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Abstract

NCAA Division II women soccer athletes may experience high levels of fatigue which negatively affects their performance on the 
field. Although coaches agree that monitoring fatigue is an important element in program design, there is no one widely accepted 
measure used to monitor training. Thus, the primary purpose of this study was to provide an investigation on the preferred mode of 
action by strength and conditioning coaches to reduce fatigue and increase performance of NCAA Division II women’s soccer players. 
Eight (n=8) head strength and conditioning coaches, two (n=2) women’s soccer coaches, and eighteen (n=18) women’s soccer 
players from the NCAA Division II PSAC participated in this retrospective qualitative study from the fall 2019 semester. Strength and 
conditioning coaches and head women’s soccer coaches participated in a semi-structured interview while women’s soccer players 
completed an open-ended survey to share their insights to examine the current fatigue monitoring techniques utilized at the NCAA 
Division II level with all information subsequently analyzed thematically to code the data. All strength and conditioning coaches 
interviewed believed monitoring fatigue is important (100%), yet only a select number of coaches are currently implementing 
such fatigue monitoring techniques (38%). Of the programs being implemented, the women’s soccer players believed the programs 
do help reduce fatigue (72%) and increase performance (78%). Thematic analysis of the barriers that strength and conditioning 
coaches face to implement a fatigue monitoring program were also identified, which include limited staff, budget, and facilities at 
the NCAA Division II level. With the wide range of fatigue monitoring techniques available, selection and implementation of the most 
appropriate test based on the various factors at each specific university can provide an effective and productive system to garner the 
most out of each athlete during training and competition. 
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Introduction
Athletes are continually striving to improve their performance 

during competition, and training sessions, as well as in the weight 
room. To continually increase their performance, many athletes, co-
aches, and support staff are taking an increasingly scientific appro-
ach to both designing and implementing training programs [1]. To 
increase performance, athletes are participating in more training  

 
programs, practices, and competitions over the course of the year, 
thus increasing their overall training load. The resultant fatigue 
from the added training load can take up to three days to return to 
baseline post-competition, with sports that have frequent competi-
tion (less than three days between) inducing accumulative fatigue 
over time [2,3]. Excessive and repeated fatigue (chronic) could lead 
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athletes to a state of non-functional overreaching associated with 
negative physiological, psychological, and sociological measures 
as well as a higher risk of injury occurrence [3,4]. In NCAA college 
athletics, between the years of 2009-2014, soccer athletes had the 
highest competition injury rate of any NCAA sport across all Divi-
sions; 17.2 per 1,000 injured athletes [5]. Previous research has 
identified low injury rates as one of the most important factors in 
team success [6]. Thus, a well-designed and appropriate training 
program is essential to both individual and team success.

Even when a training program is appropriate and adequate re-
covery time is administered between each session, optimal gains 
in muscular strength and performance for each individual athlete 
are not assured. Research has shown that athletes who perform the 
same resistance training program can elicit different adaptations 
while completing identical programs [7]. This is due to individual 
factors such as athlete’s genetics as well as external factors such as 
effort, sleep, and lifestyle choices, which all play a role in the ove-
rall benefits or hindrance of performance [8]. Due to the individual 
responses by athletes to the same training load, one must have a 
means of monitoring the responses of the athlete. Thus, a way for 
the coaching staff to monitor the fatigue of the athletes is a crucial 
element in program design.

Although coaches agree that monitoring fatigue is an important 
element in program design, there is no one widely accepted measu-
re used to monitor training [9]. This can be seen through the num-
ber of tests currently being examined in research which includes 
wellness questionnaires, rating of perceived exertion (RPE) scales, 
biochemical markers, countermovement jump, squat jump, etc. [3]. 
As well as the many different techniques used to monitor training 
and the recent focus on research to monitor training, coaches are 
still relying on personal experiences and anecdotal information, 
with most strategies routinely incorporated remaining unpubli-
shed [9].

As well as the many different techniques used to monitor trai-
ning, another factor the strength and conditioning coaches must 
take into consideration is the collegiate athletes’ return to play. Ath-
letes’ schedules and training programs have been greatly affected 
due to the COVID-19 pandemic. All NCAA Division II women’s soc-
cer programs within the PSAC lost their Spring 2019 non-cham-
pionship season and Fall 2020 championship season due to the 
COVID-19 pandemic. An advisory panel for the NCAA has recom-
mended the importance of a 7 to 10-day transition period to redu-
ce the stresses the athletes will experience as they return to their 
normal training regimen [10]. These added stresses, as well as an 
unusual training schedule for each athlete, make it imperative that 
strength and conditioning coaches utilize best practices to monitor 
fatigue and to reduce the chance of injury. 

A previous survey study examined fatigue monitoring techni-
ques in NCAA (all Divisions and NJCAA) male soccer players and 
found that nearly one-third of the coaches performed no athlete 
monitoring over the course of the season [11]. Interestingly, si-

milar to the information reported by Jones, et al., (2017), [3] the 
other two-thirds of the surveys collected had used monitoring tools 
of a wide variety that included sports performance, self-reported 
questionnaires, and physical performance tests [11]. The NCAA is 
made up of 3 Divisions, with NCAA Division 1 being the highest 
level of competition and funding. The NCAA Division 1 consists of 
just about 25% of all soccer programs within NCAA competition. 
This research finding may not provide the true story of fatigue mo-
nitoring techniques with strength and conditioning coaches at the 
NCAA Division 2 and 3 levels with potentially lower funding and 
less support staff. 

As well as the potential for limited support staff and funding, a 
recent article saw that both position and general performance ca-
pacity has a great impact on the presence of fatigue during a soccer 
match in soccer players competing in the four highest divisions in 
the Netherlands [12]. Players that have a lower general performan-
ce capacity reported a higher presence of fatigue both before a ma-
tch started as well as during various check points during the match 
[12]. Based on these findings, individuals that are not participating 
at the NCAA Division 1 level may be more susceptible to experien-
cing higher levels of fatigue. Furthermore, the position of the at-
tackers at each of these respective schools may experience more 
fatigue compared to the defensive position players.

Thus, the primary purpose of this study was to provide an inve-
stigation on the best mode of action by strength and conditioning 
coaches to reduce fatigue and increase the performance of NCAA 
Division II women’s soccer players. A secondary aim of this study 
was to determine which tools used to monitor fatigue are currently 
being utilized in the Pennsylvania State Athletic Conference NCAA 
Division II women’s soccer programs and the athlete’s percep-
tions on the ability of these tools to reduce the fatigue. Conclusions 
drawn from this NCAA Division II setting can provide insight into 
the implementation of programs with schools of smaller stature 
and limited funding.

Materials and Methods
The purpose of this ethnographic case study was to provide 

an investigation on the best mode of action by strength and condi-
tioning coaches to reduce fatigue and increase the performance of 
NCAA Division II women’s soccer players. The case study consisted 
of the lived experiences of the strength and conditioning coaches 
of an NCAA Division II conference within the same geographical 
location. This ethnographic case study employed the following me-
ans of data collection: interviews with strength and conditioning 
coaches of the women’s soccer team, interviews with selected wo-
men soccer coaches, and an open-ended online survey completed 
by women’s soccer players of the current monitoring tools within 
the same NCAA Division II conference. The integration of multiple 
data sources allows for an in-depth understanding with multiple 
viewpoints and the presence of triangulation to allow for a sound 
and thorough qualitative research design [13]. 
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Participants

Certified strength and conditioning coaches that train the wo-
men’s soccer team at each of the 18 PSAC institutions were asked 
to participate in this retrospective study during the spring 2021 
semester (n=18). Purposeful sampling was used as well as homo-
geneous sampling to examine the different training monitoring pro-
cedures used at the 18 institutions with their NCAA Division II wo-
men’s soccer teams during the fall 2019 season. The retrospective 
perceptions from the fall 2019 season were chosen due to the can-
cellation of the PSAC women’s soccer season in the fall 2020-spring 
2021 school year due to the COVID-19 pandemic. Exclusion criteria 
consisted of any strength and conditioning coach at any of the 18 
PSAC universities that have not trained the women’s soccer team 
during the fall 2019 academic semester, any women’s soccer coach 
that was not the coach during the fall 2019 season, or any current 
soccer players at the institution that was not on the roster during 
the fall 2019 championship season. To achieve saturation, selected 
women’s soccer players and coaches from the universities within 
the same conference was also utilized to help solidify and achieve 
triangulation in accordance with the strength and conditioning co-
aches’ responses. If the school did not participate or acknowledge 
any fatigue monitoring technique, then that school’s women’s soc-
cer players and coaches were excluded from the examination. IRB 
approval was gained from East Stroudsburg University of Pennsyl-
vania and California University of Pennsylvania. Gate keeper notifi-
cation to each athletic director of the 18 PSAC institutions was also 
contacted prior to contact with any strength and conditioning co-
ach, women’s soccer coaches, or women’s soccer players. Consent 
from all participants was also collected prior to participation in the 
study. 

