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Abstract: Internal load can be objectively measured by heart rate-based models, such as Edwards’
summated heart rate zones, or subjectively by session rating of perceived exertion. The relationship
between internal loads assessed via heart rate-based models and session rating of perceived exertion is
usually studied through simple correlations, although the Linear Mixed Model could represent a more
appropriate statistical procedure to deal with intrasubject variability. This study aimed to compare
conventional correlations and the Linear Mixed Model to assess the relationships between objective
and subjective measures of internal load in team sports. Thirteen male youth beach handball players
(15.9 ± 0.3 years) were monitored (14 training sessions; 7 official matches). Correlation coefficients
were used to correlate the objective and subjective internal load. The Linear Mixed Model was used to
model the relationship between objective and subjective measures of internal load data by considering
each player individual response as random effect. Random intercepts were used and then random
slopes were added. The likelihood-ratio test was used to compare statistical models. The correlation
coefficient for the overall relationship between the objective and subjective internal data was very large
(r = 0.74; ρ = 0.78). The Linear Mixed Model using both random slopes and random intercepts better
explained (p < 0.001) the relationship between internal load measures. Researchers are encouraged to
apply the Linear Mixed Models rather than correlation to analyze internal load relationships in team
sports since it allows for the consideration of the individuality of players.

Keywords: team sports; statistical analysis; correlation; monitoring; RPE; heart rate; beach handball;
training load; youth athletes

1. Introduction

Monitoring athletes’ workload is an essential process to understand the level of
adaptation to a given training program and it is useful in minimizing the risk of nonfunc-
tional overreaching [1,2]. The workload can be either external and internal, where the
external load represents an objective measure of the work performed by the athlete (i.e., to-
tal distance covered in different speed zones and the number of sprints, accelerations,
and decelerations), while the internal load represents the psychophysiological response of
the athlete to a given training stimulus [3].

External load can be assessed by means of Global Positioning Systems (GPS), Inertial
Movement Units (IMU) [3], accelerometers [3], and Local Positioning Systems (LPS) [4]. Al-
though these systems are widely used in team sports such as basketball [5–7], handball [8],
and beach handball [9], they present several limitations, such as high cost, the need of high
technical expertise, and the risk of technical errors leading to a loss of data [10].

Internal load indicates the functional outcome of a given external load and can be used
as an inexpensive way of monitoring athletes [11]. Internal load can be measured by means
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of objective methods such as heart rate (HR), blood lactate concentration, and oxygen
uptake, and it is useful for improving performance and evaluating maladaptive responses
to training programs [2,12,13]. HR is the most commonly adopted objective parameter
used for monitoring internal load in team sports [1], with many HR-based models such as
the Summated Heart Rate Zone (SHRZ) model [14]. Internal load can be also evaluated
subjectively using questionnaires, such as the session Rating of Perceived Exertion (sRPE),
which is among the most commonly used in team sports [3,15]. The advantages of using
the sRPE include its ease of use and interpretation and its ability to provide information
not only on the physiological responses to the prescribed load but also the psychological
responses [16]. Moreover, the sRPE represents a valid tool for monitoring internal load
when HR monitoring is not possible [17]. To use the sRPE as an alternative to HR-based
methods, it is warranted to assess its validity, which represents the extent to which method
results are associated with those of other accepted methods that measure the same pa-
rameter [18]. For this purpose, simple correlations have been previously adopted as main
statistical tests to assess the concurrent validity of objective and subjective methods for
monitoring the internal load, proving that the sRPE method is a valid, alternative tool to
HR-based methods. However, when using simple correlation analyses, the within-subject
variability it is not considered [19].

One way to overcome this limitation and improve the statistical analysis is the use
of Linear Mixed Model (LMM) [20], which involves a generalization of linear regression
but with both fixed and random effects. Fixed effects are analogous to the linear predictor
from a standard linear regression, while the random effects are not directly estimated but
are summarized according to their estimated variances and covariances. This structure
gives additional flexibility to the statistical model, making it possible to model the ran-
dom intercept and random slope as independent, correlated, or independent with equal
variances [21]. In addition, LMMs make it possible to handle missing data instead of
withdrawing subjects from the analysis. However, to the best of our knowledge, no pre-
vious study has applied LMMs to analyze the relationship between the subjective and
objective methods used for monitoring the process of internal load in team sports. There-
fore, the present study aims to (1) assess the correlation between objective and subjective
internal load measures in team sports and (2) investigate these relationships by taking into
account the individuality of players by means of LMMs.

