3. Qualification Categories: Four different qualification categories a soldier/cadet can
achieve on individual events and the ACFT 2.0 as a whole; “FAIL”, “MODERATE”,
“SIGNIFICANT”, and “HEAVY”. Minimum qualifications that must be met by a soldier
are determined by their MOS. See Appendix A for an ACFT score chart.

4. Reserve Officer Training Corps (ROTC): ROTC is the primary commissioning source
for United States Army Officers. ROTC programs require cadets to complete military-
centric coursework in addition to their respective major. Cadets attend military science
class at least once per week, complete structured physical fitness training at least three
times per week, and attend one leadership laboratory session per week. Leadership
laboratory teaches cadets the skills and tactics necessary to conduct field operations such
as attacks, raids, ambushes, reconnaissance, and defense.

5. Military Science Class (MS-n): Cadets attend different military science classes
depending on how long they have been enrolled in ROTC. Freshmen are considered MS-

1, sophomores MS-2, juniors MS-3, and seniors MS-4.



6. Military Occupational Specialty (MOS): The specific job a soldier holds usually
referred to as a letter and a number. Example: 11B, 13A, 68W, etc. Some MOS have
higher physical fitness requirements than others on the ACFT 2.0 scale.

7. Body Mass Index (BMI): Body mass index is an anthropometric measured calculated

with the equation; kg/m?. Body mass is measured in kilograms and height in meters.
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Chapter Il — Literature Review

Introduction

The wide variety of physical requirements soldiers face on the battlefield, in training, and
in garrison has caused debate about how the United States Army needs to test their soldiers. For
four decades, the APFT, was the official fitness test of the Army, despite testing only local
muscular and cardiovascular endurance on a sex and age based scale. As a better indicatory of
overall fitness, the ACFT was created and implemented in 2020. The ACFT tests muscular
strength, muscular endurance, power, anaerobic capacity, and aerobic capacity through six
events and is scored on a sex and age neutral scale. The sex-neutral scoring system for the ACFT
poses potential problems as there are inherent physiological differences between males and
females. However, because of the recent repeal of the ban on females serving in combat roles,
the importance of females meeting the same standards on physical assessments as males with the
same jobs is integral to successful completion of the mission. Therefore, identifying where
physiological differences may exist, as seen through ACFT scores, and decreasing the gap is of
utmost importance to mission success. Because of new muscular strength, power, and anaerobic
components of the ACFT, body composition variables, such as amount of muscle mass, may
play an important role in the passing or failing of this assessment. Consequently, body mass
index (BMI) and its applications to tactical populations’ and their physical fitness is a hotly
debated topic that will be assessed in this study.

This chapter aims to review the current literature surrounding these topics. A search was
conducted of the Medline database for the keywords; 1) Army Combat Fitness Test OR ACFT,
3) Army Physical Fitness Test OR APFT, 4) Occupational Physical Assessment Test OR OPAT,

5) Military Fitness, 6) Reserve Officer Training Corps OR ROTC, 7) Body Mass Index OR BMI,
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8) Sex differences, and combinations of those. Inclusion criteria for research articles was to be
published between 2000-present and to utilize non-sedentary test subjects. Articles in the
citations of those found through the systematic search were also included. Exceptions to these
criteria were made for research that first established and reported sex differences in normal
populations before 2000.

This review will first discuss the established physiological differences between sexes in
anthropometrics and body composition, cardiovascular fitness, and muscular characteristics, and
the mechanisms behind them. Then, it will discuss previously researched sex differences in
tactical populations quantified through military fitness tests and laboratory based measurements.
Finally, this article will review BMI, its correlations with tactical fitness, and the adequacy of
BMI as a body composition measure.

Physiological Differences
Anthropometric and Body Composition Differences
Height

The stages of puberty and physiological differences between males and females during
the first and second decade of life were first reported by J. Tanner and colleague, W. Marshall, in
the 1960’s and 1970’s. Tanner and Marshall were able to analyze various aspects of
anthropometric measures and how they change during pre-puberty. The average height
difference between grown men and women is 13cm (Rogol et al., 2002). According to Tanner
and Marshall, this is due to males having an additional two-year period of pre-pubertal growth
compared to girls. Additionally, during that time, males reach a greater peak height velocity, or
grow at a greater rate per year, than females do (Marshall & Tanner, 1969, 1970). The increased

time and velocity of growth leads males to, on average, surpass females in height.
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Fat Free Mass

Fat free mass (FFM) is any portion of the body that is not fat. This includes organs,
bones, muscle, and connective tissue. This review is most focused on the skeletal muscle mass
aspect of FFM and will not be reviewing the other contributors to FFM. Men in their 20°s have
approximately 50% more upper body and 30% more lower body muscle mass than
females(Miller et al., 1993). According to Miller, et al., this corresponds to 14% more and 35%
larger muscle fibers (Miller et al., 1993). The primary reason for this disparity in muscle mass
between the sexes is the androgen stimulated skeletal muscle hypertrophy in males (Sharp,
1993). Overall, males have greater amounts of testosterone than females. During puberty, with
the initial increase of testosterone in developing males, males develop larger and stronger
muscles than females (Tanner, 1965). It is well known that males begin puberty later than
females. Because of that, most of adult FFM is gained by the ages of 15-16 in females but not
until the age of 19-20 in males (Malina & Bouchard, 1991). This is especially important to note
in the context of this study because the average age of enlisted personal is 20 years old and that
is when men are leaner and have more muscle match than women of the same age (Nindl et al.,
2016).
Fat Mass and Fat Percent

The average female has less FFM, and more fat mass (FM) compared to the average
male. Healthy females, typically, have 20-25% body fat compared to only 13-16% in males
(Wells & Plowman, 1983). In males and females entering Army basic training, there have been
significant differences in body fat reported. This untrained population averaged 16.7 % £ 6.3 in
males and 28.8 % + 6.5 in females (Knapik et al., 2001). With the rise of overweight and obese

persons in the 21% century, the average American male and female now has 28% and 40% body
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fat, respectively, and most would not qualify for military service at that body composition (St-
Onge, 2010). Nevertheless, females have greater percent of fat mass compared to males.

The mechanisms behind this, again, center around differences in puberty. During puberty,
percent body fat in females increases and fat mass is accumulated at ~ 1.14 kg/year. In contrast,
males decrease their percent body fat and their fat mass by 1.15 kg/year (Rogol et al., 2002). One
possible explanation for this is plasma leptin. Leptin is thought to help regulate body fat content
by sending signals to the brain to alter food intake and energy expenditure. In females, plasma
leptin levels will increase after Tanner stage 2 of puberty. However, in males, plasma leptin
levels decrease. Females may become more resistive to the effects of leptin and thus accumulate
more levels of fat (Saad et al., 1997; Wong et al., 2004). A simpler explanation to the disparity in
body fat levels may be the higher essential fat required by females, 12%, compared to males, 3%
(Nindl et al., 2016; Sharp, 1993). The additional 9% of essential body fat in females is located

mostly in the breasts and surrounding the reproductive system (Wells, 1991).
Cardiovascular Differences

VO2max

The maximum amount of oxygen than a person can be consumed and used during
exhaustive exercise is commonly referred to as the VOzmax. Testing a person’s VOzmax IS the
gold-standard method of assessing cardiorespiratory fitness. On average, females’ VOzmax IS
anywhere between 15-30% lower than males’ (Drinkwater, 1973; Yanovich et al., 2008). Before
physical training, significant differences have been reported between absolute and relative
VO:2max in males and females (Knapik et al., 2001). Likewise, before physical training in another

study, males have 22% higher aerobic fitness than females (Yanovich et al., 2008). Even after
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completing 10 weeks of physical training, the female to male VO2max ratio was still 0.63 in
absolute terms and 0.75 in relative terms (Sharp, 1993).

The expression of VO:zmax in relative terms is meant to correct the absolute value to a
person’s body weight and is reported as ml/kg/min. Relative VO2zmax is greatly influenced by
excess fat. The more fat a person has, the more metabolically inactive tissue, or dead weight, a
person has. Females, on average, have greater FM and thus, more dead weight that does not
contribute to aerobic metabolism. Though ratios between males and females may increase after
physical training, thereby decreasing the difference between the two, there is still a significant
difference in VO2zmax in absolute and relative terms. Physical training can only improve a females
VO:2max to a certain extent before other physiological variables hinder obtaining the same VO 2max
as an average male.

Heart Characteristics

A possible mechanism for the disparity in VO2max between males and females is that
females have smaller hearts. Cardiac output is the volume of blood being pumped by the heart
per unit of time and is calculated as Heart Rate x Stroke VVolume. The stroke volume component
of cardiac output is influenced by left ventricular volume, blood volume, and heart muscle mass.
Regardless of body size, females have thinner left ventricular walls, less heart mass, and smaller
cavity sizes (Cain et al., 2009; Epstein et al., 2013). Therefore, females have lower cardiac
output compared to males and thus, less blood being sent to the body each contraction during
aerobic exercise. It is calculated that this difference between cardiac output in males and females
is as high as 30% (Wells, 1991). Therefore, to maintain intense aerobic exercise, females rely on

increased heart rate while males rely on preload and the Frank Starling mechanism (Fleg et al.,
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1995). Females, however, have the same age-predicted maximum heart rate as males and there is

only so high one’s heart rate can increase.

Hemoglobin

Hemoglobin is an iron-containing oxygen transport protein in red blood cells that is
responsible for carrying oxygen from the lungs to the body. Females, on average, have 6% fewer
red blood cells and 10-16% less hemoglobin than males (Charkoudian & Joyner, 2004; Wells,
1991, Yanovich et al., 2008). Less hemoglobin means decreased oxygen carrying capacity. If
less oxygen is getting to the skeletal muscles during maximal aerobic exercise, females will

fatigue quicker than males and have a lower VO2max.
Musculoskeletal Differences

Muscular Strength

As discussed in previous sections, males, on average, have more fat free mass than
females. More muscle mass equates to greater strength due to increased amount of muscle fibers
that can create force. Therefore, males are generally stronger than females and the differences in
strength are largely due to differences in skeletal muscle mass. Reports on absolute differences in
muscle strength vary but come to a general consensus of approximately 40% difference in upper
and lower body strength between sexes (Epstein et al., 2013; Knapik et al., 2001; Yanovich et al.,
2008). Recruits who were tested before basic combat training yielded significantly different
results on tests of muscular strength. Males and females were significant different in upper and
lower body static strength, dynamic lifts, and vertical jump (Knapik et al., 2001). It is thought
that the difference between males and females for lower body strength is less than that for upper
body strength. This can be seen in that female to male lower body strength ratios are higher than

that of upper body strength ratios (Sharp, 1993). Less disparity in lower body strength may be
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due to similar habitual activities between the sexes such as walking, running, and climbing stairs
and/or greater quantity of muscle mass in the lower body regions than upper body regions in
females.

Another possible mechanism behind increased strength in males is muscle fiber type
distribution. Fast twitch, or Type Il muscle fibers, are characterized by the ability to generate
larger amounts of force than slow twitch, or Type I, fibers. Men have greater cross-sectional
area of type Il fibers and a higher ratio of type Il fibers to type | fibers than in women (Jeon et
al., 2019; Miller et al., 1993). Having more type Il fibers than type | and having greater cross-
sectional area of those type Il fibers is advantageous for producing force. However, when
measures of strength are corrected for differences in muscle mass, most of the sex difference
disappears (Miller et al., 1993; Sharp, 1993). That is, the ability of muscle or produce force
between the sexes does not differ; just the muscle mass does. Therefore, differences in fiber type

CSA and distribution may not play a key role in strength disparities between the sexes.

Muscular Endurance

Muscular endurance is the ability of a muscle to sustain repeated contractions against a
submaximal resistance for an extended period of time (Epstein et al., 2013). It has been
established that females exhibit muscular endurance equal to or greater than males when
exercising at a percent of maximal strength between 50-70% of one-repetition maximum
(Maughan et al., 1986). Muscular endurance is equal between sexes when it is a percent of one’s
own maximal strength. However, when lifting an absolute load, females become fatigue faster
than males because they are working at a greater percent of their maximal strength (Sharp,
1993). The advantage females have in muscular endurance declines as the contraction intensity

increases.
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A possible mechanism behind why females exhibit such greater muscular endurance
compared to strength when compared to males is their proportion of muscle fibers. There is
speculation that the proportion of type I to type Il muscle fibers is higher in females than in
males. These type | muscle fibers are fatigue resistant and contribute greatly to muscular
endurance. Another possible mechanism is substrate utilization differences between the sexes.
Males have greater glycolytic capacity and rely on those pathways more than females. In
contrast, females rely more on fat sources, obtained through beta oxidation, for energy during
submaximal endurance exercise. Fat is an energy rich substrate that has more stores in the body

than glycogen (Hicks et al., 2001).

Anaerobic Capacity

Anaerobic exercise is characterized by a lack of oxygen and thus occurs for short
duration, high intensity activities. Anaerobic capacity can be determined through tests such as
the Wingate test; an all-out 30 second sprint on a cycle ergometer. Before taking part in basic
training, males had 28.6% higher anaerobic fitness, as determined by Wingate test, than females
(Yanovich et al., 2008). Likewise, in a similar study utilizing the Wingate test, males had
absolute anaerobic power 35% and 40% higher than females for peak power and mean power,
respectively. When expressed relative to FFM, the differences between males and females
dropped to 10% and 17% for peak and mean power (Murphy et al., 1986). Similarly, a study
utilizing the Wingate test in male and female college students found a 48% difference in peak
power between the sexes that dropped 15.2% when expressed relative to total body weight. Both
were still significant differences. However, when expressed relative to FFM, the percent
difference between the sexes for peak power dropped to an insignificant 1.6% (Maud & Shultz,

1986). Therefore, absolute anaerobic power differences between the sexes but the disparity
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diminished when it is expressed relative to FFM. Unfortunately, in the context of this study,
adjusting for FFM is not possible in a military operational environment when two soldiers of
differing sexes and FFM have to complete the same task to the same standards.

The mechanisms behind the anaerobic differences between males and females may stem
from fiber type distribution and/or contribution of anaerobic energy systems. Females possess
less muscle mass than males and thus, have fewer available muscle fibers to contribute to the
power production necessary for a test such as the Wingate test. Similarly, if the theory that
females have a greater ratio of type | to type Il muscle fibers hold true, then females have less of
the fast twitch fiber types that are capable of producing the high intensity, short duration force
associated with anaerobic exercise. As seen in recreational weight lifters, at higher work
intensities, there is a greater anaerobic contribution in men than in women (Morgan et al., 2003).
Military Applications
Physical Fitness Test Sex Differences

The United States Army has cycled through various physical fitness tests throughout the
past century with one of the most prominent being the Army Physical Fitness Test (APFT). The
APFT remained the physical fitness test of the U.S. Army from 1980 until 2020 and had the
Occupational Physical Assessment Test (OPAT) join in 2017 as a requirement for new recruits’
job selection (Knapik & East, 2014). The APFT has sex and age graded scoring system while the
OPAT is sex and age neutral. Announced in 2018 and officially implemented in 2020, the Army
has officially transitioned to a new fitness test named the Army Combat Fitness test, or ACFT.
The ACFT has a sex and age neutral scoring system and centers its minimum standards around a
soldier’s job requirements. Data on sex differences in the APFT and OPAT have been published

but no studies regarding the ACFT, in any capacity, have been published to date.
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APFT

The scoring system for the APFT assumes there will be sex and/or age-based differences
for the three events: push-ups, sit-ups, and two-mile run. When administered at the beginning of
basic combat training (BCT), males and females showed significantly difference absolute values
for push-ups, sit-ups, and two-mile run (Knapik et al., 2001). Likewise, trainees measured before
BCT showed a 52% difference in pushups, 10% in sit-ups, and 19% in the two-mile between
males and females. After BCT, fitness was improved in females but there still remained a 33%,
5% and 18% difference, respectively (J. Pierce et al., 2018). Even in Army ROTC cadets, push-
ups and two-mile run time were significantly difference between males and females, but sit-ups
were not (Draicchio et al., 2020). In a meta-analysis analyzing the sex difference in physical
abilities within persons that had physically strenuous occupations, the authors determined that
core-strength is not significantly different between the sexes (Courtright et al., 2013). Therefore,
the findings that ROTC cadets did not differ in sit-ups and soldiers after BCT only had a 5%
difference in sit-ups is not surprising.
OPAT

The OPAT consists of a deadlift, an interval aerobic run, a standing long jump, and a
medicine ball power throw and is graded on a sex and age neutral scoring system. The reasoning
behind this is because the OPAT is used to determine eligibility for specific military
occupational specialties and males and females vying for the same job must meet the same
standards. In ROTC cadets conducting the OPAT, there were significant differences between
males and females for all events with females scoring lower (Draicchio et al., 2020). Likewise, in
basic trainees, males and females performed significantly different on all events. Females

performed 41% fewer shuttles on the interval aerobic run, 34% shorter power throw distance,
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and 25% shorter standing long jump. Additionally, a lower portion of females were able to lift
the maximum deadlift weight, 220Ibs, than males; 15% vs 88% (J. Pierce et al., 2018). Only
ROTC Cadets and basic trainees take the OPAT and therefore no data is available on Active
Duty, Reserve, or National Guard soldiers.
ACFT

Not data has been published to date regarding the ACFT. The ACFT shares only one
event with any previous military fitness test: the two-mile run in the APFT. While the ACFT
does also incorporate a deadlift, like the OPAT, the event is a three-repetition maximum deadlift
with the highest maximum score at 350Ibs (Headquarters Center for Initial Military Training,
2019). The OPAT maximum is 220lbs and only requires one-repetition.
Lab-Based Fitness Test Sex Differences

Laboratory based fitness tests, or those outside of typical military physical fitness tests,
also conclude that there are significant differences in physical abilities between males and
females. After testing 406 101 Airborne soldiers in a variety of musculoskeletal, anaerobic, and
aerobic tests, researchers determined that males and females were significantly different on many
variables. Males displayed significantly greater strength, when assessed on shoulder and knee
strength, and anaerobic power and capacity, according to the Wingate test, compared to females
(Allison et al., 2015). Additionally, males had significantly greater aerobic capacity (47.5 £7.6
ml/kg/min vs 40.3+5.4 ml/kg/min) as determined through a treadmill maximal graded exercise
test (Allison et al., 2015). Similarly, an experiment comparing a shuttle run aerobic test to the
typical two-mile run seen in military fitness tests determined that females scored significantly

different, and worse, than males on both the shuttles and the two-mile run (Canino et al., 2018).
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A meta-analysis of studies utilizing a population of people with physically demanding
occupations, such as military, police officers, emergency medical technicians, firefighters, and
the like, assessed sex based musculoskeletal differences as reported in the literature. In a meta-
analysis, Cohen’s d is used to report an effect size for the difference between two means. Muscle
tension, defined by authors as exerting force against objects in pushing, pulling, lifting, etc., had
the largest difference between males and females across all the studies analyzed and had a d
value of d =2.13 (Courtright et al., 2013). This is a very large effect because 0.2 is considered a
small effect and 0.8 a large one. Likewise, the meta-analysis determined that differences between
the sexes for muscular endurance and power were significant and with d-values of
d =1.47 and 1.11, respectively. When analyzing muscular strength for total body and body
regions, there were d values of 2.22, 1.88, 1.60, 0.25 for total body, upper body, lower body, and
core (Courtright et al., 2013). This is congruent to previous reports that upper body differences
between the sexes are greater than that for lower body (Sharp, 1993). Lastly, it was determined
there were significant differences between males and females for cardiovascular endurance with
a reported effect size of d = 1.81. Therefore, even in an active population, the differences in
fitness measures of muscular strength, muscular endurance, power, and cardiovascular fitness
persist.

Body Mass Index (BMI)

Sex Differences

BMI, calculated as kg/m?, has been reported as significantly different between soldiers.
In the 101% Airborne, there were significant differences in both BMI and body fat percent
between male and females soldiers (Allison et al., 2015). Females BMI and body fat perfect were

greater than in males. In contrast, another investigation reported significant differences between
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sexes for height, body mass, and BMI. However, in this cohort of active duty enlisted soldiers

and officers, males BMI was greater than in females (Canino et al., 2018).

