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ABSTRACT

Purpose: To investigate the relationships between internal and external training load (TL)
metrics with elite international women’s basketball performance.

Methods: Sessional ratings of perceived exertion, PlayerLoad™/minute and training duration
were collected from thirteen elite international level female basketball athletes (29.0 + 3.7 years,
186.0 £ 9.8 cm, 77.9 £ 11.6 kg) during the 18 weeks prior to the International Basketball
Federation (FIBA) Olympic qualifying event for the 2016 Rio Olympic Games. Training stress
balance (TSB), differential load and the training efficiency index (TE;) were calculated with
three different smoothing methods. These TL metrics and their change in the last 21 days prior
to competition were examined for their relationship to competition performance as coach
ratings of performance.

Results: For a number of TL variables, there were consistent significant small to moderate
correlations with performance and significant small to large differences between successful
and unsuccessful performances. However, these differences were only evident for external TL
when using exponentially weighted moving averages to calculate TL. The variable that seemed
most sensitive to performance was the change in TE; in the last 21 days prior to competition
(performance 7=0.47-0.56, p<0.001 and difference between successful and unsuccessful
performance p<0.001, /=0.305-0.431)

Conclusions:  Internal and external TL variables were correlated with performance and
distinguished between successful and unsuccessful performances amongst the same players
during international women’s basketball games. Manipulating TL in the last 3 weeks prior to
competition may be worthwhile for basketball players’ performance; especially in internal TL.

KEYWORDS

Monitoring, Simple Moving Average, Exponentially Weighted Moving Average,
Periodization
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INTRODUCTION

Basketball is a five versus five open skill team sport that involves intermittent high intensity
efforts regardless of sex.! Competitions at an international level (i.e. country versus country)
normally culminate every four years at the Olympic Games. There are a number of matches

and tournaments prior to the Olympic Games that are necessary for qualification and/or seeding.

These matches and tournaments are characterized by a high number of basketball games within
a few days which could lead to poor performance and increases in illness and injury risk.> As
such, monitoring and adjusting training loads (TL) to reduce likelihoods of poor performance
or injury/illness is considered important for practitioners.>* Although there appears to be
research available in amateur’, NCAA Division I° and European professional’” women’s
basketball, there seems to be a knowledge gap on the practice and competition TL demands in
elite international women’s basketball.

There are a number of different measures used to monitor TL in basketball.> These different
measures are used to assess either internal load (i.e. the athlete’s response to the training) or
external load (i.e. the actual work performed in training).® It is recommended that both these
constructs are monitored, along with their relationship, to optimize the training of athletes.*3?
For instance, a consistent trend of greater external TLs with lower internal TL responses over
time in an athlete may represent a positive adaptation to training and vice versa for a negative
adaptation.'® The training efficiency index (TE;), which is an allometric log-transformed ratio
of external to internal TL, is one method of quantifying the relationship between internal and
external TL in team sport athletes.!® In regards to internal TL, one of the most widely reported
measures in basketball is sessional ratings of perceived exertion (sRPE),? which is generally
recommended as a primary TL measure in most team sports.!! There is also evidence for a
relationship between sRPE and in-game performance in other open skill team sports (e.g.
Australian Rules football).!?!3 In regards to external TL, tri-axial accelerometry, and in
particular PlayerLoad™ (PL), is a validated commonly used measure that seems well suited to
monitor external loads in basketball.>>!4 However, the evidence for a relationship between
sRPE or tri-axial accelerometry with in-game performance in basketball is limited (potentially
due to the complexity of team sport performance)* and bears further investigation.

Despite there being a variety of athlete monitoring measures used in basketball, TL models are
generally constructed using training impulse (TRIMP) data.!>-!®¢ TRIMP is the product of an
intensity factor and a volume/duration factor.'® An athlete’s response to training can then be
quantified (to an extent) from TRIMP values as the difference between longer-term chronic
positive “fitness” and shorter-term acute negative “fatigue” functions.'>!¢ Recently, this
concept has led to the development of the acute to chronic workload ratio (ACWR), which is
a measure of relative change in TL.!7 The ACWR is calculated as the ratio between the simple
moving averages (SMA) of TL over acute and chronic periods.!” However, significant
concerns have been recently presented on the ACWR. Although the effects of mathematical
coupling on the ACWR had trivial effect in one study!8, there may be critical statistical issues
with the ACWR (e.g. failure to normalise correctly)'® and the previous literature using the
ratio.?? For practitioners concerned with these issues but still wishing to measure changes in
TL, alternatives include training stress balance (TSB)?! and differential load.'>*> TSB is
calculated as the difference between the chronic and acute periods and differential load is an
exponential smoothing of week-to-week rate of change in TL.!3?! Regarding smoothing of
TL, there have also been discussions over the most suitable moving average methods.??
Exponentially weighted moving averages (EWMA) have been endorsed as a more suitable
smoothing method to SMA.?2* However, like SMA, there are also conceptual issues with
EWMA (e.g. individual “fitness” and “fatigue” gain and decay rates)’ and there have also been
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different EWMA calculations presented in the available TL research.'3** These different
smoothing methods all produce different TL values for acute and chronic periods. It is also
not established which smoothing method produces TL metrics that have superior relationships
to performance.

