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Abstract  

 

This study used analytics to examine the effect of Home Field Advantage (HFA) on the Internal Load 
(Session Rate of Perceived Exertion (sRPE)), External Load (from GPS trackers) and wellness (based 

on surveys) for a Division III women’s soccer team in Home and Away matches. First the home 
advantage (HFA) in the Southern California Intercollegiate Athletic Conference (SCIAC) that the team 
plays in was quantified using conference games only for all nine teams for three seasons. A multiple 
regression analysis was used to analyze the relationship between Goal Difference and sRPE, External 

Load variables and Wellness variables at the team, position, and athlete level based on 12 athletes. 
The results showed the league had an adjusted HFA of 57%. The analysis showed that Defenders were 
impacted more by away matches based on the medium effect sizes of the difference between their 
home and away measures for sRPE and sleep quality, and small effect sizes for Distance in high-speed 
zones and stress. One athlete, a forward, had different mean sRPE in home and away matches. A 
regression mediation analysis was carried out to test the mediating effect of game location on the 
relationship between internal load and goal difference. Results showed that game location does 

mediate this relationship. These findings validated the existence of HFA in sports and the findings of 
differences in the impact of HFA to athletes in specific positions can be used as a guide in analyzing 
and acting on the performance and well-being of players at each position. The study demonstrated the 
value of analytics in gaining insights about players’ performance and well-being. 

 
Keywords: Internal Load, Sports Analytics, Soccer, Home Field Advantage, Performance 
 

 
1. INTRODUCTION 

 

Home Field Advantage (HFA) and its impact on 
player performance continue to be an area of 
interest for fans and practitioners of sports. This 

paper sought to use analytics to analyze the 

performance of soccer players in home versus 
away matches to quantify the differences in their 
performance and increase the understanding of 
these differences. Soccer is a sport involving 
eleven players on each side and featuring one 

goalkeeper and 10 outfield players. It is played 
with a round ball and players’ positions are often 

mailto:cnjunge@callutheran.edu
mailto:pwitman@callutheran.edu
mailto:Phomey12@gmail.com
mailto:jcanacoo@gmail.com
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divided into defenders, midfielders and forwards. 

Goals are often few, typically less than three 
over the two 45-minute halves played. 

One framework seeking to explain HFA has five 

major components: game location, game 
location factors, critical psychological states, 
critical behavior states and performance 
outcome (Carron et al.,2005). This framework 
suggests that multiple factors account for the 
variation in players' performance and well-being 
in home and away matches. Some of the non-

physical factors potentially influencing subjective 
well-being that Abbott et al. (2018) discussed 
include match location, quality of match 
opposition and match result; collectively called 
situational match variables. Bailey (2013) has 

proposed regular testing and single-subject 

design when taking part in athlete monitoring 
and tracking. 

 
Novelty and Practical Relevance – Use of 
analytics in analysis of HFA in sports using team, 
position and individual match variables can 
extend the understanding of home advantage in 

sports in general and soccer in particular. 
 
Theoretical Contribution – This paper uses 
analytics to highlight the differences in the way 
athletes and players in different positions, even 
on the same team, are impacted by home field 
advantage in soccer. These findings can be 

extended to other sports in order to improve 

preparation of athletes and teams and improve 
their performance and well-being.  

 
2. LITERATURE REVIEW 

A review of the literature was carried out using 

the search terms ‘Home Field Advantage’, 
‘Internal Load’, ‘External Load’ and ‘Wellness’. 
Out of the 254 articles identified, 76 were 
selected for further review based on relevance of 
the title as determined by the authors. Of the 76 
selected, further analysis was carried out by 
reviewing the abstract and high-level reviews of 

the methodology and findings.  

A further review of the literature was carried out 
with the following search terms: Sport, Match 
Play, GPS, Level, Gender and Region. The 
articles were categorized by sport and whether 
or not they featured match play, meaning 
individuals or teams competing. 46 of the 76 

articles related to soccer and four of them 
featured more than one sport. 50 of the 76 
articles featured match play and 36 used GPS 
devices in their study. 30 of the studies were 

conducted using professional players as research 

subjects, 21 featured amateurs and 13 identified 
the subjects as elite. Most of the articles, 61, 
researched males, eight both male and female 

athletes, while only five specifically carried out 
research on female athletes. More than forty of 
the articles featured research carried out in 
Europe or the UK and only 11 of the studies 
were in the US. 

