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ABSTRACT

The aim of this study was to assess elite womeaskdiball game performance. Five elite
women’s games (3 Italian 1st division and 2 Eurgleg were analyzed for individual and team
time-motion analyses. The individual analysis eatdd the players’ movement patterns with
particular focus on high intensity activity (HIAgprint activity, and repeated sprint events (RSES).
Team analysis included live time (LT), stoppagectif8T), and their ratio, transfer (TR) phases, half
court and full court actions. The frequency of gcence of changes of activities was n=576 + 110,
one every 2.56 s of LT. Total HIA was 8.5 + 1.8%Ldf and no significant differences between
quarter-periods were observed. In general, playerf®rmed linear sprintgl8.3 + 2.9% over 1-5 m
distance (56.8 + 5.6%). The occurrence of RSE wést4l.7, with 58.6 + 18.5% passive recovery
between sprints. Team analysis showed no signifidéference between games for LT and ST
phases (ratio = 1.18 * 0.25). For game analysisah@ ST were 43.4 + 7.8% and 51.1 + 8.4%,
respectively. A difference between games was fdondhalf court actions (p<0.01) and TR phases
(p<0.05). Moreover, 1TR and 2TR were the most peréal (45.3% and 23.9%) actions. These
results encourage coaches to include repeated gpility with mainly linear and short sprints irdo

comprehensive training program.

Key words: match analysis, movement patterns, sprint agtivépeated sprint ability, agility
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INTRODUCTION

The first women’s basketball game was played3®3] when Senda Berenson adapted James
Naismith’s basketball rules for women (40). Howeweomen'’s basketball has been included in the
Olympic Games since 1976 and the professional Wsndational Basketball Association (WNBA)
was founded in 1996, receiving a large interestidvade (40). Conversely, the scientific literature
on women'’s basketball is still limited, particukaregarding performance parameters.

Video analysis is one of the most common methusdsl to evaluate the performance of both
the individual players and the teams during a cditipe (20). More specifically, notational analysis
is considered an objective way to quantify in aidvand consistent manner key elements of a
performance (28). According to the Hughes and Fsadlassification (21), notational analysis can
be used for: 1) technical and tactical evaluati@&)seducational uses with coaches and players; 3)
development of databases and performance modets;4pranalysis of movements, commonly
referred as time-motion analysis. To date, the nitgjof the studies in basketball have focused on
physiological aspects of performance (14,29,30jat)er than the analysis of movements during
competition (41). While the physiological paramsteould inform on the metabolic demands of a
game, time-motion methodologies could provide @udhformation regarding the occurrence,
duration and typology of sport-specific movemerdshelp coaches in designing sound training
programs.

Basketball is an open-skill sport characterizgddifferent activities, varying from low-
intensity running and walking to maximal sprintsdgamps. According to the literature on elite
men’s basketball players perform around 1000 chan§enovement every 2.0 s (5,26), with a 1:3.6
work to rest ratio (4). In particular, high intetysactivities occur 15-16% of live time, with 5580
sprints occurring every 21-39 s and lasting <2,2Gp In addition, a decrease in the amount of -high
intensity activity has been reported during theosdcand fourth quarters compared to the first and

third ones, probably due to fatigue effect or defe team tactical strategies adopted (3,5).
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In general, a relevant component for team sportopeances is the player’'s capability to
sustain repeated sprints (i.e., repeated-spritisgbRSA) with minimal recovery between sprint
bouts (7,36). Requiring team sport players to parfeepeated straight sprint tasks, several authors
focused on the physiological parameters relatedR8A (6,7,19,36,39) and only few studies
investigated the frequency of occurrence of repkafeint activities during actual games (9,17,37).
Even though RSA is considered particularly crufbalbasketball performance (3,10,33), it has been
investigated mainly during basketball training G4), with only one study analyzing RSA during
official men’s basketball games (12). No informatis available on women’s competitions. In
general, basketball players perform not only shiagprints but also short sprints with rapid change
of direction and velocity, which is commonly knows agility (35).Although agility is considered
an important component for both male (1) and fentaty basketball players, this aspect has been
investigated only during rugby competitions (18).