In light of the lack of available research on elite international women’s basketball practice and
competition TL and the call for more work on understanding how TL metrics relate to
performance in all team sports, not just basketball*; further investigation in these areas is
warranted. Therefore, the three primary aims of this study are to: 1) provide data of common
sRPE and tri-axial accelerometry TL metrics used in basketball for practitioners working in
elite international women’s basketball; i1) examine whether different external/internal TL
metrics and their relationship to one another were correlated to in-game performance; and iii)
determine if meaningful differences existed in these TL metrics between successful and
unsuccessful in-game performances in elite international women’s basketball. ~ We
hypothesized that there would be correlations between TL metrics and performance and
significant differences in TL metrics between higher and lower performers. Due to the debate
over the different smoothing methods for TL metrics and the criticisms of the ACWR, this
investigation has presented alternative change in load measures (TSB and differential load) and
the three main smoothing methods used in previous literature to add to the evidence base for
practitioners.

METHODS

Participants

Thirteen elite international level female basketball athletes participated in this study (age 29.0
+ 3.7 years, stature 186.0 = 9.8 cm, body mass 77.9 + 11.6 kg). All athletes were part of the
final squad selected for the 2016 Rio Olympics and had previously competed in senior
professional competitions and/or internationally at the Olympic, World Championship or
World Junior Championship levels. The data for this study was initially collected within the
athletes’ training environment and was released de-identified from the athletes and respective
National Olympic Committee. Approval for this investigation was granted by the University
Human Ethics Committee (Approval #19521) and conforms to the Code of Ethics of the World
Medical Association (Declaration of Helsinki).

Design

This investigation was a retrospective observational study. TL data were collected from the
participants for 18 weeks prior to the International Basketball Federation (FIBA) Olympic
qualifying event for the 2016 Rio Olympic Games. Illness or injury incidents that caused an
athlete to modify technical training or seek medical attention were also noted throughout the
data collection period.?> Correlations of different TL metrics with competitive performance
were examined. Differences in the TL metrics of higher and lower performers were also
investigated.

Methodology

Training impulse (TRIMP) was calculated from internal and external TL and included
competition workloads i.e. games/tournaments. Internal TRIMP was the product of sSRPE and
session duration (t).26 External TRIMP was the product of PlayerLoad™/minute (PL/min)
derived from Catapult Sports (Melbourne, Australia) accelerometers and session duration (t).’
PlayerLoad™ is an arbitrary unit derived from triaxial measures of rate of change in
acceleration and is validated for use in basketball.'* The following metrics were calculated
daily from the internal and external TRIMP data: i) acute TL (7 day average), ii) chronic TL
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(21 day average); iii) TSB (chronic - acute TL), iv) differential load, v) TE; average over 5
days (TE;5) and vi) TE; average over 7 days (TE,7) using established methods.!%13.15-27 The
TE; was smoothed over 5 and 7 days to reduce measurement noise (similar to current
recommendations for heart rate variability)?® and give an overall indication of the athletes’
internal response to the external TL for the last week. These variables were calculated and
presented as SMA, EWMA as per Williams et al (EWMA-W)?? and EWMA as per Lazarus et
al (EWMA-L)!3. The key difference between SMA and EWMA methods is that EWMA will
give an increased weighting to the most recent TL an athlete completes in a period whereas
SMA will provide an even weighting of the TL over the period.