2. Materials and Methods
2.1. Participants

Thirteen youth male players were recruited from the Lithuanian Under 17 beach
handball team and volunteered to participate to this study. All players were novice to
beach handball, but they had regularly trained for at least 5 years in indoor handball.
Prior to the beginning of the study, all players, their parents, and the coaching staff were
informed about the study aim, procedures, potential risks, and benefits associated with
participation, and informed consent was obtained from participants’ parents. The study
was approved by the Institutional Review Board of the Department of Human Sciences,
Society and Health of the University of Cassino and Lazio Meridionale (approval number:
3R1B.2019.05.06) according to principles outlined in the Declaration of Helsinki.

2.2. Experimental Design

Players’ internal loads were monitored across 2 training camps (14 training sessions)
and during the Young Age Category 17 European Beach Handball tournament held in Stare
Jablønki (Poland) from the 27 to 30 June 2019 where players were involved in 7 matches.
Data were excluded from the analysis if players did not complete the entire session due to
possible injuries. In total, data were collected across 21 sessions, resulting in 192 (136 train-
ings and 57 matches) individual values. The average temperature of the training sessions
and matches was 20.5 ± 3.5 ◦C and the relative humidity was 65 ± 17.7%. To provide
ecological conditions during the training sessions, the team’s coaching staff freely planned
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their workouts without any intervention from the research staff. Since beach handball
tournaments usually encompass 2 daily matches, the training regimen during the train-
ing camps encompassed 1 daily morning session mainly focused on sand-based physical
conditioning and individual technical skills and 1 daily afternoon session mainly focused
on team tactical trainings and small-sided games. All training sessions lasted ~1.5 h and
they were composed by ~15 min of warm-up without and with balls, ~1 h of specific work,
and ~15 min of cool-down and stretching exercises.

2.3. Procedures

During each experimental session, the workload was objectively recorded by means
of HR monitors (H7, Polar Team System, Kempele, Finland). The duration of each training
session was recorded to successively recognize the HR corresponding to the training
activities. For matches, the entire playing time was considered. The 30 min of standardized
warm-up preceding each match and the between-halves rest times were excluded from
the analysis. After each session, the HR data were exported in 1 s epochs via proprietary
software and the individual workload was calculated according to the SHRZ method [14].
This methodology allowed us to identify the individual workload score by calculating
the product of the accumulated session duration (min) of 5 HR zones by a coefficient
relative to each zone (50–59.9% of HRmax = 1, 60–69.9% of HRmax = 2, 70–79.9% of HRmax
= 3, 80–89.9% of HRmax = 4, 90–100% of HRmax = 5). Then, the SHRZ workload (in
AU) was calculated by summating the results. According to previous methodology used
in sand-based sports [22,23] and other team sports [24], the peak HR registered across
training sessions and matches was considered for the calculation of the SHRZ workload [24].
Data were subsequently expressed as percentages of the HRpeak.

Furthermore, the workload was subjectively assessed by means of the sRPE method [17,25].
Since recent evidence has suggested that RPE scales are interchangeable [26,27], in the present
study, the category-ratio 10 (CR10) scale modified by Foster et al. [25] was administered by
asking each player: “How hard was your training/match?” within 30 min after the completion
of each training session and each match. The sRPE workload was then calculated by multiplying
the individual score of the CR10 scale for the duration (min) of the training/match [25].

2.4. Preliminary Analysis

Means and standard deviations were calculated for each analyzed variable. Normal
distribution was verified by the Shapiro–Wilk test. The Shapiro–Wilk test showed that the
sRPE and SHRZ were not normally distributed when all of the sessions were combined.
However, the sRPE and SHRZ showed different distribution patterns when training and
matches were split. These results highlight that, in team sports, data could vary between
subjects and sessions. Thus, the intersubject variability should be considered when analyz-
ing data in order to avoid inaccurate results emerging from an over- or under-estimation of
statistical significance in repeated measures of the study design [28].

2.5. Statistical Analysis

The overall relationship between the SHRZ and sRPE methods was assessed by means
of the Pearson product moment and Spearman correlations, and then with linear regression.
The sample was analyzed by combining all of the sessions and subsequently dividing
trainings and matches. The magnitude of correlations was defined by the following criteria:
trivial (<0.1), small (from 0.1 to 0.29), moderate (from 0.3 to 0.49), large (from 0.5 to 0.69),
very large (from 0.7 to 0.89), and almost perfect (from ≥0.9 to 1) [29,30]. Additionally,
the relationships between the SHRZ and sRPE methods were analyzed via LMM using
the sRPE and SHRZ values as fixed effects while the random effects were represented by
the individual response of each player. First, the models were fitted with only random
intercepts for each player. However, by merely fitting the random intercept at the subject
level, the variability of each player between sessions was not taken into consideration.
Therefore, subsequently random slopes of the relationship between the SHRZ and sRPE
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were fitted into the models. Bryk/Raudenbush R-squared (R2) values were calculated for
each random intercepts LMM. Finally, the likelihood-ratio test was used to compare the
each LMM developed with the linear regression analysis and to compare the 2 LMMs with
only random intercepts, and with random intercepts and random slopes. Statistical analysis
was performed using STATA statistical software version 15.1 (StataCorp, College Station,
TX, USA) and the level of significance was set at p < 0.05.