Data Collection

The collection of three different data points first started with in-
terviews by the strength and conditioning coaches at the respective 
universities, followed by interviews with the selected head sport 
coaches, and an open-ended online survey sent to women’s soccer 
players at the same institutions. To ensure validity of the questions, 
all interviews, and the survey were reviewed by a current strength 
and conditioning coach before any interview or survey took place. 
After review of all surveys by the current strength and conditioning 
coach and before any survey or interview took place, each subject 
was asked to read the informed consent which detailed the inter-
view protocol, a brief description of the study, an explanation of 
what will be required of the participants, and an assurance of con-
fidentiality. 

Interviews with Strength and Conditioning Coaches: After 
gatekeeper notification to the athletic director at each of the re-
spective PSAC universities, each strength and conditioning coach 
was emailed during the spring of 2021 and was asked to participate 
in an interview on the fall 2019 championship season and any trai-
ning techniques utilized during the COVID-19 pandemic. The se-
mi-structured interview with each strength and conditioning coach 

within the PSAC was administered by the primary researcher via 
Zoom from February through April of 2021. This time frame was se-
lected due to the unusual alteration of the normal championship se-
ason due to the COVID-19 pandemic and the eventual cancellation 
of the women’s soccer season during September of 2020. Utilizing 
an ethnographic case study approach, the interview sought to gain 
insight on the best mode of action by strength and conditioning co-
aches to reduce fatigue and increase performance through the fall 
2019 semester and current trends administered during the athletes 
return to play after the loss of their 2020-2021 championship sea-
son. The interview discussed concepts such as the coaches’ demo-
graphic data, which included education and background in the field, 
the mode of action used to reduce fatigue in women’s soccer players, 
and how the coaches perceived current research for administering 
techniques for monitoring fatigue during the COVID-19 pandemic. 
Semi-structured interviews were developed based on the work by 
Pope, Penney, and Smith (2018) and Sams (2017) [11,14]. To stren-
gthen the credibility of the interview, member checking took place. 
The interview was then transcribed verbatim and sent back to the 
interviewee to confirm what was said or make changes as deemed 
appropriate. Interviews lasted between 30 minutes and one hour 
in length.

Interviews with Women’s Soccer Coaches: After the conclu-
sion of the interviews with each strength and conditioning coach, 
four head women’s soccer coaches within the same conference 
were invited to participate in a semi-structured interview. Exclu-
sion criteria from the random selection consisted of any women’s 
soccer coaches associated with any strength and conditioning co-
ach that stated they currently do not use any fatigue monitoring 
technique. Semi-structured interviews were developed based off 
the work by Pope, et al., (2018) and Sams (2017) [11,14]. The in-
terview discussed concepts such the coaches’ demographic data, 
which included education and background in the field, the mode of 
action used to reduce fatigue in women’s soccer players, and the co-
ach’s perceptions on the success of the mode used to reduce fatigue. 
The interview was scheduled and then recorded through Zoom. 
The semi-structured interview questions allowed for open-ended 
exploration of topics and feedback about the investigation to the 
best mode of action to reduce fatigue and increased performance 
of NCAA Division II women’s soccer players and the ability of the 
mode of action to adequately reduce fatigue during the fall 2019 
championship season and the COVID-19 pandemic. The second set 
of interviews allowed for a different viewpoint with the soccer co-
aches directly involved with the performance of each athlete on the 
field on an everyday basis. Within two weeks of data being collected 
from each semi-structured interview, the researcher transcribed 
verbatim each interview, and member checking took place. Emails 
were sent to each participant to allow the interviewee to review 
how their statements were noted and provide the option to add, 
remove, or alter the content in any way they felt best conveyed their 
perceptions. Interviews lasted between 30 minutes and one hour 
in length.
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Survey to Women’s Soccer Players: During the same time the 
interviews were taking place with the head women’s soccer coa-
ches at three PSAC universities, an open-ended survey created by 
the primary researcher (Snyder, 2021) titled “Athletic Monitoring in 
NCAA Women’s Soccer,” was sent to each current rostered women’s 
soccer player at each of the same four PSAC institutions from the fall 
2019 semester and was adapted from the work by Akenhead and 
Nassis (2015), Sams (2017), and Taylor, et al., (2012) [11,15,16]. 
The open-ended survey was sent through email by the primary in-
vestigator, and each player had three weeks to complete the survey 
through Survey Monkey. The survey included the informed consent, 
and the first question of the survey asked if the athlete agrees to 
participate in the study. If the athlete did not agree, the athlete was 
thanked, and the survey was concluded at that time. The survey was 
designed to provide an understanding of the athlete’s perception 
of current fatigue monitoring techniques and the ability to reduce 
fatigue. All open-ended surveys were reviewed by the primary in-
vestigator, and each individual was contacted for a follow-up on the 
answers provided if needed. 

Data Analysis

Interview data from the strength and conditioning coaches, 
head women’s soccer coaches, and the surveys distributed to the 
women’s soccer players were analyzed thematically to code the 
data. The open-ended interviews were recorded with the permis-
sion of the participants in Zoom and then transcribed using Ot-
ter-ai. Dedoose, an electronic data analysis software, was used to 
analyze the data. Using an inductive approach, meaningful units of 
text was attributed to themes and subsequently coded to nodes. 
The process was repeated many times to allow for accuracy and 
the nodes to evolve to ensure the data was accurately reflected. The 
nodes were then further divided into lower-order and higher-order 
themes. The researcher also elicited the opinions of content experts 
in the field for further external validity of the findings. Data analy-
sis focused on exploring the following set of ideas; (1) what was 
the strength and conditioning coach’s perceptions of the current 
tools used to monitor fatigue in women’s soccer players at their re-
spective institution, (2) what were the athlete’s perceptions of their 
performance while utilizing the current monitoring tools used to 
monitor fatigue and (3) how did strength and conditioning coaches 
perceive the administering techniques for monitoring fatigue on 
their athlete’s performance?

Results
The primary purpose of this ethnographic case study was to 

provide an investigation on the best mode of action by strength and 
conditioning coaches to reduce fatigue and increase performance 
of NCAA Division II women’s soccer players. A secondary aim of 
this study was to determine which tools used to monitor fatigue are 
currently being utilized in the Pennsylvania State Athletic Confe-
rence NCAA Division II women’s soccer programs and the athlete’s 
perceptions on the ability of these tools to reduce the fatigue. Fee-
dback was received through semi-structured interviews with head 

strength and conditioning coaches (n=8), semi-structured inter-
views with head women soccer coaches (n=2), and an open-ended 
questionnaire with women’s soccer athletes from the Fall 2019 se-
mester (n=18). Primary themes emerged from each question, and 
an additional theme arose, which will be discussed in detail. The 
additional theme that emerged does not directly relate to any of the 
three research questions mentioned above but will help to further 
explore the perceptions and lived experiences of current strength 
and conditioning coaches and their practical experience while wor-
king with Division II athletes. 

Demographic Characteristics

A total of eight (all male) head strength and conditioning coa-
ches agreed to participate in the study. The interviews took place 
during the Spring 2021 semester, but the focus was on the percep-
tions from the Fall 2019 season because it was the last champion-
ship season for women’s soccer due to the COVID-19 pandemic and 
cancellation of the fall 2020 sport season. Out of the 18 institutions 
that participate in women’s soccer in the PSAC, five schools had ei-
ther a new strength and conditioning coach or no current strength 
and conditioning coach in place and were excluded from the study, 
leaving the total number of schools contacted at 13 (8 of 13 [62%]). 
The head strength and conditioning coaches’ demographics, such 
as average years at the university, sports at each institution, and 
university population, is below (Table 1).

Table 1: Strength and Conditioning Coaches Demographics.

Years at the University 5.50±4.04

Sports at the University 18.13±1.81

University Population (Fall 2019 
Semester) 6,630.75±1902.53

Note*: N=8.

Some participants in the study involved a job assignment solely 
as the head strength and conditioning coach, while others held dual 
appointments by serving as the strength and conditioning and a 
supplemental role on campus. All participants’ job responsibilities 
included no more than two roles (Table 2). 