Correlations in Tactical Populations

Correlations between BMI and fitness measures have been made in tactical populations
based on military fitness tests, tactical obstacle course, and laboratory-based measurement
outcomes. The APFT, a test of muscular endurance and cardiovascular endurance, has been
found to be negatively correlated with BMI. Predictive factors for APFT failure in female
soldiers was high BMI and researchers have concluded that BMI greater than 25 kg/m? has a
negative influence on performance of cardiovascular and muscular endurance for both males and
females (Anderson et al., 2017; Kazman et al., 2015). In female basic trainees, high BMI was
correlated with increased APFT two-mile run time (J. Pierce et al., 2018). In contrast, however,
in ROTC cadets, total APFT scores were not associated with body composition determined by
BMI and two-mile run times were only correlated with body composition assessed with the
BodPod and BIA, but not BMI (Steed et al., 2016). In addition to the APFT, high BMI was
correlated to decreased OPAT interval aerobic run and standing long jump scores in male and
female basic trainees (J. Pierce et al., 2018). Similarly, higher BMI has been associated with
reduced speed and agility in male and female soldiers (J. R. Pierce et al., 2017).

In other tests of fitness, however, there are positive correlations between BMI and fitness
variables. In basic trainees, high BMI was correlated with increased power throw distance as
well as displaying a significant positive trend between BMI and weight lifted during the one-
repetition deadlift (J. Pierce et al., 2018). Higher BMI was also associated with significant
improvements in muscular strength and power among male and female soldiers and had no effect

on performance in a 1600m loaded march or a warrior task and battle drill obstacle course (J. R.
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Pierce et al., 2017). Interesting to note is that BMI was not related to performance on the most
occupationally relevant tests. These authors reported that not meeting the Army Body
Composition Program BMI standard only affect a minimal number, about 6%, of soldiers’ ability
to pass the APFT and therefore may require allowances on physical tasks with high military
relevance (J. R. Pierce et al., 2017).
BMI Applicability

It is, therefore, questioned as to whether BMI is an adequate measure of body
composition in soldiers, often referred to as tactical athletes. In male infantryman, the correlation
between BMI and body fat percent measured by DEXA was significant at r =0.86 (p<0.01)
(Grier, Canham-Chervak, Sharp, et al., 2015). In male firefighters, obesity estimated by BMI was
similar to the of percent body fat and therefore was concluded as a good indicator of obesity
(BMI > 30) (Porto et al., 2016). BMI has been cautioned for use in military personal, however, as
it can overestimate body fatness (Grier, Canham-Chervak, Sharp, et al., 2015). Two soldiers of
the same height and weight would be classified as the same BMI when, in fact, there FM and
FFM levels could vary greatly. When body composition methods were tested among ROTC
cadets, BMI was not correlated with body composition determined by BodPod or BIA, two
generally more valid tools (Steed et al., 2016). Army Body Composition Program (ABCP)
maximum standard BMls for soldiers younger than 21 years old is 25.9 kg/m? and 25.0 kg/m? for
males and females, respectively (Headquarters Department of the Army, 2019). While BMI may
be a good indicator of obesity at values greater than 30 kg/m?, for soldiers who must possess
more muscle mass compared to the normal population, BMI may misclassify them as overweight
or obese. This will cause them to fail ABCP standards even if they successfully pass all their

fitness tests.
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Conclusion

While the inherent physiological differences between males and females have been
addressed in numerous research investigations over the years, no research published to date has
analyzed these differences related to the ACFT. Military service requires both male and female
soldiers to perform the same tasks that require enhanced levels of physical fitness. Furthermore,
the nature of today’s conflicts and women’s new roles in combat require all soldiers to meet a
minimum fitness standard, regardless of sex. Thus, for the purpose of identifying and minimizing
disparities, the absolute and relative differences between males and females should be identified
within a military population, so they might be addressed accordingly. Additionally, reconsidering
how BMI relates to performance in regard to the ACFT may provide new information on
anthropometric measures and their relationship to tests of strength, power, endurance, and
anaerobic and aerobic capacity. These analyses may result in practical recommendations for
improving performance across the sexes through training regimes and/or adjusted body

composition attitudes.
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Chapter 11l - Methodology

Introduction

Multiple studies have analyzed the differences between male and female performance
outcomes on military fitness tests (Draicchio et al., 2020; Knapik et al., 2001; J. Pierce et al.,
2018). Additionally, the applicability of body mass index (BMI) as an indicator of body
composition and its relation to fitness in active populations has been discussed at length (Grier,
Canham-Chervak, Sharp, et al., 2015; J. Pierce et al., 2018; J. R. Pierce et al., 2017). However,
no studies published to date have assessed how males and females differ on the new Army
Combat Fitness Test (ACFT) nor the role BMI may play in relation to performance on this test.
Therefore, the purpose of this cross-sectional study was to identify if and where differences exist
in ACFT scores between sexes and across military science classes as well as identify possible
correlations between anthropometric variables and ACFT outcomes. Additionally, the purpose
was to analyze if a semester of physical training significantly improves ACFT outcomes and
what variables put a cadet at greater odds to fail or score in a particular qualification category.
This chapter will discuss the sampling method and population used, the specifics of conducting
an ACFT, the overall research design, and data collection and analysis procedures.
Sampling

Thirty-five ROTC programs from Cadet Command’s 5™ Brigade were invited to
participate in this study. A convenience sample from Army ROTC cadets has been used in
previous research when analyzing sex-based differences and body composition correlations with
the APFT and OPAT (Draicchio et al., 2020; Steed et al., 2016). Only ACFT scores of cadets
currently enrolled in an ROTC program will be used. Cadets with injuries were not included in

the data set. Based on pilot study data provided to the researchers by the local University ROTC
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cadre, an a-priori power analysis (G*Power 3, Dusseldorf, Germany) to compute minimum
sample size with a 0.85 effect size, a 1-p of 0.93, and an 80:20 male to female ratio required a
minimum of 100 males and 20 females being included in our analysis (Faul et al., 2009).

Instrumentation and Measurement
Army Combat Fitness Test

The ACFT consists of a three-repetition maximum deadlift, standing power throw, hand-
release t-pushups, sprint-drag-carry, leg tuck, and two-mile run (Headquarters Center for Initial
Military Training, 2019). The ACFT was administered per published Army standards and events
are always conducted in the aforementioned order (Headquarters Center for Initial Military
Training, 2019). Equipment needed to conduct the ACFT includes a hexagon bar, bumper plates,
barbell collars, 4.5-kg medicine ball, 25m measuring tape, 1m stick, 12 field cones, hand towel,
stopwatch, nylon sled with pull straps, two 18-kg kettlebells, pull-up bar, and a paved, generally
flat course, to conduct the two-mile run. The protocol for conducting each event has been
published elsewhere (Headquarters Center for Initial Military Training, 2019) but is described
below.

Three-Repetition Maximum Deadlift (MDL)

The MDL is conducted using a hex bar and bumper plates. Soldiers step inside the hex-
bar and bend at the knees and hips to grasp the handles. With arms fully extended, back flat,
head neutral with spine, and feet flat on the ground, the soldier lifts the bar by straightening hips
and knees to reach the Straddle Stance. Back must remain straight, not rounded or flexed, and
feet must remain in the same position. On downward movement, the soldier must remain in

control of the bar and must not drop the weight to the ground. Three consecutive repetitions must
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be completed with the same weight and proper form. A ten-minute warm up period is allotted
before this event.
Standing Power Throw (SPT)

The SPT is a two-attempt test that requires soldiers to perform an over the head,
backwards medicine ball throw for distance. A preparatory countermovement is allowed but
soldiers cannot step over the foul line. The furthest throw counted for record. The medicine ball
is 10lbs.

Hand Release Pushup (HRP)

The HRP is a timed event that requires soldiers to complete as many HRPs as possible in
two-minutes. To properly execute a HRP, a soldier began in the prone position, pushed entire
body up as a single unit until elbows are fully extended, lowered oneself back to the ground as a
single unit, released hands from ground and move them outwards in a T-position, and replaced
hands back to shoulder width apart for one complete repetition.

Sprint-Drag-Carry (SDC)

The SDC is a time, 250m shuttle event consisting of 5x50m shuttles of various
requirements. On the command “GO”, soldiers sprint 25m, touch the line, and sprint back 25m.
Second, soldiers grasp the strap handles of a 90Ib sled and drag the sled backwards down 25m
and back 25m. Next, soldiers perform a lateral shuffle down 25m, switch lead legs, and shuffle
back 25m. During the lateral shuffle, feet must not cross one another, must remain parallel to one
another and perpendicular to the direction of travel. Then, soldiers grasp the handles of two 40lb
kettlebells, sprint 25m down and 25m back, and place the kettlebells on the ground without

dropping them. Finally, soldiers sprint down 25m and back 25m to the start line to finish the test.
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If soldiers failed to touch the start or 25m line at any point, the grader would call them back to do
so. Total time to complete the shuttles was recorded.
Leg Tuck

The leg tuck test required soldiers to do as many leg tucks as possible and the test will
end when the soldier voluntarily stops. To complete a leg tuck, a soldier must straight arm hang
from a pull-up bar with an alternating grip and flex at the elbows, knees, hips and waist to bring
the knees or thighs up to touch both elbows. Then, they must return to a straight arm hang with
controlled movement to complete one full repetition.

Two-Mile Run (2MR)

The 2MR required soldiers to run a two-mile course as fast as possible without any
physical help (being picked up, pushed, or pulled by someone else). Pacing and verbal
encouragement was permitted. Leaving the designated course would have resulted in termination
and failure. The course was a solid, improved surface that is generally flat with no more than 3%
uphill or downhill grade. Start and finish were at approximately the same altitude.

Rest Periods

The approximate overall work to rest is 34-37 minutes of work and 17 minutes of rest.
Periods of rest were scheduled between each event with a minimum of 2 minutes between the
MDL and SPT, 3 minutes between SPT and HRP, 3 minutes between HRP and SDC, 4 minutes
between SDC and leg tuck, and 5 minutes between leg tuck and 2MR. This does not include
MDL warm-up or event instruction.

Research Design
This is a retrospective data analysis utilizing previously recorded ACFT scores and

anthropometric variables within Army ROTC Cadets. Army ROTC programs used in this study
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reported de-identified data. A possible threat to internet validity is instrumentation. Because this
study sought to use retrospective data, the time, date, and manner in which the tests were given
may vary. However, individual ROTC programs were expected to adhere to the published ACFT
guidelines on how to conduct and score the test. Adhering to Center for Initial Military Training
published protocols should have mitigated differences due to improper testing techniques
(Headquarters Center for Initial Military Training, 2019).

Another threat to internal validity was environment. Because the data came from ROTC
programs across various states within the United States, certain extraneous variables, such as
COVID-19 restrictions or weather, may have affected one program’s ACFT scores more than
another’s. A possible threat to external validity was the non-random sampling used in this study.
The data and conclusions drawn from this study can only be able to be generalized to an Army

ROTC population as no Active Duty, Reserve, or National Guard soldiers are included.

Data Collection Procedures

Thirty-five schools within Army Cadet Command’s 5™ Brigade were eligible to be
included in this study. Army Combat Fitness Tests were conducted at the end of the semester in
accordance with published ACFT protocol (Headquarters Center for Initial Military Training,
2019). The ROTC programs shared their ACFT scores with the researcher remotely. The
researcher was not be present for the test. Data was de-identified by the programs prior to being

shared and data is stored in a password protected computer.

Data Analysis Procedures
All data was analyzed using Statistical Package for the Social Sciences (SPSS, Version
26 (IBM, New York, USA). All data are reported as means = SD unless otherwise noted.

Statistical significance was set at p < 0.05. The data’s normality of distribution was analyzed
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using the Shapiro-Wilk test. The data did not meet the assumption of normality. The data was
Log-10 transformed but still failed to meet the assumption of normality. Thus, non-parametric
tests were used for all analyses in this study. A Mann-Whitney U analysis was conducted to
analyze differences between males and females on total ACFT scores, individual event scaled
scores, individual event raw scores, and anthropometric variables of height, weight, and BMI. A
Kruskal-Wallis H-test was used to analyze differences between the four military-science classes.
Individual Mann-Whitney U analyses were used for post-hoc analysis. Manual Bonferroni
calculated levels of significance were set at < 0.00833. Due to the non-parametric nature of the
data, a 2x5 factorial ANOVA with Bonferroni post-hoc analysis could not be used to analyze a
sex by military science class interaction.

A Spearman’s rank correlation coefficient was conducted to analyze the relationship
between anthropometric variables and ACFT outcomes for the combined population. A
Spearman’s rank correlation coefficient was also conducted to analyze the relationship between
anthropometric variables and ACFT outcomes for each sex. The pre-semester vs. post-semester
data also failed the assumption of normality. Therefore, Wilcoxon-signed ranks tests were used
to determine if male and female cadets’ post-semester ACFT scores were significantly different
than their pre-semester scores. Stepwise multinomial logistic regression analyses were conducted
to determine the significant predictors in an equation to determine likelihood of failing (category
0), or scoring in “MODERATE” (category 1), “SIGNIFICANT” (category 2), or “HEAVY”
(category 3) for individual ACFT events and overall ACFT qualification category. The reference
category was set to “HEAVY” (category 3) and the reference MS-class was set to MS-1
(freshmen). The predictors entered into the stepwise multinomial logistic regression analyses

were sex, height, mass, and MS-class.
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Chapter 1V — Results and Discussion
Results

Population Characteristics

In total, complete ACFT scores were received for 1061 cadets from 20 different
universities. Complete ACFT scores and sex of each cadet was received for 1013 cadets,
consisting of 757 males and 256 females. Age was reported for 694 males and 232 females,
height for 502 males and 178 females, and mass for 480 males and 174 females. Age, along with,
all anthropometric measures are shown in Table 1. Data are reported as mean + standard

deviation.

Table 1: Age and anthropometric measures for male and female cadets

Males Females P-value Effect Size
N= 757 256
Age 21.46 £3.27 20.99 +3.34 0.003* 0.14
Height(m) 1.77 £ 0.073 1.63 £0.072 0.000* 1.93
Mass (kg) 77.73 £ 11.65 63.41 £9.97 0.000* 1.32
BMI 24.73 £3.17 23.72 £3.26 0.000* 0.31

Data are presented as Mean + SD
* = denotes significant difference (p < 0.05) from male cadets

ACFT Scores and Sex Differences

Mann-Whitney U analyses showed males and females to be significantly different on all
ACFT events for both raw and scaled scores, deadlift expressed relative to body mass, total
scores, and qualification categories (p < 0.001). Comparisons between sexes for individual event
scores and scaled total scores are located in Figure 1 and Figure 2, respectively. Large effect
sizes were observed for all differences except two-mile run points which exhibited a medium
effect size. Male vs. female means and comparisons are located in Table 2 and Table 3. Overall,
124 females failed the ACFT, representing 48.4% of the total population whereas only 59 males

failed the ACFT, representing 7.8% of the population. Only 3 females (1.1% of all females),
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qualified for the heaviest category, while 379 males (50% of all males), qualified for the heaviest
category (Figure 3).

The leg tuck was the most failed event by females, with a total of 102 failures (39.8%). In
contrast, the two-mile run was the most failed event by males, with a total of 32 failures (4.2%).
The least failed event for both sexes was the hand release push-up with 2 female and 0 male
failures. Percent of each sex that failed per event can be found in Table 4. Percent of males and
females that scored in the “HEAVY” category per event can be found in Table 5. When the leg
tuck was eliminated from the test, only 75 females failed the ACFT (29.29% of population vs.
48.4% when the leg tuck was included) which increased the number of those qualifying for the

moderate category by 41, and those qualifying for the significant category by 8.
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Figure 1: Differences between males and females for ACFT events scored on a 0-100 scale.

Data are presented as mean + SE.
* = denotes significant difference (p < 0.05) from male cadets
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Figure 2: Differences between males and females for total ACFT score.

Data are presented as mean + SE.
* = denotes significant difference (p < 0.05) from male cadets

Table 2: Differences between males and females for ACFT events scored on a 0-100 scale

Males Female P-value  Effect size
DL Points 80.94 + 28.38 60.26 + 14.50 0.000* 0.92
SPT Points 77.89+ 11.58 57.61 +15.01 0.000* 1.51
HRP Points 80.85+ 10.35 71.64 + 8.95 0.000* 0.95
SDC Points 88.78 £ 11.45 65.73 £ 14.83 0.000* 1.74
LT Points 76.12 £ 19.69 4121 £32.27 0.000* 1.31
2MR Points 80.01 + 17.67 64.33+222 0.000* 0.78
Total Points 484.38 + 64.14 361.46 + 70.62 0.000* 1.82
Qual Level 2.11+£1.00 0.57£0.62 0.000* 1.85

Data are presented as mean + SE.
* = denotes significant difference (p < 0.05) from male cadets
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Table 3: Differences between males and females for ACFT raw event performances

Males Female P-value Effect Size
DL Raw (lbs) 248.13 £59.28 155.02 £ 43.14 0.000* 1.79
DL Raw (%BW) 14377 +32.66 114.64 +30.45 0.000* 0.92
SPT Raw (m) 9.21 +3.47 5.55+1.28 0.000* 1.40
HRP Raw (reps)  40.41+11.56 30.21 £11.00 0.000* 0.90
SDC Raw (s) 109.42 + 18.12 147.99 + 26.24 0.000%* 1.71
LT Raw (reps) 9.48 +6.17 2.11+3.15 0.000* 1.50
2MR Raw (s) 977.4 + 143.47 11172+ 148.76  0.000* 0.96

Data are presented as mean + SE.
* = denotes significant difference (p < 0.05) from male cadets
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Figure 3: Percent of males and females qualified for each ACFT category

Table 4: Percent of failures per ACFT event and overall separated by sex

MDL SPT HRP SDC LT 2MR Overall
Male Failures 0.3% 0.7% 0.0% 0.1% 4.0% 4.2% 7.8%
Female Failures 5.5% 16.4% 0.8% 9.8% 39.8% 14.0% 48.4%

Table 5: Percent of cadets scoring in the “HEAVY” category per ACFT event and overall separated by sex

MDL  SPT HRP SDC LT 2MR Overall
Male Heavy 81.8% 72.7% 86.1% 88.8% 77.1% 81.1% 50.0%
Female Heavy 133% 4.7% 57.8% 24.6% 20.7% 44.1% 1.2%
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Military Science Class Comparisons
MS Class and Age, Height, Mass, BMI

MS-class designation was reported for 822 cadets with age and anthropometric averages
presented in Table 6. A Kruskal-Wallis Test with individual Mann-Whitney U post-hoc analyses
showed all MS-classes to be significantly different in age when compared using a manual
Bonferroni calculated significance level of < 0.00833 (0.05 adjusted for number of comparisons).
MS-classes showed no significant difference in height and only MS-2 vs. MS-4 cadets were
significantly different in mass, with MS-4 cadets being heavier, on average (71.8kg + 13.7kg v.
74.8kg + 11.6kg, p=0.000). Likewise, MS-2 and MS-4 cadets presented significantly different
body mass indexes (23.8 +3.5v. 24.7 £ 2.8, p = 0.001) (Table 7-10).

Table 6: MS-class age and anthropometric variables

MS-1 MS-2 MS-3 MS-4
N= 138 159 268 257
Age 18.9+2.0 20.1+22 222+35 23.1+33
Height (m) 1.7+0.3 1.7+0.2 1.7+0.1 1.7+0.1
Mass (kg) 73.4+12.5 71.8+13.7 74.0+12.9 748+ 11.6
BMI 241432 23.8+35 245+3.1 247+28

Data are presented as mean + SD.