The acute and chronic periods were set at 7 and 21 days respectively. Differential load was
also assessed using 7- and 21-day exponential decays. The period length determination was
based on the typical training micro-mesocycle combination employed by the head coach.’
Based on research in elite weightlifting performance?’, TSB was assessed as: i) absolute values,
which represented the value on the day of the competition; ii) the value 21 days prior to
competition subtracted from the value on the day of the competition (CH21); and iii) the
volatility (calculated as the standard deviation) of values in the last 21 days prior to competition
(VOL21). The change in TE;5 and TE,7 over the 21 days prior to competition was also
examined. The last 21 days prior to competition was chosen for the time period of interest
based on the results of existing performance modelling research and tapering research in a
basketball setting.3%-32 Lastly, the percentage of training burdened by injury/illness compared
to total training time was considered in the last 21 days before competition.?> This percentage
of burdened training to total training was based on any injury or illness that affected an athlete’s
training (e.g. a shoulder injury may have limited shooting volume in training) or required
medical intervention. Any injury or illness incidents were identified by the team doctor or
physical therapist and their respective lengths were noted by the research team. If athletes were
absent from training due to injury/illness, TRIMP was recorded as zero to enable continuous
calculations.

TL and injury/illness metrics were then compared against performance expressed as coach
ratings of performance. Coach ratings of performance have been used in other open skill team
sports3? and in this investigation, were the average of three different 1-10 scales (physical,
mental and technical performance). All ratings were collected individually from the head
coach and assistant coach within 24 hours of team performance. The final coach rating
represented the average of both coaches’ ratings across all three performance dimensions
(physical, mental and technical). Efficiency, which is a common overall basketball value
statistic, was also calculated where available from individual player’s box scores.’* Coach
ratings were used in preference over the efficiency statistic to adequately capture an athlete’s
holistic individual contribution to team performance and strategy bearing in mind the
complexity of team sport performance, playing positions, line-up and strength of the
opposition.*® To account for coaches’ biases towards certain players and factors like playing
positions, the coach ratings were converted into z-scores for each individual player. Then the
allocation into either the successful performances (better than average, n=96) or unsuccessful
performances (worse than average performances, n=61) was determined by whether the
coaches’ rating z-score was greater or lesser than 0.2; representing the smallest worthwhile
change.?

Statistical Analysis

Statistical analyses were performed using statistical software (R statistics packages: /merTest,
rmcorr, and performance; https://www.r-project.org) or purposefully designed Excel
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spreadsheets (Microsoft Corporation, Washington, U.S.). All data were analyzed as mean +
standard deviation (SD). The alpha level for significance for all tests was defined as p < 0.05.
Repeated measure correlation analyses with 95% confidence intervals were used to determine
if there were any linear relationships between the TL metrics across different smoothing
methods, training burdened by injury/illness and coach ratings of performance. Correlations
were interpreted as per the recommendations of Hopkins et al.33 R-z transformations were also
applied to determine if there were any significant differences between correlations amongst the
various smoothing methods. Due to the repeated measure data structure in the TL metrics,
linear mixed models with the athlete as the random intercept were then used to assess
differences between successful and unsuccessful performances. All models were checked for
a) linearity, b) residual independence, and c) residual normality. Again due to the repeated
measure data structure, effect sizes of any differences from the models (marginal /2)3¢ were
then calculated and interpreted as trivial (<0.02), small (0.02-0.14), moderate (0.15-0.34) and
large (>0.35).%7

RESULTS

A total of 1642 training, 15 games and 167 competition data points across the participants were
included in the present analysis. The average sRPE was 5.53 + 1.67 AU and the average
PL/min was 4.62 + 1.97 AU over all recorded sessions. The average training sRPE was
significantly different with small effect size from the average competition sRPE (5.37 + 1.62
and 7.11 £+ 1.22 AU respectively, p<0.001, f°=0.105). This was also the case for PL/min in
training versus competition with large effect size (4.08 + 1.02 and 9.72 + 1.51 AU, p<0.001,
f?=2.344). The repeated measure correlation between sRPE and PL/min was moderate (r=0.43,
p<0.001). The daily internal TRIMP average was 648 =496 AU and the daily external TRIMP
average was 398 + 282 AU. In competition, the average coach rating was 6.40 = 1.51 and
average efficiency score was 6.88 = 5.55. The repeated measure correlation between coach
ratings and efficiency from individual player’s box scores was moderate (+=0.35, p=0.02). The
time series of TE;7 and external/internal TL TSB (calculated using EWMA-W) with coach
ratings of performance as z-scores are presented in Figure 1.