Gaps 
A review of the literature shows a gap in the 

study of soccer athletes in the US and 
particularly female athletes. The use of GPS 
devices in quantifying external load was quite 
prevalent as was the use of self-reported RPE to 
identify internal player load and wellness 

surveys to track the wellbeing of players. Only 

one study aimed to use machine learning 
algorithms to predict the internal load based on 
external load measures, and this was for 
professional soccer players in Europe. The 
authors are unaware of any study where 
analysis of internal load, external load and 
wellness of soccer players is carried out at a US 

Division-III college level (D-III is an indication of 
relatively small school size and does not permit 
athletic scholarships). This study seeks to begin 
to close those gaps while answering new 
research questions. 

3. RESEARCH QUESTIONS 

 

This paper seeks to investigate the following 
research questions: 

• Does homefield advantage exist for a 
DIII women’s soccer team and league? 

• Are changes in players’ wellness and 
external load measures reflected in the 

outcome of a match at the team and 
position level? 

• Do the players’ internal load, external 
load and wellness measures differ for 
home versus away matches? 

• Does game location mediate the 
relationship between internal load 

(sRPE) and goal difference? 
 

 
4. METHODS 

 
In selecting the athletes to include in the study 
several factors were considered. First, three 

seasons in which the GPS tracking, internal load 
and wellness data was available for the entire 
season were selected. During those seasons 50 
players had appeared for the team. Given that 
only 10 outfield players are used in a match, 
there was significant variation in the data 
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available for the 50 players. The players were 

therefore ranked based on their mean scores on 
the following variables: External Load from GPS 
Trackers (Load, Duration and Distance) as well 

as Total Games Played. Their ranking on these 
measures was then added together and divided 
by the number of measures to find the average 
ranking. The top 12 players were then selected, 
as they had all played more than 20 matches in 
the time frame. 
 

For the internal and external load analysis, three 
seasons’ worth of data were collected for the 12 
athletes in the study. The categories of data 
collected and their respective sources were: 
External Load (PlayerTek - 
https://www.playertek.com/us/), sRPE/Internal 

Load (FitFor90 - https://www.fitfor90.com/) and 
Wellness (FitFor90). The external load data in 
Playertek included metrics captured by Catapult 
GPS trackers during matches. The data show 
players’ total distance covered, duration, high 
speed running, accelerations and decelerations. 
The Internal Load data in FitFor90 included 

responses to surveys that the players filled out 
after matches indicating the difficulty of the 
session (rating), and the duration. Session 
rating is multiplied by duration to arrive at RPE 
(Rate of Perceived Exertion). The wellness data 
in FitFor90 included responses to surveys that 
players filled out daily related to their wellbeing. 

Measures include: Fatigue, Mood, Soreness, 
Stress, Sleep Quality and Sleep Hours. A total of 

27 different variables were captured, of which a 
small subset was later found to explain variation 
in the regression model. 
 

Multiple regression analysis using the enter 
method was used to analyze the relationship 
between the Goal Difference (dependent 
variable) and the sRPE (internal load), external 
load variables, and wellness variables.  
 
For the regression mediation with moderation, 

the ‘mediate’ package in R was used to carry out 
the analysis. Internal Load, Stress, and Goal 
difference were used as the X, Y and M variables 
respectively. The indirect effect was calculated 

using the method proposed by (Sobel, 1982). 
Nonparametric Bootstrapping  with the 
Percentile Method were used to test the 

significance of the indirect effect of the 
mediating variable, Stress. Analysis of the 
moderating effect of game location on goal 
difference was carried out. 
 
The data was pulled by exporting CSV files with 

player-level data from the FitFor90 and 
Playertek sites, as entered by the players. The 

data was then cleaned, aggregated, and 

analyzed using R-Studio. Once imported and 
cleaned, the data was joined to enable the 
multiple regression analysis to be carried out. 

sRPE was calculated by multiplying the athlete 
rating of a session (game), by the duration of 
the session. 
 

5. RESULTS 
 
HFA was quantified per team, per season, using 

the widely accepted approach of defining the 
number of points gained at home as a 
percentage of all points earned (Pollard, 1986). 
However, this method has been shown to be 
impacted by the team’s ability and the overall 
aggregated home advantage of the league 

during that season. As such, both of these 
factors need to be accounted for when 
comparing home advantage from different 
seasons. Pollard and Gomez (2009) have 
described a process where team ability and 
league HFA for a season can be calculated.  
 