3. Results

Descriptive characteristics of players are presented in Table 1.

Table 1. Players’ descriptive characteristics. Values represent mean ± standard deviation (SD).

Characteristics Mean ± SD [95% CI]

Age (years) 15.9 ± 0.3 15.8–16.1
Weight (kg) 67.4 ± 6.8 62.2–72.7
Height (m) 1.8 ± 0.1 1.8–1.9

BMI (kg·m−2) 20.4 ± 1.5 19.2–21.6
Heart Rate Peak (beat·min−1) 195.9 ± 8 191–200.7

Note: CI: Confidence Interval; BMI: Body Mass Index; Heart Rate peak: Peak heart rate registered across training
sessions and matches.

When combining training sessions and matches, results revealed a %HRpeak of 71.3 ± 8
(training sessions: 70.1 ± 6.5 %HRpeak; matches: 74.2 ± 10.5 %HRpeak), a SHRZ workload
of 178.8 ± 13.2 AU (training sessions: 222 ± 61.0 AU; matches: 73.2 ± 27.9 AU), and a sRPE
workload of 315.4 ± 178.2 AU (training sessions: 392.9 ± 153.1 AU; matches: 127.1 ± 42.8
AU). The correlation coefficients for the overall relationship between the SHRZ and sRPE
methods were very large (r = 0.74; R2 = 0.55; ρ = 0.78) when combined training sessions
and matches were assessed. When training sessions were studied singularly, moderate
(r = 0.45; R2 = 0.21; ρ = 0.45) correlation coefficients were shown. When only matches were
considered, moderate-to-large (r = 0.5; R2 = 0.25; ρ = 0.45) correlation coefficients were
shown. Relationships investigated via linear regression are graphically shown in Figure 1.

The first fitted LMM included random intercepts for each player by adding a random-
effects part on the linear regression model for the whole sessions. The estimated standard
deviation (SD) of the random intercepts was 28.2 AU (95% confidence interval: 16.8–47.3),
with a standard error of 7.4 and R2 = 0.61. The likelihood-ratio test showed that this model
offered significant (Chi2: 25.2; p < 0.001) improvement over a linear regression model
with only fixed effects, meaning that the intercepts were significantly different between
players. When applying the same procedure exclusively to training sessions, the SD of
the estimated random intercepts was 34.3 AU (95% confidence interval: 21.8–53.9), with a
standard error of 7.4 (R2 = 0.33). Similarly, the likelihood-ratio test proved that this model
was significantly (Chi2: 41.8; p < 0.001) better than the linear regression model with only
fixed effects. Considering only the matches sessions, the SD of the estimated random
intercepts was 15.6 AU (95% confidence interval: 8.8–27.4), with a standard error of 4.5 and
R2 = 0.39. Likewise, the likelihood-ratio test proved that this model was significantly (Chi2:
12.8; p < 0.001) better than the linear model with only fixed effects.

Overall, including random slopes into the developed models did not bring significant
improvements with respect to the random-only intercepts LMMs when training sessions
and matches were separated (p > 0.05). However, when considering all of the sessions
together, the developed model showed significant (p < 0.001) player-to-player variation in
the slope coefficients, with a significant improvement (p < 0.05) with respect to the only
random intercepts model (Table 2).
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Table 2. Comparison of Linear Mixed Models developed for the whole sessions.

Coef. SE z p > |z| [95% CI]

(A) Random Intercept Model

sRPE-SHRZ Relationship 0.36 0.02 16.82 0 0.32 0.40

Intercept 70.92 11.05 6.42 0 49.26 92.58

p < 0.001

(B) Random Intercept plus Random Slope Model

sRPE-SHRZ Relationship 0.39 0.03 11.98 0 0.33 0.45

Intercept 61.19 7.65 7.99 0 46.18 76.19

p < 0.001

Likelihood-Ratio test (Model A vs. Model B): p < 0.05
Note: sRPE: Session Rating of Perceived Exertion; SHRZ: Summated Heart Rate Zone; coef.: Coefficient; SE:
Standard errors; CI: Confidence Interval.
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Visual representation of the relationships between the SHRZ and sRPE with different
intercepts and slopes across each player for the whole sessions are displayed in Figure 2.
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Figure 2. Relationship between the SHRZ (y axis) and sRPE for the individual players’ responses for all the sessions.