Information on movement patterns during womené&sKetball is limited. Examining a
practice game of college female players, Narazakd aolleagues (27) considered only four
categories of movement (i.e., stand, walk, run,gunithe authors reported that running and jumping
activities account for 34% of live time. Investigat a female team of the British University Sports
Association (BUSA) Premiere League, Matthew andekieht (25) reported that players perform 652
+ 128 movements, one every 2.8 s, and spend 5.7%veoftime at high intensities. A higher
occurrence of movement changes (1752 + 156) hasreperted for Australian state-level basketball
players (32). These discrepancies could be asctibedethodological differences between studies,
which need further investigation to establish soenitlence. Finally, to provide a comprehensive
picture of the demands of basketball game, itigiat to combine individual and team time-motion
game analyses (28), which could be helpful forrgftle and conditioning coaches to plan their
training sessions. Because of the situational eatirbasketball, it is essential to consider also

possible differences in individual and team beh@vamong games in relation to the duration of the
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game phases and individual and team movements é&etvamd within basketball games.
Unfortunately, no study on basketball provided baotlividual and team analyses.

Therefore, the present research aimed to inastiglite women'’s basketball performance by
combining individual and team time-motion analys8gecifically, this study examined players’
movement patterns, with particular reference tonln@ber of repeated sprint events (RSE), and high
intensity activities (HIA) that occurred during tgames. Team analysis focused on the number and
duration of live time (LT) and stoppage time (STapes, and total and half court actions. The
hypotheses of our study were that: 1) the time tspgmplayers in HIA decreased throughout the
game; and 2) the LT, ST, transfer phases (TR) atiddourt actions have a different distribution

between games.

METHODS
Experimental approach to the problem

The Institutional Research Board approved theysaithed to analyze individual and team
women’s basketball performances. Written conserg wlatained from the players giving them a
detailed written and verbal consent explaining airbenefits and risks involved with the
investigation. This study examined a women’s teampeting in the 2011-2012 season in both
“Serie A1” and Euroleague. Serie Al represents wloenen’s Italian first division basketball
championship and includes the best 12 women baakdtidian teams. The top eight teams qualify
for the play-off stage. The winner and the secdadsified of the Italian national competition gtali
for the women’s Euroleague championship of theofelhg season. The Euroleague is the Europe's
premier basketball tournament for women including best 23 European teams. According to the
International Basketball Federations rules, ganssist of four 10-min quarters, with two 2-min
breaks between the first and last two quarters ardd-min break between the second and third

quarters. A total of five home games (3 by Serieahtl 2 by Euroleague) were selected for this
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study. Data were collected from NovembBr2911 to January"™82012 during the 2011-2012 regular
seasons of both Serie A1 and women’s Euroleagummioaships. According to the official games
schedules, the Italian games (Serie Al) were sdébedon Sunday at 6 p.m., while the European
games (Euroleague) were played on Thursday at@rB0The team won four games and lost only
one.

Players’ movement patterns were analyzed by meérgne motion analysis technique
(5,25,26). In particular, individual analysis foedson the occurrence and duration of sprint agtivit
RSE and HIA. Team analysis evaluated the numberdanation of LT, ST, TR and the half court
actions. Both individual and team variables weralyred to give a comprehensive description of the
women'’s basketball performance. Furthermore, thiego¢age of time spent by players in HIA was
used as dependent variable for comparisons betgeme quarter periods. Team analysis evaluated
LT, ST, TR and half court actions were considerepethdent variables to verify whether differences
occurred between games and within each class qiiérecy of each variable.

Subjects

An ltalian elite (1st division) female basketh@idm consisting of twelve players (age: 27 + 4
years; height: 1.84 £ 0.09 m; body mass: 77.5 4 k§) volunteered for the study. All players had
competed in the European national and internationaipetitions, and in the WNBA professional
league during the previous 3 years and were coabea staff with at least 7-yeaxperience at
Serie Al level. Athletes were involved in eight 2 training sessions and two games per week.
According to the literature (5,25,26), inclusioitenia for individual player analysis the playeiasdh
to: a) be member of the team from the entire pes@e period (from August to September 2011); b)
have played>20 mingamé'. Therefore, 6 players (2 guards, 2 forwards andefiters) were
individually analyzed.

