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ABSTRACT

This study describes heart rate (HR) responsesgldifferent small sided games (SSGSs) in
junior basketball players, and identifies the legélagreement between athlete and coach
perceptions of internal training load calculatethgghe in-task rating of perceived exertion
(RPE) method. Over a 6 week period, 12 male jubasketball players who played in the
Spanish national under-18 League, played 7 games@fa-side (1vl), 6 games of two-a-
side (2v2), 8 games of five-a-side (5v5), and 5 ggf superiority (3v2) situations. During
1v1, 2v2, 5v5, and 3v2 peak heart rates were 99.287%, 92.6& 3.29%, 92.0% 3.48%,
and 88.74+ 5.77% of HRmax respectively. These differencesewstatistically significant
between 1v1 and 2v2 (P<0.01), 1v1 and 5v5 (P<088),and 3v2 (P<0.001), and 5v5 and
3v2 (P<0.001). Mean heart rate was 7©44%, 83.1t 4.2%, 91.2t 4.7%, and 78.% 7.5%

of HRmax during 1vl, 2v2, 5v5, and 3v2, respectivaelnd differences were observed
between 1v1 and 2v2 (P<0.001), 2v2 and 3v2 (P<0,G01d 5v5 and 3v2 (P<0.05). There
were differences in athletes and coaches in-tadk RRall SSGs (all P<0.0001 apart from
5x5 P=0.0019). The 2v2 format elicited a higheramén-task RPE in comparison to all

other SSGs (P<0.001), possibly because 2v2 im@ogesater cognitive load.

KEY WORDS: Training prescription, monitoring, RPE
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INTRODUCTION

Small-sided games (SSGs) are widely used by baaketmaches in an attempt to
simultaneously develop technical and tactical skilhder high physical loads (Atl, Koklu,
Alemdaroglu, & Kocak, 2013; Castagna, Impellizz&inaouachi, Ben Abdelkrim, & Manzi,
2011; Delextrat & Martinez, 2014; Klusemann, Pyriester, & Drinkwater, 2012;
McCormick et al., 2012; Sampaio, Abrantes, & Le809). Previous research suggest that
physiological (heart rate, HR) and perceptual igabf perceived exertion, RPE) demands of
SSGs can be manipulated by changing the size ottt and the number of players
involved. Findings from (Atl et al., 2013) showdtat in a group of 12 under-16 (U-16)
female high school basketball players, full-coug-8ide games elicited higher HR than half-
court 3-a-side games. Klusemann et al., (2012)rtegdhat even though HR was similar
during half-court and full-court basketball SSGdiem 2v2 games were compared to 4v4
games mean HR was substantially higher in 2v2. @snfull sized basketball court,

Castagna et al., (2011) investigated the effectplayer number on HR in various SSGs.

During 5v5, 3v3 and 2v2 mean HR was 84M02%, 88.& 8.4% and 92.8 5.6%, of HR max

respectively. The mean HR values achieved in the &wndition were similar to those

reported during a basketball match involving preiesal players (Mclnnes, Carlson, Jones,
& McKenna, 1995). In combination, these findingggest that increasing playing area while
either keeping the number of players constant ducimg the number of players involved,
whilst keeping the relative playing area the saimean appropriate method for increasing
physiological loading. Alternatively, increasingetmumber of players is appropriate to

achieve match-specific intensities.
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In addition to HR, the perception of exertion (RRE)players during SSGs can be used to
monitor and prescribe the training load (HaddadluRa & Chamari, 2014). However, to be
confident in the ability to precisely prescribe andnitor training loads induced by SSGsi it is
necessary to establish the level of agreement leetwiee RPE of the coach and that of the
athlete. Studies from other sports that have inyatgtd differences in internal load values
generated using athletes self-reported and coadsssd RPE values have produced mixed
results. Recently, in a group of 14 elite-level ipuntennis players, (Murphy, Duffield,
Kellett, & Reid, 2014) it was observed that coacphersceptions of individual drill RPE did
not differ from that of athlete¢lowever, with regards to the overall session RRiackes
significantly underestimated the perceived exertainthe athletes, with only moderate
correlation { = .59) demonstrated between coach and athlete. i$htentrary to recent
findings involving a group of 15 professional vetball players, where de Andrade Nogueira
et al., (2014) reported good agreement betweesdhlsion RPE predicted by the coach and