Table 2: Strength and Conditioning Coaches Assignment Load.

Assignment Frequency Percent (%)

Full-Time Strength 
Coach 4 50

Mixed- Load Strength 
Coach 4 50

Note*: Example of mixed loads seen were employees who acted 
as an athletic trainer and strength and conditioning coach, head 
men’s soccer coach and strength and conditioning coach, or fa-
culty member and strength and conditioning coach.

Along with the eight head strength and conditioning coaches, 
two women’s soccer coaches, and 18 women’s soccer athletes also 
agreed to participate in this study. The initial methodology was 
designed to interview four women’s soccer coaches, but after the 
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first interview phase, only three of the eight participating schools 
discussed fatigue management techniques utilized during the Fall 
2019 season. Out of the three women’s soccer coaches asked to 
participate, two of the coaches agreed (2 of 3 [67%]). All women’s 
soccer athletes that participated were from the same institutions 
as the two women’s soccer coaches that agreed to participate. The 
women’s soccer players that were asked to complete the survey 
participated in the Fall 2019 season at their respective institution 
and were still currently participating in the sport at the institution 
during the Spring 2021 semester. The subject demographics for 
these groups are below (Table 3).

Table 3: Head Women’s Soccer Coaches and Women’s Soccer 
Players Demographics.

Head Women’s Soc-
cer Coaches

Number of Partici-
pants 2

Years at the University 15.5 ± 2.12

Level of Education Master’s degree

Women’s Soccer 
Players

Number of Partici-
pants 18

Note*: All coaches and players that participated in the study per-
formed or participated in some type of fatigue monitoring pro-
gram during the Fall 2019 championship season.

Qualitative Data Analysis for Each Research Question

Research questions 1 and 3 directly related to the semi-structu-
red interview conducted with each of the strength and conditioning 
coaches. Table 4 provides the frequency results and exemplars from 
the question 1 analysis (Table 4).

Table 4: Codes and Frequency Count for Research Question 1.

Code Frequency Exemplars

Beneficial to Monitor 
Fatigue 8

“I do think it (moni-
toring fatigue) is very 

important because 
that helps me gauge 
what they are up to, 
on a day in day out 

basis”

Recovery 4
“I think recovery is 

important in women’s 
soccer”

Overtraining 4
“Overtraining happens 
probably quicker than 

people think”

Injury Prevention 3

“I mean (it is be-
neficial to monitor 

fatigue) in all athletes 
in general but with 

females because their 
predisposition to 
certain injuries”

Vary Intensity and/or 
Volume 7

“Yes, we vary training 
volume and intensity 
using micro cycles”

Note*: N = 8 (Strength and Conditioning Coaches).

Table 5 and 6 provide the frequency results and exemplars for 
the question 3 analysis (Tables 5,6).

Table 5: Codes and Frequency Count for Research Question 3.

Code Frequency Exemplars

Where do you believe you learned about your current techniques 

 Journal Articles (Li-
mited Use) 7

“The journal articles 
come from the NSCA 

and strength and con-
ditioning research”

 Professional Networ-
king 4

“Networking with 
other coaches is whe-

re I have gained the 
most knowledge”

 Personal Experiences 3
“I have kind of taken 
what I have learned 
through experience”

 Additional findings 
Literature 3

“I would say like 85% 
of what I do now is 

from outside educa-
tion”

 Professional Confe-
rences 1

“I also took infor-
mation away from 

research conferences 
prior to the COVID-19 

pandemic”

Note*: N = 8 (Strength and Conditioning Coaches).

Table 6: Codes and Frequency Count for Research Question 3 
Continued.

Code Frequency Exemplars

Ideal Fatigue Monitoring Methods

 Heart Rate Varia-
bility/Heart Rate 

Tracking
4 “I would use heart 

rate monitors”

 GPS Tracking 3

“Each athlete would 
have GPS and heart 

rate units on, and the 
coaches would be 

tracking every single 
player in real-time”

 Force-Velocity Measu-
rements 2

“I like the gym aware 
equipment to get real 

time feedback”

 Jump Mat 2

“I would also use 
a just jump mat or 

similar device to give 
me an indication 

of neuromuscular 
fatigue”

 Sleep Patterns 1
“I would be moni-
toring their sleep 

patterns”

Note*: N = 8 (Strength and Conditioning Coaches).

Research question 2 directly related to the open-ended survey 
conducted with each of the women’s soccer athletes from two dif-
ferent soccer programs within the PSAC. The two schools comple-
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ted separate fatigue monitoring techniques. One school utilized the 
RPE scale before each practice or training session began while the 
other school classified players in three different groupings based 
on minutes played in the previous match. Based on their classifica-
tion, strength and conditioning sessions were adjusted accordingly. 
Of the initial 38 women’s soccer athletes contacted, 18 completed 
the questionnaire for a response rate of 47%. 

Table 7 provides the frequency results and exemplars from the 
analysis. Nine women’s soccer players from each school responded. 
The players from the university that used the RPE scale responded 
yes, the program did help reduce fatigue (n = 4), and no, the pro-
gram did not help reduce fatigue (n = 5). The players that were clas-
sified in three groups based on minutes played all found the pro-
gram to be effective at helping to reduce fatigue (n = 9) (Table 7). 

Table 7: Codes and Frequency Count for Research Question 2.

Code Frequency Exemplars

Training Monitoring 
Program Helped 
Reduce Fatigue

13

“Yes- our trainers 
listened to us and the 
scale helped keep us 

less fatigued”

Training Monitoring 
Program was Not 

Effective at Reducing 
Fatigue

5
“No because athletes 
are not truthful with 

their answers”

Increased Perfor-
mance 14

“Yes, it kept my body 
in peak performance 
over the season wi-
thout overdoing it”

Injury Reduction 3

“Yes, if we were sore 
and our coaches knew 

that, we did not go 
hard that day which 
helped us prevent 

injuries”

Tools to Aid in Reco-
very 14

“Yes, if many of us 
were tired or sore 

they altered the lift 
or the practice on the 

fly to be more of a 
recovery day”

Note*: N = 18 (Women’s soccer athletes).

Research Question 1: What is the strength and conditioning 
coach’s perceptions of the current tools used to monitor fatigue in 
women’s soccer players at their respective institution?

Two themes emerged under research question number one, 
which details how strength and conditioning coaches perceive the 
current tools to monitor fatigue in women’s soccer players in a Di-
vision II conference. The way the strength and conditioning coaches 
perceive the benefits of monitoring fatigue will directly relate to the 
need to implement such techniques. Two major themes were iden-
tified within research question one, as seen in (Table 8). 

Table 8: Themes for Research Question 1.

Themes Frequency Percent

1. Strength and conditioning coaches belie-
ve it is beneficial to monitor fatigue. 8 100

2. Strength and conditioning coaches belie-
ve there are varied benefits to monitoring 

fatigue.
6 75*

Note*: N = 8. *Some coaches believe there is more than one be-
nefit to monitoring fatigue as discussed in Table 8 and will be 
further covered below.

A. Theme 1. Strength and Conditioning Coaches Believe 
It is Beneficial to Monitor Fatigue: Every strength and condi-
tioning coach interviewed from the PSAC (8 of 8 [100%]) belie-
ves that it is beneficial to monitor fatigue. Participant 1 stated, 
“I think it is important to monitor fatigue and know when we 
can ramp things up and when we need to pull things down.” 
While Participant 3 stated, “Yes, it is beneficial (to monitor fati-
gue) to help with the recovery cycle. It is also important to help 
maintain the idea that our objective, the athlete’s objective, and 
the coaches’ objective are running parallel.” According to DeWe-
ese, et al., (2015), fatigue can be present due to external factors 
such as effort, sleep, and lifestyle choices, which will all play 
a role in the overall benefits or hindrance of performance [8]. 
Thus, Participant 8 stated, “I do think it is very important be-
cause that helps me gauge what they are up to, on a day in and 
day out basis.” Participant 5 also believes it is important due to 
the limited scholarship availability. Participant 5 commented, 

I do think it is important. Especially at the university we are at. 
We do not have a lot of scholarship money. So, we do not rely on 
all 30 players or all 35 players that are on the roster. Our wo-
men’s soccer coach usually has a rotation where he is 14, maybe 
15 players that make an impact in the game. So, we have to be 
careful with what we are doing in terms of training. 