Table 7: Age differences between MS-classes, observed effect sizes, and statistical power estimates

Age Comparison Mean £ SD P-value Effect Size 1-B
MS1v. MS2 189+2.0v.20.1+2.2 0.000* 0.57 0.99
MS1v. MS3 189+2.0v.22.2+3.5 0.000* 1.16 1.00
MS 1v.MS4 189+2.0v.23.1+£33 0.000* 1.54 1.00
MS 2 v. MS3 20.1+£22v.222+35 0.000* 0.72 1.00
MS 2 v. MS4 20.1+£22v.23.1+£33 0.000* 1.07 1.00
MS 3 v. MS4 222+35v.23.1+£33 0.000* 0.26 0.78

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes
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Table 8: Height differences between MS-classes, observed effect sizes, and statistical power estimates

Height Comparison (m) Mean £ SD P-value Effect Size 1-B
MS 1 v. MS2 1.7£03v. 1.7£0.2 0318 0.00 0.05
MS1v.MS3 1.7+£03v.1.7+0.1 0.477 0.00 0.05
MS1v. MS4 1.7£03v. 1.7£0.1 0.668 0.00 0.05
MS 2 v. MS3 1.7£02v. 1.7 £0.1 0.573 0.00 0.05
MS 2 v. MS4 1.7£02v.1.7+0.1 0.419 0.00 0.05
MS 3 v. MS4 1.7£0.1v.1.7£0.1 0.721 0.00 0.05

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes

Table 9: Mass differences between MS-classes, observed effect sizes, and statistical power estimates

Mass Comparison (kg) Mean *+ SD P-value Effect Size 1-B
MS 1v. MS2 73.4+£125v.71.8+£13.7 0.120 0.12 0.12
MS 1v. MS3 73.4+125v.74.0+12.9 0.727 0.05 0.06
MS1v. MS4 73.4+125v.748+11.6 0.138 0.12 0.13
MS 2 v. MS3 71.8+13.7v.74.0+12.9 0.051 0.17 0.25
MS 2 v. MS4 71.8£13.7v.748 £ 11.6 0.001* 0.24 0.44
MS 3 v. MS4 74.0£129v.748 £11.6 0.243 0.06 0.09

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes

Table 10: BMI differences between MS-classes, observed effect sides, and statistical power estimates

BMI Comparison Mean £ SD P-value Effect Size 1-p
MS 1 v. MS2 241+£32v.23.8+£35 0.285 0.09 0.09
MS1v.MS3 241+£32v.245+3.1 0.278 0.13 0.15
MS 1 v. MS4 241+£32v.247+£28 0.030 0.20 0.29
MS 2 v. MS3 23.8+3.5v.245+£3.1 0.013 0.21 0.38
MS 2 v. MS4 23.8+35v.247+28 0.001* 0.28 0.59
MS 3 v. MS4 245+£3.1v.247+£2.8 0.263 0.07 0.09

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes

MS Class and Deadlift
Military science classes were not significantly different for the scaled score, raw score, or

relative weight lifted on the three-repetition maximum deadlift (Table 11-13 and Figure 4a).
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MS Class and Standing Power Throw

MS-1 and MS-2 cadets had significantly less standing power throw points and shorter
raw throw distance than MS-3 and MS-4 cadets, with neither the underclassmen nor the
upperclassmen being significantly different from one another (Table 14-15 and Figure 4b).
MS Class and Hand-Release Pushups

Military science classes were not significantly different for both the scaled score and raw
score hand-release pushups (Table 16-17 and Figure 4c).
MS Class and Sprint-Drag-Carry

MS-1 cadets had significantly lower scores (78.1 + 19.0 v. 83.9 £ 15.5, p = 0.002; 78.1 +
19.0v. 84.5 + 14.6, p < 0.001) and slower times (127.1 £ 30.2 v. 117.6 + 25.4, p =0.002; 127.1 +
30.2v. 115.9 £ 22.8, p < 0.001) than the MS-3 and MS-4 cadets, respectively, on the sprint-drag-
carry (Table 18-19 and Figure 4d).
MS Class and Leg Tuck

Military science classes were not significantly different for both the scaled score and raw
score leg tuck event (Table 20-21 and Figure 4e).
MS Class and 2-Mile Run

MS-1 cadets had significantly lower scores (69.6 + 26.4 v. 79.2 + 13.2, p= 0.004; 69.6 +
26.4v.79.1+16.4, p =0.001) and slower times (1059.8 + 195.0 v. 995.0 + 125.7, p =0.002;
1059.8 + 195.0 v. 991.7 + 130.3, p =0.002) than the MS-3 and MS-4 cadets, respectively, on the
two-mile run (Table 22-23 and Figure 4f).
MS Class and Total ACFT Scores

MS-1 cadets also had significantly lower total scores on the ACFT than MS-3 and MS-4

cadets (426.9 + 93.6 v. 463.2 £ 75.4, p < 0.001; 426.9 £ 93.6 v. 464.3 £ 70.1, p < 0.001,
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respectively) (Table 24 and Figure 5). MS-4 cadets had the highest total average but were not
statistically different than MS-3 cadets.
MS Class and Qualification Category

MS-1 cadets had significantly lower average qualification categories, on a scale of 0-3,
than MS-3 and MS-4 cadets (1.38 £1.17v. 1.86 £ 1.11, p<0.001; 1.38 £ 1.17 v. 1.90 £ 1.02, p
< 0.001, respectively) (Table 25). The MS-3 class had the greatest percent of cadets, 41%, reach
the heavy qualification category and the MS-1 class had the greatest percent of cadets, 28%, fail

the test. The MS-4 class had only 9% failures, the least out of all classes (Table 26).

Table 11: MDL points differences between MS-classes

DL Points Comparison Mean *+ SD P-value Effect Size 1-B
MS 1v. MS2 71.2+193v.74.6 £13.7 0.349 0.20 0.35
MS1v. MS3 71.2+19.3v.77.0+14.4 0.016 0.34 0.85
MS 1 v. MS4 71.2+193v.75.8 £13.8 0.104 0.27 0.67
MS 2 v. MS3 746 +13.7v.77.0+14.4 0.158 0.17 0.35
MS 2 v. MS4 74.6 £13.7v.75.8 £13.8 0.467 0.09 0.13
MS 3 v. MS4 77.0+14.4v.75.8 £13.8 0.387 0.09 0.15

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes

Table 12: MDL raw differences between MS-classes

DL Raw Comparison (Ibs) Mean = SD P-value Effect Size 1-B
MS 1 v. MS2 211.1+£73.4v.220.3 £63.6 0.370 0.13 0.19
MS 1v. MS3 211.1+73.4v.231.8+68.4 0.018 0.29 0.73
MS 1v. MS4 211.1+£73.4v.225.8 £66.5 0.111 0.21 0.45
MS 2 v. MS3 220.3+63.6v.231.8+684 0.148 0.17 0.36
MS 2 v. MS4 220.3 +£63.6 v. 225.8 £ 66.5 0.470 0.08 0.12
MS 3 v. MS4 231.8 £68.4v.225.8 £66.5 0.384 0.09 0.16

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes
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Table 13: Relative MDL differences between MS-classes

DL Raw Comparison (%BW) Mean = SD P-value Effect Size 1-B
MS 1v. MS2 1299 £36.5v.136.0£354  0.345 0.17 0.41
MS 1v.MS3 129.9 £36.5v. 140.2+33.9  0.051 0.29 0.86
MS1v.MS4 1299+36.5v.1342+328 0518 0.12 0.31
MS2v.MS3 136.0£354v.1402£339  0.347 0.12 0.32
MS2v. MS4 136.0 +354v.1342+328 0.654 0.05 0.13
MS 3 v. MS4 1402 +339v.1342+328  0.111 0.18 0.64

Data are presented as mean + SD.

* = denotes significant difference (p < 0.00833) between MS-classes

Table 14: SPT points differences between MS-classes
SPT Points Comparison Mean £ SD P-value Effect Size 1-B
MS1v. MS2 68.0+165v.71.4 £13.8 0.171 0.22 0.42
MS1v.MS3 68.0£16.5v.74.0£16.0 0.000* 0.37 0.90
MS1v. MS4 68.0+£16.5v.752 £13.1 0.000* 0.48 0.99
MS 2 v. MS3 71.4+£13.8v.74.0£16.0 0.007* 0.17 0.36
MS 2 v. MS4 71.4+£13.8v. 7521131 0.002* 0.28 0.74
MS 3 v. MS4 74.0+£16.0v.75.2£13.1 0.699 0.08 0.14

Data are presented as mean + SD.

* = denotes significant difference (p < 0.00833) between MS-classes

Table 15: SPT Raw differences between MS-classes
SPT Raw Comparison (m) Mean = SD P-value Effect Size 1-p
MS1v. MS2 75+£23v.79+23 0.190 0.17 0.28
MS1v.MS3 75+23v.85+£24 0.000* 0.42 0.96
MS1v. MS4 75+£23v.86£23 0.000* 0.48 0.99
MS 2 v. MS3 79+23v.85+£24 0.007* 0.26 0.68
MS 2 v. MS4 79+£23v.86123 0.002* 0.30 0.80
MS 3 v. MS4 85+£24v.86x23 0.647 0.04 0.07

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes
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Table 16: HRP points differences between MS-classes

HRP Points Comparison Mean £ SD P-value Effect Size 1-B
MS 1 v. MS2 76.8+£9.1 v.78.6x£10.4 0.184 0.18 0.31
MS1v.MS3 76.8£9.1 v.79.3+£10.7 0.018 0.25 0.61
MS 1 v. MS4 76.8+9.1 v.782+11.9 0.237 0.13 0.21
MS 2 v. MS3 78.6 £104v.79.3 £10.7 0.403 0.26 0.66
MS 2 v. MS4 78.6+104v.782%+119 0.816 0.04 0.06
MS 3 v. MS4 793 +£10.7v.782%11.9 0.259 0.10 0.18

Data are presented as mean + SD.

* = denotes significant difference (p < 0.00833) between MS-classes

Table 17: HRP Raw differences between MS-classes
HRP Raw Comparison (reps) Mean £SD P-value Effect Size 1-B
MS 1v. MS2 36.0+£105v.37.8+11.7 0.185 0.16 0.25
MS 1v. MS3 36.0+105v.39.0+ 115 0.014 0.27 0.67
MS 1v. MS4 36.0+10.5v.37.2+14.3 0.214 0.24 0.56
MS 2 v. MS3 378+ 11.7v.39.0+ 115 0.346 0.10 0.16
MS 2 v. MS4 378+ 11.7v.37.2+£ 143 0.884 0.05 0.07
MS 3 v. MS4 39.0+11.5v.37.24+143 0.249 0.14 0.31

Data are presented as mean + SD.

* = denotes significant difference (p < 0.00833) between MS-classes

Table 18: SDC points differences between MS-classes
SDC Points Comparison Mean £ SD P-value Effect Size 1-B
MS1v. MS2 78.1£19.0v.82.3+14.8 0.085 0.25 0.50
MS1v.MS3 78.1£19.0v.83.9+15.5 0.002* 0.33 0.85
MS1v. MS4 78.1£19.0v.84.5114.6 0.000* 0.38 0.91
MS2v. MS3 823+148v.83.9+155 0.206 0.11 0.16
MS 2 v. MS4 823+ 148v.84.5x+14.6 0.115 0.15 0.28
MS 3 v. MS4 83.9+155v.84.5x14.6 0.880 0.04 0.07

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes
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Table 19: SDC Raw differences between MS-classes

SDC Raw Comparison (s) Mean + SD P-value Effect Size 1-B
MS 1 v. MS2 127.1+£30.2v. 120.4 £25.0 0.078 0.24 0.49
MS1v.MS3 127.1£30.2v. 117.6 £254 0.002* 0.34 0.85
MS1v.MS4 127.1£30.2v. 1159 £22.8 0.000* 0.42 0.96
MS 2 v. MS3 1204+25.0v. 117.6 £254 0.184 0.11 0.18
MS 2 v. MS4 1204+£25.0v. 1159 £22.8 0.103 0.19 0.41
MS 3 v. MS4 117.6+254v.1159+£22.8 0.877 0.07 0.12

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes

Table 20: LT points differences between MS-classes

LT Points Comparison Mean = SD P-value  Effect Size 1-B
MS 1 v. MS2 63.2+30.6 v.65.0 £28.1 0.714 0.06 0.08
MS1v. MS3 63.2+30.6v.69.9+269 0.021 0.23 0.54
MS 1 v. MS4 63.2+30.6v.71.5+£23.0 0.025 031 0.77
MS 2 v. MS3 65.0 +£28.1v.69.9 £26.9 0.029 0.18 0.38
MS 2 v. MS4 65.0£28.1v.71.5+23.0 0.047 0.25 0.64
MS 3 v. MS4 69.9+£26.9v.71.5 +£23.0 0.805 0.06 0.10

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes

Table 21: LT Raw differences between MS-classes

LT Raw Comparison (reps) Mean = SD P-value Effect Size 1-B
MS 1 v. MS2 6.8+63v.7.0+£59 0.605 0.03 0.06
MS 1 v. MS3 6.8+63v.83+6.5 0.025 0.23 0.55
MS 1 v. MS4 6.8+63v.8.1+6.3 0.025 0.21 0.44
MS 2 v. MS3 70£59v.8316.5 0.052 0.21 0.49
MS 2 v. MS4 70+£59v.8.1+£63 0.070 0.18 0.38
MS 3 v. MS4 83+65v.8.1+6.3 0.869 0.03 0.06

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes
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Table 22: 2MR points differences between MS-classes

2MR Points Comparison Mean + SD P-value Effect Size 1-B
MS 1 v. MS2 69.6 £26.4v.75.2£20.2 0.232 0.24 047
MS1v.MS3 69.6 £26.4v.79.2+13.2 0.004* 0.46 0.98
MS1v.MS4 69.6 £26.4v.79.1 £16.4 0.001* 043 0.97
MS 2 v. MS3 75.2+£20.2v.79.2 £13.2 0.108 0.23 0.58
MS 2 v. MS4 75.2+20.2v.79.1 £16.4 0.038 0.21 0.50
MS 3 v.MS4 79.2+13.2v.79.1 £16.4 0.533 0.01 0.05

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes

Table 23: 2MR raw differences between MS-classes

2MR Raw Comparison (s) Mean + SD P-value EffectSize 1-P
MS 1 v. MS2 1059.8+£195.0v. 10145+174.8 0.168 0.24 0.49
MS 1 v. MS3 1059.8+195.0v. 995.0+125.7 0.002* 0.39 0.93
MS 1 v. MS4 1059.8 £ 195.0 v. 991.7 +£130.3 0.002* 0.41 0.95
MS 2 v. MS3 10145+ 174.8 v. 995.0+125.7 0.112 0.13 0.22
MS 2 v. MS4 10145+ 1748 v. 991.7 £130.3 0.087 0.15 0.27
MS 3 v. MS4 995.0+ 125.7v. 991.7 £130.3 0.873 0.03 0.06

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes

Table 24: Total points differences between MS-classes

Total Points Comparison Mean £+ SD P-value Effect Size 1-
MS 1 v. MS2 426.9 £93.6 v. 451.4+ 96.5 0.146 0.26 0.54
MS 1 v. MS3 426.9+93.6v. 463.2+ 754 0.000* 0.43 0.97
MS 1 v. MS4 426.9 +£93.6 v. 464.3 + 70.1 0.000* 0.45 0.98
MS 2 v. MS3 451.4+96.5v.463.2+ 754 0.019 0.13 0.24
MS 2 v. MS4 451.4+£96.5 v. 464.3 £ 70.1 0.028 0.15 0.29
MS 3 v. MS4 463.2+754v.464.3170.1 0.830 0.02 0.05

Data are presented as mean + SD.
* = denotes significant difference (p < 0.00833) between MS-classes
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Table 25: Total Qualification differences between MS-classes

Total Qual Comparison Mean £ SD P-value  EffectSize 1-8
MS1v.MS2 1.38+1.17v. 1.58 £ 1.16 0.139 0.17 0.42
MS 1 v. MS3 138+ 1.17v.1.86 £ 1.11 0.000* 0.42 0.99
MS 1 v. MS4 138+ 1.17v.1.90 £ 1.02 0.000* 0.47 1.00
MS 2 v. MS3 1.58+1.16v.1.86x1.11 0.017 0.25 0.78
MS 2 v. MS4 1.58 £ 1.16 v. 1.90 £ 1.02 0.006 0.29 0.88
MS 3 v. MS4 1.86 £1.11v. 1.90 £ 1.02 0.776 0.04 0.11
Data are presented as mean + SD
* = denotes significant difference (p < 0.00833) between MS-classes
Table 26: Percent of each MS-class that scored in each qualification category
MS-1 MS-2 MS-3 MS-4
Fail 28.3% 22.6% 14.2% 9.3%
Moderate 32.6% 28.3% 27.2% 29.2%
Significant 11.6% 17.0% 17.2% 23.3%
Heavy 27.5% 32.1% 41.4% 38.1%
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Figure 4: Differences between MS-classes for individual events points

Data are represented as mean + SE.
* = denotes significant difference (p < 0.00833) compared to MS-1 class
+ = denotes significant difference (p < 0.00833) compared to MS-2 class
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Figure 5: Differences between MS-classes for total ACFT scores

Data are represented as mean + SE.
* = denotes significant difference (p < 0.00833) compared to MS-1 class

Anthropometric Correlations

Height, mass, and BMI were all significantly correlated (p < 0.05) with ACFT outcomes
except for BMI vs. leg tuck raw scores, leg tuck points, and the two-mile run (Table 27-28).
Height had moderate positive correlations (Rs > 0.5) with three-repetition maximum deadlift raw
scores and standing power throw raw scores and a moderate negative correlation with sprint-
drag-carry raw scores (Rs = 0.502, 0.618, and -0.593, respectively) (Table 27). Additionally,
height had moderate positive correlations with standing power throw points, sprint-drag-carry
points, and total ACFT scores (Rs = 0.604, 0.584, and 0.514, respectively) (Table 27). Mass had
moderate positive correlations with three-repetition maximum deadlift raw scores and standing
power throw raw scores and moderate negative correlations with sprint-drag-carry raw scores (Rs
=0.583, 0.643, and -0.512, respectively) (Table 28 and Figure 7a-c). Furthermore, mass had
moderate positive correlations with three-repetition maximum deadlift points, standing power

throw points, and sprint drag carry points (Rs = 0.580, 0.634, and 0.503, respectively) (Table 28
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and Figure 7d-f). Total ACFT scores exhibited a moderate correlation with mass, Rs = 0.444

(Figure 6). When separated by sex, anthropometric measures showed statistically significant, but

weak to moderate, correlations with ACFT outcomes (Table 29-32).

Table 27: Spearman Rho values for correlations between ACFT event points and anthropometric variables

DL Pts SPT Pts HRP Pts

SDC Pts LT Pts 2MRPts  Total Pts Qual

Height 0.499% 0.604* 0.178*
Mass 0.580* 0.634* 0.195%
BMI 0.343* 0.323* 0.107*

0.584* 0.257* 0.320*
0.503* 0.172* 0.155%
0.173* -0.002 -0.065

0.514* 0.470%*
0.444* 0.379*
0.148* 0.098*

* = denotes statistically significant (p < 0.05)
Bold = denotes moderate (> 0.5) correlations

Table 28: Spearman Rho values for correlations between ACFT event raw scores and anthropometric variables

DL Raw SPT Raw HRP Raw SDC Raw LT Raw 2MR Raw
Height 0.502* 0.618* 0.166* -0.593* 0.245* -0.325%*
Mass 0.583* 0.643* 0.182* -0.512% 0.173* -0.150*
BMI 0.343* 0.325* 0.099* -0.176* 0.009 0.077*

* = denotes statistically significant (p < 0.05)
Bold = denotes moderate (> 0.5) correlations

700
600
500
r,=0.444

400

300

Total ACFT Points

200

100

40

60 80 100 120
Mass (kg)

140

Figure 6: Total ACFT scores plotted versus mass, with trendline
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Table 29: Spearman’s Rho values for correlations between males” ACFT event points and anthropometric variables

Males DL Pts SPT Pts HRP Pts SDC Pts LT Pts 2MR Pts Total Pts Qual
Height 0.181* 0.351* -0.065 0.315* 0.026 0.081 0.188* 0.169*
Mass 0411* 0.488%* 0.046 0.263* -0.074 -0.062 0.206* 0.142*
BMI 0.354%* 0.325% 0.080 0.087 -0.113% -0.129* 0.098* 0.035

* = denotes statistically significant (p < 0.05)

Table 30: Spearman’s Rho values for correlations between males” ACFT event raw scores and anthropometric
variables

Males DL Raw SPT Raw HRP Raw SDC Raw LT Raw 2MR Raw
Height 0.188* 0.356* -0.066 -0.324* 0.009 -0.085
Mass 0.419* 0.489* 0.044 -0.271* -0.076 0.072
BMI 0.357* 0.322* 0.079 -0.090* -0.099* 0.150*

* = denotes statistically significant (p < 0.05)

Table 31: Spearman’s Rho values for correlations between females” ACFT event points and anthropometric
variables

Females DL Pts SPT Pts HRP Pts SDC Pts LT Pts 2MR Pts Total Pts Qual
Height 0.238%* 0.291* -0.126 0.259* -0.069 -0.056 0.098 0.069
Mass 0.282%* 0.405* -0.118 0.243%* -0.114 -0.283* -0.028 -0.026
BMI 0.197* 0.275* -0.028 0.118 -0.112 -0.277* -0.097 -0.082

* = denotes statistically significant (p < 0.05)

Table 32: Spearman’s Rho values for correlations between females” ACFT event raw scores and anthropometric
variables

Females DL Raw SPT Raw HRP Raw SDC Raw LT Raw 2MR Raw
Height 0.231* 0.341* -0.151* -0.286* -0.073 0.041
Mass 0.273* 0.442* -0.149* -0.251* -0.117 0.259*
BMI 0.192* 0.283* -0.054 -0.116 -0.114 0.258*

* = denotes statistically significant (p < 0.05)

Pre and Post ACFT Comparisons

Pre- and post-semester test scores were obtained for 95 cadets from two universities,
which included 74 males and 21 females. A Wilcoxon signed ranks test was used to determine if
differences results from training across the Fall semester. Males significantly improved 3RM
deadlift raw scores, SDC raw scores, 3RM deadlift points, SDC points, and 2MR points (p <
0.001) (Table 33 and Figure 8). Additionally, male cadets significantly improved their total

ACFT score and their average qualification category (p < 0.001) (Figure 10). Female cadets
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significantly improved their SDC raw score, LT raw score, SPT points, SDC points, and LT

points (Table 34 and Figure 9). Furthermore, female cadets significantly improved their total

ACFT score and their average qualification category (p < 0.001 and p = 0.046, respectively)

(Figure 10).