that reported by the players. However, discrepandie exist when analyzing the percentage

of the athletesRPE by the intensity proposed by the coach, wheiehyas found that

athletes perceived the sessions designed to beraasng as being harder than perceived by
the coach, while they perceived heavy training éodasier than intended. The available
research therefore suggests there may be diffesdrateveen coach and athlete perception of
exertion during training tasks, thereby potentiatigreasing the risk of inappropriate training
prescription. (Barroso, Cardoso, Carmo, & TricdkQ14; Brink, Frencken, Jordet, &
Lemmink, 2014; de Andrade Nogueira et al., 2014y et al., 2014; Viveiros, Caldas
Costa, Moreira, Nakamura, & Saldanha Aoki, 2011ajlsi¢e et al., 2009). It is therefore of
crucial importance to conditioning coaches thaytae aware of any discrepancy between

their own and athletes perceptions of the load seddy differing training activities.
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The aims of the current study were to describepthesiological and perceptual responses to
different SSGs in elite junior basketball playemsd also to determine the level of agreement

between coach and player perceptions of exertiomglthe SSGs (in-task RPE).

METHODS

Experimental Approach to the Problem

The study analyzed heart rate and perceptual respanf 12 elite junior basketball players
during a series of coach prescribed Small Sided €5a(8SG) in order to: i) describe
physiological responses to SS@&omprising different player numbers (1v1, 2v25,5and
3v2), and ii) Determine the level of agreement l@etw player and coach perceptions of
perceived exertion during individual SSGAIm (i) was achieved through assessment of HR
during a series of SS§&during routine training sessions over a 6 wedalogeduring the
competitive season. Aim (ii) was achieved througmparison of in-task RPE reported by
subjects in each game with a coaches assessmehe ah-task RPE he perceived to be

imposed by each game.

Subjects

Twelve male junior basketball players £064 years, 183.9 5.8 cm, 10.1 ®.6% body fat)
who were active in the under-18 (U-18) Spanish ueagnd had a mean competitive
experience of 8.7 1.0 years, and a lead coach with 18 years of eqpas training U-16 and
U-18 players participated in the study. With relgato the participants preferred playing
positions, 3 were guards, 7 were forwards and 2wenters. All procedures were conducted
with approval of the Human Ethics Committee of Ladmiversity, and in accordance with

the Helsinki Declaration. All participants compléte pre-participation general health
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screening questionnaire and provided written innconsent which was also signed by a

parent or guardian.

Procedures

Anthropometric characteristics of participants webtained prior to the start of the study at
the commencement of the competitive season. Weagllt height were measured with
participants wearing only underwear and barefodhvai digital electronic balance (Seca
Alpha, GmbH & Company, Igni, France; rangel & 150 kg, precision 100 g) and a
Harpenden digital stadiometer (Pfifter, Carlstadll, USA; range 76 205 cm, precision 1

mm), respectively. Body fat percentage was detegthithrough electrical bioimpedance
(Tanita OMRON BF306, Arlington Heights, USA). Indiuval HRmax was measured via
radio-telemetry during a 20m shuttle test (LegeG&doury, 1989) on a regular basketball

court.