An HFA of over 50% indicates a positive home 
field advantage. The resulting HFA for the league 
was 60%, 54% and 58% for the 2017, 2018 and 
2019 seasons respectively and 57% over the 
three seasons, indicating the existence of HFA in 
the league. The research subject team’s HFA for 
the 2017, 2018 and 2019 seasons was 54%, 

57% and 62% respectively and 58% on average 
for the three seasons. Only regular season 

matches (40 in total) for the three seasons were 
included in the HFA analysis in order to have a 
comparable number of home and away matches. 
 

In response to research question one, the 
results show that home field advantage does 
exist both for the team and the league. 
 
Regression Analysis Results 
A multiple linear regression analysis was carried 
out at the team and position level, and results 

are shown in Table 1. At the team level, the 
regression results showed an R Square value of 
80.4% and an Adjusted R Square value of 
49.2%, indicating that the independent variables 

(sRPE, Distance in Speed Zone 5, Distance in 
Deceleration Zone 1, Stress, and Sleep Quality) 
indeed explain nearly half of the variation in the 

dependent variable of Goal Difference and thus 
the outcome of a match. Table 2 shows the 
differences in the means of these variables in 
home and away matches. The 27 independent 
variables initially included consisted of several 
categories as used in similar analyses (Jaspers, 

2018) and as shown in Table 3. 
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Table 1 shows the five independent variables 

that had a positive correlation with Goal 
Difference and were significant at the 95% level. 
No variables were significant for midfielders 

only, and the share of variability of the 
dependent variable Goal Difference explained by 
the independent variables for forwards was very 
low (.027). These results show that defenders’ 
independent variables have the strongest 
correlation with the dependent variable, Goal 
Difference. 

 
In response to the second research question, 
‘are changes in players’ wellness and external 
load measures reflected in the outcome of a 
match at the team and position level?’, the 
results show that changes to these measures are 

statistically significant at a position level but not 
at a team level. See Figure 2 for the differences 
in mean player load by position. 
 
T-Test Comparing Variables and Matched 
Pairs 
The variables that were significant were 

therefore selected for further analysis in 
comparing them for home and away matches. 
This was carried out to establish whether their 
means were statistically different during home 
matches versus away matches. None of the five 
significant variables had p-values of less than 
the alpha value of 0.05, indicating that the 

means were not statistically different for home 
and away matches based on the sample. 

However, the effect sizes were still included. A 
paired samples t-test was used, and the Cohen 
D statistic was used to measure the effect size of 
those differences as shown in Table 2 below. 

These results show that at the team level the 
mean of the five variables that correlated with 
Goal Difference, sRPE, Distance in Speed Zone 
5, Distance in Deceleration Zone 1, Stress and 
Sleep Quality were not statistically different in 
home versus away matches as reflected by their 
low p-values. Despite the lack of significant 

difference in this data set sRPE and Sleep 
Quality had medium effect sizes and warrant 
further investigation. 
 

Similar to the team-level analysis, the means of 
the five variables selected based on the 
regression analysis were not statistically 

different based on the matched pair t-test. 
However, their Cohen’s D effect sizes are 
included in Figure 1. Additionally, a player-level 
analysis was carried out to establish whether the 
mean of the five variables above was statistically 
different in their home versus away matches. 

Figure 2 shows the internal load of players in 
three positions. For one of the players, whose 

position was forward, the sRPE (internal load) 

had a p-value of .043 indicating that the mean 
of their sRPE is statistically different between 
home and away matches. This suggests that 

there are likely differences in the way individual 
players experience and are impacted by home 
and away matches. A follow up study such as 
that proposed by Baily (2013) that studies single 
subjects may shed more light on the impact of 
home and away matches on individual athletes 
based on additional measures.  

 
In response to the third research question, ”do 
the players’ internal load, external load and 
wellness measures differ for home versus away 
matches?”, the results show that these 
measures are not statistically different for home 

versus away matches for players on this team 
over the three seasons. The differences in the 
means of the variables that were statistically 
significant in the regression analysis were not 
statistically significant at a team or positional 
level. However, for one of the players, a 
forward, the mean of sRPE in home versus away 

matches was statistically different.  
 

