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Abstract

Studies of training and competition load in sport are usually based on data that represents a
sample of a league and or annual training program. These studies sometimes explore
important factors that are affected by load, such as training adaptations and injury risk. The
generalisability of the conclusions of these studies, can depend on how much load varies
between seasons, training phases and teams. The interpretation of previous load studies
and the design of future load studies should be influenced by an understanding of how load
can vary across seasons, training phases and between teams. The current study compared
training loads (session rating of perceived exertion x session duration) between all (8)
teams in an elite Netball competition for multiple (2) season phases and (2) seasons. A total
of 29,545 records of athlete session training loads were included in the analysis. Linear
mixed models identified differences between seasons and training phases (p < .05). There
were also differences between teams and a complex set of interactions between these
three factors (season, phase, and team) (p < .05). While the absolute value of the training
loads reported here are only relevant to elite netball, these results illustrate that when data is
sampled from a broader context, the range and variation in load may increase. This high-
lights the importance of cautiously interpreting and generalisation of findings from load stud-
ies that use limited data sets.

Introduction

Practitioners monitor athlete training loads for several reasons including managing fatigue,
ensuring players are adequately prepared for competition, identifying injury risk, and deter-
mining player readiness [1]. The way training load is measured and how athletes respond to
the imposed training stimulus can vary significantly between teams and sports [2]. Two com-
mon classifications of training load are internal and external load measures [3]. External load
is a measure of the load specific to the training undertaken and includes measures such as dis-
tance [total distance or distance within specific speed ranges], accelerations and tonnage for
resistance training [4]. Internal loads reflect the actual psycho-physiological response by the
athlete elicited by the external training load and includes measures related to heart rate (e.g.,
heart rate variability, heart rate reserve) and the product of session rating perceived exertion
(sRPE) and duration (sRPE-TL (training load)) [4].
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A pre-season phase is designed to prepare athletes for the demands on the upcoming sea-
son and would be expected to have higher training loads than in-season due to the recovery
required post match [5]. Previous research has supported this theory showing that pre-sea-
son loads are higher than in-season loads [5-7]. Aside from differences in season phases, we
would also expect to see differences in the training loads experienced by different teams
within the same competition. Several reasons could contribute to potential differences; dif-
ferent coaches and support staff, diverse training schedules, varied priorities on training
components to name a few. Whilst these differences could be expected, no previous
research has demonstrated how different these training loads may be between teams and
how this might be reflected overall in the competition profile. Understanding the extent of
these differences may assist in interpreting the robustness of previous studies who have only
examined one team and/or season phase.

A relatively large proportion of the existing studies of load, use data from a single team
or club and may have used data from a single season. For example, all the studies included
in two reviews on training load [2, 8] relied on data from one club or team. Depending on
the nature of data collected and analyses being conducted, using athletes from one team
only, may result in lack of power which is often not reported in the literature [2]. Further-
more, existing studies often only report data from one season phase (e.g., pre-season or in-
season) or one season cycle, therefore we have a lack of understanding of how load changes
over time.

A relatively small and or short-term sample of training load information has the potential
to create other problems for researchers. There are many studies that seek to identify relation-
ships between training load and important response variables such as, a change in a fitness
component, injury risk or performance. We believe that there is a risk that the adequacy of the
training load data used by these studies may affect their conclusions. This could occur when
the training load data does not represent the complete range of training loads experienced by
athletes in that sport. Fig 1 illustrates how data obtained from three different studies may lead
to different conclusions. Data from the fictitious “Study A” may have been obtained in a season
phase, under the influence of a conservative coach that represents the lower end of the com-
plete range of training load that exists in the sport. Given the underlying relationship, the
study would find no relationship between training load and their response variable. A different
study based on data from “Study B”, may detect a weak relationship, whereas data from “Study
C” may report a very strong relationship. None of these datasets alone capture the type of the
underlying relationship, although data from only one study (i.e. Study A) is likely to avoid a
false negative conclusion.