The study took place over a period of 6 weeks ivevaber-December at the start of the
competitive season. The participantveekly schedule consisted of three training eassi
(=90 min) during the week (between 17.00 and 198 a league game at the weekend.
Participants completed 15 training sessions inl,t@ach one consisting of 1-3 SSGas
prescribed by the coach, with 2-3 minutes of passecovery period between games.
Although training sessions were planned at theryegg of the season by the coaches, they
were modified depending on weekly plans and thelteebtained in league games. In total,
each participant played 7 games of one-a-side (Bv@ames of two-a-side (2v2), 8 games of
five-a-side (5v5), and 5 games of superiority (3si2)yations. All players had at least 2 years
of prior experience of each SSG. All games werggaeon a full-size basketball court (28 x
15 m), other than 3 games of 1vl which were plageda one quarter sized court. The

duration of each game was predetermined by theh¢dmat could be modified based on his
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subjective assessment of the benefit to be gamead ¢ontinuation or otherwise. Teams were
balanced for height and players were matched argptd their playing position, and a man-

to-man defense system was set. Neither free-thoowime-outs were utilized in any SSG.

Exercise M easures

Individual HR data was recorded continually viaicaiglemetry using Suunto Memory Belts
(Vantaa, Finland) operating on a secure 2.4 GHguigacy, and data was stored on an
integrated memory chip at 1-second intervals. Adch session, HR data was uploaded to a
local computer using the manufacturer-suppliedriates and software (Suunto Training
Manager 2.3.0, Suunto, Finland) and then exportetlanalyzed using the Excel software
programme (Microsoft Corporation, USA). Heart reédues were subsequently converted to
percentage of individual maximum HR measured dutiveg20m shuttle run. Rest periods

between each SSG were discarded.

The in-task RPE was obtained using the modifiedgBb0-point Scale (CR-10)(Foster,
1998), which is a valid tool for evaluating theintiag load in small-sided games in team
sports training (Coutts, E., Marcora, Castagnan®dllizzeri, 2009). Familiarization with
the use of the scale was given to players befamnuencing the study. To assess their in-task
RPE, players were asked to provide a whole numdsganse immediately after each game,
and the scale was anchored by explaining that eesab10 should equate to a previous

memory of absolute exhaustion. The coach was akedato provide his assessment of

participants in-task RPE using the same scale.
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Data Analysis

One-way ANOVA was used to determine differencesnaximum and average heart rates,
and RPE between S3: Pearson product moment correlation was usecketerrdine the
relationships between RPE and HR in each gameef@iites in participants reported and

coach assessed RPE values for each game wereeakassg) an independent samples t-test.

Reliability of the coachésassessment was determined by using the Spreadfireet

Calculating Reliability developed by Hopkins, (2008greement between participant and

coach assessments of RPE was determined throughiatadn of the mean difference with

90% confidence limits. Data is reported as meastandard deviation, and significance was
set at thd® < .05 level.

RESULTS

Mean HR max of participants was 199.@.® beats.min.

Mean small sided game durations were 2235 min, 10.# 1.2 min, 16.8 6.8 min, and

10.0+ 3.5 min for 1v1, 2v2, 5v5, and 3v2 games respebtiv

Maximal recorded HR values were 9&3.4 beatsnin®, 92.7+ 3.3 beatsnin®, 92.0+ 3.5
beatsmin™, and 88.7+ 5.8 %HR max during 1vl, 2v2, 5v5, and 3v2 respectivdlgere
were differences between 1vl and 2v2 (P<0.01), dnd 5v5 (P<0.05), 2v2 and 3v2

(P<0.001), and 5v5 and 3v2 (P<0.001). (Figure 1)

Pleaseinsert Figurel here
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Mean recorded HR values were 79.8.4%, 83.1+ 4.2%, 91.2+ 4.7%, and 78.% 7.5% of
maximum HR during 1v1, 2v2, 5v5, and 3v2 respetyivEhere were differences between

1v1 and 2v2 (P<0.001), 2v2 and 3v2 (P<0.001), aridamd 3v2 (P<0.05). (Figure 2)

Pleaseinsert Figure2 here

There were differences in mean game RPE betweera@d2all other games (all P<0.001).

All other differences were non-significant. (Figue

Pleaseinsert Figure 3 here

There were significant weak to moderate correlatibatween RPE and maximal achieved
HR in 1vl ¢ = 0.37,P <0.006), 5v5( = 0.53,P <0.001), and 3v2r(= 0.54,P <0.001). No
significant correlation was found in 2v2. Maximuchaved HR accounted for 13.4%, 1.6%,

27.7%, and 28.6% of explained variance in RPE th Pv2, 5v5, and 3v2 respectively.

