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Abstract

Background: The purpose of this exploratory study is to evaluate the relationships between
commonly used change of direction COD tests (t-test, L-drill, and 5-10-5 shuttle) in Di-
vision I female volleyball players. Methods: Sixteen Division I female volleyball players
(age =19.4 £ 1.4 years, height = 176.2 £ 10.6 cm, weight = 71.5 & 11.1 kg) participated
in this study and completed three trials of the t-test, L-drill, and 5-10-5 shuttle in a ran-
domized order. The best time for each test was recorded and analyzed. Pearson product
correlations were used to determine the interrelationships between each of the three COD
tests. Additionally, a composite score was created by summing the best performances
of the three drills. The relationship between each test and the composite score was also
established via Spearman rank correlations. Results: The mean + standard deviation for
time to complete each test was 10.9 & 0.7 s for the t-test, 8.6 = 0.3 s for the L-drill, and
4.9 & 0.2 s for the 5-10-5. Statistically significant correlations were shown between the t-test
and L-Drill (r = 0.89, p < 0.001,), between the L-drill and 5-10-5 Shuttle (r = 0.91, p < 0.001),
and between the 5-10-5 Shuttle and t-test (r = 0.83, p < 0.001). In addition, each COD test
significantly correlated with the composite score (p = 0.92-0.95). Conclusion: The high
degree of agreement between the three COD tests suggests that any one of them could be
utilized for testing COD ability in female volleyball players.

Keywords: volleyball; agility testing; change of direction; elite athlete; female athlete

1. Introduction

Change-of-direction (COD) ability refers to the capacity to alter movement direction,
speed, or mode, and is a critical component of optimal performance in many sports [1]. In
team-based sports, COD ability is especially vital, as players must frequently execute explosive,
multidirectional movements within shortened timeframes [2-5]. Furthermore, movements
during play often involve dynamic transitions, including accelerations, decelerations, turns,
and curvilinear running [3-5]. In volleyball, these repeated short-duration bursts of movement
often determine rally outcomes [2]. Skills such as blocking, digging, and counterattacking rely
heavily on rapid directional shifts, making COD testing a practical tool for guiding training
and monitoring performance in this sport [2]. Given its central role in volleyball performance,
a variety of methods have been developed to assess COD ability.

Among the most commonly used assessments are the t-test, L-drill, and 5-10-5 shuttle
(also known as the pro agility or 20-yard shuttle). While all three tests aim to measure COD
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ability, they differ in structure and movement demands. The methodological differences
may place distinct neuromuscular and biomechanical demands on the athlete. Although all
three tests are widely used in athletic, research, and recreational settings and have demon-
strated high test-retest reliability [6-9], their level of agreement and interchangeability
remains unclear. Some studies suggest COD tests assess different components of COD
ability [10,11], whereas others report significant inter-test correlations, suggesting overlap
in the attributes they measure [9].

While these results support the general utility of each test in diverse populations,
further investigation is warranted within sport-specific contexts. Strength and conditioning
programs are often tailored to enhance the specific physical and cognitive skills that
align with the demands of a given sport. As athletes become more specialized, they may
demonstrate superior performance in COD ability that more closely resemble sport-specific
movement patterns. This is particularly critical in volleyball due to the sport’s dynamic and
high-speed nature. Athletes must repeatedly execute quick, multi-directional movements in
response to unpredictable gameplay [12-14]. Additionally, although COD has been studied
extensively in male athletes and in field-based sports such as soccer and football [1,8],
relatively little research has examined these constructs in female volleyball players. Given
the sex- and sport-specific biomechanical and neuromuscular demands that influence COD
ability [15], studies in this population are needed to better inform practice. Moreover, COD
is not the same as, but rather, foundational to agility, which involves more perceptual and
decision-making responses to an external stimulus [16]. Thus, testing COD in a controlled
environment isolates the physical ability to decelerate, change direction, and reaccelerate
in a pre-planned context [14]. These considerations highlight the importance of examining
COD test interrelationships specifically within elite female volleyball athletes.

Therefore, identifying the inter-correlations across COD tests could help coaches and
practitioners select the most appropriate tests for evaluating performance and monitoring
training progress. Accordingly, the objective of this study was to explore the interrelation-
ships among three commonly used COD tests (¢-test, L-drill, and 5-10-5 shuttle) in Division
I female volleyball players. We hypothesized that significant positive correlations would be
observed among all three COD tests, thereby supporting their shared utility for evaluating
COD ability in this population.