Although all coaches believe monitoring fatigue is important, 
one coach stated they do not have the adequate resources to 
properly monitor fatigue. Participant 4 stated,

But monitoring fatigue should definitely be something that 
is investigated more frequently. We do not have access to the 
necessary equipment to do so here. But it could be it could be 
game changing, depending on how it is used. At my universi-
ty specifically, I think it is a combination of both budget and 
staffing to purchase as well as use the heart rate monitors and 
analyze them correctly. 

B. Theme 2: Strength and Conditioning Coaches Believe 
There are Varied Benefits to Monitoring Fatigue: Participan-
ts provided feedback on what they believed are the most impor-
tant benefits of monitoring fatigue with common statements 
that consisted of recovery, injury prevention, and overtraining. 
Most participants (6 of 8 [75%]) stated that at least one of these 
items is why it is beneficial to monitor fatigue with some of the 
participants provided a belief that there are multiple reasons 
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as to why monitoring fatigue is important. Participant 1 stated, 
“So yeah, I think from a performance training, stimulus, and 
injury prevention monitoring fatigue is key.” While Participant 
8 also agreed that there are multiple benefits. Participant 8 ad-
ded, 

So, if I know what their fatigue level is, I know if an athlete is 
overtraining, or if they are not training up to what my expecta-
tions for them are, and more importantly, because I am also the 
athletic trainer, that helps me prevent injuries. The majority of 
the injuries that I see on the practice field are injuries that occur 
late because we practice for two and a half hours. Most of those 
are fatigue related.

According to Ascensao, et al., (2011) and Jones, et al., (2017), 
resultant fatigue from added training load can take up to three 
days to return to baseline from post-competition [2,3]. Many 
participants believe monitoring fatigue is important for reco-
very. Participant 2 added, “It (monitoring fatigue) is very va-
luable, because it helps with monitoring recovery after heavy 
games and heavy workloads.” Participant 5 agreed, “I think re-
covery is important in women’s soccer players.” Participant 1 
also added,

It is important from the standpoint of injury prevention, but 
also from the standpoint of training stimulus. What I mean is 
that overtraining happens probably quicker than people think. 
So, if you are kind of fatigued, and your kind of beat down, 
whether its localized or system kind of neuromuscular fatigue, 
either one, we are not going to the get the same training sti-
mulus that we need. So sometimes it is beneficial to evaluate 
fatigue, and do mobility, do relaxation exercises, things like that. 

Research Question 2: What are the athlete’s perceptions of 
their performance while utilizing the current monitoring tools used 
to monitor fatigue?

Three themes emerged under research question number two 
which details the athletes’ beliefs in the effectiveness of the cur-
rent monitoring tools being implemented to increase performance 
and reduce fatigue over the course of the season. Achieving athlete 
buy-in to the program will directly relate to the effectiveness of the 
program and increase the likelihood of athletic performance over 
the course of the season. The three major themes identified within 
research question 2, as seen in (Table 9). 

Table 9: Themes for Research Question 2.

Themes Frequency Percent

1. Athletes believe the training monitoring 
program helped increase performance. 14 78

2. Athletes believe the training monitoring 
program helped reduce fatigue. 13 72

3. Balance in training stimulus to aid in re-
covery based on fatigue and/or soreness. 14 78

Note*: N = 18 (Women’s soccer athletes).

A. Theme 1. Athletes Believe the Training Monitoring 
Program Helped Increase Performance. Most athletes that 
participated in the open-ended survey believed that the trai-
ning monitoring program helped increase their performance 
over the course of the Fall 2019 season (14 of 18 [78%]). Parti-
cipant 3 stated, “Yes- we were honest with our bodies, and we 
were able to work off of it.” While Participant 15 also believed 
it helped by adding, “I do believe it increased my performance 
because I was able to recover better and perform at my highest 
with the appropriate changes.” Participant 18 also believed it 
helped by stating, “Yes because even if you were in the red, you 
still did some type of movement that day to keep you going 
strong.”

According to Timmons (2011), athletes who perform the same 
resistance training program can elicit different adaptations 
while completing identical programs. This is of particular im-
portance, not only for each individual athlete but also athletes 
who are coming back from surgical procedures [7]. Particularly 
with Participant 11, who had recently undergone ACL recon-
struction, believes the program was critical towards her coming 
back to play. Participant 11 stated, “Yes, I was able to push my-
self on days when I wasn’t sore. Then on days when I was sore, I 
could have a lighter lift, where I was able to still move and get a 
workout in but not push my body too far.” While participant 13 
also described the training program as a balancing act throu-
ghout the season with also taking an individualized approach. 
Participant 13 said, “Yes it increased performance in that it ba-
lanced pushing the limit while also letting the body relax at ti-
mes. As mentioned before, it prevented injuries for the players 
who were exhausted at some sessions.”

While other players did not believe the training monitoring 
program helped with their performance. Participant 1 stated, 
“No, I feel like (the RPE Scales) were not taken into account 
most of the time.” Participant 8 also agreed with this sentiment 
and said, “No, because our coaches did not take advantage of 
the scales and it was not discussed much.” 

B. Theme 2. Athletes Believe the Training Monitoring 
Program Helped Reduce Fatigue: Most athletes that partici-
pated in the open-ended survey believed that the training mo-
nitoring program at their respective institution helped reduce 
fatigue over the course of the 2019 season (13 of 18 [72%]). 
Participant 11 stated, “Absolutely, the system allowed each 
player to specialize and adapt their lifting routine to their per-
sonal and physical capabilities based on how each person was 
feeling and their soreness level.” While Participant 18 agreed, 
“Yes, it allowed me to correctly allow my body to recover and 
stay fit at the same time.” Participants 17 and 18 also felt it was 
important to help with recovery and added, “Yes, it helps us re-
cover,” and “Yes, it allowed me to correctly allow my body to re-
cover and stay fit at the same time.” While recovery was a com-
mon thread echoed in the responses given from the athletes, a 
few athletes mentioned that the coaches were there to listen 
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to the athletes and adjust workouts accordingly. Participant 15 
added, “I do believe the training monitoring program helped 
reduce fatigue because we were able to communicate with our 
coaches and strength and conditioning coach on how our bo-
dies felt and they would adjust our workouts.” Participant 4 also 
felt that the monitoring program was beneficial because of the 
coach involvement and stated, “Yes- our trainers listened to us, 
and the scale helped keep us less fatigued.”

While some athletes did not believe the training monitoring 
program helped reduce fatigue. Participant 1 stated, “No, I feel 
like (the RPE Scales) they were not taken into account most of 
the time.” Participant 2 echoed this, “No, does not make a dif-
ference.” While Participant 8 believed that some athletes were 
not truthful with the answers they provided, reducing the ef-
fectiveness of the training monitoring system. Participant 8 sta-
ted, “No because athletes were not truthful with their answers.”

C. Theme 3. Balance in Training Stimulus to Aid in Re-
covery Based on Fatigue and/or Soreness: Based on the 
athletes’ feedback on the open-ended survey, it was apparent 
that the strength and conditioning coach and the athletic coa-
ching staff listened to their athletes and made adjustments to 
the training stimulus for a given workout session to help aid 
in recovery and/or muscle soreness. Most athletes (14 of 18 
[78%]) provided input that the coaches implemented many dif-
ferent tools to aid in recovery and soreness. A large number of 
athletes stated that this generally happened after games days. 
Participant 3 stated, “Yes- after game days we would have the 
strength coaches bring out foam rollers and do stretches. (They 
were) very understanding of our bodies and how we are fee-
ling.” Participant 5 also echoed this sentiment, “Yes, after really 
tough games we would have a cool down stretching practice to 
make sure we stretched out every muscle.” Participant 4 also 
provided a similar response, “We had stretch days after hard 
game days.” While another participant (Participant 16) from 
the second institution also provided similar information, “Yes, 
there were days after games where we lifted very lightly and 
focused on stretching.” 

Similar to the recovery after hard game days, a few participants 
also mentioned that they found it very beneficial that the stren-
gth and conditioning coach was routinely checking in with each 
one of them to see how they felt and made adjustments indivi-
dually to their strength and conditioning program. Participant 
13 stated,

Yes, our strength coach at the university is awesome. He really 
understands the athletes and lets us push it when we can and 
take a step back when we need. Even on yellow-red days, he lets 
us do some exercise to move the muscles the perfect amount. 

While Participant 15 also mentioned the strength and condi-
tioning involvement, “Every time my team would have lift, the 
coach and his team would check up on all of us and adjust how 
that training day went.” While many of the responses focused 

on adjusted weight training programs, stretching, and foam rol-
ling, one athlete mentioned other forms of recovery. Participant 
17 stated, “Yes they gave us days off, put us through pool wor-
kouts, and did put us through stretching.”