Previous studies of training load provide valuable information about typical training
load in a variety of sports and have explored relationships between training load and other
factors that affect performance, such as adaptations to training and injury risk. However,
there is a need to explore the extent to which training load varies between teams, season
phases and seasons. An understanding of these variations is required if we want to accu-
rately quantify the typical range of training loads in sport. This understanding may also
improve the likelihood that future studies are able to detect and identify relationships with
other performance related factors. Collectively, this information may assist teams in deter-
mining effective and safe training loads for teams and athletes. Therefore, the aim of the
current study was to examine the extent to which training load varies between all teams
who compete in the same league, also between seasonal phases and between years. This
study did not aim to explore relationships between training load and a response variable
such as performance as we believe it is important to empirically demonstrate differences
that potentially occur between teams, years, and season phases.
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Fig 1. An example of the risks associated with analysing unrepresentative load data. This chart provides a
conceptual illustration of a relationship between load and a response variable which could be a change in a component
of fitness or injury risk. The horizontal bars represent the range of a load measure for three hypothetical studies. Each
study’s unique range of load influences whether a relationship with the response variable would be detected in an
analysis of the data.

https://doi.org/10.1371/journal.pone.0266830.9001

Methods

Session rating of perceived exertion (SRPE-TL) was obtained from Netball Australia’s Athlete
Management System (AMS) and contained player data from the first two seasons of Australia’s
National Netball Competition (known as Suncorp Super Netball (SSN)). The competition
includes eight teams each with 10 contracted players and up to five training partners. A total of
95 unique players provided sRPE-LT data over two seasons. The average age of the female ath-
letes was 27.1 + 4.2 years. Ethics approval was provided from the Australian Institute of Sport
and Deakin University human research ethics committees.

Athletes from each team were asked to enter a rating of perceived exertion (RPE) after each ses-
sion they completed, either training or match, as well as the duration of the session. Each athlete
was required to enter their RPE via dropdown menu and session duration (free text entry) via a
smartphone application and the entry included the date of the session. The sRPE-TL was automati-
cally calculated from the session RPE and session duration (RPE x session duration in minutes).

After being downloaded from the AMS, data preparation was conducted. This included label-
ling all sessions (entries) by season phase (pre-season, in-season, finals, out of season), year (2017,
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2018) and team (A-H). To enable the identification of season phases, each SSN team provided the
start date of their pre-season for both 2017 and 2018, and the competition start end date was
obtained from the SSN fixture for each season. An independent t-test revealed no significant differ-
ence in the average SRPE-TL per session between in-season and finals, so this data was combined
for further analyses. Any data which was outside the pre- and in-season phases was excluded from
the analysis as these were not stipulated team-based training sessions. Data entered when athletes
were not involved in the SSN teams (i.e., international duties) were excluded from future analysis.

Potential outliers and errors in the data were identified and removed. The RPE and dura-
tion columns were examined, and any blank values in either column resulted in the removal of
that data point, resulting in 112 entries being removed. Any session duration values over 180
minutes were further examined to determine if they were a valid session. This value was
selected as it indicated a training session of greater than three hours and most reported netball
training session lengths are less than this time [9, 10]. If a session was over 180 minutes, it was
compared to other recorded sessions on the same date by athletes from the same team. If mul-
tiple entries were recovered over 180 minutes for the same day and team, the session was con-
sidered valid. Twenty-five entries were removed from the analysis as they were isolated
sessions over 180 minutes. The final number of entries for analysis was 29,545.

Statistical analysis

Teams did not complete the same number of training sessions therefore sRPE values were
averaged across all sessions completed for each player rather than using weekly or other time-
based measures. To remove interdependency between individual values, data were collapsed
to a single median value for sSRPE-TL, duration and RPE for each participant for each competi-
tion, year, season phase and session type. Normality of data was assumed given the relatively
large sample size [11, 12]. To examine how individual teams may differ to competition wide
variations in training loads, a linear mixed model (LMM) was run using all data (competition
wide LMM) followed by separate LMM for each team. For the competition wide LMM, team
was included as a random factor. For all LMM, year, season phase and the year x season phase
interaction, were included as fixed factors. Alpha was set at p < .05. Data was analysed using
Statistical Package for Social Sciences (Version 25.0, IBM Corp, Armonk, NY).