Procedures
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Video recordings of all games were collected usitiked camera (Sony HD AVCHD HDR-
CX115, Tokyo, Japan), positioned at the midline081 away from the sideline and elevated 10-12
m to allow a full coverage of the court. The fo@agas analyzed using the software Dartfish 6.0
(DartfishTM Fribourg, Switzerland), which allowedrame by frame analysis (with an accuracy of
0.02 s) of each playing sequence by choosing theeitye of footage’s reproduction. To avoid inter-
observer variability, a single experienced obsers@rred all the games. Before the study, the
observer scored two quarters of the same game Zhmapart, reporting high test-retest reliability
(Intraclass Correlation Coefficients = 0.88-0.99).

According to the literature (26), individual mowent patterns were divided into 8 activity
categories: 1) standing/walking (SW); 2) Joggim@@); 3) Running (RUN); 4) Sprinting (SPRINT);
5) Jumping (JUMP); 6) Low- (LM), Moderate- (MM) attigh- (HM) intensity specific movements
(shuffling, rolling, reverse and cross-over runiates). Also picking and positioning were
considered (3). In particular, HMs, JUMPs and SPRiNerformed with and without the ball were
recorded, and their sum was used to represent HIAs.SPRINT category was divided in linear
sprint (LS), curved sprint (CS), and sprint with Imaefined change of direction (CODS). The
frequency of occurrences and duration of movemaentd, the amount of live time spent in each
category were considered for the analysis. Finalyinting distances were organized into 1-5 m, 6-
10 m, 11-15 m, 16-20 m, and >20 m classes, respdcti

In considering the number and duration of spripetitions, and the duration and type
(active/passive) of recovery, a minimum of threargp with mean recovery between sprints <21 s
was required to be considered a RSE pattern (87palticular, passive recovery included SW
activity, while all the others activities were cateyed as active recovery. Moreover, the occurrence
of high intensity efforts (JUMPs and HMs) was meadwuring the RSE recovery phases.

Team analysis considered the duration of LT afda&ording to 5 time categories: 1-20s;

21-40s; 41-60s; 61-80s; and >80s. Then, the LT4H® was calculated. Furthermore, actions played
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during LT phases were classified in half and fullud, respectively. A half court action occurred
when the action started and finished in the sanfecbart. A full court action occurred when action
started in one half court and finished in the othalf court, with at least 3 team-members crossing
the mid-court line. A single TR was counted wheosthplayers crossed the mid-court line (23). For
full court team movements, the number of conseeutiRs occurring during a single LT phase was
collected. Then, TR has been categorized in fiassgs of frequency (1TR; 2TR; 3TR; 4TR; and
>4TR).
Statistical analysis

For each variable, descriptive statistics (mean, f&#gjuency of occurrence and percentage)
were calculated. To verify differences between tprgveriods for LT spent at HIA, an ANOVA for
repeated measurements was applied. Chi square destelependence were applied to assess
differences between games in the occurrences oS0 Tand TR, whereas chi-square goodness of fit
tests were used to verify differences in the distion of half court actions between games and to
assess differences in LT, ST and TR classes. t&tatianalyses were conducted using the statistical
package SPSS (version 20.0, Institute Inc., Cafy, MSA), and the criterion for significance was

set at a 0.05 alpha level.

RESULTS

The analysis of activities of individual playessowed that total LT and game time were
1477 £ 309 s and 2667 + 608 s, respectively. Duaiggame, eacplayer performed 576 + 110 (range
363-759) changes of activity. Table 1 reports tbeuarence and duration of individual activities. In
general, a change of activity was observed evély 2.and 4.63 s for LT and total time, respectively
The highest values emerged for SW, whereas HIAroed8.5% * 1.8 of LT. No differences in time

spent by players in HIA were found between quaptaieds.
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Insert Table 1

Regarding HIA, SPRINT occurred every 33.3 s of I &0.2 s of total time, respectively.
The relative picture for HM was 16.6 s and 29.8rslT and total time, respectivelyable 2 reports
the relative proportion of HIA categories performeih and without the balMWhen each category
was analyzed separately, both SPRINT (832%) and HM (85.% 3.4%) without the ball were
higher than their relative conditions with the &@PRINT: 17.1+ 3.2%; HM: 14.1+ 3.4%), whereas
a more balanced occurrence emerged for JUMP (wittheuball: 55.6t 5.2%; with the ball 44.4

5.2%).