Table 33: Differences between males’ pre- and post-semester ACFT scores

Males Pre Post P-Value Effect Size 1-B
DL Raw (Ibs) 236.96 + 61.89 255.00 + 62.95 0.000* 0.30 0.67
SPT Raw (m) 8.31+2.04 8.45+1.99 0.198 0.07 0.08
HRP Raw (reps) 38.51 +11.42 39.22 +10.59 0.478 0.06 0.08
SDC Raw (s) 124.17 £20.12 113.92 +15.7 0.000* 0.56 0.99
LT Raw (reps) 791 + 6.49 8.47 +6.40 0.161 0.09 0.11
2MR Raw (s) 1021.28 + 155.43  1002.77 +126.97 0.074 0.13 0.17
DL Points 77.93 +12.42 81.65 +12.91 0.000* 0.29 0.64
SPT Points 73.84 + 10.67 7491 +11.15 0.109 0.10 0.12
HRP Points 79.30 + 10.09 79.72 +9.82 0.521 0.04 0.06
SDC Points 79.51 + 12.54 85.35+11.33 0.000* 0.49 0.97
LT Points 67.15 +28.93 70.89 +25.99 0.053 0.14 0.19
2MR Points 74.22 +22.03 77.66 +16.91 0.024* 0.17 0.27
Total Points 451.95+72.39 470.18 + 64.93 0.000* 0.26 0.55
Qualify Level 1.66 + 1.09 2.04+1.05 0.000* 0.35 0.80

Data are presented as mean + SD

* = denotes statistical difference (p < 0.05) between pre- and post- semester scores
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Table 34: Differences between females’ pre- and post-semester ACFT scores

Females Pre Post P-value Effect Size 1-B
DL Raw (lbs) 141.90 £ 15.04 136.67 £47.26 0.130 0.13 0.08
SPT Raw (m) 455+1.25 493 £0.83 0.092 0.34 0.28
HRP Raw (reps) 28.24 £7.95 31.05£7.57 0.052 0.36 0.31
SDC Raw (s) 178.00 = 50.78 147.29 £26.34 0.000* 0.70 0.80
LT Raw (reps) 0.81+1.36 1.57 £2.13 0.032* 0.41 0.37
2MR Raw (s) 1118.57 £ 196.67 1098.86 + 184.98 0.159 0.10 0.07
DL Points 59.14 £7.03 56.05 £18.75 0.130 0.19 0.12
SPT Points 3943 £27.26 53.76 £ 14.79 0.034* 0.60 0.68
HRP Points 70.14 £ 5.66 72.09 £6.41 0.094 0.32 0.25
SDC Points 48.95 £ 28.34 67.24 £13.6 0.000* 0.75 0.85
LT Points 18.43 + 29.88 36.62 £32.72 0.011* 0.58 0.64
2MR Points 60.38 £32.13 61.38 £32.31 0.318 0.03 0.05
Total Points 296.48 + 96.83 347.14 £80.36 0.000* 0.56 0.62
Qualify Level 0.19+ 040 0.38 +£0.50 0.046* 042 0.39
Data are presented as mean + SD
* = denotes statistical difference (p < 0.05) between pre- and post- semester scores
2
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Figure 8: Differences in males’ individual event scores from pre- to post-semester

* = denotes statistical difference (p < 0.05) between pre- and post- semester scores
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Figure 9: Differences in females’ individual event scores from pre- to post- semester

* = denotes significant difference pre- to post-test (p < 0.05)
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Figure 10: Differences between total ACFT scores from pre- to post- semester for each sex

* = denotes statistical difference between pre- and post- semester scores (p < 0.05)
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Multinomial Logistic Regression
Cadets’ military science class, height, and mass were reported for 424 males and
155 females. This group consisted of 194 MS-4, 188 MS-3, 112 MS-2, and 84 MS-1 cadets.
Three-Repetition Maximum Deadlift
Multinomial logistic stepwise regression was used to create a model that represented a
significant improvement in fit relative to the null model for three-repetition maximum deadlift
category qualified for (LR y? (18) = 456.358, p < 0.001). Based on McFadden’s Pseudo R-
Square, the full model containing our predictors resulted in a 31.6% improvement in fit relative
to the null model. The overall classification accuracy of the model was 80% with 0% correct
failure, 65.8% correct moderate, 0% correct significant, and 94.5% correct heavy predictions.
Mass
Among all cadets, those with greater mass were less likely to “FAIL” (B = -0.309,
Exp(B) =0.734, p < 0.001), to score in the “MODERATE” category (B =-0.080, Exp(B) =
0.923, p < 0.001, or to score in “SIGNIFICANT” category (B =-0.065, Exp(B) =0.937, p =
0.002) when compared to cadets with less mass (Table 35).
Sex
When considering MDL performance, in light of sex, females were significantly more
likely to either score in the “MODERATE” (B = 2.776, Exp(B) = 16.059, p <0.001) and
“SIGNIFICANT” (B = 2.672, Exp(B) = 14.473, p < 0.001) categories compared to their male

counterparts.
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Table 35: Significant stepwise multinomial regression results for MDL

DL Level B SE Sig. Exp (B)
N=579
0 Intercept 14.724 4.533 0.001
Mass -0.309 0.075 0.000 0.734
1 Intercept 4.037 1.031 0.000
Sex 2.776 0.297 0.000 16.059
Mass -0.080 0.014 0.000 0.923
2 Intercept 1.585 1.023 0.312
Sex 2.672 0.453 0.000 14.473
Mass -0.065 0.021 0.002 0.937

In reference to “3”

Standing Power Throw

Multinomial logistic stepwise regression was able to create a model that represented a
significant improvement in fit relative to the null model for standing power throw category
qualified for (LR y?(18) = 456.387, p < 0.001). Based on McFadden’s Pseudo R-Square, the full
model containing our predictors resulted in a 35.7% improvement in fit relative to the null
model. The overall classification accuracy of the model was 72.4% with 7.1% correct failure,
77.2% correct moderate, 0% correct significant, and 96.6% correct heavy predictions.
Sex

In SPT performance, females were far more likely to “FAIL” (B = 4.781, Exp(B) =
119.250, p < 0.001), score in the "’MODERATE” (B = 4.067, Exp(B) = 58.364, p < 0.001) , or
score in the “SIGNIFICANT” (B = 2.477, Exp(B) = 11.909, p < 0.001) category, compared to
males (Table 36).
Height

Cadets with greater height are less likely to “FAIL” (B = 09.977, Exp(B) = 4.644 e-5, p =
0.015) or score in the “MODERATE” (B = -7.120, Exp(B) = 0.001, p = 0.006) category than

shorter cadets.
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Mass

Cadets with greater mass are less likely to “FAIL” (B =-0.176, Exp(B) = 0.838, p <
0.001), or score in the “MODERATE” (B = -0.102, Exp(B) = 0.903, p = 0.000) or
“SIGNIFICANT” (B = -0.046, Exp(B) = 0.955, p = 0.003) category than cadets with less mass.
MS-Class

MS-4 cadets are less likely to “FAIL” (B = -3.291, Exp(B) = 0.037, p < 0.001) or score in
the “MODERATE” (B = -1.945, Exp(B) = 0.143 p = 0.000) or “SIGNIFICANT” (B =-0.932,
Exp(B) = 0.394, p = 0.015) category of the SPT. Similarly, MS-3 cadets are less likely to
“FAIL” (B =-3.347, Exp(B) = 0.035, p = 0.012) or score in the “MODERATE” (B =-2.517,
Exp(B) = 0.081, p < 0.001) or “SIGNIFICANT” (B = -1.445, Exp(B) = 0.236, p = 0.001)
category. MS-2 cadets are less likely to “FAIL” the SPT than MS-1 cadets (B =-2.025, Exp(B) =

0.132, p = 0.012).
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Table 36: Significant stepwise multinomial regression results for SPT

SPT Level B SE Sig. Exp (B)

N=579

0 Intercept 27.065 6.363
Sex 4.781 0.874 0.000 119.250
Height -9.977 4.087 0.015 4.644 e-5
Mass -0.176 0.037 0.000 0.838
MS-4 -3.291 0.805 0.000 0.037
MS-3 -3.347 0.759 0.000 0.035
MS-2 -2.025 0.802 0.012 0.132

1 Intercept 19.219 4.270
Sex 4.067 0.511 0.000 58.364
Height -7.120 2.610 0.006 0.001
Mass -0.102 0.021 0.000 0.903
MS-4 -1.945 0.473 0.000 0.143
MS-3 -2.517 0.510 0.000 0.081

2 Intercept 7.776 3.449
Sex 2.477 0.498 0.000 11.909
Mass -0.046 0.015 0.003 0.955
MS-4 -0.932 0.384 0.015 0.394
MS-3 -1.445 0.418 0.001 0.236

In reference to “3”

Hand Release Push-ups

Multinomial logistic stepwise regression was able to create a model that represented a
significant improvement in fit relative to the null model for hand release push-ups category
qualified for (LR ?(12) = 94.170, p < 0.001. Based on McFadden’s Pseudo R-Square, the full
model containing our predictors resulted in a 12.3% improvement in fit relative to the null
model. The overall classification accuracy of the model was 78.7% with 2% correct moderate,
4% correct significant, and 99.3% correct heavy predictions. Only one cadet failed the HRP.

Thus, this data point and the “FAIL” category were removed from the model.
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Sex

Female cadets were more likely to score in the “MODERATE” (B = 1.800, Exp(B) =
6.048, p < 0.001) or “SIGNIFICANT” (B = 1.799, Exp(B) = 6.042, p < 0.001) category for HRP
than males (Table 37).
MS-Class

MS-4 cadets were less likely to score in the “SIGNIFICANT” (B =-0.867, Exp(B) =
0.420, p = 0.026) category of HRP. Similarly, MS-3 cadets were less likely to score in the
“MODERATE” (B = -1.155, Exp (B) = 0.315, p = 0.040) or “SIGNIFICANT” (B = -1.335,
Exp(B) = 0.263, p = 0.001) category.

Table 37: Significant stepwise multinomial regression results for HRP

HRP Level B SE Sig. Exp (B)

N =578

1 Intercept -0.651 4.108 0.874
Sex 1.800 0.452 0.000 6.048
MS-3 -1.155 0.562 0.040 0.315

2 Intercept -7.069 3.576
Sex 1.799 0.375 0.000 6.042
MS-4 -0.867 0.388 0.026 0.420
MS-3 -1.335 0.400 0.001 0.263

In reference to ““3”

Sprint-Drag-Carry

Multinomial logistic stepwise regression was able to create a model that represented a
significant improvement in fit relative to the null model for sprint-drag-carry category qualified
for (LR ?(15) = 349.045, p < 0.001. Based on McFadden’s Pseudo R-Square, the full model
containing our predictors resulted in a 36.8% improvement in fit relative to the null model. The
overall classification accuracy of the model was 79.1% with 0% correct failure, 41.8% correct

moderate, 38.6% correct significant, and 94.6% correct heavy predictions.
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Sex

Female cadets were more likely to score in the “MODERATE” (B = 3.442, Exp(B) =
31.251, p < 0.001) and “SIGNIFICANT” (B = 2.751, Exp(B) = 15.651, p < 0.001) category of
the SDC than male cadets (Table 38).
Height

Cadets with greater height are less likely to “FAIL” (B =-18.904, Exp(B) = 6.166 e-9, p
=0.000) or score in the “MODERATE” (B = -14.240, Exp(B) = 6.54 e-7, p < 0.001) or
“SIGNIFICANT” (B =-6.992, Exp(B) = 0.001, p = 0.001) categories of the SDC.
MS-Class

MS-4 cadets are less likely to “FAIL” (B = -3.498, Exp(B) = 0.030, p = 0.001) the SDC
or score in the “MODERATE” (B= -3.431, Exp(B) = 0.032, p < 0.001) or “SIGNIFICANT” (B =
-1.832, Exp(B) = 0.160, p < 0.001) categories. Likewise, MS-3 cadets are less likely to “FAIL”
(B =-3.441, Exp(B) = 0.032, p =0.001) or score in the “MODERATE” (B = -2.295, Exp(B) =
0.101, p <0.001) or “SIGNIFICANT” (B =-1.999, Exp(B) = 0.135, p < 0.001) categories of the
SDC. MS-2 cadets are less likely to score in the “MODERATE” (B = -1.534, Exp(B) = 0.216, p

=0.011) or “SIGNIFICANT” (B =-1.306, Exp(B) = 0.271, p = 0.005) SDC categories.
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Table 38: Significant stepwise multinomial regression results for SDC

SDC Level B SE Sig. Exp (B)

N=579

0 Intercept 12.104 7.496 0.106
Height -18.904 4.638 0.000 6.166 e-9
MS-4 -3.498 1.087 0.001 0.030
MS-3 -3.441 1.077 0.001 0.032

1 Intercept 22.461 5.037 0.000
Sex 3.442 0.555 0.000 31.251
Height -14.240 2.898 0.000 6.54e-7
MS-4 -3.431 0.669 0.000 0.032
MS-3 -2.295 0.581 0.000 0.101
MS-2 -1.534 0.606 0.011 0.216

2 Intercept 11.026 3.821 0.004
Sex 2.751 0.373 0.000 15.651
Height -6.992 2.156 0.001 0.001
MS-4 -1.832 0.436 0.000 0.160
MS-3 -1.999 0.450 0.000 0.135
MS-2 -1.306 0.465 0.005 0.271

In reference to “3”

Leg Tuck

Multinomial logistic stepwise regression was able to create a model that represented a
significant improvement in fit relative to the null model for leg tuck category qualified for (LR
v2(18) =241.900, p < 0.000). Based on McFadden’s Pseudo R-Square, the full model containing
our predictors resulted in a 20.6% improvement in fit relative to the null model. The overall
classification accuracy of the model was 69.6% with 22.6% correct failure, 48.3% correct
moderate, 0% correct significant, and 90.5% correct heavy predictions.
Sex

Female cadets were more likely to “FAIL” (B =4.471, Exp(B) = 87.465, p < 0.001) or
score in the “MODERATE” (B = 3.248, Exp(B) =25.737, p < 0.001) category of the LT (Table

39).
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Height

Cadets with greater height were less likely to “FAIL” (B = -8.063, Exp(B) = 0.000, p =
0.006) the LT.
Mass

Cadets with greater mass were more likely to “FAIL” (B = 0.099, Exp(B) = 1.104, p <
0.001) or score in the “MODERATE” (B = 0.044, Exp(B) = 1.045, p = 0.001) category of the
LT.
MS-Class

MS-4 cadets were less likely to “FAIL” (B = -2.147, Exp(B) = 0.117, p < 0.001) or score
in the “MODERATE” (B = -0.897, Exp(B) = 0.408, p = 0.016) LT category. Likewise, MS-3
cadets were less likely to “FAIL” (B =-1.781, Exp(B) = 0.168, p = 0.001) or score in the

“MODERATE” (B = -1.231, Exp(B) = 0.292, p = 0.001) LT category.

Table 39: Significant stepwise multinomial regression results for LT

LT Level B SE Sig. Exp (B)
N=579
0 Intercept 4.009 4.447 0.367
Sex 4.471 0.578 0.000 87.465
Height -8.063 2.927 0.006 0.000
Mass 0.099 0.020 0.000 1.104
MS-4 -2.147 0.580 0.000 0.117
MS-3 -1.781 0.537 0.001 0.168
1 Intercept -1.200 3.145 0.703
Sex 3.248 0.379 0.000 25.737
Mass 0.044 0.014 0.001 1.045
MS-4 -0.897 0.374 0.016 0.408
MS-3 -1.231 0.385 0.001 0.292
2 Intercept -1.138 4.356 0.794

In reference to “3”
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Two-Mile Run

Multinomial logistic stepwise regression was able to create a model that represented a
significant improvement in fit relative to the null model for two-mile run category qualified for
(LR %?(15) = 150.653, p < 0.001). Based on McFadden’s Pseudo R-Square, the full model
containing our predictors resulted in a 15.0% improvement in fit relative to the null model. The
overall classification accuracy of the model was 73.4% with 14.3% correct failure, 12.9% correct
moderate, 0% correct significant, and 97.2% correct heavy predictions.
Sex

Female cadets were more likely to “FAIL” (B = 2.769, Exp(B) = 15.939, p < 0.001) and
score in the “MODERATE” (B = 3.181, Exp(B) = 24.080, p < 0.001) and “SIGNIFICANT” (B =
1.566, Exp(B) = 4.788, p < 0.001) categories of the 2MR (Table 40).
Mass

Those with greater mass were more likely to “FAIL” (B = 0.044, Exp(B) = 1.045, p =
0.007) and score in the “MODERATE” (B = 0.056, Exp(B) = 1.058, p < 0.001) category of the
2MR.
MS-Class

MS-4 cadets were less likely to “FAIL” (B =-2.417, Exp(B) = 0.089, p < 0.001) or score
in the “MODERATE” (B =-1.194, Exp(B) = 0.303, p = 0.012) category of the 2MR. Likewise,
MS-3 cadets were less likely to “FAIL” (B =-2.682, Exp(B) = 0.068, p < 0.001) or score in the
“MODERATE” (B =-1.159, Exp(B) = 0.314, p = 0.011) category of the 2MR. MS-2 cadets
were less likely to “FAIL” (B =-0.997, Exp(B) = 0.369, p = 0.042) and more likely to score in

the “SIGNIFICANT” (B = 1.579, Exp(B) = 4.849, p = 0.044) category of the 2MR.
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Table 40: Significant stepwise multinomial regression results for 2MR

2MR Level B SE Sig. Exp (B)
N =579
0 Intercept -5.208 1.370 0.000
Sex 2.769 0.490 0.000 15.939
Mass 0.044 0.017 0.007 1.045
MS-4 -2.417 0.564 0.000 0.089
MS-3 -2.682 0.573 0.000 0.068
MS-2 -0.997 0.490 0.042 0.369
1 Intercept -6.569 1.158 0.000
Sex 3.181 0.403 0.000 24.080
Mass 0.056 0.013 0.000 1.058
MS-4 -1.194 0.473 0.012 0.303
MS-3 -1.159 0.454 0.011 0.314
2 Intercept -4.250 1.311 0.001
Sex 1.566 0.381 0.000 4.788
MS-2 1.579 0.783 0.044 4.849

In reference to “3”

Overall Qualification Category

Multinomial logistic stepwise regression was able to create a model that represented a

significant improvement in fit relative to the null model for the overall ACFT qualified category

for (LR y2(18) = 345.850, p < 0.001). Based on McFadden’s Pseudo R-Square, the full model

containing our predictors resulted in a 22.5% improvement in fit relative to the null model. The

overall classification accuracy of the model was 54.9% with 40.7% correct failure, 47.7% correct

moderate, 0% correct significant, and 93.8% correct heavy predictions.

Sex

Female cadets were more likely to “FAIL” (B = 6.180, Exp(B) = 483.000, p < 0.001) and

score in the “MODERATE” (B =4.787, Exp(B) = 119.882, p < 0.001) and “SIGNIFICANT” (B

=2.719, Exp(B) = 15.169, p = 0.012) categories of the ACFT (Table 41).
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Height

Cadets with greater height were less likely to “FAIL” (B = -10.885, Exp(B) = 1.873 e-5,
p < 0.001) or score in the “MODERATE” (B = -4.653, Exp(B) = 0.010, p = 0.022) category.
Mass

Cadets with greater mass are more likely to “FAIL” (B = 0.041, Exp(B) =1.042, p <
0.001) the ACFT than score in the “HEAVY” category.
MS-Class

MS-4 cadets were less likely to “FAIL” (B =-2.863, Exp(B) = 0.057, p = 0.000) or score
in the “MODERATE” (B = -1.025, Exp(B) = 0.359, p = 0.005) category of the ACFT. Similarly,
MS-3 cadets were less likely to “FAIL” (B = -2.874, Exp(B) = 0.056, p < 0.001) or score in the

“MODERATE” (B = -1.659, Exp(B) = 0.190, p < 0.001) category.