Results

Results from the competition wide LMM analysis revealed significant main effects for year (F(1,
29538.39) = 227.97, p < .001) and season phase (F(1,29535.93) = 94.67, p = < .001) and a signifi-
cant year x season phase interaction (F(1,29534.58) = 10.48, p = .001) (see Fig 2). Training load
was higher in pre- versus in-season, and training load was higher in 2017 compared with 2018.

Results from the analyses of each team are provided in Table 1. There was a difference in
training load between 2017 and 2018 for four of the eight teams. There was a difference in load
between pre- and in-season for five of the 8 teams. There was an interaction between these two
factors (year and season phase) for five of the eight teams.

Visualisations of the main effects of year and season phases on load are presented in Fig 3.
The analysis of the main effects indicates that only some teams exhibited differences (changes)
in training load between years and season phases. Moreover, where changes did occur, they
were not always in the same direction. For example, of the four teams that exhibited a change
in training load from 2017 to 2018, three declined and one increased. When examining the
change in training load from pre- to in-season, four teams exhibited a decline, while one had
an increase. Fig 3 also illustrates the variation in the interactions between year and season
phase. It is evident that there are differences in the absolute training load of training sessions
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Fig 2. Average sRPE-TL for season phase and year across for all teams combined.
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as well as variation in the direction of change in training load from 2017 to 2018 and from pre-
to in-season. Only teams B and F did not exhibit a change in training load by year or by season

phase, however a significant interaction was observed for B.

Discussion

Our understanding of training load has been predominately limited to research examining
one team within one year, thus we do not understand elite athlete’s training loads across

Table 1. Results of the linear mixed model for each individual team.

Team df Year main effect Season phase main effect Year x Season phase interaction
A 1,4614 F=1810, p <.001* F=204,p=.15 F=1223,p < .001
B 1,3316 F =0.001,p = .97 F=0.69,p = .41 F=630,p=.01
C 1, 3452 F=0.68,p=.4l F=112.77,p <.001* F=29.54, p < .001
D 1, 3369 F =29.96,p < .001 * F = 9.90, p = .002 A F=0.14,p=.71
E 1, 2760 F=7.10,p=.008" F=12.10,p=.001"* F = 9.54, p = .002
F 1,4031 F=1.20,p=.27 F=0.10,p=.76 F=1357p=.25
G 1, 4650 F=10.60,p =.001 * F=8.09,p=.004* F = 10.01, p = .002
H 1, 3321 F=3.69,p=.06 F=56.44,p <.001 * F=1.80,p=.18

#2017 sRPE-TL greater than 2018 sSRPE-TL.
%2018 sRPE-TL greater than 2017 sRPE-TL.

* Pre-season sRPE-TL greater than in-season sRPE-TL.

A In-season sRPE-TL greater than pre-season sRPE-TL.

https://doi.org/10.1371/journal.pone.0266830.t001
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multiple teams participating in the same competition, nor over multiple season phases and
years. The current project has revealed significant differences not only exist between teams
from the one season but also across season phases and years. This is not an unexpected finding,
however, does suggest caution needs to be applied when generalising findings from one study
to other teams, competition levels and across years. A discussion of the current findings is pre-
sented along with considerations for future research examining training loads in sport.

This is the first study to compare training loads across multiple years in a female court-
based population. The average session load across the competition decreased in the 2018 sea-
son compared to the 2017 season. Whilst this trend was evident and significant differences
were shown for three teams, one team demonstrated an increased training load in 2018. Two
of the three teams which had the highest training loads in 2018 decreased their training loads
in 2017 (teams A and E). Team E maintained their pre-season training load across both years
but had a significant drop in their in-season training loads indicating a specific adjustment
they felt needed to be made across the seasons. In contrast, Team A significantly decreased
pre- and in-season training loads and showed the greatest adjustments of any team between
2017 and 2018. This indicates some specific adjustments to the way they prepared for matches
in 2018. Previous research, albeit examining only one team has been mixed. Coppalle et al.