Insert Table 2

The majority ofsprints were for distances <10 m (Figure 1) acdagntor 86.7% of the
overall number of sprints. The most common sprias Wwetween 1 and 5 m. Overall, more LS were
performed than CS and CODS (Table 3). Sprintindneut the ball (LS: 94.& 3.1%; CS: 67.4
4.3%; COD: 78.& 4.4%) occurred more frequently than sprinting wte ball (LS: 5.4 3.1%; CS:

32.6+ 4.3%; COD: 21.4 4.4%).

Insert Figure 1 and Table 3

Over the five games, the analyzed players peddrd80 RSEDuring a match, 26.0 + 7.6
RSEs were observed, with 4.3 = 2.7 performed inldiaily. Within each RSE, the number of sprints
was 4.4 £ 1.7, with 15.4 £ 4.5 s between sprinfignoin passive recovery (58.6 + 18.5%). During

the active recovery between sprints at least one(5i\M7%) or at least one JUMP (48.5%) occurred.
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237 On 38 occasions, corresponding to 29.2% of thd ®&Es, both a HM and a JUMP occurred
238 between two sprints.

239 For team analysis, no differences emerged betgasres for the frequency of occurrence of
240 LT and ST, whereas differences were found for tleguency of occurrence for half court actions
241 (p<0.01) and TR phases (p<0.05) (figure 2). Moreodiferences (p<0.001) were found within LT,
242 ST and TR classes of frequency. Regarding the idaratf LT, higher occurrences were always
243 found for the 1-20 s (33.4 £ 12.7) and 21-40 s§24.4.7) actions respect to those with durations
244 >41s (41-60 s: 10.0 £ 1.6; 61-80 s: 4.8 + 1.6; >&028 + 3.3). Table 4 reports the percentages of
245 occurrence of LT and ST time categori€ee mean game LT/ST ratio was 1.18 + 0.25, witl® 16
246 0.78; 1.02 £ 0.26; 1.34 = 0.58; 1.13 + 0.28 for ttst, 2nd, 3rd and 4th quarter, respectively.
247  Furthermore, 35.2% and 64.8% of LT phases wereedlan half and full court, respectively. The
248 majority of TRs occurred in 1TR (45.3%) and 2TR.@8) categories.

249

250 DISCUSSION

251 This is the first study focusing on individual aie&m time-motion analyses of elite women’s
252 basketball games. The main findings were: 1) tipeated-sprint activity is a significant component
253 of elite women’s basketball, primarily charactedzey linear and short sprints, mostly performed
254  without the ball; 2) no differences were found betw game quarters in the live time HIA; and 3)
255 team analysis showed no different distribution EGr and ST phases between games, while a
256 different distribution was observed for TR phased balf court actions.

257 RSA has been considered a crucial element in tgam performance and analyses of RSE
258 during official games has been conducted in so(@grrugby (17), and field hockey (37). In elite
259 men’s basketball players (12), only one game has b@alyzed, thus limiting the generalizability of
260 results, especially to women'’s basketball. In thesent study, during a game each player performed

261 more RSEs with respect to those registered in fieldkey and rugby (17,37). Furthermore within
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each RSE, the occurrence of sprints resulted girtoldhat of men’s field hockey (37) and higher
than that of youth male soccer (9). These findihgghlight the relevance of women’s basketball
training focused on RSA.

The type of recovery between sprint bouts couldcafoverall sprint performance (36), with
passive recovery determining lower sprint time doder fatigue index while performing a
basketball-specific RSA test (10). Similarly to risefield hockey (37), women’s basketball players
tended to recover from RSE primary standing or wmalKpassive recovery). When an activity was
performed between sprints, HM and JUMP occurrecarsgely or in sequence. Jumping or other
high intensity movements performed between spriotitd have been shown to increase the
physiological load of RSA (8). These findings cobkl useful for future research focusing on the
development of a new specific basketball RSA teat includes HM and JUMP activities between
sprint bouts.

This study provides coaches with relevant infororatregarding the typology of sprint
activity in women’s basketball, which could be udedimproving the specificity of their training
plan. Players of this study sprinted more freque¢elrery 33 s of LT) compared to young male (39
s) (3,5) and collegiate female players (37.6 s),(B&t less frequently than reported for elite male
Australian players (20.9 s) (26), argues the ndégeks basketball training plans to consider the
players’ gender, age and level of competition. Toamsideration is reinforced by the higher
occurrence of changes of activity (around 2.6 feoled in the elite women’s basketball players
with respect to collegiate counterparts (2.8 s)),(28hough lower than that reported for male elite
players (2.2 s) (5).