FIGURE 1 ABOUT HERE

Repeated measure correlations between coaches’ ratings of performance and the different TL
metrics are presented in Table 1. There were consistent significant small to moderate
correlations with performance across all the external TL metrics when calculated with EWMA -
W or EWMA-L with the exception of weekly change and chronic TL EWMA-L. Only external
TL TSB VOL21 was correlated with performance when calculated with SMA. There were
also consistent small to large significant correlations between all the internal TL metrics and
performance calculated with all the smoothing methods. The only exceptions to this were
weekly change, acute TL SMA and chronic TL EWMA-W/-L. There were no significant
correlations between TE,;S or TE,;7 and performance. However, there were moderate to large
significant correlations between the change in TE;5S and TE,7 over the last 21 days preceding
competition and performance. There was no significant correlation between training burdened
by injury or illness in the last 21 days prior to competition and performance in this investigation
(=-0.04, p=0.60).

TABLE 1 ABOUT HERE

There were significant differences in a number of the TL metrics between successful and
unsuccessful performances in this investigation. For the external TL metrics (presented in
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Table 2A), there were consistent significant differences with small effect size between
successful and unsuccessful performances in acute TL, TSB, TSB VOL21, and both 7- and 21-
day differential load when calculated with EWMA-W and EWMA-L. In contrast, when using
SMA, there was only one external TL variable (TSB VOL21) that was significantly different
between successful and unsuccessful performances. For the internal TL metrics (presented in
Table 2B), there were consistent significant differences across all smoothing methods with
small to large effect size between successful and unsuccessful performances in TSB, TSB
CH21 and both 7- and 21-day differential load. For the training efficiency index variables
(presented in Table 2C), there were significant differences with moderate to large effect sizes
between successful and unsuccessful performances in the change in TE;5 and TE,7 over the 21
days prior to competition. These differences were significant across all smoothing methods.
There was not a significant difference between successful and unsuccessful performance in the
training burdened by injury or illness in the last 21 days prior to competition (p=0.79, /°<0.001).

TABLE 2A-C AROUND HERE

DISCUSSION

To our knowledge, this is the first investigation to detail values of both internal and external
TL in an elite international women’s basketball team in the qualification stages for the Olympic
Games. For external TL, the levels of PL/min were greater than previously reported in amateur
and NCAA Division I female basketball athletes.>®* Weekly internal TL was also greater than
previously published levels in European professional female basketball athletes.” The higher
playing standard of athletes in this investigation compared to the previous research (i.e.
professional international level versus professional national level or collegiate) may explain
these differences. It is reasonable that the higher playing standards of international basketball
would require more regular training at higher workloads along with players more able to
regularly handle these higher workloads. Along with the average daily external TRIMP levels,
this information may help coaches and practitioners progress the workloads of athletes to an
international level and prescribe workloads at that same level. Of interest was the significant
differences between competition and training PL/min levels which were similar to previous
research in amateur female basketball athletes.®> Although training will not always be at
competition intensity and skill development (e.g. shooting drills) or periods of coach feedback
will reduce the average PL/min of the session, the magnitude of this difference may have
represented a situation where competition intensities were not being replicated often enough in
training.  Practitioners are recommended to monitor differences between training and
competition external TL, and in particular the intensities in different components of training
(e.g. competition-style scrimmages versus lower intensity skill development) to help ensure
athletes are adequately prepared for the intensity demands of competition.

In this investigation, successful performances were characterized by a higher TSB (~10-20 AU
external TL, ~50 AU internal TL) and a lower differential load when compared to unsuccessful
performances. Further, the TE;5 and TE,7 change over the last 21 days before competition had
the greatest correlations and largest effect sizes of all the variables when assessed against
successful and unsuccessful performances. It is interesting the relationship between changes
in TE;5 and TE,;7 and performance were much stronger than TE;5 and TE,;7 on the day of
competition. This finding indicates relatively higher internal to external TL levels prior to the
taper as beneficial in this investigation. This finding may also be related to previous tapering
research that suggested an increase in TL ~20% prior to the taper leads to better taper
outcomes.*® As the TE; quantifies the external-internal TL interaction'?, this finding is novel
in that the taper prior to basketball games in this investigation were greater in internal than
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external TL for successful performances. Related to this finding was the greater internal TSB
CH21 of ~140-250 AU for successful compared to unsuccessful performances; which is similar
to previous research on elite weightlifting performance.?® These findings are consistent with
the suggestion that internal TL ultimately determines the training outcome (in this case,
basketball in-game performance) for athletes.® These findings also reinforce the need for
practitioners to be cognizant of the potential differences between external and internal TL and
to use and compare both to optimize performance in basketball athletes.® Based on the results
of this study, external TL may not require as much of a taper relative to internal TL as
basketball athletes are approaching competition. In practice, this outcome may be achieved
“naturally” as athletes become fitter to a consistent external TL and therefore perceive the same
workload in training sessions to be easier. We also suggest that a reduction in internal TL
relative to external TL could be achieved by coaches reducing the amount of novel cognitive
work3? an athlete needs to complete in training prior to competition or by modifying other
coaching behaviours (e.g. more frequent positive reinforcement) that may make athletes
subjectively feel “fresher”. It is of interest that this may hold true for both subjective (e.g.
sRPE) and objective measures (e.g. heart rate) of internal load.*