Table 41: Significant stepwise multinomial regression results for overall qualification

Overall B SE Sig. Exp (B)

N=579

0 Intercept 15.509 4284 0.000
Sex 6.180 1.082 0.000 483.000
Height -10.885 2.755 0.000 1.873e-5
Mass 0.041 0.018 0.019 1.042
MS-4 -2.863 0.521 0.000 0.057
MS-3 -2.874 0.497 0.000 0.056

1 Intercept 9.443 3.243 0.004
Sex 4.787 1.039 0.000 119.882
Height -4.653 2.037 0.022 0.010
MS-4 -1.025 0.365 0.005 0.359
MS-3 -1.659 0.384 0.000 0.190

2 Intercept 4.846 3.247 0.136
Sex 2.719 1.086 0.012 15.169

In reference to “3”
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Discussion

The purpose of this study was to identify whether sex-based and experience-based
differences exist in ACFT scores within a cohort that regularly conducts military-based physical
training and if present, where those differences occurred. Additionally, the purpose of this study
was to identify possible relationships between anthropometric variables and ACFT outcomes.
Upon receiving pre- and post- semester ACFT scores for two universities, an additional purpose
of this study was to analyze whether cadets” ACFT performances were affected by a semester of
physical training. This investigation was a cross-sectional retrospective data analysis that
examined the ACFT scores of cadets from Cadet Command’s 5" BDE. The main findings were:
1) Males performed significantly better than females on the ACFT. 2) Upperclassmen cadets
performed significantly better on the ACFT than underclassmen cadets. 3) Height, mass, and
BMI were significantly, and in some cases, moderately correlated with ACFT performance. 4)
Cadets performed significantly better in some, but not all, ACFT events after a semester of
training. 5) Odds ratios determined sex to be the most likely factor in determining ACFT

performance.

Age and Anthropometric Variables
Sex Differences

Males and females were statistically significantly different in age. However, the observed
effect size was minimal at 0.14. In the context of this study, age was not used as a potential
predictor of military experience because an MS-1 (freshman) cadet could be older than an MS-4
(senior) cadet. Therefore, age differences, though significant, are not of great importance in the

current study.
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Consistent with previous research, males and females had significantly different heights,
with males being taller on average. The observed effect size of this difference, 1.93, was the
largest amongst the anthropometric variables examined. Foundational research on the
physiological differences between sexes identified height disparities stemming from pre-pubertal
and pubertal growth characteristics (Marshall & Tanner, 1969, 1970). The greater height that
males possess may provide an advantage in performance of physical fitness events. This concept
will be examined at length later in the discussion.

The variables in this study were limited to easily observable anthropometrics. Thus, FM
and FFM were not obtained from the cadets. Body mass and BMI are still currently used by the
Army. Therefore, these variables provide the researchers with the same information that
university ROTC programs and Army units commonly have access to. As differences in height
would lead one to expect, males and females also had significantly different body masses with
males being approximately 14kg heavier. While exact composition of the body mass cannot be
determined, the overall greater average mass of males may be attributed to more muscle mass
than the female cadets. Likewise, the lower body mass observed in the females may be attributed
to, but cannot be exactly determined, less muscle mass than the male cadets.

Male cadets, on average, had a BMI that was 1.0 kg/m? greater than that of female cadets.
This statistically significant difference resulted in a small effect size of 0.31. Regardless, this
result is congruent with some literature and incongruent with other literature. Similar to the
current study, male enlisted soldiers and officers had greater BMI than female enlisted soldiers
and officers (Canino et al., 2018). However, in an analysis of 101% Airborne soldiers, females
were found to have greater BMI than males (Allison et al., 2015). A recent investigation using a

similar population as the current study, found no difference between the sexes for BMI in ROTC
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cadets (Draicchio et al., 2020). The current findings are important additions to the literature
surrounding BMI differences and if they consistently exist between male and female cadets and
soldiers.
MS-Class Differences

To our knowledge, there is no published research related to differences between military
science classes based on anthropometric variables or fitness performance. Therefore, the results
of this study are unique and may provide valuable insight into MS-class similarities and
differences. As expected, MS-classes were all significantly different in average age with MS-1
cadets being the youngest, MS-4 being the oldest, and MS-2 and MS-3 falling in line between.
As previously mentioned, differences in age do not necessarily correspond with differences in
military experience. Therefore, no further analysis was conducted analyzing age and its effects.

MS-classes were not significantly different in height, despite upperclassmen cadets being
significantly older than underclassmen cadets. This may be due to males and females reaching
their peak height during or before their first year of ROTC participation. Body mass was only
significantly different between MS-2 and MS-4 classes. The MS-4 cadets were, on average, 3kg
heavier. MS-1 cadets, though not statistically different, had greater body mass than MS-2 cadets,
who had the least body mass out of all classes. This decrease in body mass from MS-1 to MS-2
may be due to physical training that serves to decrease the body fat of freshmen. Consequently,
this same physical training may also increase the muscle mass of cadets the longer they are in
ROTC, as MS-3 cadets’ mass was greater than MS-2, and MS-4 was greater than MS-3. As
previously mentioned with sex differences, differences in body mass may be due to FM or FFM.

Therefore, this study lacks the ability to determine if the statistically greater mass in the seniors
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is advantageous. Not surprisingly, BMI coincided with the body mass as MS-4 and MS-2 cadets

were also the only class comparison that was significantly different.

Three-Repetition Maximum Deadlift

The three-repetition maximum deadlift (MDL) was designed by the Army to test lower
body strength while also reflecting a movement similar to lifting and carrying a casualty on a
litter and moving one’s own equipment (Headquarters Center for Initial Military Training, 2019).
Isometric peak deadlift force has been connected with successful performance on dummy
casualty evacuations and lower body strength has been significantly correlated with occupational
tasks such as box lifts and load carriage (Hydren et al., 2017; Poser et al., 2019; Szivak et al.,
2014). Lower body strength, therefore, is essential to successful completion of job duties for
military personnel.
Sex Differences

Congruent with previous literature, the males performed significantly better on the MDL
than the females. When comparing raw weight lifted, males lifted on average almost 100 pounds
more than females, 248.00Ibs + 59.28Ibs vs. 155.021bs + 43.14lbs. This resulted in an observed
effect size of 1.79, higher than any other individual event comparison in this study. These results
are similar to an experiment analyzing cadets’ performance on the OPAT that found males had
significantly higher average one-repetition maximum deadlift raw values compared to females,
92.82kg + 13.56kg vs. 76.31kg + 16.84kg, with an observed effect size of 1.72 (Draicchio et al.,
2020). These results are also comparable to that of a meta-analysis that also found a very large
effect size for lower body strength differences in males and females at 1.62 (Courtright et al.,
2013). When compared on the Army’s 100-point scale, males still performed significantly better

than females by 20 points, with a large observed effect size of 0.92. As this scaled score is what
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ultimately goes on record for the cadet/soldier, differences in these scaled scores are equally, if
not more, impactful on job qualifications and promotion evaluations.

In this study, the average MDL raw and scaled values for females, 155.021bs + 43.141bs
and 60.26 + 14.5, respectively, would only reach the lowest qualification category,
“MODERATE”, whereas males average MDL raw value qualifies them for “HEAVY”. Only
13.2% of females were able to meet the minimum MDL requirement for “HEAVY” while, in
contrast, 82.7% of males met the minimum. On the OPAT, 50% of females scored “HEAVY” on
the deadlift, while 70% of males were able to reach the category (Draicchio et al., 2020). The
difference is even greater, and more comparable to the current study, in basic trainees, where
only 15% of females were able to reach “HEAVY” while 80% of males were (J. Pierce et al.,
2018). Therefore, while they are on different scales, the ACFT requiring three-repetitions at
200Ibs and the OPAT requiring one-repetition at 2201lbs, males’ and females’ ability to reach the
heaviest category in the deadlift is vastly different. Reaching this “HEAVY” category is a
requirement for cadets and soldiers to serve in the more physically rigorous combat arms
branches. Therefore, despite all MOS’s being recently opened to female soldiers, a majority of
females would not qualify for “HEAVY” jobs based on their deadlift performance alone.

Even when deadlift performance is expressed relative to the cadets’ body mass, ([deadlift
(kgs) / body mass (kgs)] * 100%), males were able to lift a significantly greater percent of their
body mass than females were. The difference between sexes in deadlift performance relative to
body mass is compatible with previous literature that concluded male and female soldiers are
significantly different in knee flexion and extension strength when expressed relatively (Allison
et al., 2015). Additionally, previous research on strength trained individuals has also observed

significant differences in conventional deadlift one-repetition maximum when expressed relative
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to body mass, with males able to lift on average 230% and females 160% of their body mass
(Jones et al., 2016). Even if soldiers’ occupational workloads could be adjusted to be relative to
their body mass, male cadets’ ability to deadlift 143% and females’ 115% of their body mass
would most likely result in differing levels of fatigue. One’s total body weight would likely be
more fatiguing for females than it would be for males, even if the absolute loads were different,
because it is a higher percent of a female’s maximal ability.
Military Science Class Differences

Military science classes were not significantly different in raw, scaled, or relative MDL
performance. The null finding between cadets in this event was unanticipated. Considering, the
OPAT has been used by the Army since 2017, upperclassmen cadets have had more exposure to
a deadlift type fitness test event and one would assume, upperclassmen would thus perform
better. However, before the establishment of the ACFT, there may not have been formal training
for the OPAT, and thus the deadlift, as it was for a one-time test and not a semi-annual fitness
test for record. If military experience was the sole regulator of MDL performance, MS-4 cadets
would have the greatest average performances. However, this was not the case. The MS-3 cadets
had the best deadlift performances out of any of the classes. Though not statistically significant,
this may be due to the fact that cadets’ junior (MS-3) year fitness test scores are factored into
their overall order of merit to receive their desired MOS and component. This may point to a
motivational component as part of the explanation for this finding.
Anthropometric Correlations

The MDL raw and scaled scores were significantly correlated with all anthropometric
variables. Moderate correlations were seen between MDL raw with height and mass as well as

MDL points and mass. BMI was significantly correlated with deadlift outcomes but only
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displayed moderate correlations. A previous study using basic trainees observed a positive trend
between BMI and deadlift outcomes on the OPAT (J. Pierce et al., 2018). Despite only being a
moderate correlation, we observed this trend as well. With males having significantly greater
BMTI’s than females it is no surprise that males performed better on the deadlift event. More
notably, increased mass presented moderate correlations with deadlift performance. Body mass
was significantly different between males and females and thus supports the finding of males
performing better on the MDL.

Previous research has shown that when strength is corrected for differences in muscle
mass, i.e. relative to FFM, sex differences disappear (Miller et al., 1993; Sharp, 1993). While
FFM data was not available in this study, expressing MDL relative to body mass was possible.
Even when expressing relative to body mass, there were significant differences between males
and females for this test of lower body strength. Therefore, we can draw the conclusion that
composition of the males’ body mass was different than that of the females. Males, on average,
have more FFM and less FM than females. Females, on average, have less FFM and more FM
than males (Wells & Plowman, 1983). Increased muscle mass often equates to greater strength
and thus, despite adjusting relative to total body mass, the composition of that body mass plays
an integral role in deadlift performance. When Spearman’s Rho (p) was calculated for the
individual sexes, males exhibited larger p values for mass vs. DL raw and mass vs. DL points
than females; p = 0.419 & 0.411 vs. p = 0.273 & 0.282. Though all statistically significant, the
effects of mass on deadlift performance may be different for males and females. This could be
due to females’ increased mass being due to increased FM, rather than FFM, and males’

increased mass being a result of greater FFM.
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Pre- & Post-Semester Outcomes

Male cadets’ raw and scaled MDL scores significantly changed from pre- to post-
semester but only exhibited moderate effect sizes, 0.3 and 0.29, respectively. Female cadets did
not significantly change over the course of a semester with post-semester averages declining
from the pre-semester test. It is plausible that female cadets did not respond to the physical
training regimen in the same manner male cadets did. The training that was conducted may not
have been adequate to induce the physiological changes necessary, such as gaining FFM, for
increasing deadlift performance. Previous research has shown males and females progress
similarly in muscle size and strength over the course of a training protocol when both sexes
trained at similar intensities (Abe et al., 2000; Staron et al., 1994). Therefore, it is possible that
female cadets were not performing deadlift and/or lower body strength training at the same
relative intensity as males and thus, did not elicit similar strength gains. ROTC programs are
expected to adhere to published Army physical training protocol. However, physical training
programming is planned and conducted by the cadets and is not conducted in a controlled,
laboratory environment. Thus, divergences from Army suggested methods and proper strength
and conditioning practices may occur.
Multinomial Logistic Regression Odds Ratios

Analysis of the multinomial logistic regression results shows that females had
significantly greater odds of scoring in the “MODERATE” or “SIGNIFICANT” category than
the “HEAVY” category. It can be concluded then that males are significantly more likely to
score in the “HEAVY” category than females. This may be due to a variety of factors. However,
mass was the only other significant variable in the regression equation. Those with greater mass

are less likely to “FAIL” or score in any other category than the “HEAVY” category. The odds
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ratios for mass are pointedly less than that of sex (ex. 16.059 vs. 0.923) and therefore may not
have as much of an effect on MDL outcome as sex does. Regardless, mass was the only
significant predictor for the failure group. Thus, those with less mass are more likely to “FAIL”
than those with greater mass. Fourteen females (about 5%) failed the MDL, making it the second
least failed event by females behind the hand-release push-ups. Despite the relatively low
number of failures, females’ odds ratios point to a greater likelihood of not scoring in the
“HEAVY” category, thus limiting the MOS they qualify for at the moment.
Standing Power Throw

The SPT was designed by the Army to test explosive power while also reflecting a
movement similar to helping a soldier scale a wall, throwing a hand grenade, jumping across a
ditch, and moving equipment over an obstacle (Headquarters Center for Initial Military Training,
2019). The backwards, overhead SPT has been evaluated as a valid and reliable test to assess
explosive power (Stockbrugger & Haennel, 2001). The ACFT’s SPT is used to assess full body
explosive power while the OPAT’s events of standing long jump and seated medicine ball power
throw evaluate lower body power and upper body power separately. As the only test of explosive
power in the ACFT, performance in the SPT may provide key insight into a soldier’s
coordination and ability to perform specific occupational tasks as outlined by the Army.
Sex Differences

Congruent with previous literature, the males performed significantly better on the SPT
than the females. When comparing raw distance thrown, males threw, on average, almost 4m
further than females (9.21m + 3.47 vs. 5.55m + 1.28, respectively). This resulted in a large
observed effect size of 1.40. Our findings are similar to the results of Draicchio et al. (2020),

who analyzed cadets’ performance on the OPAT and found males performed significantly better
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on the explosive power tests of standing long jump and seated medicine ball power throw when
compared to females, with observed effect sizes of 1.24 and 2.28, respectively (Draicchio et al.,
2020). Similarly, significant differences in these OPAT events were found between male and
female basic trainees, where males jumped 25% and threw 34% further than females (J. Pierce et
al., 2018). These results are also comparable to that of a meta-analysis that calculated effect sizes
for power differences in males and females to be 1.11 (Courtright et al., 2013). Even when
compared on the Army’s 0-100 scale, males still performed significantly better than females by
20 points, with a large observed effect size of 1.51. Since males and females often differ in their
amounts of FFM and muscular strength, force production and explosive power output may also
be different between the two sexes.

In this study, the SPT raw values for females (5.55m + 1.28m) would, on average, only
reach the lowest qualification category, “MODERATE”, whereas males average SPT raw value
qualifies them for “HEAVY”. Female cadets’ average SPT points (57.61 + 15.01) would not
reach the minimum qualification level requiring 60 points and would result in failure. The SPT
was the second most failed event by female cadets, with 16.4% of females failing, as compared
to < 1% of males. Therefore, performance in this event may be a limiting factor in a cadet
passing the ACFT at the minimum level. On the OPAT, 83% and 56% of female ROTC cadets
scored “HEAVY” on the standing long jump and seated power throw, respectively, while 99%
and 97% of male cadets were able to reach this category (Draicchio et al., 2020). However, in the
current study, only 4.7% of females scored “HEAVY” in the SPT compared to 73.4% of male
cadets. The SPT had the least number of females and males reach the “HEAVY” standard out of

all events. Therefore, the standards required for a cadet or soldier to reach the “HEAVY”
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category in the ACFT may be more difficult than in the OPAT for explosive power tests and may
be a limiting factor in qualifying for the more physically demanding MOSs.
Military Science Class Differences
Upperclassmen cadets performed significantly better on the SPT than their

underclassmen counter parts. MS-3 and MS-4 cadets threw the medicine ball, on average, 1m
further than MS-1 cadets and just over 0.5m further than MS-2 cadets. Unlike the deadlift, where
MS-3 cadets had the highest averages, the MS-4 cadets claimed the highest average raw and
scaled SPT scores. Significant differences between the MS-classes may be due to exposure to
explosive power training. Training for the MDL event requires weightlifting equipment that is
expensive and cumbersome to transport and set up. Therefore, cadets may not have had as much
experience in MDL training. In contrast, training explosive power can be done with body weight
exercises and plyometrics. Because the Army has traditionally trained using calisthenics and
other body weight training mechanisms, MS-4 cadets may have performed the best because they
have been training explosive power the longest despite the ACFT being a new test. Additionally,
the OPAT includes lower and upper body explosive power tests. Upperclassmen cadets with
more experience training for and/or taking the OPAT will have more experience with explosive
power type tests.
Anthropometric Correlations

SPT performance outcomes were significantly correlated with all anthropometric
variables. The correlations between SPT and height and mass were stronger than any other
correlations observed in this study. A taller cadet will have a greater release height of the
medicine ball which may contribute to an increased throw distance per the tenants of projectile

motion. Likewise, increased mass was correlated with increased SPT raw and scaled scores.
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Because this increase in mass is correlated with better performance, we can postulate that the
greater mass is likely due to more FFM capable of strength and power output. Therefore, it is no
surprise that males, who on average are taller and heavier than females, perform significantly
better on this event. When analyzing the sexes separately, SPT performance still had significant
correlations with height and mass but were only moderate correlations compared to combined
analysis. However, height and mass were not more strongly correlated with SPT for only the
males, unlike the deadlift. Therefore, height and mass may have an equal effect on SPT
performance regardless of sex.

A previous study has associated higher BMI with decreased performance, or a negative
correlation, by basic trainees in the standing long jump of the OPAT (J. Pierce et al., 2018). In
contrast, the current study observed significant, moderate positive correlations between BMI and
SPT performance. This may be due to the standing long jump requiring soldiers to propel one’s
entire body mass forward while the SPT consists of propelling only a 10lb medicine ball. In this
case, increased body mass, leading to increased BMI, would not have as much of a detriment on
performance and may help increase momentum behind the medicine ball.

Similar to the results of this study, in basic trainees, increased BMI was positively
correlated with seated medicine ball throw performance (J. Pierce et al., 2018). Higher BMI,
therefore, may not have as much of a negative effect, and may serve as advantageous, in fitness
test events utilizing a medicine ball for resistance instead of one’s own body mass. Additionally,
ROTC cadets’ increased BMI may be due to increased FFM when compared to basic trainees as

they have had months and/or years more physical training experience.
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Pre- & Post-Semester Outcomes

While male cadets did not perform significantly better on the SPT at the end of the
semester, female cadets significantly increased their SPT scaled score by almost 15 points.
Increases in SPT performance over the course of a semester could be due to a couple of factors
such as: increased muscle mass, increased BMI, and/or better throwing form leading to increased
release height and optimal throw angle. The sub-population in which pre- and post-semester
ACFT data was gathered did not report anthropometric variables. Therefore, a connection
between body mass or BMI changes and SPT performance cannot be made. However, it is likely
that over the course of a semester, female cadets’ throwing form improved leading to further
throw distances. SPT raw distance scores were not significantly different from pre- to post-
semester for female cadets, despite scaled scores significantly changing. This leads to an analysis
of the 0-100 scoring scale developed by the Army. The minimum throw distance for the
“MODERATE” category is 4.5m for 60 points. A 0.4m increase in distance from here would
only results in a one-point increase to 61 points. However, below the 60-point minimum
threshold, an increase from 4.4m to 4.5m would result in a 5-point increase, from 55 to 60 points.
With the SPT being the second most failed event by females and average SPT points pre-
semester being 39.43 + 27.26, even small, insignificant changes in raw distance thrown will
result in large, significant changes in points when performances are below 60 points.
Multinomial Logistic Regression Odds Ratios

Female cadets were significantly more likely to “FAIL” or score in the “MODERATE”
or “SIGNIFICANT” categories of the SPT. Thus, male cadets were more likely to score in the
“HEAVY” category than females. With high odds ratios, such as Exp (B) = 119.25 and 58.364,

sex may be the most important variable determining SPT performance. Height may play a key
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role in this disparity as males are generally taller than females and cadets with increased height
are significantly less likely to “FAIL” or score in the “MODERATE” category. Likewise, body
mass may play a key role as increased mass was associated with decreased likelihood of failing
or scoring in the “MODERATE” and “SIGNIFICANT” categories.