Research Question 3: How do strength and conditioning coa-
ches perceive the administering techniques for monitoring fatigue 
on their athlete’s performance? 

Two themes emerged under research question number two 
which details the strength and conditioning coaches’ perceptions 
of the current fatigue monitoring techniques. Understanding where 
the coaches are garnering the information that they are currently 
putting into practice as well as what type of fatigue monitoring te-
chniques they would implement in a perfect setting, provides great 
insight. The two major themes identified within research question 
3, as seen in (Table 10).

Table 10: Themes for Research Question 3.

Themes Frequency Percent

1. Strength and conditioning coaches gar-
ner information from a variety of places for 

their current practices
7 88

2. Variety of ideal fatigue monitoring 
techniques that are not currently being 

implemented
7 88

Note*: N = 8.

A. Theme 1. Strength and Conditioning Coaches Garner 
Information from a Variety of Places for Their Current 
Practices: The majority of coaches (7 of 8 [88%]) stated that 
they garner their information from what is being implemented 
in their current practices. The most frequent response provi-
ded was in terms of information from journal articles (7 of 8 
[88%]). Although this was a common response, some of the 
respondents (4 of 7 [57%]) stated that the information obtai-
ned from the articles is limited or too narrow in scope in most 
instances. Participant 3 stated, “I rely on information from jour-
nal articles the least. I do read the journal articles, but I derive 
a little bit less information from them, and I think they are nar-
row in scope.” While participant 2 echoed the same sentiment, 
“I have been able to gain a little knowledge through some rese-
arch journals…” While participant 7 felt stronger for the use of 
scientific journals and his current practices, “I have all of the 
NSCA strength and conditioning journals. I keep them and I do 
not throw them away when I’m done reading them, because I 
always end up highlighting and referring back to information 
and different things that I read in them.”

Other areas in which the strength and conditioning coaches 
gather information used in current practices consist of profes-
sional networking (4 of 8 [50%]), personal experiences (3 of 8 
[38%]), outside literature (3 of 8 [38%]), and through profes-
sional conferences (1 of 8 [13%]). In terms of experience and 
professional networking, Participant 2 stated, “Experiences 
and networking with other coaches is where I have gained the 
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most knowledge.” While Participant 5 felt that his experiences 
at his previous institution helped him the most in his current 
situation. Participant 5 said, 

I think the best thing that happened to me was four years ago, 
I took over a Division I women’s soccer team, and it was a case 
of do whatever you want. I was leading every training session 
and ran every warmup for away games and home games. That 
for me cemented that we are doing some of the right things 
here. I was there for spring, fall and spring so you have three 
semesters worth of training and a lot of data points from there 
and was able to implement some of those things at my current 
university as well.

Another common thread that was highlighted by a few indivi-
duals is the use of outside literature that is not found in scienti-
fic journals. Participant 4 added, “I would say like 85% of what I 
do now is from outside education, or education outside of your 
standard college or master’s program or anything like that.”

B. Theme 2. Variety of Ideal Fatigue Monitoring Techni-
ques That are Not Currently Being Implemented: Although 
coaches agree that monitoring fatigue is an important element 
in program design (8 of 8 [100%]), there is no one widely ac-
cepted measure that was seen in the strength and conditioning 
coaches’ interviews. The most frequent responses provided 
by the coaches (listed in descending order) consisted of heart 
rate variability/heart rate tracking (4 of 8 [50%]), GPS tracking 
(3 of 8 [38%]), force-velocity measurements (2 of 8 [25%]), 
jump mat (2 of 8 [25%]), and monitoring sleep patterns (1 of 
8 [13%]). Interestingly, there are three current teams that are 
enacting some type of fatigue monitoring (one team is utilizing 
the RPE scale while two other teams are classifying players in 
three different groups and altering training load/strength trai-
ning sessions based off minutes played) with their women’s 
soccer teams and all three teams are not implementing the 
same fatigue measure technique based on the response given to 
the question, “In an ideal world, what fatigue monitoring tech-
niques and schedule would be implemented with the women’s 
soccer team?” 

Some coaches provided 2 different fatigue monitoring techni-
ques that would be implemented together to not only track the 
individuals in the weight room, but also to monitor the worklo-
ad during training sessions on the field. Participant 2 respon-
ded, “Each athlete would have GPS and heart rate units on, and 
the coaches would be tracking every single player in real-time.” 
Participant 6 also believed this would be the most accurate way 
to monitor women’s soccer players by stating, “Daily monito-
ring of training load with GPS and heart rate/ heart rate varia-
bility.” Participant 4 also said he would use two different fatigue 
measurements in congruency. Participant 4 followed with, 

I would use heart rate monitors. If I could get somebody to 
analyse the data, and then I would also use a jump mat or simi-

lar device to give me an indication of neuromuscular fatigue…I 
think by using both tests and then comparing the data gives us 
a nice insight into two different ends of the spectrum.

While Participant 1 and Participant 7 felt strongly that tracking 
the force-velocity curve for real-time feedback would be the 
best way to monitor fatigue with their women’s soccer athletes. 
Participant 1 stated, “So, I think from a continuously monito-
ring standpoint, something like a gym aware, would be impor-
tant. But yeah, that would be the immediate feedback where 
you could make adjustments and learn how it is not only adjust-
ments but it’s also motivation…” Participant 7 added, 

We would use strictly velocity-based stuff. We would get tendon 
units and/or push bands, and have them attached to a barbell, 
and then use that to monitor fatigue, live in the weight room. 
That would allow us to cut out sets early because you are not 
achieving the right velocity that we are looking for with the bar-
bell, but then also putting that in conjunction with like, a GPS 
tracker. So that we can monitor what is going on both in the 
weight room and on the field.

Additional Findings: Additional findings were considered that 
may not strictly align with one of the three research questions but 
are integral to the process of fatigue monitoring and the results of 
this study. The additional findings came from the semi-structured 
interviews with the strength and conditioning coaches and may 
provide insight as to why the ideal fatigue monitoring techniques 
are not being implemented currently at the Division II level within 
the PSAC system. The following additional theme emerged as seen 
in (Table 11).

Table 11: Theme for Additional Findings.

Theme Frequency Percent

1. Strength and conditioning coaches 
face different challenges specific to their 

university to implement ideal fatigue 
monitoring techniques

8 100

Note*: N = 8.

All strength and conditioning coaches provided detailed fee-
dback as to the barriers limiting them from completing their job to 
the best of their ability. According to the strength and conditioning 
coaches, the following factors are the largest barriers to completing 
their job; limited staffing (4 of 8 [50%]), limited budget or no bud-
get at all (4 of 8 [50%]), limited facilities (3 of 8 [38%]), lack of time 
(2 of 8 [25%]), and multiple roles on campus (2 of 8 [25%]). It is 
important to understand that each of these barriers faced are very 
university-specific and must be resolved on an individualized basis 
for each strength and conditioning coach. Participant 4 stated, “Am 
I going to have available space in the gym to do (speed and agility) 
outside the weight room? I do not know. So, there are a lot of things 
that I wish I could do that are just not feasible. Space, equipment, 
and staff would be the other barriers.” While Participant 7 followed 
up with, 
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It is time and staff, I think. My long-term goal at my university 
for this staff is create the sort of part-time assistant position that I 
have right now to turn that into a full-time position and then also 
to be able to obtain a graduate assistant position. I can expect more 
of a full-time load and be able to divide all the teams between the 
three of us and we can do more with that.”

The average number of sports at the strength and conditioning 
coaches’ universities was 18.13±1.81. This is a very large number of 
sports to handle when looking at some staff’s that consist of one or 
two permanent positions and maybe one or two graduate assistan-
ts or student interns. Participant 8 was adamant that staffing is one 
of the biggest problems at the Division II level. Participant 8 stated,

Staffing levels. I think no matter where you are, even if you are 
in Alabama, you are going to say you need more help. And obviously, 
at Alabama, that is just them talking. But I think when we look at 
our institutions here in the conference, you have one person that is 
overseeing and running programming for 400 or 500 student ath-
letes. That is absurd. And it is a wonder that we have not had more 
“Maryland moments” at this level, then we have had, because of 
just limited staffing, That, to me, is the single greatest barrier. Well, 
I need to have this equipment but if you are a good strength and 
conditioning coach you can make even the smallest amount of equi-
pment work. If you are a good strength coach, you could go ahead 
and make a really good program with just one single 45-pound pla-
te without even a barbell. You just have to be really creative and 
challenge yourself to do that. So, to me, it is not about equipment 
it is people. And that is, that is how you can make athletes better.