Random intercepts and slope coefficients for each player based on the whole session
LMM are reported in Table 3.

Table 3. Random intercepts and random slope coefficients for each player based on the whole session
Linear Mixed Model.

Player Random Slope (Mean) Random Intercept (Mean)

1 −0.16 −2.02
2 0.04 −2.23
3 0.05 1.02
4 0.03 −0.17
5 −0.02 0.88
6 −0.07 −2.91
7 0.03 1.30
8 0.11 0.61
9 0.03 1.81

10 0.01 −0.30
11 −0.11 −1.64
12 −0.07 1.63
13 0.12 2.01

To clarify the relationship between the SHRZ and sRPE, Equation (1), combining the
fixed and random slopes sRPE, was developed:

SHRZ = 61.19 + (u1j + 0.39) sRPEij + U0j + єi (1)

In other words, the slope for player equals the fixed-effect slope for the whole sample
plus the random-effect slope for that player. Figure 3 displays the calculated 13 com-
bined slopes for each player. For player number 8, for instance, the combined slope was
u1j (+0.11 for player 8) + 0.39 = 0.5.
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4. Discussion

The present study aimed to assess the correlation between objective and subjective
measures of internal load in team sports, such as beach handball, and to investigate this
relationship by considering the individuality of players by means of LMM. Results showed
that LMM can give more powerful and appropriate information regarding the relationship
between SHRZ and sRPE workloads rather than the usual procedure using correlations
and linear regression with only fixed effects.

In line with studies investigating the indoor handball characteristics [8,31–33], many as-
pects of beach handball, such as physiological parameters [22,34], individual and team
performance [35,36], and shooting actions [37–39], have been investigated. However,
no previous study has investigated the relationship between the objective (SHRZ) and
subjective (sRPE) methods used for assessing the players’ internal load.

Our results showed a very large relationship between the SHRZ and sRPE methods,
independently from the type of session. When looking at training sessions and matches
separately, this relationship was moderate and moderate-to-large, respectively. The trend
was confirmed by the results of the linear regression analysis, showing a large relationship
when the sessions were analyzed as a whole and small relationships when the training ses-
sions and matches were analyzed separately. For other team sports, correlation coefficients
have shown a strong [40], high [41], or very high relationship [42], promoting the sRPE as
a useful method for monitoring internal load in youth trainings. However, in the case of
team sports, not only the team as a whole has to be considered, but also the interindividual
variability when analyzing workload data. The response to exercise training may not only
differ between athlete, but also within the same athlete on different sessions. Previous stud-
ies have indicated that correlation coefficients for the relationship between internal load
assessed using HR-based methods and via sRPE ranged between r = 0.71 for soccer [42] and
r = 0.85 for basketball [40] when the team was analyzed as a whole. When within-athlete
correlation coefficients were calculated, values ranged between r = 0.8 and r = 0.96 for
basketball [40], r = 0.5 and r = 0.77 for soccer [42], and r = 0.62 and r = 0.93 for beach
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volleyball [43]. However, when multiple players are monitored across multiple sessions,
the tendency to summarize the data with a single number may lead to the exclusion of intra-
and intersubject variability from the analysis [19]. In fact, for team sports, models based
on physiological parameters might underestimate the internal load during anaerobic and
high-intensity activities, underlying the higher sensitivity of the sRPE method to workload
changes, especially during the transition from base to higher intensities of conditioning
programs [44]. Thus, simply measuring the strength of a relationship using correlations,
without taking into account changes in an individual predictor variable, may lead to a
misinterpretation of the relationship between two variables [19]. Furthermore, one of the
most common issues occurring during data collection is represented by missing data [45].
For this reason, LMMs should be used, since they have the advantage to handle missing
data without removing participants from the analysis [46].

This study aimed to analyze the relationship between SHRZ and sRPE by means of
LMM. For the analysis, only random intercepts were initially used. However, the SHRZ
workload increased as the sRPE workload increased (Figure 1), with different individual re-
sponses (Figure 2). To overcome the issue of interindividual variability, it was hypothesized
that adding random slopes to the model would help to deeply investigate the relationship.
Currently, the use of mixed models is becoming popular among sport science research.
Govus et al. [47] used the LMM to analyze the relationship between subjective wellness
score and external load, between external load and sRPE, and between subjective wellness
score and sRPE in American college football players. For the LMM, the authors used the
random intercept for athletes (to calculate the intraindividual variability) and the random
slope for training sessions (to model a separate slope for the different types of training
sessions). LMMs have also been used to evaluate the effects of individual characteristics
(i.e., playing position, playing time, or playing experience) and contextual factors (i.e., sea-
son phases, previous game outcome, or opponent level) on three dependent variables
(weekly training load, pre-game recovery, and performance index rating) in basketball [48]
and to investigate [49] workload and well-being across games played on consecutive days
during the in-season phase in basketball players, with the game day as the fixed effect and
players, opposition rank, location, and score difference as random effects. It is therefore
evident that LMMs are more commonly applied when analyzing data of relative workload
in team sports.