Significant differences between MS-classes were calculated and thus, MS-class has
shown to also be a significantly predictor for SPT performance. MS-4 and MS-3 cadets being
less likely to score in any category besides “HEAVY” when compared to MS-1 cadets. MS-2
cadets were less likely to “FAIL” when compared to MS-1 cadets. Therefore, it can be
concluded, that being an MS-1 cadet, along with being a female, shorter, and/or having smaller
body mass, leads to increased odds of failing the SPT.

Hand-Release Push-Up

The HRP was designed by the Army to test upper body and core muscular endurance
while also reflecting a movement similar to hand-to-hand combat, pushing up from a prone firing
position, and pushing a stuck vehicle (Headquarters Center for Initial Military Training, 2019).
Due to the hand-release and arms reaching out to a “T”, the HRP engages not only chest,
shoulder and core muscles but also upper back. The Army’s previous fitness test, the APFT,
included a timed two-minute push-up event. Despite the HRP inclusion of a hand release to a
“T”, there is some carry over from the APFT to the ACFT.

Sex Differences

Males performed significantly better than females when comparing both HRP raw and
scaled scores. On average, males performed 10 more repetitions and scored 9 more points. Large
effect sizes were observed for the difference between males’ and females’ raw and scaled score,

0.90 and 0.95, respectively. Previous research analyzing sex differences in APFT performance
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also found there to be significant differences between males and females for the timed two-
minute push-up event (Draicchio et al., 2020; Knapik et al., 2001; J. Pierce et al., 2018). The
largest difference between male and female basic trainees” APFT performance was 52%
difference in the push-up event before BCT and 33% after BCT. Differences in the 2MR and sit-
ups were less (J. Pierce et al., 2018). In this current study, females completed approximately 25%
less HRP repetitions than males.

However, out of the six ACFT events, males and females scored most similarly on the
HRP; the gap between scaled scores was more than 10 points less than all other events. It is the
only event in which the average point value for females exceeded the minimum for the
“HEAVY” category (70 points). More females scored in the “HEAVY” category of the HRP
than any other event (151 females, or 59.0%). Additionally, the HRP was the least failed event of
the ACFT with only 2 female failures and 0 male failures. All of this may be due to a variety of
factors. First, the HRP and the APFT’s push-up event are similar so cadets have been training
these muscle groups and events longer. Second, training the HRP requires no equipment and can
be done anywhere and therefore can be included into every physical training session if necessary.
Third, the HRP necessitates significant core strength because a requirement for successful
repetition completion is a straight back, such as in a plank position. Males and females have been
shown to not be significantly different in core strength (Courtright et al., 2013; Draicchio et al.,
2020). Therefore, it would seem to not be a limiting factor in HRP performance; only upper body
muscular endurance and strength would be.
Military Science Class Differences

MS-classes were not significantly different in HRP raw or scaled scores. Although

reasonable to hypothesize upperclassmen cadets would perform better due to more

78



experience/training in preparation for a push-up type event in the APFT (previously) or the
ACFT (currently), this was not the case. While MS-3 and MS-4 cadets had greater points
averages, the differences were not large enough to be statistically significant. Without additional
data, the underlying reasons for this finding cannot be confidently postulated or explained.
Anthropometric Correlations

The HRP event was significantly correlated with all anthropometric variables but only
presented low, weak correlations. Height, mass, and BMI did not present negative correlations
with HRP performance. Therefore, in the scope of this study and a combined population,
increased mass and BMI presented as neither a detriment nor an advantage for HRP
performance. When separated by sex, the correlations became weaker for both males and
females and insignificant for males. The correlations between HRP and height became negative
for males and females once separated by sex but were only significant for females and HRP raw
scores. This may be because increased height necessitates a greater demand from core strength to
keep the body straight during the push-up. Interestingly, once separated by sex, correlations
between mass and HRP raw performance also became negative for females. This correlation was
significant. Therefore, increased mass in females was not necessarily advantageous to HRP
performance. If the increased mass is due to increased FM, and not increased FFM, a negative
relationship would be expected. However, without body composition data, this certainty of our
current finding remains unclear.
Pre- & Post-Semester Outcomes

Neither males nor females significantly improved their HRP performance over the course
of a semester of training. Because push-ups have been included in previous fitness tests and HRP

is one of the most “passed” tests of the ACFT, it is plausible little attention was given to this
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event during the course of training. With both males and females failing other ACFT events at a
higher rate, physical training may have been focused more on improving performance in those
events rather than the HRP.
Multinomial Logistic Regression Odds Ratios

There were no significant predictors that put a cadet more or less likely to “FAIL” the
HRP. This may be due to only 2 cadets out of the whole population failing this event. As for the
other qualification categories, females were more likely to score in the “MODERATE” and
“SIGNIFICANT” category than males. Subsequently, males were more likely to score in the
“HEAVY’ category than females. More females scored in the ‘HEAVY’ category in the HRP
than any other event and therefore, it may not be as much of a limiting factor for overall
qualification category as the other ACFT events. Despite there being no significant difference
between MS-classes for raw or scaled scores, MS-3 cadets were more likely to score in the
“MODERATE” and “SIGNIFICANT” categories than MS-1 cadets. Similarly, MS-4 cadets
were more likely to score in “SIGNIFICANT” than MS-1 cadets. Therefore, being an
upperclassman does offer some statistical advantage in performance of the HRP.
Sprint-Drag-Carry

The SDC was designed by the Army to test anaerobic capacity as well as muscular
endurance and strength as soldiers move through a variety of weighted and unweighted forward
and lateral movements. The SDC was created to reflect movements similar to reacting to direct
and indirect fire, extracting a casualty and moving them to safety, and other high intensity,
relatively brief tasks (Headquarters Center for Initial Military Training, 2019). A Blue Ribbon
Panel has rated moving with agility, dragging/carrying heavy loads, and moving quickly over

short distances as four of the nine common military tasks (Nindl, Alvar, et al., 2015). The SDC
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attempts to test more of the common military tasks than any other ACFT event. Thus, high
performance in the SDC may be integral for mission safety and success.
Sex Differences

Males completed the SDC significantly faster and scored significantly more points on the
event than females. The observed effect size for SDC raw and points were very large at 1.71 and
1.74, respectively. Through the various shuttles, the SDC tests speed and agility during the
sprints and laterals as well as lower and upper body strength during the sled drag and farmer’s
carry. The literature shows males and females to have significantly different lower and upper
body strength as well as speed and agility (Courtright et al., 2013). In an event that combines so
many realms of fitness, differences between the sexes were expected. No official Army fitness
test in the 21 Century has incorporated events to assess anaerobic capacity. However, laboratory
tests performed on soldiers, like the Wingate test, have revealed male basic trainees to have
28.6% higher anaerobic fitness than females (YYanovich et al., 2008). Likewise, active duty 101
Airborne soldiers showed significant differences in anaerobic power and capacity between the
sexes, as tested by the Wingate test (Allison et al., 2015). While direct comparisons between the
SDC and the Wingate test cannot be made at this time, if the SDC truly tests anaerobic capacity,
the sex differences in performance align with the literature.

When assessing point averages, males scored the most points in the SDC compared to
any other ACFT event. Their 88.78 + 11.45 points performance was about 8 points higher than
any other event. Only 1 male cadet failed this event. Additionally, more males scored in the
“HEAVY” category in this event than any other event; 679, or 89.7%. Similarly, females scored
the second highest on the SDC (HRP was the highest overall) with 25 failures (9.7%) and 63

(24.6%) females scoring in the “HEAVY™ category. Given this information, the SDC may be the
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most well performed event in this cohort of cadets and may not be a limiting factor in achieving
desired MOS qualification categories.
Military Science Class Differences

Upperclassmen cadets performed significantly better on the SDC than MS-1 cadets with
MS-4 cadets having the highest scores and lowest times of all classes. Despite no recent Army
fitness test involving an anaerobic, shuttle run type event, the cadets with more military
experience performed better on this test. This may be a testament to the overall better fitness of
upperclassmen cadets when compared to the freshmen. Even if MS-3 and MS-4 cadets had not
been practicing and training for the SDC for 3-4 years, they had been partaking in other military
training exercises that could have some carry over to this event. Moving a casualty to safety
during a mission or field training exercise is similar to dragging the 901b sled. Carrying two
standard five-gallon jerry cans of water is similar to the two, 401b kettlebell farmer’s carry in this
event. Therefore, without direct exposure to the SDC, upperclassmen cadets have still had more
experience with similar activities which may have led to superior performance on this event.
Also, one can assume that being in ROTC for a longer period of time may result in overall higher
fitness levels than the freshman cadets who have been in the program for no more than three-
months.
Anthropometric Correlations

The SDC raw time had significant, moderate negative correlations with height and mass.
As height and mass increase, SDC raw time decreases, a desired outcome. Similarly, as height
and mass increased, SDC points increased; a significant, moderate positive correlation. Male
cadets were significantly taller than female cadets which may provide them an advantage in this

event. As for body mass, visual analysis of the scatterplots reveals a ceiling effect. SDC
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performances tend to increase as mass increases up to around 120kg. Past the 120kg point,
performances tend to decline. This may be because the additional mass above 120kg is due to
FM and not FFM, thus, these cadets have more metabolically inactive tissue. It is possible too,
that beyond a given quantity of FFM, there are diminishing returns for force production versus
force required to maintain velocity of a heavier body. Nevertheless, additional body mass up to
120 kg may be beneficial if it is due to increased FFM.

BMI was significantly, but weakly correlated with SDC outcomes. Previous literature has
concluded higher BMI to be correlated with reduced speed and agility, tested through a 400m
sprint, 300m shuttle run, and Illinois agility test, in both males and females (J. R. Pierce et al.,
2017). In contrast, this study found higher BMI to be significantly positively correlated with
SDC points and significantly negatively correlated with SDC time. It is plausible that because
the SDC incorporates weighted movements (sled drag and kettlebell farmer’s carry) a higher
BMI is more advantageous than if the test was unweighted. Higher BMI has been associated with
improvements in muscular strength and power in both males and females (J. R. Pierce et al.,
2017). Therefore, inclusion of shuttles requiring strength, in addition to speed, may had led to the
significant correlations observed between higher BMI and better SDC performance.

When separated by sex, correlations between SDC outcomes and anthropometric
outcomes decrease in strength. Correlations are still significant between SDC outcomes and mass
and height for both sexes. BMI also remained statistically significant in its correlation with SDC
raw scores for males. All other BMI correlations were not significant.

Pre- & Post-Semester Outcomes
Males and females both significantly improved their SDC performance by the end of the

semester. Males decreased their time by approximately 10 seconds and females by 30 seconds.
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For the male cadets in this sub-population, the SDC event was their highest scoring event during
the pre-semester test. Despite that, it was one of the two events they significantly improved their
raw score in. In contrast, the SDC was one of the female cadets’ worst events, just behind the LT
and the SPT and was one of the two events in which females improved their raw score. Because
ROTC units, like squads and platoons, often perform physical training together, it is possible that
increased time was spent training for the SDC by both sexes because females performed poorly
at the beginning of the semester. This would lead males to continually increase their performance
in the event as well. It is also possible that because no Army fitness test has included an event
like the SDC, more time was given to it during training sessions to familiarize the cadets.

The pre-semester scores would result in females, on average, failing the event because
the minimum score is 60 and females only achieved 48.95 + 28.34 points. Females’ post-
semester scores, however, would qualify them for the “SIGNIFICANT” category in the SDC as
there was an increase of almost 20 points. Males qualified for the “HEAVY’ category in this
event at the pre-semester and post-semester test. So, increases in performance for the males did
not result in further qualification increase, only point increases.

Multinomial Logistic Regression Odds Ratios

Height was a significant predictor in the multinomial logistic regression equation
analyzing all categories versus “HEAVY”. Those who are shorter are more likely to “FAIL” the
SDC event than those who are taller. Similarly, height was a significant factor in the
“MODERATE” and “SIGNIFICANT” equations with those being shorter more likely to score in
those categories rather than in the “HEAVY” category. Height had the strongest correlations
with SDC outcomes when compared to mass and BMI. Overall, cadets with greater height are

less likely to score in any category but “HEAVY” in the SDC because those who are taller often
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have longer legs and subsequently longer stride length. These may be equated with increased
speed, an integral component of this shuttle style event.

Increased height is connected to sex with males being taller than females on average. The
correlations between height and SDC outcomes decreased when separated by sex. So, when
analyzed together (not separated by sex), increased height being associated with better
performance may also be a function of sex and the physiological differences between sexes that
could not be measured in this current study. Nevertheless, sex was an important predictor in
these equations. Females were significantly more likely to score in both the “MODERATE” and
“SIGNIFICANT” categories than in the “HEAVY” category. Accordingly, males were more
likely to score in the “HEAVY” category than any other. These predictors are congruent with the
number of males and females that failed and scored in the “HEAVY” category of this event.

Consistent with previous results, MS-class was a significant variable in these predictor
equations. Upperclassmen were significantly less likely to “FAIL” or score in the
“MODERATE” or “SIGNIFICANT” category than freshmen. MS-3 and MS-4 cadets performed
significantly better on the SDC than the MS-1 cadets and thus, it is not unexpected for this
measure of military experience to be significant. Despite not scoring significantly different in
previous analyses, MS-2 cadets were less likely than MS-1 cadets to score in the ‘MODERATE”
or “SIGNIFICANT” categories. Hence forth, simply not being an MS-1 enhances a cadet’s
chance to perform better. In a practical sense, this may necessitate giving special attention to
training up MS-1 cadets their first semester involved in the program.

Leg Tuck
The LT was designed by the Army to test grip, upper body, core, and hip flexor strength

with hopes that these will translate to climbing tasks, surmounting obstacles, and low crawling
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(Headquarters Center for Initial Military Training, 2019). This event requires not only strength
but coordination as soldiers are expected to flex their arms and hips at the same time and in a
controlled manner. The Army has identified strong, well-conditioned core muscles as helpful to
decreasing injuries to the upper and lower back during load carriage (Headquarters Center for
Initial Military Training, 2019). Performance in the LT event may be indicative of a soldiers’
ability to move and hold their own body weight in its entirety, something that is not tested by any
other event in the ACFT or in the APFT and OPAT.
Sex Differences

Overall, the LT proved to be the toughest event with both males and females having their
lowest points scores out of all ACFT events. Nonetheless, males still performed significantly
better than females. Males were able to perform enough leg tucks to qualify them for the heaviest
category. In contrast, females’ average points would not meet the minimum qualification
standard. Interestingly, females’ average LT repetitions, 2.11 + 3.15, would meet the minimum
qualification of just one repetition. The LT event, like the HRP events, tests core strength as well
as upper body strength. However, the differences between males and females for the LT were
larger than during the HRP event; average 35 points versus 9 points difference, respectively. This
may be because the LT requires more pulling strength while the HRP requires pushing strength.

Previous research has identified differences in push-to-pull ratios among males and
females. In recreationally active adults, males’ push-to-pull ratio was 1.57:1 whereas females’
was 2.72:1 (Negrete et al., 2013). This means that females pulling muscles are a lot weaker than
their pushing muscles when compared to males. In other words, males can push 157% of what

they can pull, and females can push 272% of what they can pull. Though the LT is not strictly a

86



pulling event, larger push-to-pull ratios may be a possible cause why females performed so
poorly on this event and why the gap between sexes is so large when compared to the HRP.

The Army has not included a pull-up type event in any 21% Century fitness tests.
However, other tactical populations, such as law enforcement officers (LEO) and the United
States Marine Corps, have included pull-up events in their fitness tests. Analysis of LEO trainees
pull-up performance during their police academy concluded almost 90% of female recruits
scored in the bottom three percentiles of pull-ups while only 23.5% of males scored in those
percentile ranges (Lockie et al., 2020). Being in the bottom three percentiles corresponded with
performing 5 or less repetitions. 80% of females performed 2 or less pull-up repetitions. While
statistical significance of the differences between the sexes was not analyzed, when expressed as
percentile ranks, females performed worse than males in that event. Similarly, female Marines
performed, on average, only 25% of the pull-up repetitions that males performed on the USMC
physical fitness test, 16 + 4 v. 4 + 2 (Jameson et al., 2015).

Given the large difference between sexes in performance on pulling type events, the high
rate of failures among women was expected. There were 102 female cadets failed the LT in this
current study as compared to 30 males, or 39.8 % v. 4.0%, respectively. This was the most failed
event by females and the second most failed event by males. When the LT event was eliminated
from the test, only 75 females failed the ACFT as opposed to 124 females when the event was
included (29.29% vs. 48.4% of the female cadet population, respectively). Removal of this event
resulted in 41 more females qualifying for the “MODERATE” category and 8 more females
qualifying for the “SIGNIFICANT” category. Surprisingly, removal of this event did not bump
any females up into the “HEAVY” category. Therefore, while LT may be negatively impacting

females’ ability to pass the minimum standards, it does not hinder qualifying for the heaviest
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category. In fact, 54 females, or 21.1% of females, qualified for the “HEAVY” category of the
LT, more than both the SPT and the MDL. In contrast, eliminating the LT did decrease male
failures by 2.6% and increase those qualifying for the heaviest category by 5%. Removal of the
event, however, did not have as large of an effect on males as it did females.
Military Science Class Differences

MS-4 cadets had the highest average LT points with each subsequent MS-class having
less. Despite that, MS-classes were not significantly different in LT performance. This may be
due to the relative new nature of the LT event. As previously stated, no Army fitness test during
the 21%t Century has included a hanging pull-up type event. Therefore, upperclassmen and
underclassmen have had similar exposure to the LT as a fitness test event. The Army has
recommended doing “Climbing Drills”, such as alternating grip pull-ups, leg tucks, and straight
arm pulls, as part of regular physical training in both 2012 and 2020 versions of FM 7-22
(Headquarters Department of the Army, 2020). Despite recommendations, implementation of
climbing drills may not have been common practice within ROTC programs as they did not
directly relate to the APFT and thus, upperclassmen cadets do not perform significantly better on
the LT.
Anthropometric Correlations

LT performance was significantly, but not moderately, correlated to height and mass.
Increased height provides no clear advantage towards LT performance. Therefore, height’s
correlation with LT performance may be a product of males being significantly taller than
females and the other physiological differences that give males’ an advantage rather than simply
just increased height. Increased mass may provide an advantage in LT performance if the mass is

primarily FFM and not FM, or dead weight. A previous study has found total body mass and lean
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body mass (FFM) to be significantly correlated with one repetition maximum (1RM) pull-up
weight in males and females (Johnson et al., 2009). FFM could not be assessed in this current
study. Like height, mass’s correlation with LT may again be a product of males weighing
significantly more than females and therefore, the other physiological differences that give
males’ an advantage rather than simply just increased mass. This is confirmed by insignificant
correlations between LT outcomes and height and mass when separated by sex. In other words,
height and mass were not significantly correlated with LT outcomes when comparing males to
males and females to females.

Interestingly, when analyzing the population as a whole, BMI did not present significant
correlations with LT outcomes. When separated by sex, BMI became significantly negatively
correlated with males’ LT raw and scaled scores. That is, as BMI increased in male cadets, LT
performance decreased. Females’ BMI correlations with LT also became negative but were
insignificant. It’s plausible that the lower variability in scores and lower magnitude of repetitions
performed by females may be reducing the chance of a significant finding in this regard.
Negative correlations between BMI and pull-up performance have been seen previously. In male
Army cadets, BMI was negatively correlated with pull-ups; -0.22 (p=0.002) (Nikolaidis, 2014).
While the correlations were not as strong in this study, BMI was negatively correlated with male
cadets’ LT raw and scaled performance in the ACFT, -0.09 and -0.113, respectively.

Pre- & Post-Semester Outcomes

Over the course of a semester, female cadets significantly improved their LT
performance while male cadets did not. Females’ average leg tuck repetitions performed was less
than one during the pre-semester test and was greater than one at the end of the semester. This

resulted in the average points scored by females doubling; 18.43 + 29.88 to 36.62 + 32.72
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points. The Army’s 0-100 scaling system does not include any point values less than 60 points
for the leg tuck as 1 repetition is worth 60 points and 0 repetitions is worth 0 points. Therefore,
while the average female repetitions increased to above the minimum for “MODERATE”
qualification, the average points included females that still could not complete one repetition and
therefore, decreased the average points to well below the “MODERATE”

standard. Moderate effect sizes were observed for females’ improvement in the LT with 0.70
and 0.58 observed for LT raw and LT scaled scores, respectively.