2. Materials and Methods
2.1. Subjects

Sixteen competitive female athletes from a National Collegiate Athletic Association
Division 1 volleyball team participated in this exploratory study. All participants were
considered physically healthy and were cleared for sport participation via the athletic
department’s team physician. Data collection for each participant occurred within the
volleyball arena on a single day of the week during regular scheduled training sessions.
Participants were told to refrain from consuming depressants (e.g., alcohol), maintain
regular dietary habits, and avoid excess physical activity outside of their normal athletic
requirements for 24 h prior to study. Participants completed a 24 h history questionnaire to
confirm their compliance. The University’s Institutional Review Board (IRB) approved the
study protocol, and all participants provided written informed consent.

2.2. Procedures

Following the completion of the previously mentioned documents, anthropometric
data was collected. Body height was measured using a manual stadiometer to the nearest
0.1 cm (HM 200P, Charder Electronic Co., Ltd., Taichung, Taiwan). Body weight was measured
to the nearest 0.1 kg using a digital scale (RD-545PRO, Tanita Corporation, Tokyo, Japan).
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The participants were then required to perform three commonly utilized COD tests
(t-test, L-drill and 20-yard shuttle) in a random order. These tests have previously demon-
strated high test-retest reliability in team-sport athletes, with reported intraclass correlation
coefficients (ICCs) of 0.95 for the t-test, 0.94 for the L-drill, and 0.90 for the 5-10-5 shuttle [9].
The random order of testing was established before the study began in Microsoft Excel
using the function RANDBETWEEN with the lower limit set at 1 and an upper limit at
3. The tests were assigned the following codes: t-test = 1; L-drill = 2; 5-10-5 Shuttle = 3.
After the order was assigned to the participant, they completed a standardized dynamic
warm-up. The warm-up consisted of a three-minute jog, dynamic movement drills (high
knees, straight leg march, walking quad stretch), calisthenics (squats and lunges), as well
as low intensity plyometrics (skipping, and lateral jumps).

After the completion of the warm-up, the participants had a five-minute recovery
period before beginning the first COD test. For each COD test, the participants performed
two familiarization trials at a moderate-intensity pace. Then, the subjects performed
three recorded attempts of each COD test at maximal effort. The participants were given
1-2 min of rest between each attempt and approximately 10 min of rest between each COD
test. Each COD test was performed on a volleyball court and each participant wore their
competition footwear during the testing. Times for all three COD tests were measured
via the same timing gate system (TCi system, Brower Timing Systems, Draper, UT, USA).
During testing, there were two Certified Strength and Conditioning Specialists present to
ensure that the participants maintained proper technique. To successfully complete each
test, the participant had to touch the cone at each change in direction point. In the event
of an unsuccessful attempt, the participant was permitted one additional attempt. If the
participant experienced an egregious error such as tripping or falling, they were also given
another attempt (1 = 0).

The t-test protocol followed the descriptions provided by Semenick [17] and Stewart
etal. [9] and is illustrated in Figure 1a. The test setup consists of four cones arranged in a
“T” shape. Cone A (the starting cone) is positioned at the base of the “T.” Cone B is placed
9.1 m directly ahead of Cone A. From Cone B, two additional cones (Cones C and D) are
positioned 4.55 m to the left (Cone C) and right (Cone D), respectively, forming the top of
the “T.” Subjects began just behind the timing gate at Cone A. Timing began as soon as
they sprinted 9.1 m forward to Cone B and touched it. From there, they performed a lateral
shuffle 4.55 m to the left to Cone C, touched the cone, then shuffled 9.1 m across to Cone D
and touched it as well. Finally, they shuffled 4.55 m back to the middle to touch Cone B.
They concluded the test by backpedaling 9.1 m through the timing gate at Cone A, which
stopped the timer.