While two of the participants felt they were much less concer-
ned with current barriers limiting them from doing their work to 
the best of their ability. Participant 5 said, 

We also do not have a budget, but it is not the end of the world. 
At my Division I school (that I was previously at) we had a decent 
budget with GPS tracking devices and getting breakfast for the girls 
after workouts, but I think this Division II soccer team would match 
up very well to the Division I team who had all the extra stuff. 

Just like Participant 5, Participant 1 also felt good about the si-
tuation that he was currently in. Participant 1 stated, 

The first thought that came to my mind is time. I am in an in-
credibly a good position and I feel so grateful to have great help. 
You know, we create a nice environment of learning and working 
together. I get to work with great people, and I am talking my im-
mediate staff, and this also extends to our sport coaches as well. 
We have created a very good relationship over my tenure. But just 
time you know, I get inundated with teams due to myself having 
almost 230 or 240 athletes. When they are all on, it gets a little bit 
tougher. Since I have been here, we have been able to triple our spa-
ce. We have had many athletes enter the professional ranks in their 
respective sports that have given back to our facilities. We have also 
had generous donations and fundraising to help increase our space 
to where we went from a capacity of 25 students to almost 60 ath-
letes through a workout in an hour which is amazing.

Discussion
The primary purpose of this study was to provide an investi-

gation on the best mode of action by strength and conditioning 
coaches to reduce fatigue and increase the performance of NCAA 
Division II women’s soccer players. A secondary aim of this study 
was to determine which tools used to monitor fatigue are currently 
being utilized in the Pennsylvania State Athletic Conference NCAA 
Division II women’s soccer programs and the athlete’s perceptions 
on the ability of these tools to reduce the fatigue. One must first 
understand the participating university’s structure to further in-
vestigate the techniques currently being implemented within this 
Division II conference. 

The PSAC is comprised of 19 institutions and is the largest con-
ference in the NCAA Division II. Within this conference, 14 of the 
schools are a part of the Pennsylvania State System of Higher Edu-
cation (PASSHE). They are public state institutions, with most of the 
funding coming from the state and the affordable tuition paid for by 
the attending students. The PSAC is also comprised of four private 
institutions located in the state of PA and one public institution lo-
cated in the state of West Virginia. For the present study, 8 of the 8 
(100%) participating schools are public institutions (7 of the 8 cur-
rently in the PASSHE system) which enables the primary researcher 
to make comparisons of schools that include similar enrollments 
(6,630.75±1902.53) and are recipients of similar funding. 

The results show that strength and conditioning coaches be-
lieved it is important to monitor fatigue with NCAA Division II 
women’s soccer players. Although the strength and conditioning 
coaches believe there is compelling evidence for many benefits of 
such monitoring, the results also found that there are limited scho-
ols currently utilizing such a program. The athletes also indicated 
that monitoring fatigue helped increase performance and reduce 
fatigue. 

Benefits to Monitor Fatigue

Enhancing athletic performance while reducing the chance of 
injury is an integral part of program design [17]. To increase perfor-
mance, athletes are participating in more training programs, practi-
ces, and competitions over the year, thus increasing their overall 
training load and increasing the likelihood of fatigue and potential 
injury. Therefore, a program to monitor training load and fatigue is 
an essential element that one must consider. The current findings 
within the PSAC at the NCAA Division II level show that all strength 
and conditioning coaches believe monitoring fatigue is important 
(8 of 8 [100%]), yet only currently three (3 of 8 [38%]) included 
a fatigue monitoring program in their current practices. The three 
programs currently being implemented include one team utilizing 
the ratings of perceived exertion (RPE) scale while two other te-
ams were classifying players in three different groups and altering 
training load/strength training sessions based on minutes played. 
Previous research by Read (2016) examined the use of a fatigue 
monitoring program with strength and conditioning coaches at 
the NCAA Division I level [18]. Of the 240 coaches that responded, 
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75% of the strength and conditioning coaches utilized some type of 
current monitoring program with the most prominent responses 
including lifestyle tracking (82%), RPE scales (54%), vertical jump 
(41%), and a perceived recovery questionnaire (39%) [18]. 

Sams (2017) also examined the use of a fatigue monitoring 
program on schools across all levels (NCAA Division I, II, III, NAIA, 
and NJCAA) [11]. This exploratory study was significant because it 
provided a greater understanding of what is taking place across all 
levels of collegiate competition. Of the 119 coaches that responded, 
109 of the coaches were from schools outside of the NCAA Division I 
level (109 of 119 [92%]) where funding and budgetary support are 
expected to be lower. Over half of the respondents (57.3%) stated 
that their current coaching staff does monitor their athletes’ fatigue 
and recovery with the three leading responses including tracking 
performance in the sport (46.7%), self-reported questionnaires 
(38.7%), and physical performance tests (30.7%) [11]. In contrast, 
the present study reported only 38% of the current strength and 
conditioning coaches utilized a fatigue monitoring program which 
is relatively lower than the previously discussed studies [11,18]. 
Thus, we must further explore what is limiting such programs at 
the NCAA Division II level within the PSAC.

In the current study, all strength and conditioning coaches pro-
vided detailed feedback on the barriers limiting them from com-
pleting their job to the best of their ability. According to the stren-
gth and conditioning coaches, the following lived experiences are 
the largest barriers to completing their job; limited staffing (4 of 8 
[50%]), a limited budget, or no budget at all (4 of 8 [50%]), limited 
facilities (3 of 8 [38%]), lack of time (2 of 8 [25%]), and multiple 
roles on campus (2 of 8 [25%]). It is important to understand that 
each of these barriers faced is very university-specific and must 
be resolved individually. Previous research by Judge, et al., (2014) 
examined the state of NCAA Division I athletics by looking at equip-
ment, budget, and staffing at the top level of amateur sports. Their 
findings included a reported 73.8% of Division I schools have an 
equipment replacement budget of $1,000-10,000 [19]. 

In contrast, a common statement made during the current inter-
view process was the lack of budget for strength and conditioning, 
or they would have to request new equipment at the end of the year 
and see what is left over from the general athletic department bud-
gets. Another statement that was provided on a limited basis during 
the research process was the strength and conditioning staff would 
have to seek assistance from alumni or professional athletes from 
the school to elicit funding for replacement equipment or any up-
grades of the facilities. Although this could be seen more commonly 
at the Division I level, this is rarely seen at universities within the 
NCAA Division II or even Division III level. 

Although it was difficult for each strength and conditioning co-
ach to provide an exact number of staff due to fluctuating interns 
and graduate assistants yearly, only two schools stated they ave-
rage more than six members on staff each year. It is important to 

note that the six members on staff consist of one head strength and 
conditioning coach, one volunteer or full-time assistant, and four 
graduate assistants with a potential intern or two. Although this is 
a relatively strong financial commitment from the institution, this 
provides what seems to be adequate staffing with schools that ave-
rage over 18 NCAA competing athletic teams yearly. One downfall 
to this structure is that it also leads to large turnover yearly with a 
large responsibility of the head strength and conditioning coach to 
adequately train and monitor the student assistants typically accep-
ting short-term (1- or 2-year) positions. The more frequent number 
of staff reported during the current study was one or two paid posi-
tions with maybe one graduate assistant or a few undergraduate in-
terns. This is far from the findings by Judge, et al., (2014), in which 
at Division I, the average strength and conditioning staff consisted 
of 7.7 employees (range 3 to 24) [19]. One respondent in the cur-
rent study was adamant that staffing was an issue and said, 

Staffing levels. I think no matter where you are, even if you are 
in Alabama, you are going to say you need more help. And obviously, 
at Alabama, that is just them talking. But I think when we look at 
our institutions here in the conference, you have one person that is 
overseeing and running programming for 400 or 500 student-ath-
letes. That is absurd. And it is a wonder that we have not had more 
“Maryland moments” at this level, then we have had, because of just 
limited staffing, That, to me, is the single greatest barrier.

This is an issue that needs to be addressed at each university 
for the safety and welfare of the student-athletes. By increasing the 
number of staff and financial support at each university, you are 
not only decreasing the likelihood of turnover in the staff positions, 
but also eliciting a return in performance by each of the competing 
sport teams at the respective institutions. 