Male cadets not significantly improving in the LT over the course of the semester is
unexpected. LT was the lowest point scoring event for males during the pre-semester test. It
remained the lowest point scoring event during the post-semester test. This is in contrast to
earlier conclusions that tied male increases in SDC performance to more unit focus on training
that event because females performed poorly. Poor female LT performance during the pre-test
did not seem to effect males in the same way. Males increased their average repetitions by
approximately 0.5 repetitions and females by approximately 0.75 repetitions. Despite a similar
increase, 0.5 repetitions represent a smaller percent of total repetitions for males than it does for
females. Thus, they were not significantly different post-test.

Multinomial Logistic Regression Odds Ratios

Females were at far greater odds to “FAIL” and/or score in the “MODERATE” category,
rather than the “HEAVY™ category, in comparison to their male counterparts. Congruent with
previous analysis, almost 40% of females failed the LT and only 4% of males did. In contrast,
21% of females and 78% of males scored in the “HEAVY” category. Therefore, while males are
at far greater odds to score in the “HEAVY” category, some female cadets are beating the odds.

Height proved to be a significant predictor as cadets with greater height were less likely to
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“FAIL” the LT event. However, as discussed previously, this may be a result of the other
physiological differences that accompany males’ significantly greater height than females. Thus,
height is only a predictor when analyzing the “FAIL” category and not any other. In contrast to
previous correlations, cadets with greater mass were more likely to “FAIL” or score in the
“MODERATE” category in this event than in the “HEAVY” category. Correlations resulted in
mass being positively correlated with LT performance. However, stepwise multinomial logistic
regression resulted in mass being a negative predictor.

MS-3 and MS-4 cadets were less likely to “FAIL” or score in the “MODERATE”
category than MS-1 cadets. While no significant differences were observed between classes, the
upperclassmen cadets did have more average leg tuck repetitions and points than the MS-1
cadets did. Therefore, being an upperclassman is generally advantageous in this event.
Surprisingly, no variables were significant predictors for being more or less likely to score in the
“SIGNIFICANT” category. This may be due to small range in which cadets would qualify for
the “SIGNFICANT” category. Many cadets struggled to get one repetition, so there are
numerous failures (repetitions = 0) and “MODERATE” (repetitions = 1-2) qualifications. Once a
cadet is able to do multiple repetitions, the minimum for “HEAVY” qualification is well within
reach; 5 to 20 repetitions. To qualify for the “SIGNIFICANT” category, a cadet would have to
perform 3 or 4 repetitions. The range for this qualification category is small. Thus, only about 6
percent of the entire population in this study scored in the “SIGNIFICANT” category in this

event.

Two-Mile Run
The 2MR was designed by the Army to test aerobic endurance, a trait deemed necessary

for dismounted movement, ruck marching, and infiltration (Headquarters Center for Initial
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Military Training, 2019). The 2MR is the only event on the ACFT that was also a part of the
APFT. The standards for passing the 2MR on the ACFT are lower than on the APFT with 18:00
minutes being the threshold for “HEAVY™ qualification whereas 18:00 would have resulted in
males younger than 36 years old failing this event in the APFT.

Sex Differences

Congruent with previous literature, males performed significantly better on the 2MR
event. Males ran the 2MR over 120s faster and, as a result, scored 15 more points than females,
on average. In another recent investigation, male Army ROTC cadets taking the APFT, also ran
the 2MR over 120s, or two-minutes, faster than females did, 903s £+ 126s vs. 1041s + 151s
(Draicchio et al., 2020). The observed effect size between sexes in that APFT 2MR was 1.02.
Similarly, in the current study, the observed effect size was also large at 0.96. Significant
differences have also been seen in basic trainees after BCT completion. Despite months of
physical training, an 18% difference in 2MR performance persisted between the sexes (J. Pierce
et al., 2018). Similarly, when comparing raw seconds, female cadets ran the 2MR approximately
15% slower than male cadets did on the ACFT.

A study conducted at the U.S. Army Research Institute of Environmental Medicine
(USARIEM) concluded in 1987 that a maximal effort 2MR was significantly and strongly
correlated to VO2max (Mello et al., 1987). While this current study does not attempt to correlate
the 2MR with other fitness predictors or occupational performance, highlighting the relationship
between the 2MR event and VOzmax is important for analyzing why there are differences in
performance between the sexes. On average, females demonstrate a VO2zmax from 15-30% lower
than males (Drinkwater, 1973; Yanovich et al., 2008). When examining 101 Airborne soldiers,

males displayed significantly greater relative VO:zmax 0n a treadmill graded exercise test when
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compared to female soldiers (Allison et al., 2015). Differences in absolute and relative VO2max
have been attributed to physiological differences between the sexes like heart size and
hemoglobin content. While muscle mitochondrial content, capillary density, and blood volume
(positive adaptations for increased VO2max) can be increased due to physical training, smaller
heart size, an inherent characteristic of females, cannot be changed. Thus, differences in 2MR
performance will persist between sexes in a trained population.

Despite the 2MR being an event on the APFT, it was the most failed event by male cadets
taking the ACFT. The 2MR was the third most failed event for females. In ROTC Cadets taking
the APFT, the 2MR was the most failed event by both male and female cadets, with 24% and
35% failing, respectively (Draicchio et al., 2020). In the current study, approximately 4% of
males and 14% of females failed the 2MR. Due to the five other events that are performed before
the 2MR (the final event), the standards for this event are relaxed in comparison to the APFT.
Nonetheless, there remains an approximate 10% difference in failure rates between sexes.
Because of the sheer number of physical tasks a cadet must perform before the 2MR, cadets may
have performed worse than if they ran the 2MR by itself. So, despite this event being a part of
the old fitness test, cadets may struggle to perform their best due to fatigue. Thus failure rates
are higher than one would expect for the more relaxed standards. Nevertheless, 45% of females
were able to run fast enough to score in the “HEAVY” category, second greatest percent behind
the HRP. The majority (82%) of males were able to score in the “HEAVY” category. Thus,
despite accumulated fatigue, the 2MR standards are set at a point in which both sexes are still

able to run fast enough to score in the “HEAVY” category.
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Military Science Class Differences

MS-3 and MS-4 cadets ran the 2MR significantly faster and scored significantly more
points than MS-1 cadets. The most likely cause is better overall cardiorespiratory, or aerobic
endurance, fitness because the upperclassmen cadets have been performing military physical
training for 2-3 more years than the MS-1 cadets. The APFT and the OPAT both contain events
that test aerobic endurance; the 2MR and the interval aerobic run. Upperclassmen cadets, though
with similar ACFT experience, would have taken the APFT and the OPAT considerably more
times than the MS-1 cadets. Therefore, if sheer exposure to aerobic endurance tests determined
2MR performance outcomes on the ACFT and not VO2max, MS-3 and MS-4 cadets would be at
an advantage. MS-2 cadets, though not significantly different, ran the 2MR faster and scored
more points in the event than MS-1 cadets. MS-4 cadets had the fastest 2MR times and MS-1
cadets the slowest. There is an observed trend that the longer a cadet has been in ROTC, the
faster they will run the 2MR.
Anthropometric Correlations

The 2MR raw scores had significant, weak to moderate correlations with mass, height
and BMI while the 2MR scaled score had significant, weak to moderate correlations with just
mass and height. Of all three anthropometric variables, height had the strongest correlations with
2MR performance. Again, this may be a function of males being significantly taller than females,
along with, the aforementioned physiological differences between the two sexes rather than
height alone accounting for the variability in 2MR run performance. When separated by sex,
height’s correlation with 2MR performance becomes insignificant and extremely weak.

Mass presented with significant yet weak, negative correlations with 2MR raw

performance when analyzing both sexes together. Increased mass, therefore, is correlated with
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faster 2MR times. As with height, this may be a function of other sex differences and thus must
be analyzed when the sexes are separated. The correlation between mass and 2MR performance
for males became insignificant once the sexes were separated. In contrast, the correlations
between mass and 2MR performance for females became significant. Females’ mass was
moderately correlated with 2MR raw scores; the greater mass a female has, the slower her 2MR
time is. Likewise, females’ mass was negative and moderately correlated with 2MR points.
Greater mass for females was correlated with less 2MR points. It is important to note how
direction of correlations with mass changes when the analysis was separated by sex. When
analyzed together, increased mass seems advantageous. However, for females in this study, it
turns out to be harmful to performance. It can be postulated that the reason increased mass is not
harmful to males is because their mass is due to increased FFM, metabolically active tissue. In
contrast, females increased mass may be due to FM as it has been shown that females’, on
average, have significantly more FM than males (Knapik et al., 2001). Therefore, interpretation
of correlations that are not separated by sex is cautioned.

BMI presented a significant positive correlation with 2MR raw scores for the combined
population. At 0.077, the correlation is very weak but can be interpreted as higher BMI is
correlated with longer 2MR duration (or slower 2MR average run speed). Higher BMI was
correlated to decreased performance by basic trainees in the OPAT interval aerobic run, a test of
aerobic endurance (J. Pierce et al., 2018). Conversely, in Army ROTC, cadets’ 2MR
performance was not significantly correlated with BMI (Draicchio et al., 2020). When analyzed
by sex, BMI’s possible effect on 2MR performance becomes clearer. BMI became significantly
and positively correlated to 2MR raw performance for both males and females when separated

by sex. Additionally, BMI became significantly and negatively correlated with 2MR scaled score
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for both sexes. Thus, greater BMI is correlated with decreased 2MR performance. Researchers
have previously concluded that BMI greater than 25 kg/m? has a negative influence on
cardiovascular performance. Additionally, high BMI was correlated with increased 2MR time in
female basic trainees (Kazman et al., 2015; J. Pierce et al., 2018). While correlations between the
2MR and height and mass decreased in strength when separated by sex, the correlations with
BMI increased in strength. Thus, BMI may be a better predictor for 2MR performance than
height and mass alone.
Pre- & Post-Semester Outcomes

Only males significantly altered their 2MR performance during the semester. The male
cadets’ post-semester 2MR scaled score was significantly better than their pre-semester scaled
score with an average 3.5 point increase. The observed effect size, 0.17, is minimal and has weak
practical relevance. Consequently, no changes in 2MR performance during the semester made
any noteworthy impact on the end of the semester ACFT. Because the 2MR was an event on the
APFT, more attention may have been given to other ACFT events that cadets are less familiar
and/or performed worse in. The 2MR is the only event on the ACFT that tests aerobic endurance.
All five other events are designed to test muscular endurance, muscular strength, power, and/or
anaerobic capacity. It is then plausible that gains in performance on a muscular strength-based
event, such as the MDL, may lead to performance gains in another lower body strength and
power-centric event, like the SPT or SDC. Performance increases in the 2MR may only be
significantly impacted by training for the 2MR. If aerobic endurance training is decreased to
focus on the other less familiar events, performance gains may be attenuated. Because the 2MR
was the most failed event by male cadets, a decrease in aerobic training to focus on other ACFT

events is not recommended.

96



Multinomial Logistic Regression Odds Ratios

Female cadets were more likely to “FAIL” or score in the “MODERATE” and
“SIGNIFICANT” categories than males. Subsequently, males had greater odds of scoring in the
“HEAVY” category. This is congruent with the sex differences that this and other studies have
observed when it comes to the 2MR (Draicchio et al., 2020; J. Pierce et al., 2018). Mass
presented as a significant predictor in this equation. Greater mass was associated with greater
odds of failure and scoring in the “MODERATE” group rather than the “HEAVY” group. While
analysis of mass alone was cautioned earlier in the discussion, analysis of mass in regard to a
specific sex may be useful. Females overall have greater odds of failing. Based on this regression
equation, females who have greater mass are at even greater odds of failing or only scoring
“MODERATE”. This is congruent with the significant positive correlations observed between
female cadets’ body mass and 2MR raw scores.

MS-class was a significant predictor in this equation. MS-1 cadets were more likely to
“FAIL” or score in the “MODERATE” category than MS-3 and MS-4 cadets. This is consistent
with the significant differences observed between upperclassmen and MS-1 cadets in 2MR
performance. MS-2 cadets were less likely to “FAIL” and more likely to score in the
“SIGNIFICANT” category than MS-1 cadets. While MS-1 and MS-2 cadets were not
significantly different when 2MR performances were compared, MS-2 cadets had better
performances on average. Thus, their average overall 2MR qualification level would be higher.
Total ACFT Score

Total ACFT scores are a combination of the scaled 0-100 scores from each of the six
events. The total score out of 600 does not qualify a soldier for a specific MOS. Rather,

minimum qualification categories, which will be discussed in the next section, must be met in
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every event for a soldier to achieve a particular qualification standard. Nonetheless, total ACFT
points may be important for comparing soldiers vying for the same job (such as ROTC cadets
applying for a specific MOS) or for soldiers’ promotions.

Sex Differences

Male and females had significantly different total ACFT scores, with males scoring over
100 points more than females did on average. Comparing the ACFT with the APFT is difficult
because the APFT used a sex- and age-based scoring scale. A perfect score for males on the
APFT consisted of more push-ups, sit-ups, and a faster 2MR than a perfect score for females on
the APFT. However, it can be concluded that because females performed significantly worse on
the push-up and 2MR events compared to males, if they were graded on the same scoring scale,
females would have a lower overall score than males (Draicchio et al., 2020; J. Pierce et al.,
2018). The OPAT did not include a 0-100 scoring scale and was based on minimum standards
for qualification categories. Therefore, the current ACFT total score results cannot easily be
compared to the OPAT either.

The observed effect size for the differences between male and female cadets’ total ACFT
scores was large at 1.82. This is the second largest effect size observed for sex differences in this
study, only behind total qualification level differences. The large effect size observed for total
ACFT scores is congruent with the literature. A meta-analysis investigating sex-based
musculoskeletal and cardiovascular differences in physically demanding occupations (military,
LEO, firefighters, etc). found observed a large, 2.13 effect size for differences in the ability to
produce muscle tension (Courtright et al., 2013). The study defined muscle tension as exerting

force against objects in pushing, pulling, lifting, etcetera. Five out of the six ACFT events
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incorporate use of “muscle tension” as defined by these authors, with the 2MR being the only
outlier. Thus, overall differences in total ACFT and a large effect size were anticipated.

Such large differences between the sexes for average total ACFT, if unchanged or un-
scaled, may put males at an advantage for obtaining their desired MOS or getting promoted.
This could become problematic if fitness scores are the only component separating a male and
female soldier. Thus, care should be taken in interpreting total ACFT score as it relates to a
soldier’s ability to perform a job and/or their overall state of fitness.

Military Science Class Differences

MS-3 and MS-4 cadets had significantly higher total ACFT scores than MS-1 cadets.
Moderate effect sizes were observed for both; 0.43 and 0.45, respectively. Due to significantly
more time partaking in military physical training, differences between the MS-classes for total
ACFT score were expected. Upperclassmen cadets have completed 2-3 more years of physical
training than the freshman. So, regardless of the ACFT being a new test, the MS-3 and MS-4
cadets are generally more fit. Cadets do not vie for their potential MOS until their MS-3 year.
Therefore, performing significantly worse as a freshman would not necessarily adversely impact
their career in the Army at that time. Total ACFT scores increased for each MS-class with the
MS-4 cadets having the greatest average total score. Thus, one would expect MS-1 cadets,
despite their performance as freshman, to score higher in subsequent years.

Anthropometric Correlations

Total ACFT points were significantly and positively correlated with height, mass, and
BMI. Height was moderately correlated, rs = 0.514, with total ACFT points. This significant
correlation persists for only males once analysis was separated by sex. When comparing males to

other males, however, being taller may be advantageous. Unfortunately, that is an inherent trait
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that cannot be changed through physical training. Additional height was not advantageous for
females in regard to higher total ACFT scores. Therefore, the moderate correlation between
height and total ACFT scores when not separated by sex may be a function of males being
significantly taller and the inherent physiological advantages, such as higher VO2max and greater
average FFM, when compared to females.

Mass was significantly and moderately correlated with total ACFT scores as seen in the
Figure 6 scatterplot. Mass seems to have a ceiling effect when it comes to performance
advantages. Through visual observation, one can note that cadets at and above 120kg scored
similarly on the total ACFT to cadets with less mass. These heavier cadets, therefore, are
contrary to the notion that heavier is advantageous in ACFT performance. Regardless, increased
mass has proved to be advantageous on various individual ACFT events and thus may play a role
in total ACFT scores. When separated by sex, mass remained significantly and positively
correlated with total ACFT scores in male cadets only. Though insignificant, the correlation
between mass and total ACFT score for females became negative. That is, greater mass was
associated with poorer performance on the ACFT. With all this taken into account, it is important
to note that increased mass is only advantageous and weakly correlated with better performance
for male cadets. A measure of body composition seems warranted for better understanding of the
patterns observed.

Similar to height and weight, BMI was significantly and positively correlated to total
ACFT scores but became insignificant for females once separated by sex. Increased BMI
remained advantageous for males. So, all anthropometric measures became insignificantly
correlated with total ACFT scores in female cadets once analysis was separated by sex. This

leads to the conclusion that it is not height, mass, or BMI alone that determines ACFT
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performance in female cadets. Other variables that were not measured in this study, such as
FFM, number of training days per week, or type of physical training, set female cadets apart
from one another.

Previous research has shown BMI to be negatively correlated with APFT scores while
other studies have shown BMI to have not been significantly correlated with APFT scores or
with warrior task and battle drill obstacle courses (Anderson et al., 2014; Kazman et al., 2015; J.
R. Pierce et al., 2017; Steed et al., 2016). This study found BMI to be positively correlated with
total ACFT scores when analyzing both sexes together and with total ACFT scores when males
are analyzed alone. Thus, this current study refutes an overall negative effect of higher BMI on
ACFT performance and concludes that for male cadets, it may have a positive effect.

Pre- & Post-Semester Outcomes

Both male and female cadets significantly improved their overall ACFT score by the end
of the semester. A moderate effect size was observed for the change in female cadets’
performance while a smaller effect size was observed in male cadets. This may be because
female cadets increased their average point total by approximately 50 points while males
improved by just less than 20 points. Regardless, a semester of physical training was adequate
for Army ROTC cadets to significantly improve their total ACFT score. For males, total score
improvements were likely the result of the significant improvements they made in MDL points,
SDC points, and 2MR points. Whereas for females, total score improvements were likely the
result of the significant improvements made in SPT points, SDC points, and LT points. In
support of our findings, it has been shown that over the course of BCT, basic trainees

significantly improve their APFT scores (J. Pierce et al., 2018). It is therefore not surprising that,
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ROTC cadets in the current investigation improved their total ACFT scores over a time frame

longer than that of BCT.

ACFT Qualification Category

The Army designed the ACFT similar to the OPAT in that soldiers and cadets must meet
minimum requirements in each event in order to qualify for a specific MOS. There are three
different qualification categories with “MODERATE” being the lowest, “SIGNIFICANT” being
the middle, and “HEAVY” being the highest qualification category possible. In both the OPAT
and the ACFT 2.0, a soldier or cadet must meet the minimum requirement for a category in all of
the events. The lowest scoring event then determines what qualification category a soldier
achieves. Despite all MOS being open to females, the ACFT requires females to reach the same
minimum standard as males must for all jobs. Preparing female soldiers and cadets to reach the
heaviest standard is of utmost importance if the Army wishes to keep the ACFT and all jobs
open to females.
Sex Differences

When calculated as an average, males and females qualified for a significantly different
category level. The observed effect size between qualification categories was the largest out of
all sex differences, 1.85, as males’ average qualification category was 2.11 + 1.00 while females’
average qualification category was 0.57 + 0.62. In other words, males’ average qualification
category was “SIGNIFICANT” while females’ was “FAIL”. When calculated as a percentage of
the total population, 48.4% of females failed the ACFT compared to only 7.8% amongst males.
In contrast, 1.1% of females qualified for the heaviest category while 50% of all males did. A
stark difference in the number of males and females qualifying for the heaviest category is

observed. Figure 3 illustrates the percentages of each sex that qualified for each category. 94% of
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females scored in the “MODERATE” or “FAIL” category while males were more distributed
across the four categories.

The ACFT standards to reach “HEAVY” appear to be more difficult than the previous
test, the OPAT, that utilized a category-based scoring scale. In Army ROTC cadets, 29% of
females were able to qualify for the heaviest OPAT category overall while only 18% failed
(Draicchio et al., 2020). This is in stark contrast to the respective 1.1% and 48.4% observed in
the current study. Based on the OPAT, a female cadet may qualify to serve in an MOS that
requires “HEAVY” standards but may not qualify for that same MOS when tested on the ACFT.
Only 3 female cadets, from a pool of 20 universities, qualified for the “HEAVY” standard on the
ACFT. As discussed previously, the LT event resulted in the greatest number of ACFT failures.
However, the SPT was the event in which the lowest number of females reached the “HEAVY”
standard, and the MDL was the event in which the second lowest number of females reached the
“HEAVY” standard. Therefore, the lower body strength and explosive power of female cadets
may be lower than anticipated and additional consideration and resources may be necessary for
preparing females to meet the “HEAVY” standards in SPT and MDL.