Although this study provides interesting insights for coaches and sport scientists,
some limitations should be acknowledged. First, the sample encompasses only youth
beach handball male players. Therefore, future research should be carried out to investigate
any potential difference in the internal load in players of different ages and/or gender.
Moreover, the use of LMMs is becoming more common when analyzing team sports
data, for example, to assess the relationships between external and internal load [47] or
between workload and well-being data [49]. However, no previous study has used LMMs
to correlate subjective and objective measures of internal load. Thus, no comparisons were
allowed, and it should be verified whether the proposed statistical model could also be
meaningful in other team sports.

5. Conclusions

The main findings suggest that subjective perception of internal load experienced
by youth beach handball players increases with the objective internal load. However,
the increase varies between players and sessions. To correlate those two measures to
monitor the internal load, simple correlation is usually performed. However, correlation
does not allow for the consideration of the intra- and interindividual variability which
occurs when working with team sports, and it is not possible to handle missing data,
resulting in a loss of information. To overcome with these issues, LMMs represent a more
appropriate and powerful statistical approach for providing a more comprehensive view of
the players’ responses to a given training stimulus. Therefore, researchers are encouraged
to apply LMMs rather than simple correlations to analyze internal load.



Int. J. Environ. Res. Public Health 2021, 18, 392 9 of 11

Author Contributions: Conceptualization, A.F., D.C. and C.C.; methodology, A.I., A.F., D.C. and C.C.;
formal analysis, A.F.; investigation, A.I., and D.C.; writing—original draft preparation, A.I. and A.F.;
writing—review and editing, A.I., A.F., D.C. and C.C.; supervision, C.C. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of the Department of
Human Sciences, Society and Health of the University of Cassino and Lazio Meridionale (approval
number: 3R1B.2019.05.06; date: 06.05.2019).

Informed Consent Statement: Informed consent was obtained from all subjects’ parents involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to express their gratitude to the Lithuanian Handball
Federation, coaches, and players of the U17 national beach handball for their committed participation
in this study. The authors would like also to thank the Beach Handball Federation Committee of
the European Handball Federation for the collaboration during the YAC17 tournament held in Stare
Jablønki (Poland) in 2019.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Halson, S.L. Monitoring training load to understand fatigue in athletes. Sport. Med. 2014, 44, 139–147. [CrossRef]
2. Fusco, A.; Sustercich, W.; Edgerton, K.; Cortis, C.; Jaime, S.J.; Mikat, R.P.; Porcari, J.P.; Foster, C. Effect of progressive fatigue on

session RPE. J. Funct. Morphol. Kinesiol. 2020, 5, 15. [CrossRef]
3. Bourdon, P.C.; Cardinale, M.; Murray, A.; Gastin, P.; Kellmann, M.; Varley, M.C.; Gabbett, T.J.; Coutts, A.J.; Burgess, D.J.; Gregson,

W.; et al. Monitoring athlete training loads: Consensus statement. Int. J. Sports Physiol. Perform. 2017, 12, S2-161–S2-170.
[CrossRef] [PubMed]

4. Conte, D. Validity of local positioning systems to measure external load in sport settings: A brief review. Hum. Mov. 2020, 21,
30–36. [CrossRef]

5. Sansone, P.; Tessitore, A.; Paulauskas, H.; Lukonaitiene, I.; Tschan, H.; Pliauga, V.; Conte, D. Physical and physiological demands
and hormonal responses in basketball small-sided games with different tactical tasks and training regimes. J. Sci. Med. Sport 2019,
22, 602–606. [CrossRef] [PubMed]

6. Fox, J.L.; Stanton, R.; Scanlan, A.T. A comparison of training and competition demands in semiprofessional male basketball
players. Res. Q. Exerc. Sport 2018, 89, 103–111. [CrossRef]

7. Conte, D.; Kolb, N.; Scanlan, A.T.; Santolamazza, F. Monitoring training load and well-being during the in-season phase in NCAA
division I men’s basketball. Int. J. Sports Physiol. Perform. 2018, 13, 1067–1074. [CrossRef]