Implications of the COVID-19 Pandemic

Although the strength and conditioning coaches at the NCAA 
Division II level believed there were some barriers to effectively in-
stituting a fatigue monitoring program during the Fall 2019 seme-
ster, the COVID-19 pandemic will further elicit complications that 
each of the universities face. The economic fallout from COVID-19 
on NCAA athletic departments is a top administrative concern at all 
levels but will arguably affect the smaller schools at the NCAA Di-
vision II, and III levels more since very few (if any) schools are ma-
king a profit within their collegiate athletic department [20]. Many 
universities a year after the pandemic began, within the PSAC and 
across the world, are still operating partially or fully remote. This 
has caused a large reduction in university budgets due to reduced 
tuition, little to no housing and food bills, and little to no fees being 
charged. This has led to sports being eliminated and athletics staff 
being reassessed, which could be a reason at the time of this resear-
ch study that currently 5 of the 18 PSAC schools have either a new 
strength and conditioning coach or no strength and conditioning 
coach in place, ultimately leaving the expected subject pool at 13 
for this study. 
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As well as budget, staff, and athletic team cuts, the COVID-19 
pandemic has altered how strength and conditioning coaches can 
currently train student-athletes. The NCAA provided a full resocia-
lization report that each university must follow [10]. There are a set 
number of days when the athletes return to campus that they must 
train at a lower intensity before moving to the next phase to limit 
injury and help the athletes build up both stamina and strength. 
More importantly, the NCAA also issued guidance to help protect 
the student-athletes in terms of social distancing by reducing ca-
pacities in weight rooms and other training facilities [10]. This was 
routinely mentioned during the interview process with women’s 
soccer (as well as other athletic teams on campus) having to split 
into two or three groups to adhere to COVID-19 procedures while 
still trying to implement the best training program, thus increasing 
the amount of time each strength coach spends in the weight room 
as well as during their working day. Prior to the COVID-19 pande-
mic, the strength and conditioning coaches already mentioned li-
mited time and staffing, yet these issues are even more pressing 
during the current climate. Although many problems need to be 
addressed at the NCAA Division II level, one strength and condi-
tioning coach believes the COVID-19 pandemic could help his plan-
ning move forward. Accordingly, another statement provided more 
insight, 

But I really look at COVID as just being an opportunity. Educa-
te coaches, that you just cannot expect somebody to walk into the 
weight room next August and be ready to go. You cannot bring them 
in and expect that each person lifted all summer long, you cannot 
make that assumption. You have to come in and figure out where 
people are at and then adjust your training load based upon that 
lowest common denominator (while using parts of the transition 
back to the campus that was applied after the COVID-19 pandemic). 
I think that to me is what has been a big advantage and will bear 
some fruit for us next year. I know it will help us because my coa-
ches already understand it now. So that is going to help us prepare 
for that (upcoming) season a little bit more effectively.

This statement provided a very interesting recommendation as 
athletes will typically leave campus early in May and not return un-
til August, which could be considered an extended time away that 
will mimic the return to play guidelines from the COVID-19 pande-
mic. This type of return to play guideline will allow each strength 
and conditioning coach and athletic coach a blueprint to help keep 
athletes healthy by reducing the chance of injury during the first 
few weeks of team activity. 

Current Fatigue Monitoring Tests Being Implemented

During the current study, two fatigue monitoring tests were 
being implemented during the Fall 2019 semester. One team uti-
lized the RPE scale while two other teams classified their athletes 
into one of three groups and altered their training load/strength 
training sessions based on minutes played in the previous compe-
tition. Of the three teams currently performing the monitor, two te-
ams chose to participate in the study (one team collecting RPE and 

one team examining minutes played and placing athletes into three 
separate groups) with nine athletes from each school responding 
to the open-ended survey. Interestingly, the RPE collection can be 
classified as an internal (subjective) monitoring technique, while 
the classification based on minutes played can be classified as an 
external (objective) monitoring technique. 

Recent literature has shown RPE as an accurate measure of 
fatigue [21,22], while implementing the RPE scale (internal moni-
toring technique) during the current study found the athletes had 
mixed feelings on the benefits of the program to help identify and 
reduce fatigue. Of the nine players who responded to the survey, 
five women’s soccer athletes believed the program did not help re-
duce fatigue (5 of 9 [56%]). One athlete in particular, believed that 
the program was not effective because the soccer athletes were not 
truthful in their reported numbers. Previous literature has reported 
similar findings with underreported RPE values while performing 
a maximal number of repetitions at a given load, and this could be 
attributed to athletes wanting to continue to practice or athletes 
not wanting their coaches to know that they are tired or perceived 
as weak [23,24]. This also could be due to how coaches explain the 
RPE test or from a small sample size in which the current findings 
are the perception of 9 athletes within one Division II soccer team. 
Due to this, the information needs to be further studied on a larger 
scale. It is also imperative that the coaches create a culture of trust 
with an open line of communication between the strength and con-
ditioning staff and each player to allow each athlete to compete to 
the best of their ability. 

As well as picking the most appropriate test to monitor fatigue 
based on the resources available at each university, one must fur-
ther examine how the test is conducted to see if it is providing the 
most accurate results. A study by Roos, et al., (2018) investigated 
the effects of survey methods and time points when RPE was as-
sessed in relation to heart rate data and found that reporting RPE 
scales by a mobile device or online tool showed a higher correlation 
with HR than the paper-pencil method [25]. Interestingly the cur-
rent process of collecting by paper and pencil after practice or by 
word of mouth with other athletes listening to the reported scale 
may influence the RPE that each athlete reported. Providing a safe 
environment in which each athlete can share their RPE scale wi-
thout others over hearing or seeing their results may provide more 
accurate and useful feedback while implementing the fatigue moni-
toring program. 

While the internal load is essential to understand both the re-
lative physiology and psychological stress imposed by the training 
stimulus on each athlete, external load monitoring has been the 
foundation of most current monitoring systems [1]. The current 
study found that the athletes believed the program of classifying 
the women’s soccer athletes into three different groups based on 
minutes played during their matches and subsequently altering 
load during strength and conditioning sessions after competition 
did help reduce fatigue and increase performance throughout the 
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season (9 of 9 [100%]). A study by Martin-Garcia, et al., (2018) 
looked to quantify external load during competition and training 
days’ post-competition [26]. The findings align with the structu-
re used by the current university in which there was a significant 
difference between players without game time completing a more 
strenuous workout the day after competition compared to players 
that performed in the competition (p<0.05) [26]. This training ses-
sion performed by players without game time was used to replicate 
competition loads while players with game time completed a reco-
very session [26]. It is important to note that the coach is trying to 
keep each player ready for when their time is called while still re-
ducing the presence of fatigue in the players participating in heavy 
competition minutes. 

Although this system seems to be used regularly, one must also 
understand that minutes played by athletes in different positions 
could greatly affect the chance of fatigue being present. Barte, et 
al., (2017) found that attacking position players may experience 
more fatigue than the players who play defense for their respecti-
ve teams [12]. Further complicating the classification of players in 
three groups, DeWitt, et al., (2018) found that player load during a 
match was heavily dependent on the result of the match [27]. For 
instance, total distance and total player load were less when a team 
was leading or trailing during a game than when the score ended as 
a draw [27]. The above points make it imperative that there needs 
to be some subjectivity or instincts by the coaching staff when pla-
cing the players into their three different groups for the upcoming 
sessions. As a result, a combination of both an internal and external 
load may provide the most accurate information to the strength and 
conditioning coach and staff when examining fatigue throughout 
the season [1].

Conclusion and Future Direction for Research
Although this study was one of the first to examine current fa-

tigue monitoring techniques at the NCAA Division II level within 
women’s soccer players at one institution, the limited evidence 
cannot apply directly to all NCAA Division II soccer or other sport 
programs. It is important to note that if one is examining the cur-
rent practices, it is recommended that the research also include 
the athletes’ perceptions as to the successfulness of the program. 
Without reviewing the athlete’s perception of the program, future 
research limits the feedback on the success or limitations of the 
current practices. Nonetheless, this qualitative view, while specific, 
does provide insight into other similar environments.

In 2016 and 2017, the NCAA mandated that all strength and 
conditioning coaches working at an NCAA-certified institution 
must hold the NSCA CSCS certification. Although this was a giant 
step forward in standardizing and legitimizing the current practi-
ces at each institution, those that can achieve the certification is 
still not as stringent as it will be in coming years. In the year 2030, 
new regulations by the NSCA state that one must obtain a bache-
lor’s degree from an accredited university if they wish to sit for the 
CSCS certification. This policy will further help standardize this 

certification and warrant future research on the current practices 
instituted by strength and conditioning coaches at each NCAA insti-
tution. This area of research should provide insight into the current 
practices utilized by the athlete and coaches as well as perception 
of these techniques. While the rigor of this research will be intense, 
it will potentially provide the greatest insight into the true effects 
of monitoring training as it relates to athletes on-field performance 
while also limiting the susceptibility of injury.