Another item of interest from this investigation was that the significant correlations and
differences for external TL and performance were only significant when smoothing the TL
variables with EWMA-W or EWMA-L. These findings support previous research on injury
risk in Australian Rules football?* that suggested EWMA smoothing methods may be more
appropriate for calculating TL which is potentially due to the increased weighting EWMA
gives the more recent TL when compared to SMA. However, given there was no significant
difference between correlations for internal TL metrics and performance, this raises the
consideration that different smoothing methods may be more appropriate depending on
whether the TL is internal or external. It is likely this is again due to the different weightings
SMA and EWMA assign earlier or later values in acute and chronic periods. It also raises the
consideration that internal TL may be as or more sensitive to performance when calculated
using SMA with a greater weighting of TL values in the early stages of acute and chronic
periods. There also appeared to be little to no difference between the different change in TL
measures used (i.e. TSB, differential load) in correlation magnitude or effect size in this
investigation. For practitioners concerned with statistical and methodological issues from
previous literature on the ACWR, both the TSB and differential load appear to be non-ratio
change in TL measures that have relationships to performance. This recommendation is
supported by previous research on both performance in Australian football'® and injury risk in
English cricket.??

There are a number of potential limitations with this study. Firstly, having only two coaches
assessing basketball performance and both coaches being from the same national team as the
players was a potential limitation. Although the coaches were blinded to one another when
rating the performances, this situation may have been prone to bias (e.g. coaches generally
have preferred players) or similar ratings (e.g. normally an assistant coach will appraise
performance relatively similar to the head coach on the same team). Using independent expert
raters (e.g. experienced coaches not associated with the team but who would still understand
the roles and game plans for individual players) and a greater number of raters would be
recommended in the future. Another potential limitation was the timeframes chosen for acute,
chronic and taper periods may not be applicable to other basketball teams or to other
professional basketball leagues where the game schedule may be both more condensed and
over a longer period. There were also only two TL variables measured and other internal (e.g.
heart rate measures) and external (e.g. other inertial movement analysis) measures may provide
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different results. Lastly, as this was only one national team monitored across a single
international competitive season, practitioners should interpret this investigation’s findings and
level of evidence as a case study. More research is warranted in elite basketball populations
(both men and women) on the relationship between internal and external TL and performance.

PRACTICAL APPLICATIONS

Coaches and practitioners can use the descriptive values of PL/min and sRPE and the
comparison between competition and training intensities (especially with external TL) in this
investigation to help prepare athletes for international basketball competition. It also seems
that the TSB or differential load is correlated with basketball performance and distinguishes
between better and worse performances amongst the same players. The TSB and differential
load seem to be suitable alternatives to the ACWR for practitioners wanting to measure change
in TL, with the TSB being the most parsimonious. Increasing internal TL TSB in the last 3
weeks prior to competition seems to be worthwhile for basketball athletes and there may also
be differences between optimal changes in external TL and internal TL in the taper period. We
recommend the internal-external TL interaction should be monitored in some manner (e.g.
TE,7) and potentially manipulated to optimise performance in basketball; ideally at an
individual athlete level. It may also be worthwhile for practitioners working in basketball to
deliberately plan for these outcomes. Lastly, it may be most appropriate to use an EWMA to
calculate TL especially if using external TL measures.