8. Kniubaite, A.; Skarbalius, A.; Clemente, F.M.; Conte, D. Quantification of external and internal match loads in elite female team
handball. Biol. Sport 2019, 36, 311–316. [CrossRef]

9. Zapardiel, J.C.; Asín-Izquierdo, I. Conditional analysis of elite beach handball according to specific playing position through
assessment with GPS. Int. J. Perform. Anal. Sport 2020, 20, 118–132. [CrossRef]

10. Haddad, M.; Stylianides, G.; Djaoui, L.; Dellal, A.; Chamari, K. Session-RPE method for training load monitoring: Validity,
ecological usefulness, and influencing factors. Front. Neurosci. 2017, 11, 612. [CrossRef]

11. Impellizzeri, F.M.; Marcora, S.M.; Coutts, A.J. Internal and external training load: 15 years on. Int. J. Sports Physiol. Perform. 2019,
14, 270–273. [CrossRef]

12. Fusco, A.; Knutson, C.; King, C.; Mikat, R.P.; Porcari, J.P.; Cortis, C.; Foster, C. Session RPE during prolonged exercise training.
Int. J. Sports Physiol. Perform. 2020, 15, 292–294. [CrossRef] [PubMed]

13. Fox, J.L.; Stanton, R.; Sargent, C.; Wintour, S.-A.; Scanlan, A.T. The association between training load and performance in team
sports: A systematic review. Sport. Med. 2018, 48, 2743–2774. [CrossRef] [PubMed]

14. Edwards, S. High performance training and racing. In The Heart Rate Monitor Book; Feet Fleet Press: Sacramento, CA, USA, 1993;
pp. 113–123.

15. Foster, C.; Boullosa, D.; McGuigan, M.; Fusco, A.; Cortis, C.; Arney, B.E.; Orton, B.; Jaime, S.; Radtke, K.; van Erp, T.; et al. 25 years
of session RPE: Historical perspective and development. Int. J. Sports Physiol. Perform. 2021, in press. [CrossRef]

16. Foster, C.; Rodriguez-Marroyo, J.A.; de Koning, J.J. Monitoring training loads: The past, the present, and the future. Int. J. Sports
Physiol. Perform. 2017, 12, S2-2–S2-8. [CrossRef] [PubMed]

17. Foster, C.; Florhaug, J.A.; Franklin, J.; Gottschall, L.; Hrovatin, L.A.; Parker, S.; Doleshal, P.; Dodge, C. A new approach to
monitoring exercise training. J. Strength Cond. Res. 2001, 15, 109–115. [PubMed]

http://doi.org/10.1007/s40279-014-0253-z
http://doi.org/10.3390/jfmk5010015
http://doi.org/10.1123/IJSPP.2017-0208
http://www.ncbi.nlm.nih.gov/pubmed/28463642
http://doi.org/10.5114/hm.2020.94200
http://doi.org/10.1016/j.jsams.2018.11.017
http://www.ncbi.nlm.nih.gov/pubmed/30538078
http://doi.org/10.1080/02701367.2017.1410693
http://doi.org/10.1123/ijspp.2017-0689
http://doi.org/10.5114/biolsport.2019.88753
http://doi.org/10.1080/24748668.2020.1718458
http://doi.org/10.3389/fnins.2017.00612
http://doi.org/10.1123/ijspp.2018-0935
http://doi.org/10.1123/ijspp.2019-0137
http://www.ncbi.nlm.nih.gov/pubmed/31172830
http://doi.org/10.1007/s40279-018-0982-5
http://www.ncbi.nlm.nih.gov/pubmed/30225537
http://doi.org/10.1123/IJSPP.2020-0599
http://doi.org/10.1123/IJSPP.2016-0388
http://www.ncbi.nlm.nih.gov/pubmed/28253038
http://www.ncbi.nlm.nih.gov/pubmed/11708692


Int. J. Environ. Res. Public Health 2021, 18, 392 10 of 11

18. Martin Bland, J.; Altman, D. Statistical methods for assessing agreement between two methods of clinical measurement. Lancet
1986, 327, 307–310. [CrossRef]

19. Koerner, T.; Zhang, Y. Application of linear mixed-effects models in human neuroscience research: A comparison with pearson
correlation in two auditory electrophysiology studies. Brain Sci. 2017, 7, 26. [CrossRef]

20. Atkinson, G.; Batterham, A.M.; Jones, H.; Taylor, C.E.; Willie, C.K.; Tzeng, Y.-C. Appropriate within-subjects statistical models for
the analysis of baroreflex sensitivity. Clin. Physiol. Funct. Imaging 2011, 31, 80–82. [CrossRef]