Similar relationships were found between RPE aretagye HR in each game. Other than in
2v2, significant weak to moderate correlations wienend between these two variables in
1vl = 0.29,P <0.008), 5v5 ( = 0.49,P <0.001), and 3v2r(= 0.54,P <0.001). Average

heart rate accounted for 8.0%, 2.9%, 23.9%, ardP2%f explained variance in RPE in 1vl,

2v2, 5v5, and 3v2 respectively.

There were significant differences in athletes emalches perception of exertion in all games

(all P<0.0001 apart from 5v5 P=0.0019). (FigureMban differences between coach and

Copyright © 2017 National Strength and Conditioning Association



Running Head: Monitoring small sided basketball games 9

athlete perceptions of exertion were 1.13 [0.924]1..1.72 [1.56, 1.88], 0.63 [0.31, 0.94], and

2.20 [1.92, 2.48] respectively (data expressed itisrence in meant 90% confidence

limits).

Pleaseinsert Figure4 here

DISCUSSION

This study describes the HR responses to, andcipamit and coach assessments of in-task
RPE during several different S&31vl, 2v2, 5v5 & 3v2) in elite junior basketbplayers.
The main findings were that 2v2 and 5v5 games iadwgreater physiological load than 1v1
and 2v2 games, but that, despite the lower HR ealine 2v2 format resulted in the highest
in-task RPE. Additionally, it was also found thatach assessments of in-task RPE did not

agree with those of participants.

The highest mean HR response was achieved in thedwition (91.2 4.7%. HRmax), an
intensity that is considereftiigh’ (Ziv & Lidor, 2009) and sufficient to elicit adaphs to
improve aerobic fitness. In this study, only thé& &and 2v2 formats resulted in a sufficiently
intense stimulus (above 80% of HRmax) to provokapéation. These findings are broadly in
line with those of (Sampaio et al., 2009), and high physiological load imposed by 5v5
could result from the high task complexity involvedde to the requirement to consider a high

number of tactical options. (Snow, 2004).
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The mean HR in the 5v5 condition (9£2.7% HRmax) is similar to HR data collected from
8 Spanish Basketball players over 5 professionalega(ranging from 93.2 4.1% to 95.Gt

3.7%) (Vaquera et al., 2008) and values observeiaglgompetition by 8 elite players, who
spent 75% of playing time over the 85% of their HRnfMcInnes et al., 1995). However, it

is higher in comparison to HR data from a 5v5 sre@led basketball game collected from
regional level Italian male basketball players (mé#R as %HR max of 8449.2) (Castagna
et al., 2011). This difference in HR response magtbe to a longer playing period being
adopted in the present study and the absence oWesc during these 5v5 games, or
alternatively due to these players having sup@iugsiological abilities which allow them to
maintain a higher relative exercise intensity.

In contrast to the 5v5 game however, the mean HR/#thgames (83.1 4.2%) found in our

study was lower compared to previously reportedifigs in both elite junior (86.8 4.0%)

(Klusemann et al., 2012) and regional level Italmaale players (92.& 5.6%) (Castagna et

al., 2011).

The highest maximal HR recorded in this study wasiewved in the 2v2 condition (92.7 +
3.3% HR max). This condition also produced the ésjhRPE (9.1+£0.7), which was
significantly greater than that recorded in anyeotbames (1v1, 5v5 and 3v2). Previous
studies that have investigated the effect of playgnber during SSGs in basketball have also

found 2v2 to result in a higher perceived exertizen other SSGs (Klusemann et al., 2012).

Castagna et al., 2011) reported higher RPE£GH following a 2v2 SSG in comparison to

both 3v3 (5.&1.1) and 5v5 (451.8). The RPE values for the 2v2 and 5v5 are lavan
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those reported in the present study. In the stfdglusemann et al. (2012) the perceived

exertion of 2v2 (& 2) was moderately higher than 4v4{@).