CONCLUSIONS

To the authors’ knowledge, this is the first investigation to provide normative values for
PL/min and sRPE derived TL metrics in an elite international women’s basketball team during
the qualifying stages for an Olympic Games. This investigation demonstrated consistent
significant small to large correlations between different TL variables and basketball
performance and there were also significant differences with small to large effect size between
successful and unsuccessful performance groups. Successful basketball performances were
characterized by a higher TSB, larger TSB change in the last 21 days before competition and
lower differential load compared to non-successful performances in the same basketball
players. However, these results seemed to appear to a greater extent in internal TL as evidenced
by a greater positive change in the training efficiency index for successful performances.
Different smoothing methods did not seem to impact these results for internal TL however
external TL variables seemed more sensitive to performance when calculated using an EWMA.
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FIGURE CAPTIONS

Figure 1. A time series of training load variables and performances as z-scores in an elite
international female basketball team during the qualifying stages for the 2016 Olympic
Games. The training load variables' time series are indicated by the solid line whereas the
performances as z-scores are indicated by the circular points. IL — internal load, EL —
external load, TSB — training stress balance, TEI-7 - training efficiency index averaged over
7 days
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Table 1. Correlations between different training load variables with coaches’ ratings of competitive performance for an elite international women’s
basketball team in the qualifying stages for the 2016 Olympic Games.

SMA EWMA-W EWMA-L
o o SMA r- o SMA r- EWMA-
r[95% CI] p r[95% CI] p r[95% CIJ p Wrzp
External Load
Weekly Change 0.07 [-0.08, 0.23] 0.34 - - - - - - -
Acute TL -0.14 [-0.29, 0.01] 0.07 -0.38 [-0.51,-0.24]  <0.001%*%** 0.02* -0.35[-0.48, -0.20] <0.001*** 0.05%* 0.76
Chronic TL -0.03 [-0.19, 0.13] 0.71 -0.26 [-0.40,-0.11]  <0.001*** 0.04* -0.14 [-0.29, 0.02] 0.09 0.33 0.27
TSB 0.12 [-0.04, 0.27] 0.14 0.39[0.24, 0.51] <0.001*** 0.01* 0.3310.19, 0.47] <0.001*** 0.05%* 0.54
TSB VOL21 -0.28 [-0.42, -0.13] <0.001***  -0.24 [-0.38, -0.09] <0.01** 0.71 -0.25 [-0.40, -0.10] <0.01** 0.78 0.93
TSB CH21 0.04 [-0.13, 0.20] 0.66 0.26 [0.11, 0.41] <0.001*** 0.05* 0.21[0.06, 0.36] <0.01** 0.13 0.64
DIFF 7-day - - -0.21 [-0.36, -0.06] <0.01** - -0.29 [-0.42, -0.13] <0.001*** - 0.45
DIFF 21-day - - -0.26 [-0.40,-0.11]  <0.001*%** - -0.19 [-0.34, -0.04] 0.01* - 0.52
Internal Load
Weekly Change 0.06 [-0.09, 0.22] 0.43 - - - - - - -
Acute TL -0.13 [-0.28, 0.03] 0.11 -0.27[-0.41,-0.12]  <0.001*** 0.20 -0.16 [-0.31, -0.01] 0.04* 0.79 0.31
Chronic TL 0.16 [0.01, 0.31] 0.04* -0.01 [-0.17, 0.14] 0.82 0.13 0.11[-0.04, 0.26] 0.16 0.65 0.29
TSB 0.3310.19, 0.47] <0.001*** 0.410.26, 0.53] <0.001*** 0.41 0.40[0.26, 0.52] <0.001*** 0.48 0.92
TSB VOL21 -0.36 [-0.49, -0.21] <0.001***  -0.23 [-0.38, -0.08] <0.01** 0.21 -0.11 [-0.26, 0.05] 0.17 0.02* 0.28
TSB CH21 0.64[0.53,0.73] <0.001*** 0.53[0.41, 0.64] <0.001*** 0.14 0.520.40, 0.63] <0.001*** 0.11 0.90
DIFF 7-day - - -0.38 [-0.50, -0.23]  <0.001*%** - -0.45 [-0.56, -0.31] <0.001*** - 0.45
DIFF 21-day - - -0.44 [-0.56,-0.30]  <0.001*** - -0.32 [-0.46, -0.17] <0.001*** - 0.22
Training Efficiency Index