 
6. DISCUSSION 

 
This study used analytics to evaluate 
performance and wellness of female college 

soccer athletes on one team over three seasons 
and found that HFA exists in the SCIAC 

conference at 57%, and the team whose 
athletes were selected for analysis had a home 
advantage of 58%. Five variables, sRPE, 
Distance in Speed Zone 5, Distance in 

Deceleration Zone 1, Stress, and Sleep Quality 
were found to be significantly correlated with 
Goal Difference. It is notable that of the five 
variables, one related to internal load, two 
related to external load and two to wellness. 
Although the team-level and position-level 
means of these variables was found to not be 

statistically different given the sample size, one 
of the athletes had significantly different mean 
sRPE between home and away matches. Given 
that only 12 out of 51 athletes were selected for 

the analysis (limited by their tenure with the 
team across all three seasons of study), it is 
likely more players have internal load, external 

load and wellness variables that are different 
between their home and away matches. If 
coaches and trainers can identify the players 
with significant differences in these variables for 
home and away matches, they can intervene or 
modify their performance to improve individual, 

position, and team performance.  
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Regression Mediation Analysis 

Since the relationship between internal load 
(sRPE) and goal difference was validated in the 
previous regression analysis, additional 

regression analysis was carried out to 
investigate whether stress mediated the 
relationship between internal load and goal 
difference. The approach proposed by(Barron & 
Kenny, 1986) was followed. 
 

 
Figure 3: Linear regression results for the 

mediation model with moderation 
 
Mediation is a causal chain showing how one 
variable impacts another which subsequently 
impacts another. In this analysis, the Home Field 
Advantage model (Carron et al.,2005) was used 

to investigate whether game location mediated 
the relationship between internal load (sRPE) 
and goal difference. The mediation analysis was 

carried out in R-Studio using the ‘mediation’ 
library. The analysis was carried out in three 
steps, in line with existing literature (Barron & 
Kenny, 1986). 

 
First the relationship between internal load and 
goal difference was tested. The total effect of 
Load on Goal Difference is negative and 
significant as shown in Figure 3, ‘path c’ (b = -
0.0119, p <0.001***). Next the relationship 
between internal load and stress was tested, 

Figure 3, ‘path a’ (b = -0.0025, p <0.001***). 
Next the relationship between stress and goal 
difference Figure 3, ‘path b’ (b = 1.6135, p 
<0.000***). The indirect effect of the 
moderating variable, stress, on Goal difference 

was then calculated by multiplying the 

coefficients of ‘path a’ and ‘path b’ in Figure 3 
above (a= -.0025 * b = 0.9023), yielding -
0.0022. This indirect effect is lower than the 
‘path c’ beta value of 0.0119, meaning that 
stress partially mediates the relationship 
between internal load and goal difference. 
Finally, the effect of venue on the relationship 

between stress and goal difference was 
calculated and was positive and significant. Thus 

validating that match location impacts the 

success of a team as measured by goal 
difference and evidences the existence of home 
field advantage.  Readiness, a measure of 

players’ wellness and based on a questionnaire 
the athletes take, was analyzed but its 
relationship to goal difference was not 
significant. Given the similarity of readiness to 
self-efficacy, further analysis is encouraged to 
establish ways that players’ psychological states 
impact their performance and whether this is 

mediated by game location, thus causing a 
home field advantage. 
 
Three of the four research questions were 
validated through the research. The study 
showed that home field advantage does exist at 

the league and team level over the three years. 
The study also showed that changes to players’ 
external, internal and wellness load measures 
impact the outcome of a game, as measured by 
goal difference, particularly at the position level. 
For the third research question, the study 
showed that the internal, external and wellness 

measures were not statistically different in home 
versus away matches. 
 
Limitations and Future Work – Given the 
duration of the study was three years, it limited 
the number of athletes that could be included in 
the study, which in turn limits the 

generalizability of the results. Broader (more 
seasons) and deeper (more athletes) analyses 

can be carried out to validate the findings of the 
study. Additional match variables such as 
wellness or injuries can be added to the study to 
better understand impacts to players beyond the 

day of the match. Longitudinal data to explore 
causal relationships is not available and would 
add to the research. Also, providing insights to 
athletes and coaches in a short period of time, 
during or soon after the game, can help teams 
make adjustments within or between matches 
and improve their performance. 