The analysis of sprint distances yielded intengstnformation. Around 57% of the sprints
were performed over 1-5 m with an additional 30%rao&-10 m. These distances were shorter with
respect to those recorded during rugby male etiteas (18), likely due to the reduced dimension of

the basketball court. However, the basketball $pand RSA tests reported in the literature
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(24,16,12,10,38,13) mainly require players to gmirer longer distances and do not correspond well
to the game requirements. Therefore, future stughesld consider the development of sprint tests <
10 m for evaluating women'’s basketball playersadtidition, due to the high frequency of short
sprints in basketball, it could be speculated timatducting a time-motion analysis based on sprint
speed categories would not be meaningful.

Although players tended to perform linear sprimig,ved sprint and sprints with change of
direction were 52% of the total sprints. In consiug that CODSs represent 1/5 of total sprintss¢he
results substantiate the prevalent role of agiiitywomen’s basketball game (13), especially
performed without the ball. However, it has to lmed that 17.1% of the total sprint activity was
carried out bouncing the ball, highlighting the tdyution of sprinting while dribbling to the ovéra
activity demands of female basketball game-play.

This study did not support the hypothesis that Miduld decrease throughout the game, a
result in line with the findings relative to Uniwaglly level women’s basketball (25). Conversely,
youth elite male basketball players showed a sicant decrease in total HIA in the last quarter of
the game (5). The most likely explanation for tb@strasting data is that our players averaged at
least 20 min of LT per game, which may not be sidfit to induce fatigue by the end of the game.
Comparatively, athletes in BenAbdelkrim et al. st{6) averaged of almost 35 min of LT per game.
Furthermore, it is necessary to consider that t#stical factors can heavily influence the pace of
game, particularly towards the end of a quarteofoa game (3,5). Therefore, future research is
needed to investigate the role of different tatteEspects and game strategies on the movement
patterns of players.

We found no differences between LT and ST forgalines analyzed suggesting that the
observed game phases and team patterns reporteldbeoused to establishing a performance model
of elite women’s basketball. Moreover, a significdifference inside the occurrence of LT and ST

phases with a duration of up to 1 min and a workest ratio never above 1.69%(quarter) were
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shown. Interesting to note, these results arenim With the literature on youth male basketball) (22
indicating a mean playing time and break period &5 and 1 min, in seasonal and tournament elite
junior male basketball competition, respectiveljie$e data could provide basketball coaches with
detailed information that can be used to desigir th@ining sessions in term of drill duration and
workload. The different distribution between ganfmshalf court actions and TR phases underlines
the heterogeneity and variability of basketball gann this specific area. In particular, the higher
number of actions played on total court, mosthyiuding 1 or 2 TR phases, suggests that coaches
should train their players using a limited numb&M®&s. This novel information calls for further
analysis of half and full court actions to help coas optimizing their basketball training sessions

with particular reference to basketball drills aedimmages.

PRACTICAL APPLICATION

The present findings highlight the relevanceepfaated-sprint activity in women’s basketball
and call for the future development of basketb&lPRests specifically related to the actual demand
of the game. Specifically, training should focusR®A drills with at least 4 sprint repetitions aad
recovery time between bouts of around 15 s. Baakatbaches should consider using both passive
and active recovery with the latter including higkensity specific movements and jumps between
sprint bouts. In addition to linear sprints, coackaould also train CSs and CODSs at distances of
10m or less. This approach could be useful to imptbe players’ capability to accelerate over short
distances, which could be a discriminant factor bafsketball performance. Furthermore, CS
performed bouncing the ball should be widely trdinespecially in considering the high occurrence
of these technical aspects during a game. Workesd ratio between 1:1 and 2:1 should be
considered for basketball drills and small-sidedngs which proved to be effective in training
players (2,11). However, to meet the game requingésnalrill bouts duration should last

approximately 1 min. In considering that almost &f3he actions were performed on half court,
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coaches of women basketball should also focus amll-sided games played on only half court.
Finally to improve training specificity, drills ptad on full court should include mainly two TR

phases.
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FIGURE LEGENDS

Table 1. Means +SD and (ranges) of activity classes (Standing/Wakkiig/, Low intensity
specific movement=LM, Jogging=JOG, Medium intensipgcific movement=MM, Running=RUN,
High intensity specific movement=HM, Sprinting=SRA1 Jumping=JUMP) of players for each
game in relation to their occurrence (n and %)pproon of live time (%), and duration (s).