TE,5 0.08 [-0.08, 0.23] 0.31 0.04 [-0.11, 0.20] 0.59 0.72 0.07 [-0.09, 0.22] 0.38 0.93 0.79
TE,7 0.13-0.03, 0.28] 0.11 0.07 [-0.09, 0.22] 0.39 0.59 0.04[-0.12, 0.20] 0.61 0.42 0.79
TE,5 CH21 0.56 [0.44, 0.66] <0.001*** 0.510.38, 0.62] <0.001*** 0.54 0.51]0.38, 0.62] <0.001*** 0.54 1.00
TE,;7 CH21 0.5410.41, 0.64] <0.001*** 0.52[0.39, 0.62] <0.001*** 0.81 0.4710.34, 0.58] <0.001*** 0.41 0.56
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Note: SMA — simple moving average, EWMA-W — exponentially weighted moving averages as per Williams et al>3, EWMA-L - exponentially
weighted moving averages as per Lazarus et al'3, TL — training load, TSB — training stress balance, ACWR — acute to chronic workload ratio,
DIFF — differential load, VOL21 - the volatility (standard deviation) of values in the last 21 days prior to competition , CH21 - the value 21 days
prior to competition subtracted from the value on the day of the competition, TE;5 — training efficiency index 5 day average, TE,7 — training
efficiency index 7 day average, TE; — training efficiency index, r — correlation; CI — confidence interval, * - p<0.05, ** - p<0.01, *** - p<0.001
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Table 2A-C. Differences in A) external, B) internal and C) training efficiency index training load variables for successful and non-successful
basketball performances by an elite international women’s basketball team in the qualifying stages for the 2016 Olympic Games.

A.