[13] observed no difference in pre-season external and internal training loads for professional
soccer players over two years. Whereas Gabbett [14] showed a reduction from one season to
the following two seasons in sub-elite rugby league athletes. The varied nature of the current
findings and previous research suggests practitioners differ in their approach to training load
prescription. Future research should explore the relationship between changes in training load
and individual and team performance.

Half of the teams in the competition had athletes complete more training load per session
in the pre-season phase than in-season. Only one team (Team D) had higher training loads in-
season than pre-season. Interestingly Team B had a significant year by season phase interac-
tion, however, there were no main effects; in 2017, in-season training loads were lower than
pre-season, however this was reversed for 2018. Multiple studies have reported higher pre-sea-
son training loads than in-season training loads [15-19] however, this is the first female study
reported. Current findings, bar one team, are consistent with the notion that pre-season is typ-
ically used to prepare players for the physiological requirements of the sport in addition to
technical and tactical preparation as the season draws closer [20]. A pre-season phase will typi-
cally have multiple macro and micro cycles, but the overarching plan is to prepare for the sea-
son ahead. One team is an apparent outlier (team D), which is interesting as it could be
perceived that they are not preparing their athletes for the season ahead. In both years, players
in Team D reported working harder in-season (via RPE) than pre-season with no difference in
the length of sessions. Further understanding around individual and team performance in-sea-
son may provide further insights into whether this was a successful strategy for this team.

The competition trend was for higher training loads in pre-season than in-season and
higher training loads in 2017 compared to 2018. Only two of the eight teams demonstrated the
same main effects as the competition wide results. No teams had the same interaction effect as
the competition wide results. It is not surprising that teams differed in the training load pat-
terns to the competition wide results. This highlights how understanding training load across
multiple teams within a competition may allow a team/s to identify if they are over- or under-
training their athletes with respect to the remainder of the competition. They can then use this
information in addition to performance metrics to assess whether this may present additional
challenges or issues. Competition managers may also be able to play a role in notifying teams
of over- or under-training if there is risk of athlete injury (either through under- or over-load-
ing) or overtraining occurring. Having oversight on player loads across a competition may
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also be important if players are then selected into representative teams for ‘higher’ competi-
tions (e.g., international matches, state of origin). Understanding a player’s more recent train-
ing loads could ensure appropriate loading (e.g., building or decreasing loads within an
acceptable range) to enhance performance in the new environment.

Whilst the findings of the current study provide some interesting findings, the use of
SRPE-TL is not without limitations [21]. It is recommended that further studies aim to include
both objective and subjective measures of load, notwithstanding the barriers to implementing
this across a competition (e.g., cost of devices, teams using the same hardware). Whilst we
have addressed some factors in our analysis, we have not examined changes across different
levels of competitions longitudinally and this should be a focus of future research. The current
study used sRPE-TL as a measure of session load and teams may have completed different
numbers of sessions within a week, thus the overall training load between teams may be vastly
different. It could be speculated that some teams may have had lower session loads and com-
pleted more sessions in a week (e.g., Team B), whereas other teams may have had higher ses-
sion loads and completed fewer sessions in a week (e.g., Team H). Future studies should look
to examine weekly training loads and their relationship to competition preparation.

Practical applications

Findings from the current study suggest that there is risk in inappropriately generalising
findings about training load, from one team to a league or one season phase to a year or one
year to another. Only one of the eight teams in the competition (Team F) did not show any
differences between phases and years. All other teams demonstrated changes in the range of
their training loads across the season phases or two years of the competition. Future studies
may be limited in their capacity to be generalised if they do not implement careful research
design. Single team designs may provide an indicator of normative training load values for
a sport or competition level, however, as shown in the current study, may not be representa-
tive of all teams. Therefore, caution should be applied when using single team results as nor-
mative data.
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