 
7. CONCLUSION 

 
Given the increased importance of sports in 

society in general, and of college sports in 
particular, understanding team, position, and 
individual athlete experiences of matches both 

at home and away is crucial. Since a minority of 
the athletes are likely to become professional 
players, understanding how they are impacted 
by the sport and keeping track of various match 
variables in home and away matches can 
improve their experience as students, workers, 

and family members and improve their 
individual well-being as well as that of society. 
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Appendices  
 

Category Variable Team  
(Adj R2 = .421) 
Beta             
Sig. 

Defenders  
(Adj R2 = .455) 
Beta          Sig. 

Midfielders  
(Adj R2 = .252) 
Beta            
Sig. 

Forwards 
(Adj R2 = .027) 
Beta           Sig. 

  Beta p-
value 

Beta p-
value 

Beta p-
value 

Beta p-
value 

Internal 
Load 

sRPE -
.602** 

.026 -
.762** 

.013 -.261 .406 -
1.49** 

.030 

External 
Load 

Distance in 
Speed Zone 5 

.491** .042 .834** .020 .138 .601 -.057 .855 

External 
Load 

Distance in 
Deceleration 
Zone 1 

2.161 .233 .462 .851 2.39 .198 5.55** .026 

Wellness Stress .398** .011 .500** .004 .093 .647 .101 .712 

Wellness Sleep Quality .516** .032 .398** .016 -.172 548 .185 .612 

Table 1 - Regression Analysis Results 

 

 Home Away Difference Effects 

Variable Mean SD Mean SD Mean SD 
Cohen's 

D 
Effect 
Size 

sRPE 
  

486.41   131.10   523.42 95.58   (37.01) 35.52    (0.30)  M  

Distance in Speed Zone 5   0.01   0.01   0.01   0.01  0.00   0.00      0.12  L  

Distance in Deceleration 
Zone 1   0.53   0.18   0.48   0.13  0.04   0.04      N/A  N/A  

Stress   1.17   0.55   1.23   0.46 (0.07)   0.10    (0.01)  L  

Sleep Quality   1.57   0.41   1.50   0.56  0.07 (0.15)      0.31  M  

Table 2 - T-Test Values and Effect Sizes 
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Figure 1 - Effect Sizes of Differences in Means at Position Level 

 

 

 

 

Figure 2 – Player Load by position 
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No. Variable Category 

1 Load (sRPE) Internal Load 

2 Duration External Load 

3 Distance_(miles) External Load 

4 Sprint_Distance_(yards) External Load 

5 Top_Speed_(mph) External Load 

6 Distance_Per_Min_(yd/min) External Load 

7 Distance_in_Speed_Zone_1__(miles) External Load 

8 Distance_in_Speed_Zone_2__(miles) External Load 

9 Distance_in_Speed_Zone_3__(miles) External Load 

10 Distance_in_Speed_Zone_4__(miles) External Load 

11 Distance_in_Speed_Zone_5__(miles) External Load 

12 Distance_in_Deceleration_Zones:_0_-_1_m/s/s__(miles) External Load 

13 Distance_in_Deceleration_Zones:_1_-_2_m/s/s__(miles) External Load 

14 Distance_in_Deceleration_Zones:_2_-_3_m/s/s__(miles) External Load 

15 Distance_in_Deceleration_Zones:_3_-_4_m/s/s__(miles) External Load 

16 Distance_in_Deceleration_Zones:_>_4_m/s/s__(miles) External Load 

17 Distance_in_Acceleration_Zones:_0_-_1_m/s/s__(miles) External Load 

18 Distance_in_Acceleration_Zones:_1_-_2_m/s/s__(miles) External Load 

19 Distance_in_Acceleration_Zones:_2_-_3_m/s/s__(miles) External Load 

20 Distance_in_Acceleration_Zones:_3_-_4_m/s/s__(miles) External Load 

21 Distance_in_Acceleration_Zones:_>_4_m/s/s__(miles) External Load 

22 Fatigue Wellness 

23 Mood Wellness 

24 Soreness Wellness 

25 Stress Wellness 

26 SleepQuality Wellness 

27 SleepHours Wellness 

 
Table 3 – List of Independent Variables 

This study examines privacy, confidentiality and security with EHR systems and investigates patient’s 
perceived security of online medical records, particularly of international patients. The format of this 

study is as follows. First is a discussion of a relevant literature followed by methodology discussion 
and test results. The manuscript concludes with results, limitations, and future research. 

 