SSGs involving fewer players increases the relatimart area per player, meaning players
are likely to be more actively involved throughaund that the number of times each player
touches the ball increases (Klusemann et al., 200t®refore, this type of practice maybe
effective in promoting individual skill developmefitom both an offensive and defensive
perspective. Interestingly, the psycho-physiologstain, as measured via RPE, experienced
by the players was less in Ivl (8.3) in comparisor2v2 (9.1). This may be due to the
cognitive demand in 1v1 being slightly less, asam be speculated that less decision making
skills are required in 1v1 in comparison to 2v2.1\il the players do not have to pass the
ball, communicate with team mate(s) or react irpoese to their team mate(s) actions. It
may therefore be proposed that the reason for itfiteeh RPE reported during 2v2 results
from the greater cognitive demand imposed by thopiirement to make more tactical
decisions.

Although some studies (Castagna et al., 2011; Khasm et al., 2012; Sampaio et al., 2009)
have used RPE to quantify training load during btskil SSGs, no study has investigated
the agreement between coach and athletes percepfiexertion during basketball SSGs.
However, some data is available for athletes aratloes in other sports including athletics
(Foster, Heimann, Esten, Brice, & Porcarid, 200ddo (Viveiros, Caldas Costa, Moreira,
Nakamura, & Saldanha Aoki, 2011b), swimming (Wadlat al., 2009), and tennis (Murphy
et al., 2014). In team sport competitors, Brinlalet{2014) found differences in the perceived

exertion of football training sessions between beacand players. This study also found that

training sessions designed to‘basy and‘intermediatewere perceived as harder by players;

however, sessions designed to ‘hard were perceived as less intense by the players.
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Although distinction betweefleasy and‘hard training was not made in the present study, a

similar poor agreement between athlete and coassasient of in-task RPE suggests similar

discrepancies may be evident within basketballigpatity in athletescoach perceptions of

exertion in SSGs has important implications indbesign of training programs. If coaches are
unable to accurately estimate internal traininglloaposed, then it will be difficult to design
a training schedule, characterized by low levelsnufnotony and strain that positively
impacts upon performance. Overtime, this is likedyinduce maladaptive responses and

result in the overtraining syndrome (Foster, 1998)

PRACTICAL APPLICATIONS

This study has found that varying the number ofgia active in small sided basketball
games influences both the physiological demandsfandh-task RPE. Coaches may find this
information useful when designing sport specifiaditioning programs aiming to develop
different performance related qualities, and indiéegbuld suggest that monitoring of
individual perceptual responses is important. Farrttore, it has demonstrated that there are
significant discrepancies between athlete and cpaoteptions of in-task RPE and therefore
of internal training load imposed. Coaches shoel@Wware of these differences and the
potential implications when prescribing and monitgrconditioning programs in junior

basketball players.
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Figure Captions

Figure 1. Maximum HR during each SSG (statistigghificance removed for clarity)
Figure 2. Mean HR during each SSG (statisticaliB@ance removed for clarity)
Figure 3. Mean RPE in each SS8x(.001 between 2v2 and all other games)

Figure 4. Athlete and coach perception of exertionng each SSG (af<0.001 except 5v5
whereP<0.01)
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Figure 1. Maximum HR during each SSG (statistical significance removed for clarity)
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Figure 2. Mean HR during each SSG (statistical significance removed for clarity)
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Figure 3. Mean RPE in each SSG (P<0.001 between 2v2 and all other games)

RPE (1-10)
()] ~ o] (e}

wv

Copyright © 2017 National Strength and Conditioning Association



[any
o

9

8

7
6
o
71 5 W Athlete
A
w 4 O Coach
a
o

3

2

1

0

vl 2v2 5v5 3v2
SSG

Figure 4. Athlete and coach perception of exertion during each SSG (all P<0.001 except 5v5 where
P<0.01)