21. Laird, N.M.; Ware, J.H. Random-effects models for longitudinal data. Biometrics 1982, 38, 963–974. [CrossRef]
22. Pueo, B.; Jimenez-Olmedo, J.M.; Penichet-Tomas, A.; Ortega Becerra, M.; Espina Agullo, J.J. Analysis of time-motion and heart

rate in elite male and female beach handball. J. Sports Sci. Med. 2017, 16, 450–458. [PubMed]
23. Tessitore, A.; Perroni, F.; Meeusen, R.; Cortis, C.; Lupo, C.; Capranica, L. Heart rate responses and technical-tactical aspects

of official 5-a-side youth soccer matches played on clay and artificial turf. J. Strength Cond. Res. 2012, 26, 106–112. [CrossRef]
[PubMed]

24. Berkelmans, D.M.; Dalbo, V.J.; Fox, J.L.; Stanton, R.; Kean, C.O.; Giamarelos, K.E.; Teramoto, M.; Scanlan, A.T. Influence of
different methods to determine maximum heart rate on training load outcomes in basketball players. J. Strength Cond. Res. 2018,
32, 3177–3185. [CrossRef] [PubMed]

25. Foster, C.; Hector, L.L.; Welsh, R.; Schrager, M.; Green, M.A.; Snyder, A.C. Effects of specific versus cross-training on running
performance. Eur. J. Appl. Physiol. Occup. Physiol. 1995, 70, 367–372. [CrossRef]

26. Arney, B.E.; Glover, R.; Fusco, A.; Cortis, C.; de Koning, J.J.; van Erp, T.; Jaime, S.; Mikat, R.P.; Porcari, J.P.; Foster, C. Comparison
of rating of perceived exertion scales during incremental and interval exercise. Kinesiology 2019, 51, 150–157. [CrossRef]

27. Arney, B.E.; Glover, R.; Fusco, A.; Cortis, C.; de Koning, J.J.; van Erp, T.; Jaime, S.; Mikat, R.P.; Porcari, J.P.; Foster, C. Comparison
of RPE (Rating of Perceived Exertion) scales for session RPE. Int. J. Sports Physiol. Perform. 2019, 14, 994–996. [CrossRef]

28. Van Dongen, H.P.; Olofsen, E.; Dinges, D.F.; Maislin, G. Mixed-model regression analysis and dealing with interindividual
differences. In Numerical Computer Methods (Part E); Johnson, M., Brand, L., Eds.; Academic Press: San Diego, CA, USA, 2004;
Volume 384, pp. 139–171.

29. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum: New York, NY, USA, 1988.
30. Hopkins, W.G. A Scale of Magnitudes for Effect Statistics. A New View of Statistics: Effect Magnitudes. Available online:

http://www.sportsci.org/resource/stats/effectmag.html (accessed on 21 August 2020).
31. Wagner, H.; Finkenzeller, T.; Würth, S.; von Duvillard, S.P. Individual and team performance in team-handball: A review. J. Sports

Sci. Med. 2014, 13, 808–816.
32. Wagner, H.; Fuchs, P.X.; Von Duvillard, S.P. Specific physiological and biomechanical performance in elite, sub-elite and in

non-elite male team handball players. J. Sports Med. Phys. Fitness 2018, 58, 73–81. [CrossRef]
33. Wagner, H.; Fuchs, P.; Fusco, A.; Fuchs, P.; Bell, J.W.; von Duvillard, S.P. Physical performance in elite male and female

team-handball players. Int. J. Sports Physiol. Perform. 2019, 14, 60–67. [CrossRef]
34. Lara Cobos, D. Analysis of heart rate in female beach handball players. Apunt. Med. l’Esport 2011, 46, 131–136. [CrossRef]
35. Gruic, I.; Dinko, V.; Bazzeo, M.; Ohnjec, K. Situational efficiency of team in female world championship in Cadiz. In Proceedings

of the 6th International Scientific Conference on Kinesiology, Opatija, Croatia, 25–27 August 2017; pp. 524–528.
36. Jimenez-Olmedo, J.M.; Penichet-Tomas, A.; Ortega Becerra, M.; Pueo, B.; Espina-Agullo, J.J. Relationships between anthropometric

parameters and overarm throw in elite beach handball. Hum. Mov. 2019, 20, 16–24. [CrossRef]
37. Gkagkanas, K.; Hatzimanouil, D.; Skandalis, V.; Dimitriou, S.; Papadopoulou, S.D. Defense tactics in high-level teams in beach