Acknowledgements
None.

Conflict of Interest
None.

References
1. Halson S (2014) Monitoring training load to understand fatigue in 

athletes. Sports Med 44 Suppl 2(Suppl 2): S139-S147. 

2. Ascensão A, Leite M, Rebelo A, Magalhäes S, Magalhäes J (2011) Effects 
of cold-water immersion on the recovery of physical performance and 
muscle damage following a one-off soccer match. J Sports Sci 29(3): 217-
225.  

3. Jones CM, Griffiths PC, Mellalieu SD (2017) Training load and fatigue 
marker associations with injury and illness: A systematic review of 
longitudinal studies. Sports Med 47(5): 943-974. 

4. Matos N, Winsley R, Williams C (2011) Prevalence of nonfunctional 
overreaching/overtraining in young English athletes. Med Sci Sports 
Exerc 43(7): 1287-1294. 

5. Kerr ZY, Marshall SW, Dompier TP, Corlette J, Klossner DA, et al. (2015) 
College sports-related injuries - United States, 2009-10 through 2013-
14 academic years. MMWR Morb Mortal Wkly Rep 64(48): 1330-1336. 

6. Eirale C, Tol JL, Farooq A, Smiley F, Chalabi H (2013) Low injury rate 
strongly correlates with team success in Qatari professional football. Br 
J Sports Med 47(12): 807-808. 

7. Timmons JA (2011) Variability in training-induced skeletal muscle 
adaptation. J Appl Physiol(1985) 110(3): 846-853. 

8. DeWeese BH, Hornsby G, Stone M, Stone MH (2015) The training 
process: Planning for strength-power training in track and field. Part 1: 
Theoretical aspects. J Sport Health Sci 4(4):208-317. 

9. Bourdon PC, Cardinale M, Murray A, Gastin P, Kellmann M, et al. (2017) 
Monitoring athlete training loads: Consensus statement. Int J Sports 
Physiol Perform 12(Suppl 2): S2161-S2170.  

10. Meyers S (2020) Resocialization of collegiate sport: Developing 
standards for practice and competition. NCAA.

11. Sams M (2017) An examination of the workloads and the effectiveness 
of an athlete monitoring program in NCAA Division I men’s soccer.

12. Barte J, Nieuwenhuys A, Geurts S, Kompier M (2017) Fatigue experiences 
in competitive soccer: development during matches and the impact of 
general performance capacity. Fatigue Biomed Health Behav 5(4): 191-
201. 

13. Bloomberg LD, Marie Volpe (2016) Completing your qualitative 
dissertation: A road map from beginning to end. SAGE Publications. 

14. Pope C, Penney D, Smith T (2018) Overtraining and the complexities of 
coaches’ decision-making: managing elite athletes on the training cusp. 
Reflective Pract 19(2): 145-166. 

https://pubmed.ncbi.nlm.nih.gov/25200666/
https://pubmed.ncbi.nlm.nih.gov/25200666/
https://pubmed.ncbi.nlm.nih.gov/21170794/
https://pubmed.ncbi.nlm.nih.gov/21170794/
https://pubmed.ncbi.nlm.nih.gov/21170794/
https://pubmed.ncbi.nlm.nih.gov/21170794/
https://pubmed.ncbi.nlm.nih.gov/27677917/
https://pubmed.ncbi.nlm.nih.gov/27677917/
https://pubmed.ncbi.nlm.nih.gov/27677917/
https://pubmed.ncbi.nlm.nih.gov/21131861/
https://pubmed.ncbi.nlm.nih.gov/21131861/
https://pubmed.ncbi.nlm.nih.gov/21131861/
https://pubmed.ncbi.nlm.nih.gov/26655724/
https://pubmed.ncbi.nlm.nih.gov/26655724/
https://pubmed.ncbi.nlm.nih.gov/26655724/
https://pubmed.ncbi.nlm.nih.gov/22904292/
https://pubmed.ncbi.nlm.nih.gov/22904292/
https://pubmed.ncbi.nlm.nih.gov/22904292/
https://pubmed.ncbi.nlm.nih.gov/21030666/
https://pubmed.ncbi.nlm.nih.gov/21030666/
https://pubmed.ncbi.nlm.nih.gov/28463642/
https://pubmed.ncbi.nlm.nih.gov/28463642/
https://pubmed.ncbi.nlm.nih.gov/28463642/


Am J Biomed Sci & Res

American Journal of Biomedical Science & Research

Copyright© Brandon Snyder

421

15. Akenhead R, Nassis G (2015) Training load and player monitoring in 
high-level football: Current practice and perceptions. IJSPP,11, 587-593. 

16. Taylor K, Chapman D, Cronin J, Newton M, Gill N (2012) Fatigue 
monitoring in high performance sport: A survey of current trends. 
Journal of Aust. Strength & Cond 20(1): 12-23. 

17. Gabbett TJ, Hulin BT, Blanch P, Whiteley R (2016) High training 
workloads alone do not cause sports injuries: How you get there is the 
real issue. Br J Sports Med 50(8): 444-445. 

18. Read A (2016) Monitoring recovery in collegiate strength and 
conditioning.

19. Judge L, Petersen J, Bellar D, Craig B, Cottingham M, et al. (2014) The 
current state of NCAA Division I collegiate strength facilities: Size, 
equipment, budget, staffing, and football status. J Strength Cond Res 
28(8): 2253-2261. 

20. Hartman K (2020) The elephant in the room: How Covid-19’s financial 
impact further threatens title IX compliance. Int J Sport Commun 13(3): 
399-407. 

21. Alexiou H, Coutts AJ (2008) A comparison of methods used for 
quantifying internal training load in women soccer players. Int J Sports 
Physiol Perform 3(3): 320-330. 

22. Scott BR, Lockie RG, Knight TJ, Clark AC, De Jonge X (2013) A comparison 
of methods to quantify the in-season training load of professional soccer 
players. Int J Sports Physiol Perform 8(2): 195-202. 

23. Hackett D, Johnson N, Halaki M, Chin Moi C (2012) A novel scale to assess 
resistance-exercise effort. J Sports Sci 30(13): 1405-1413. 

24. Pritchett RC, Green JM, Wickwire PJ, Kovacs M (2009) Acute and session 
RPE responses during resistance training: Bouts to failure at 60% and 
90% of 1RM. S Afr J Sports Med 21(1): 23-26. 

25. Roos L, Taube W, Tuch C, Frei KM, Wyss T (2018) Factors that influence 
the rating of perceived exertion after endurance training. Int J Sports 
Physiol Perform 13(8): 1042-1049.  

26. Martin Garcia A, Gomez Diaz A, Bradley P, Morera F, Casamichana D 
(2018) Quantification of a professional football team’s external load 
using a microcycle structure. J Strength Cond Res 32(12): 3511-3518. 

27. DeWitt J, Gonzales M, Laughlin M, Amonette W (2018) External loading 
is dependent upon game state and varies by position in professional 
women’s soccer. Sci Med Footb 2(3): 225-230.

https://pubmed.ncbi.nlm.nih.gov/26795610/
https://pubmed.ncbi.nlm.nih.gov/26795610/
https://pubmed.ncbi.nlm.nih.gov/26795610/
https://pubmed.ncbi.nlm.nih.gov/24476770/
https://pubmed.ncbi.nlm.nih.gov/24476770/
https://pubmed.ncbi.nlm.nih.gov/24476770/
https://pubmed.ncbi.nlm.nih.gov/24476770/
https://pubmed.ncbi.nlm.nih.gov/19211944/
https://pubmed.ncbi.nlm.nih.gov/19211944/
https://pubmed.ncbi.nlm.nih.gov/19211944/
https://pubmed.ncbi.nlm.nih.gov/23428492/
https://pubmed.ncbi.nlm.nih.gov/23428492/
https://pubmed.ncbi.nlm.nih.gov/23428492/
https://pubmed.ncbi.nlm.nih.gov/22873691/
https://pubmed.ncbi.nlm.nih.gov/22873691/
https://pubmed.ncbi.nlm.nih.gov/29543071/
https://pubmed.ncbi.nlm.nih.gov/29543071/
https://pubmed.ncbi.nlm.nih.gov/29543071/
https://pubmed.ncbi.nlm.nih.gov/30199452/
https://pubmed.ncbi.nlm.nih.gov/30199452/
https://pubmed.ncbi.nlm.nih.gov/30199452/