Table 2. Means = 3D of frequency of occurrence (%) of high intensitgtians (HIA)
(Sprinting=SPRINT, High intensity specific movemediM, and Jumping=JUMP) in relation to
their execution with or without the ball.

Table 3.Means +SD of frequency of occurrence (%) of sprinting tygptqLinear=LS, Curved=CS,
and Change of Direction=CODS) in relation to tlexiecution with or without the ball.

Table 4. Means £3D of frequency of occurrence (%) of time catego(ie20s, 21-40s, 41-60s, 61-
80s, >80s) for live time (LT) and stoppage time ST

Figure 1. Means andD of frequency of occurrence (%) of sprint activityrelation to 5 classes of
distances (1-5m; 6-10m; 11-15m; 16-20m; >20m).

Figure 2. Frequency of occurrence (%) of transfer phases (iRglation to one (1TR), two (2TR),

three (3TR), four (4TR) and more than four TR (>3 TRtegories. *=P<0.05.
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Classes of activity

Frequency of occurrence (n)

Fagriency of occurrence (%)

Live time (%)

Duration (s)

SwW 205 + 42 (121-280) 35420 50.2+5.5 7.42 H&0.
LM 91 + 23 (55-137) 155+2.0 10.0+2.7 1.69+1.17
JOG 73 +20 (40-121) 12.8+3.0 11.7+2.9 2.66+2.21
MM 56 + 20 (20-104) 9.6+25 6.5+24 1.77 £0.95
RUN 63 + 16 (36-105) 11.0+1.8 13.1+24 3.13+1.58
HM 25 + 10 (13-56) 45+15 2714 1.62 £0.92
SPRINT 44 + 15 (18-72) 7.8+2.2 52+1.8 1.77 £0.80
JUMP 19 +£10 (5-44) 34+15 0.6+0.3 0.46 +0.13

465 Table 1 Means +SD and (ranges) of activity classes (Standing/WalkkBly, Low intensity specific movement=LM, Jogging£30
466 Medium intensity specific movement=MM, Running=RUNigh intensity specific movement=HM, Sprinting=9RR, Jumping=JUMP)

467 of players for each game in relation to their ooeoce (n and %), proportion of live time (%), andation (S).
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HIA High intensity with ball (%) High intensity wit hout ball (%)
SPRINT 38.6 +6.3 52.7+3.2

HM 17.3+23 31.5+3.2
JUMP 44.1+5.9 158+1.3

Table 2. Means +SD of frequency of occurrence (%) of high intensitstians (HIA)
(Sprinting=SPRINT, High intensity specific movemedM, and Jumping=JUMP) in

relation to their execution with or without the Ibal
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Sprint activity ~ Total sprint (%) Sprint with the ba Il (%) Sprint without the ball (%)

LS 48.3+2.9 145+5.8 55.2+3.5
CS 31.0+3.9 590.1+2.0 252+41
CODS 20.7+1.5 26.4+5.9 196+1.1

473 Table 3. Means £SD of frequency of occurrence (%) of sprinting typpto(Linear=LS,
474  Curved=CS, and Change of Direction=CODS) in refatio their execution with or without
475  the ball.

476



Time-motion analysis of women’s basketball 26

Time Category

LT (%) ST (%)
1-20s 43.4+7.8 51.1+8.4
21-40s 29.0+4.2 20.1+54
41-60s 135+15 7.0+3.6
61-80s 6.5+2.4 43+27
>80s 76+55 8.6+3.4

477 Table 4. Means D of frequency of occurrence (%) of time catego(ief0s, 21-40s, 41-

478 60s, 61-80s, >80s) for live time (LT) and stoppage (ST).

479
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484  Figure 2. Frequency of occurrence (%) of transfer phases (iRglation to one (1TR), two

485 (2TR), three (3TR), four (4TR) and more than folR (P4TR) categories. *=p<0.05.