handball. J. Phys. Educ. Sport 2018, 18, 914–920. [CrossRef]
38. Navarro, A.; Morillo, J.P.; Reigal, R.E.; Hernández-Mendo, A. Polar coordinate analysis in the study of positional attacks in beach

handball. Int. J. Perform. Anal. Sport 2018, 18, 151–167. [CrossRef]
39. Iannaccone, A.; Fusco, A.; Conte, D.; Cortis, C. Notational analysis of beach handball. Hum. Mov. 2022, 1. [CrossRef]
40. Lupo, C.; Tessitore, A.; Gasperi, L.; Gomez, M.A. Session-RPE for quantifying the load of different youth basketball training

sessions. Biol. Sport 2017, 34, 11–17. [CrossRef]
41. Lupo, C.; Capranica, L.; Tessitore, A. The validity of the session-RPE method for quantifying training load in water polo. Int. J.

Sports Physiol. Perform. 2014, 9, 656–660. [CrossRef]
42. Impellizzeri, F.M.; Rampinini, E.; Coutts, A.J.; Sassi, A.; Marcora, S.M. Use of RPE-based training load in soccer. Med. Sci. Sports

Exerc. 2004, 36, 1042–1047. [CrossRef]
43. Lupo, C.; Ungureanu, A.N.; Brustio, P.R. Session-RPE is a valuable internal loading evaluation method in beach volleyball

for both genders, elite and amateur players, conditioning and technical sessions, but limited for tactical training and games.
Kinesiology 2020, 52, 30–38. [CrossRef]

44. Scanlan, A.T.; Wen, N.; Tucker, P.S.; Borges, N.R.; Dalbo, V.J. Training mode’s influence on the relationships between training-load
models during basketball conditioning. Int. J. Sports Physiol. Perform. 2014, 9, 851–856. [CrossRef]

45. Little, T.D.; Jorgensen, T.D.; Lang, K.M.; Moore, E.W.G. On the joys of missing data. J. Pediatr. Psychol. 2014, 39, 151–162.
[CrossRef]

46. Lininger, M.; Spybrook, J.; Cheatham, C.C. Hierarchical linear model: Thinking outside the traditional repeated-measures
analysis-of-variance box. J. Athl. Train. 2015, 50, 438–441. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(86)90837-8
http://doi.org/10.3390/brainsci7030026
http://doi.org/10.1111/j.1475-097X.2010.00974.x
http://doi.org/10.2307/2529876
http://www.ncbi.nlm.nih.gov/pubmed/29238243
http://doi.org/10.1519/JSC.0b013e31821854f2
http://www.ncbi.nlm.nih.gov/pubmed/22201688
http://doi.org/10.1519/JSC.0000000000002291
http://www.ncbi.nlm.nih.gov/pubmed/30540282
http://doi.org/10.1007/BF00865035
http://doi.org/10.26582/k.51.2.1
http://doi.org/10.1123/ijspp.2018-0637
http://www.sportsci.org/resource/stats/effectmag.html
http://doi.org/10.23736/S0022-4707.16.06758-X
http://doi.org/10.1123/ijspp.2018-0014
http://doi.org/10.1016/j.apunts.2011.02.001
http://doi.org/10.5114/hm.2019.79394
http://doi.org/10.7752/jpes.2018.02135
http://doi.org/10.1080/24748668.2018.1460052
http://doi.org/10.5114/hm.2021.101757
http://doi.org/10.5114/biolsport.2017.63381
http://doi.org/10.1123/ijspp.2013-0297
http://doi.org/10.1249/01.MSS.0000128199.23901.2F
http://doi.org/10.26582/k.52.1.4
http://doi.org/10.1123/ijspp.2013-0410
http://doi.org/10.1093/jpepsy/jst048
http://doi.org/10.4085/1062-6050-49.5.09
http://www.ncbi.nlm.nih.gov/pubmed/25875072


Int. J. Environ. Res. Public Health 2021, 18, 392 11 of 11

47. Govus, A.D.; Coutts, A.; Duffield, R.; Murray, A.; Fullagar, H. Relationship between pretraining subjective wellness measures,
player load, and rating-of-perceived-exertion training load in American college football. Int. J. Sports Physiol. Perform. 2018, 13,
95–101. [CrossRef] [PubMed]

48. Sansone, P.; Gasperi, L.; Tessitore, A.; Gomez, M. Training load, recovery and game performance in semiprofessional male
basketball: Influence of individual characteristics and contextual factors. Biol. Sport 2021, 38, 207–217. [CrossRef]

49. Conte, D.; Kamarauskas, P.S.; Ferioli, D.; Scanlan, A.T.; Kamandulis, S.; Paulauskas, H.; Lukonaitienė, I. Workload and well-being
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