The L-drill protocol followed the design proposed by Stewart et al. [9] and is presented
in Figure 1b. The drill setup consists of three cones arranged in an “L” shape. Cone 1 (the
starting cone) is placed at the base of the “L.” Cone 2 is positioned 4.6 m straight ahead of
Cone 1, and Cone 3 is placed 4.6 m to the right of Cone 2, forming a 90° angle between all
three cones. This configuration creates an inverted “L” layout that challenges the athlete’s
ability to accelerate, decelerate, and execute sharp and curvilinear directional changes.
Timing gates were placed at the start/finish line (Cone 1), with timing beginning as the
athlete broke the beam at the start and ending once they re-crossed the beam upon finishing.
Subjects were instructed to begin at Cone 1 and initiate the test with a 4.6 m sprint to Cone
2, where they touched the cone and immediately returned to Cone 1. After touching Cone
1, they performed a 180° turn and sprinted back toward Cone 2, continuing around it with
a 90° turn toward Cone 3. The participant then looped around Cone 3 with a 180° turn and
sprinted 9.2 m back through the starting line (Cone 1) to complete the test.
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Figure 1. Visual diagrams of the setups and execution of the ¢-test (a), L-drill (b), and 5-10-5 test (c).

The 5-10-5 shuttle test followed the design described by McGuigan [18] and is also
illustrated in Figure 1c. The setup includes three cones placed in a straight line, with the
middle cone serving as both the starting and finishing point. The two outer cones are
positioned 4.55 m (5 yards) to the left and right of the center cone, respectively, creating a
total distance of 9.1 m (10 yards) between the two end cones. Subjects began the test by
straddling the center cone, with timing gates set up at this midpoint to serve as both the
start and finish line. Timing began as the participant turned 90° and sprinted 4.55 m to
one side to touch the first cone. They then turned sharply 180° and sprinted 9.1 m in the
opposite direction to touch the second cone. After touching the second cone, they executed
a final 180° turn and sprinted 4.55 m back through the timing gates at the center cone,
which stopped the timer.

2.3. Statistical Analysis

Statistical analyses were performed using SPSS software (version 28.0, IBM Corpo-
ration, New York, NY, USA). Means and standard deviations (SD) were determined for
all the studied variables. Normality was confirmed by comparing histograms to a normal
curve which was followed with the Shapiro-Wilk test that displayed a p value greater than
0.05 [19]. Pearson correlation coefficients were used to determine the relationships between
the three tests. Using the scale proposed by Hopkins [20], correlation values between 0
and 0.10 were considered “trivial”, 0.10 to 0.30 “small”, 0.30 to 0.50 “moderate”, 0.50 to
0.70 “large”, 0.70 to 0.90 “very large”, and 0.90 to 1.00 “nearly perfect”. A composite COD
score was also calculated for each participant by summing the best score for each test. A
Spearman rank correlation was then utilized to determine the relationship between each
COD test and the composite score. Statistical significance was set at p < 0.05.

3. Results

All sixteen participants successfully completed the testing protocol. Descriptive
statistics for the participants are presented in Table 1.
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Table 1. Descriptive statistics and COD test completion times for participants.

L/DS (n =6) OH/MB (n =8) S(n=2) Total (n = 16)
Means + SD Means + SD Means + SD Means + SD

Age (years) 19.67 £ 1.37 19.38 +£1.49 18.50 £ 0.50 19.40 +1.50
Height (cm) 170.38 £ 8.01 181.71 £9.01 171.38 +£9.32 176.19 £+ 10.64
Weight (kg) 64.88 + 8.94 75.76 £ 10.05 74.59 + 8.05 71.54 + 11.09

Variable

t-test (s) 10.79 £ 0.55 10.81 £ 0.62 11.01 £ 0.54 10.88 £ 0.66
L-drill (s) 8.61 =0.24 8.58 £0.27 8.65 £0.26 8.59 £0.31
5-10-5 (s) 4.86 + 0.13 4.89 £0.12 492 +£0.18 490 £ 0.15

L/DS = Libero/Defensive Specialist, OH/MB = Outside Hitter/Middle Blocker, S = Setter, SD = Standard
Deviation, cm = centimeter, kg = kilograms.

The mean scores, represented as mean + SD, for the COD tests are also shown in
Table 1. Pearson correlations revealed significant coefficients between the ¢-test and L-drill
(r=0.89, p <0.001, “very large”), between the L-drill and 5-10-5 Shuttle (r = 0.91, p < 0.001,
“near perfect”), and between the 5-10-5 Shuttle and ¢-test (r = 0.83, p < 0.001, “very large”).
Scatter plots illustrating these relationships are presented in Figure 2. A composite COD
score was then calculated by summing the scores of each test for each participant and
displayed a mean (+SD) or 24.37 £ 1.08 s. The Spearman rank correlation revealed that the
t-test (p = 0.95, p < 0.001), L-drill (p = 0.92, p < 0.001), and 5-10-5 (p = 0.92, p < 0.001) each
displayed relationships with the composite score.
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Figure 2. Scatterplot diagrams displaying correlations between change in direction tests. The unit of
measurement on each axis is seconds.