SUCCESSFUL UNSUCCESSFUL Effect

OVERALL PERFORMANCES PERFORMANCES P ! nge
Week Load 2787 £ 772 2564 +492 2619 +429 0.64 0.001 Trivial
Weekly Change -79.8 £706.21 -63.1 £ 544 -252+ 571 0.38 0.028 Small
Acute TL 398 £ 110 366 +70.3 374+ 61.2 0.64 0.001 Trivial
Chronic TL 394 +81.8 372 £ 68.3 380+ 67.1 0.84 0.000 Trivial
SMA TSB 9.49 £ 67.6 -13.6 £50.1 -9.13 £48.6 0.68 0.001 Trivial
TSB VOL21 57.1+22.7 52.3+20.8 60.7+19.2 0.001%** 0.046 Small
TSB CH21 -12.6 £92.0 -26.5 £ 85.6 -21.2+£79.9 0.61 0.001 Trivial
Acute TL 401 £118 376 £72.2 411+76.8 <0.001*** 0.042 Small
Chronic TL 408 +95.6 370 £ 63.1 387 £65.0 0.01* 0.008 Trivial
TSB 7.75+53.5 -5.73 £29.8 -24.4 £38.0 <0.001*** 0.081 Small
EWMA-W TSB VOL21 49.7+£12.3 46.6 +9.81 50.3+10.3 <0.01** 0.032 Small
TSB CH21 -0.24 £76.5 -14.0 £ 58.7 -29.1£53.9 0.06 0.020 Small
DIFF 7-day -71.0 £ 706 -168 £ 291 -86.8 =339 0.05* 0.021 Small
DIFF 21-day -75.9 £ 231 -89.8 £ 150 -24.2£217 <0.01%* 0.037 Small
Acute TL 404 £ 101 369 £ 64.6 393 £67.0 <0.001*** 0.020 Small
Chronic TL 418 £93.7 376 £ 64.2 387+70.0 0.25 0.002 Trivial
TSB 142 +41.2 7.37+254 -6.25+£35.7 <0.001%** 0.048 Small
EWMA-L TSB VOL21 323+9.73 30.6 £ 8.17 33.3+9.41 0.02* 0.025 Small
TSB CH21 0.83 +57.8 -7.41£52.3 -19.5+£49.1 0.07 0.016 Trivial
DIFF 7-day -75.9 £ 231 -123 £205 -29.2£275 <0.01%** 0.045 Small
DIFF 21-day -86.7 £ 156 -71.8£92.1 -41.5+150 0.03* 0.020 Small
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B.
SUCCESSFUL UNSUCCESSFUL .
OVERALL PERFORMANCES PERFORMANCES p r Effect size
Week Load 4588 + 1597 2974 + 819 3110 + 793 0.27 0.006 Trivial
Weekly Change 171 + 1642 -1408 + 826 -1518 + 991 0.45 0.004 Trivial
Acute TL 655 + 228 425+ 117 444 + 113 0.27 0.006 Trivial
Chronic TL 667 + 152 610 + 109 576 +93.3 0.02 0.028 Small
SMA TSB 26.0 + 177 185+ 81.9 135+92.8 <0.001%** 0.089 Small
TSB VOL21 158 +47.1 150 +39.3 173 + 44.0 <0.001*** 0.087 Small
TSB CH21 4.60 + 286 258 + 188 8.30 + 237 <0.001*** 0.362 Large
Acute TL 655 + 231 427 + 106 473 + 118 <0.01%* 0.041 Small
Chronic TL 668 + 159 550 +95.3 546 + 96.7 0.67 0.001 Trivial
TSB 13.0+ 119 123 +61.2 72.6 £59.6 <0.001%*** 0.171 Moderate
EWMA-W TSB VOL21 110 +22.8 107 +19.5 111+19.5 0.11 0.012 Trivial
TSB CH21 10.3 + 181 145 + 128 4.47 + 168 <0.001*** 0.241 Moderate
DIFF 7-day 108 + 1151 1140 + 737 -600 + 805 <0.001%** 0.130 Small
DIFF 21-day 99.6 + 634 -640 + 406 287 +539 <0.001%** 0.152 Moderate
Acute TL 662 + 187 492 + 100 515+ 106 0.14 0.010 Trivial
Chronic TL 678 + 134 611+85.4 588 +87.8 0.02* 0.021 Small
TSB 16.0 + 100 119 +£55.9 733 £55.6 <0.001%*** 0156 Moderate
EWMA-L TSB VOL21 783 +21.8 82.0 +23.6 81.0+ 1.0 0.80 0.000 Trivial
TSB CH21 15.0 + 152 141 + 131 -8.84 + 155 <0.001*** 0.280 Moderate
DIFF 7-day 92.5 + 849 835 + 597 301 + 709 <0.001%** 0.176 Moderate
DIFF 21-day -65.3 + 430 332 +288 -161 + 420 <0.001%** 0.066 Small
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C.
SUCCESSFUL NON-SUCCESSFUL .
OVERALL PERFORMANCES PERFORMANCES p r Effect size
TE, 0.89 +0.43 1.61 +0.44 1.68 + 0.38 0.22 0.007 Trivial
TE;5 0.88+0.27 1.25+0.29 1.20 +0.24 0.21 0.008 Trivial
SMA TE,7 0.88 +0.25 1.21 +0.30 1.15+0.21 0.10 0.014 Trivial
TE,5 CH21 0.04 +0.37 0.54 +0.36 0.03 + 0.42 <0.001*** 0.431 Large
TE,7 CH21 0.03 +0.33 0.48 +0.35 0.03 +0.32 <0.001*** 0.416 Large
TES 0.88 +0.27 1.33£0.27 1.30 £ 0.23 0.34 0.004 Trivial
EWMAW TE,7 0.88 +0.24 1.25+0.25 1.22+0.20 0.28 0.005 Trivial
TE,5 CH21 0.04 +0.36 0.61 +0.33 0.23 +0.33 <0.001%** 0.333 Moderate
TE,7 CH21 0.03 +0.32 0.52 +0.30 0.16 +0.29 <0.001*** 0.361 Large
TE;5 0.88 +0.22 1.19+0.23 1.17+0.19 0.33 0.004 Trivial
EWMALL TE,7 0.87 +0.20 1.20 +0.21 1.10+0.16 0.69 0.001 Trivial
TE,5 CH21 0.03 +0.29 0.45+0.28 0.13+0.25 <0.001*** 0.351 Large
TE,7 CH21 0.03 +0.25 0.34 +0.24 0.10 + 0.41 <0.001*** 0.305 Moderate

Note: SMA — simple moving average, EWMA-W — exponentially weighted moving averages as per Williams et al>>, EWMA-L - exponentially
weighted moving averages as per Lazarus et al'3, TL — training load, TSB — training stress balance, ACWR — acute to chronic workload ratio,
DIFF — differential load, TE; — training efficiency index, TE;S — training efficiency index averaged over 5 days, TE,7 — training efficiency index
averaged over 7 days, VOL21 - the volatility (standard deviation) of values in the last 21 days prior to competition, CH21 - the value 21 days
prior to competition subtracted from the value on the day of the competition, * - p<0.05, ** - p<0.01, *** - p<0.001, /> — Cohen’s marginal effect

size.
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Figure 1. A comparison of training load variables between successful and non-successful performances in an
elite international female basketball team during the qualifying stages for the 2016 Olympic Games. IL -
internal load, EL - external load, TSB - training stress balance, TEI-7 - training efficiency index averaged

over 7 days
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