Military Science Class Differences

When averaged, upperclassmen cadets had a significantly higher average qualification
category, on a scale of 0-3, than MS-1 cadets. Additionally, MS-4 cadets had a significantly
higher qualification level than MS-2 cadets. As increased military experience has played a role in
better performance on many of the individual ACFT events as well as total ACFT score, it is
expected that upperclassmen cadet would qualify, on average, for heavier categories. MS-3
cadets had the greatest percent of their total population qualify for the “HEAVY” category. MS-

4 cadets had the smallest percent of their total population “FAIL” the ACFT. Therefore, while
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not only does military experience seem to play a role in qualifying for heavier categories but also
acts as a protective mechanism against failing the test. Previous studies have not assessed how
ROTC cadets of different MS-classes differ on performance of the OPAT. Thus, these results are
unique in nature.
Anthropometric Correlations

The average level qualified for, from 0-3, was significant and positively correlated with
height, mass and BMI. Greater height and mass presented moderate correlations while BMI was
weak. When separating the analysis by sex, height and mass remained significantly correlated
with total qualification level for males but BMI became insignificant. For female cadets, all
anthropometric variables became insignificant in their correlation. Thus, height and mass may
provide some advantage for male cadets when comparing them to one another. The insignificant
results seen between female anthropometrics and qualification category are similar to those seen
in the total ACFT. As previously concluded, there may be variables that were not measured by
this study that increase performance when analyzing the test as a whole. Height, mass, and BMI
alone provide no clear advantage for females in overall performance.
Pre- & Post-Semester Outcomes

Male and female cadets both significantly improved their average qualification category
over the course of the semester. Observed effect sizes were moderate in nature. At the pre-test,
males’ average qualification level was “MODERATE” but increased to” SIGNIFICANT” after
the post-test. While females’ average qualification level still remained below 1 (“MODERATE”)
at the end of the semester, it increased in value. Thus, some female cadets were able to improve
from “FAIL” to “MODERATE”. A semester of physical training was an adequate enough

stimulus for some female cadets to progress from failure to passing the ACFT at its lowest
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qualification standard. Unfortunately, over half of female cadets in this sub-population stilled
failed at least one event during the post-semester test. Future studies should assess how longer
periods of training, such as an entire school year, affect average qualification scores.
Multinomial Logistic Regression Odds Ratios

Female cadets are far more likely to “FAIL” the ACFT than score in the “HEAVY”
category with an odds ratio of 483:1. This is the largest odds ratio observed in any of the
multiple logistic regression analyses conducted in this study. Similarly, female cadets are far
more likely to score in the “MODERATE” and “SIGNIFICANT” categories then they are to
score in the “HEAVY™ category. These results are congruent with the absolute amount and
percentage of males and females that qualified for each category. Sex was the only significant
predictor for the “SIGNIFICANT” category. Thus height, mass, and MS-class did not play a
significant role in differentiating cadets between “SIGNIFICANT” and “HEAVY” categories. It
is possible that other factors not measured in this study, such as FFM and training regimen, have
a greater effect on this differentiation.

Those with greater height were less likely to “FAIL” or score in the “MODERATE”
categories. As previously mentioned, use of height as a predictor is cautioned as it relates to
other inherent differences between the sexes. Nevertheless, height may play a role in
performance for both sexes on events such as the MDL, the SPT, and the SDC and therefore,
have an effect on overall qualification category. Mass was only a significant predictor for the
failure group. Those with greater mass were more likely to score in the “0” or “FAIL” group than
in the “HEAVY” group compared to those with less mass. This is unexpected. Mass was
significantly and positively correlated with overall qualification level for the population as a

whole and for male cadets. However, the correlation became negative but insignificant for
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females when separated by sex. It is plausible that because so many female cadets failed the
ACFT, this insignificant but negative correlation became a significant predictor in the regression
equation. Those who ended up in the “FAIL” category may have had greater body mass than
their higher scoring counterparts.

Being an upperclassman was advantageous and decreased the likelihood of failing or
scoring in the “MODERATE” category. MS-3 and MS-4 cadets had significantly better average
qualification category than MS-1 cadets. In contrast, MS-Class did not seem to play a role in
distinguishing between those in the “SIGNIFICANT” versus “HEAVY” categories. Thus,
military experience, as measured by MS-class, plays a significant role as a predictor in
qualification category for odds of failing or scoring “MODERATE” but not in differentiating
between the two heaviest categories.

Implications and Practical Applications

The ACFT was originally designed to improve the evaluation of fitness components
relevant to the successful completion of occupational duties and Warrior Tasks and Battle Drills.
Therefore, performance on the ACFT was expected to be indicative of a soldier’s or cadet’s
ability to serve in a specific MOS and/or in certain operational environments. Because no studies
have been published to date analyzing the correlations between ACFT performance and
occupational tasks, this study assumes that the two are related. The ACFT was designed as a sex
and age neutral test because a soldier, regardless of sex or age, needs to be able to meet
minimum requirements to ensure safety and mission success. Sex-neutral fitness tests are
becoming more common practice within the last decade as other militaries, law enforcement

agencies, and first responders have realized the necessity of all personnel meeting a certain
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standard. This notion has not been argued. However, the events in which personnel are being
tested is up for debate.

Researchers with the Canadian Forces Morale and Welfare Services and researchers at
USARIEM analyzed common occupational physical fitness events in search of sex bias (Reilly
et al., 2019). Some common events that are included in field and laboratory fitness tests, such as
a 2-mile run, 300m sprint, bench press, leg press, push-ups, pull-ups, counter movement jump
(CMJ), etc., were analyzed to see how much overlap there is between male and female
performances. The authors caution the use of physical fitness test events that have poor overlap
between the sexes because inherent physiological sex differences may result in a female being
excluded from a job or MOS that they may have qualified for if a different event was chosen to
test that realm of fitness. Examples of common tests that can be performed outside of a
laboratory and have the most overlap between the sexes are the 2MR, one-minute of sit-ups, a
flexed arm hang, and one-minute of push-ups. Examples of common tests that have poor overlap
but are often used are 300m sprint, two-minutes of push-ups, pull-ups, and CMJ. Despite that,
the ACFT incorporates the SDC (a 250m shuttle sprint even), a two-minute HRP event, the LT (a
pull-up type event), and a standing power throw (similar to CMJ). The authors have presented
other, arguably better, options for testing all realms of fitness. However, if the ACFT is going to
stay how it is, conclusions need to be made based on how females are performing on this test and
not how they would perform if the test was different. Nonetheless, based on calculated overlap
between the sexes on events similar to the ACFT, one would expect females to perform
significantly worse than males.

Female cadets did perform worse than male cadets on all individual events as well as

total ACFT score and qualification category. Anecdotal evidence has shown that the leg tuck
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event is the hardest for female cadets. The results of this study concur with this observation. The
leg tuck was by far the most failed event by females. However, exclusion of the leg tuck from
calculation towards overall qualification category did not help any females reach the “HEAVY”
standard. Reaching the “HEAVY” standard is the goal for females wishing to serve in the most
physically demanding MOS, such as the combat arms branches that were recently opened to
them. The SPT and MDL seem to present the greatest obstacle to females scoring in the heaviest
category. Only 12 females threw the medicine ball far enough to qualify for “HEAVY” in the
SPT. Similarly, only 34 females were able to lift enough weight to qualify for “HEAVY” in the
MDL. Therefore, while the LT seems to be an impediment for females passing the minimum
qualification standards, the standards for the lower body strength and explosive power events
were barriers to females qualifying in the heaviest category. The standards for these events in
relation to females’ abilities should be revisited and analyzed by future studies to determine the
best course of action for protecting mission safety and success while also providing females with
a chance at qualifying for a heavy MOS.

With less than 10% of male cadets failing the ACFT and 50% scoring in the “HEAVY”
category, adverse impacts of this test on male cadets’ prospective jobs and promotions are of a
lesser consequence compared to female cadets. From the results of this study, there are a few
practical recommendations that can be made to help decrease the gap between the sexes and
increase females’ overall performance on an un-altered ACFT. Based on the results of the
subpopulation that reported pre-semester and post-semester ACFT values, it can be concluded
that typical military physical training is adequate to elicit performance gains in total ACFT
scores and individual qualification. Therefore, as long as cadets keep training and incorporating

progressive overload, they should enhance their performance. This is also obvious in that
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upperclassmen cadets performed better, on average, than underclassmen. Thus, more physical
training and experience seems to lead to better overall fitness and performance.

Female cadets, however, may need additional or altered physical training based on the
findings presented in this study. Only 13% of females could score “HEAVY” in MDL and
female cadets did not significantly improve their MDL over the course of the semester. It is
possible that current physical training practices do not provide a stimulus large enough for
females to sufficiently increase their performance to meet the specified MDL standards. Thus,
future training should include emphasis on the MDL and improving lower body strength through
progressive overload and periodized programming. Specifically, an intensity-based resistance
training program should be utilized to ensure that female cadets are training with heavy enough
loads to stimulate strength improvements. The use of periodized resistance training programs
with female soldiers has been recommended numerous times in the literature (Nindl, Alvar, et
al., 2015; Nindl et al., 2016; Nindl, Jones, et al., 2015; Sauers & Scofield, 2014). A study
conducted by Kraemer et al. found that a 24 week periodized training program utilizing both
total body strength/power (3-8) and strength/hypertrophy (8-12) repetition ranges were able to
elicit significant performance gains in one-repetition maximum squat and bench press, squat
jump, bench press throw, squat endurance, one repetition maximum box lift, and APFT scores in
females (Kraemer et al., 2001). This periodized program was 24-weeks long with two 12-week
meso-cycles and three four-week micro-cycles within each meso-cycle. Each micro-cycle
increased in load and intensity based on percentages of 1RM. This periodized, intensity-based
program was successful at eliciting performance gains in strength, power, muscular endurance,

and occupational tests in these female subjects and may be beneficial for female ROTC cadets.
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Likewise, the SPT proved to be one of female cadets’ worst events and a barrier to
scoring in the “HEAVY” category. Not only should emphasis be placed on increasing explosive
power but also on coaching proper technique. The SPT requires cadets to throw the medicine ball
in such a way that release height and angle will play a significant role in how far the ball goes.
Thus, more explosive power training, proper instruction, and practice in throwing form could
help female cadets perform better in this event.

Lastly, the leg tuck presented an obvious issue for female cadets. While female cadets did
significantly improve their LT over the course of a semester, some were still unable to perform a
single leg tuck during the post-semester test. As identified before, this is likely a result of poor
upper body pulling strength. The Army has published climbing drills that may be helpful in
training these pulling muscles. However, for female cadets and soldiers who struggle to pull their
own body mass up during the LT, climbing drills may not be an often-selected training tool by
the cadet or the best tool for eliciting positive adaptations. Use of a resistance training facility
and weightlifting machines that allow females to train at percentages lower than their body mass
may be helpful in gaining the strength necessary to be able to complete the climbing drills and
the LT event. In a recent unpublished study from our lab, it was found that as little as four high
intensity resistance training sessions was able to elicit strength gains above the established
baseline 10RM for female cadets (Campbell et al., 2019). Thus, even a short-term resistance
training protocol may be helpful for improving ROTC cadets’ strength to better prepare them for
the ACFT.

When separated by sex, body mass was significantly and positively correlated with
performance on the MDL, SPT, and SDC for males and females. This may be the result of these

events requiring lower body strength, power, and anaerobic capacity, all of which are positively
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affected by increased muscle mass. While this study did not obtain FFM data for cadets, it can be
postulated that the reason for these correlations was that cadets with more FFM performed better.
Therefore, a primary aim of all cadets, especially females, should be to increase FFM. Cadets
may have to perform resistance training on their own. ROTC physical training routines only
occur three times per week and are often conducted outside with minimal equipment due to large
units. Analysis of performance in female Marines showed that females that are taller, heavier,
and with greater estimated FFM generally outperformed their smaller counterparts on the Marine
physical fitness test and combat fitness test (Kelly & Jameson, 2016). Thus, a supplementary
resistance training protocol should be implemented for cadets who wish to increase strength and
FFM and thereby increase their performance on the ACFT.

Increased mass was negatively correlated with 2MR performance for females. This may
be the result of increased mass being due to FM or a result of improper programming of physical
training. FM represents an increase “mechanical load” which increases the energy demand on the
body from a work:energy perspective during an event such as the 2MR. Thus, the increased mass
due to FM is disadvantageous as it will lead to fatigue earlier in the event, leading to a reduced
run speed and slower time. Another possibility is that the increased mass in female cadets is
FFM but so much time has been spent on strength training that aerobic endurance has been
compromised to some degree. Without FFM values, the reasons behind this negative correlation
can only be speculated. Regardless, programming physical training to focus on weak events but
still include all realms of fitness is of utmost importance. Likewise, increasing FFM in all cadets,
especially females, will help boost performance in the events that cadets have struggled in the

most.
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If the ACFT remains the fitness test of record for the Army and no adjustments are made
to the events or scoring system, female cadets and soldiers must adapt and train to improve
performance and decrease the gap between the sexes. One of the best ways to do this is increase
females’ FFM and program periodized training schedules that focus on weak areas without
neglecting other ACFT events. There are inherent traits of females that cannot be changed
through any amount of training such as: height, heart size, hormones, etc. However, body
composition, force output, and a variety of cardiovascular variables can be altered through
physical training. The ACFT is a vastly different test from the APFT and will require a period of
familiarization across the force. Future studies should analyze the effects of various training
protocols on ACFT performance to conclude the best way to prepare soldiers for this test and
their occupational duties. As another study has also concluded, because some females did reach
the “SIGNIFICANT” and “HEAVY” standard, the barriers to qualifying for more physically
demanding occupations are not inherent but may be due to lack of training specificity (Jameson
et al., 2015). Ultimately, preparing female soldiers to qualify for the MOS they wish to serve in,
now that all are open to females, is most likely a matter of training and experience.

Limitations

One of the primary limitations of this study was that MS-class and anthropometric
variables were not reported for all cadets. Sex and ACFT outcomes were reported for 1013
cadets while MS-class was reported for only 822 cadets and anthropometrics for 655 cadets.
Additionally, the data used for the multiple logistic regression equations required sex, MS-class,
height, and mass data be available for each cadet. Therefore, this reduced the total sample to only
580 cadets for use in the final equations. It is plausible that results may have been different if all

cadets were capable of being included in the analyses. All variables were requested from each
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ROTC program during the initial data collection phase. However, some data was unavailable or
not recorded at the time the ACFT was taken. Therefore, the study proceeded with the data that
was collected and shared. The results of this study can only be generalized to an Army ROTC
population as no active duty, Reserve, National Guard, or basic trainee soldiers were included.

Another limitation of this study is that curvilinear model for body mass correlations was
not included. Additionally, only body mass could be collected by each ROTC program. Devices
to measure body composition, like DEXA scans, BIA, BIS, etc., are not readily available to
ROTC programs. Other methods, like circumference measurements or skin calipers, take time
and expertise that programs cannot accommodate for all cadets. While having body fat percent
and FFM values would have helped bring more clarity to the conclusions drawn in this study,
most ROTC programs and military units do not and/or cannot collect this information for their
fitness tests. Most units do collect height and weight to calculate BMI. Thus, this current study
analyzed the data that is readily available to ROTC programs and can then help make practical
recommendations that are easily measurable.

Lastly, a limitation of this study was that the ROTC programs and the researchers could
not control/account for physical activity that cadets conducted outside of their respective military
physical training. Some cadets may do no physical training outside of the ROTC-mandated
training, while others train regularly on their own. Because of this, classifying individuals solely
as male/female or part of a specific MS-class may leave out important confounders to our
findings. Physical training outside of required military physical training may play a role in
performance on the ACFT and could have explained why females perform differently despite
height, mass, and BMI not being correlated to total ACFT score. Because of the retrospective

nature of this study and the large sample size, gathering this information was not possible at this
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time. Additionally, due to the fatigue from having to complete six events consecutively, each
cadets’ score may not be indicative of their absolute best performance if each event was
performed alone. However, all cadets executed the test in the same manner, as outlined in the

methods section, and would have been subject to similar fatigue.
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Chapter V - Conclusion

The purpose of this study was multifold; to determine if and where sex-based and
experience-based differences in ACFT performance exist, to analyze how anthropometric
variables are related to ACFT performance, to determine if a semester of physical training is
adequate to increase ACFT scores, and to present predictor variables for regression analyses of
ACFT qualification categories. The five main alternate hypotheses presented were:

1. Males and female ROTC cadets will have significantly different scores on the ACFT.
Based on the results of the study, we reject the null hypothesis and accept the alternate
hypothesis. Males and females scored significantly different on all ACFT events, total ACFT
score, and average ACFT qualification category.

2. ROTC cadets in different military science classes will have significantly different

ACFT scores.

We reject the null hypothesis and accept the alternate hypothesis. MS-3 and MS-4 cadets
significantly outperformed MS-1 cadets on most ACFT events, total ACFT score, and average
ACFT qualification category.

3. There will be significant correlations between BMI and ACFT outcomes.

We reject the null hypothesis and accept the alternate hypothesis. BMI was significantly
correlated with several ACFT outcomes when analyzing the population as a whole and when
analyzed by sex. Body mass and height also presented significant correlations with outcomes and
should also be considered.

4. Male and female cadets will significantly improve their ACFT scores over the course

of a semester.
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We reject the null hypothesis and accept the alternate hypothesis. Male and female cadets
significantly improved their total ACFT scores over the course of a semester as well as several
individual event scores.

5. Sex, MS-class, and anthropometrics will play a significant role in cadets’ overall

qualification category.
We reject the null hypothesis and accept the alternate hypothesis. Sex, MS-class, and
anthropometric variables of height and mass presented as significant predictors in some or all
multinomial logistic regression equations for qualification category in individual events and in
the overall ACFT.
Significance and Application

To our knowledge, this is the first study to date analyzing differences between sexes and
military science class on ROTC cadets’ performance of the ACFT. This study provides unique
information regarding how commonly measured anthropometric variables may be related to
ACFT performance of male and female ROTC cadets. Additionally, analysis of a sub-population
and their pre-semester ACFT scores versus post-semester ACFT scores allows us to make
impactful conclusions about the adequacy of training protocols to elicit performance gains. With
all the given information, we were able to develop multiple logistic regression equations for each
ACFT event and total ACFT qualification that allowed us to analyze the effects of sex, MS-class,
and anthropometrics individually and together on outcomes. With this information, we can make
practical recommendations that may help decrease the gap in performance between sexes. Cadets
improved their scores over the course of a semester but differences between sexes persisted.
Additional intensity-based resistance training protocols should be employed by ROTC programs

to increase FFM and strength in female cadets and thus, increase likelihood of qualifying for
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heavier categories. Qualifying for and maintaining fitness to remain in a more physically
demanding job is of great importance for employing females across the force in all military
occupational specialties.

Future Studies

Due to the relatively new nature of the ACFT, future studies should be conducted
analyzing a multitude of questions surrounding the validity and reliability of the test, application
to occupational duties, and performance differences between sexes.

The body composition information available for this current study was limited. Thus,
future studies should collect FFM and FM data to possibly draw more accurate and nuanced
conclusions related to sex differences and performance outcomes. The results of this current
study can only be generalized to an Army ROTC cadet population. Therefore, future studies
should include other military populations (Active Duty, Reserve, National Guard, basic trainee,
etc.) as they may have different ACFT performance outcomes than ROTC cadets. This will
provide an opportunity to see if sex, military experience, and body composition/anthropometrics
play a different role compared to ROTC cadets. Additionally, due to the retrospective nature of
this study, outside factors, such as time spent in physical training and extracurricular activity,
nutritional intake, and sleep quality could not be controlled for. Future studies should attempt to
control/account for these extraneous factors and test the effectiveness of various training
protocols on ACFT performance. Lastly, this study only assessed the effectiveness of one
semester of physical training on ACFT performance outcomes and utilized a cross-sectional
cohort for military experience. Future studies should analyze how multiple semesters and/or

years of physical training impact cadets’ anthropometrics, body composition, and ACFT
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outcomes in order to better map the progress made over the course of a cadets’ tenure in an

ROTC program and beyond.
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Appendix A — ACFT 2.0 Scoring Scale

Appendix 3 to Annex A, HQDA EXORD 219-18
Army ACFT FY20 Standards (As of 1 Oct 19)
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