4. Discussion

The purpose of this exploratory study was to examine the interrelationships among
three commonly used COD tests (the t-test, the L-drill, and the 5-10-5 Shuttle) in Division I
female volleyball players. The results demonstrated very large to near perfect correlations
(r=0.83-0.91, p < 0.001) amonyg all three tests, indicating that they assess highly overlapping
aspects of COD ability in this population. From a practical perspective, this suggests that
coaches and sport scientists do not need to administer multiple COD assessments to obtain
valid information. Instead, any one of the three tests can be selected based on available
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time, space, or equipment, reducing testing burden while still providing reliable insight
into athlete performance. These findings are particularly useful in volleyball settings where
time for physical testing is often limited due to the technical, tactical, and competitive
demands of the sport.

Previous studies have reported significant correlations among COD tests, though most
have involved non-athletic or mixed-sport samples of primarily male participants [8,10,21]. For
instance, strong associations between the t-test and other COD tests (e.g., 5-0-5, Edgren
Side Step Test, Illinois agility test) have been shown in male soccer players [8] and service-
members [21]. Similarly to the current study, Stewart et al. [9] found significant correlations
between the t-test, L-drill, and 5-10-5, as well as the 5-0-5, and Illinois agility tests, in a
sample of recreationally active adult men and women, with correlation coefficients ranging
from 0.84 to 0.89. The present study extends this body of work by confirming very large to
near perfect interrelationships among the t-test, 5-10-5, and L-drill specifically in Division I
female volleyball players, a group with distinct sport-specific movement demands. The
findings support the notion that these tests capture overlapping COD attributes yet still
emphasize unique directional and biomechanical patterns. As such, their strong interrela-
tionships do not necessarily negate their individual value. Instead, they suggest that COD
tests could potentially be used interchangeably, yet their utility may be context-dependent,
particularly in sports requiring repeated multidirectional movements [8-10,21].

The very large to near perfect correlations observed among the three COD tests
may be attributed to several overlapping physiological, biomechanical, and sport-specific
demands. All three tests were completed in under 11 s, a similar duration of ball-in-play
sequences in volleyball. This similarity suggests a predominant reliance on the immediate
anaerobic energy system during these tests, which predominates during high-intensity
activities lasting up to 10 s [14]. Such energy system alignment likely enhances performance
transfer between COD tests and sport-specific tasks [22]. In addition, performance among
COD tests and volleyball-play have been previously shown to be strongly associated
with sprint ability, suggesting shared underlying qualities such as explosive power and
high-speed force production [23,24]. Indeed, the explosive nature of COD tasks requires a
high recruitment of type Il muscle fibers, particularly in the lower limbs, and is strongly
influenced by neuromuscular coordination and eccentric strength, all of which appear to
be well-developed in elite volleyball athletes [10,25,26]. Additionally, the three tests involve
shared movement elements with the primary performance requirements of volleyball, such as
explosive accelerations, sudden decelerations, and abrupt changes in direction [2,10,26,27].
These shared characteristics likely contributed to the strong inter-test correlations observed, as
the athletes were well-acclimated to the underlying physical and technical demands. Taken
together, these findings support the relevance and utility of all three COD assessments as
effective tools for measuring COD ability in collegiate female volleyball players.

While the very large to near perfect correlations among the three tests suggest some re-
dundancy, each test emphasizes slightly different movement patterns that may be uniquely
aligned with the specific demands of volleyball. For example, the t-test emphasizes for-
ward, lateral and backward movements, similar to the multidirectional nature of volleyball
play. The 5-10-5 drill focuses on rapid in-line accelerations, and 180 degree turns, which
closely resemble the frequent transitions of play between offense and defense. The L-drill
combines lateral and diagonal movements, further mimicking the multidirectional COD
needed for adjusting to the unpredictable flow of the game. Thus, any of the three tests may
be relevant for testing COD ability in female volleyball players. This may be an important
consideration in settings with limited time or resources, as a single COD test may suffice
for routine monitoring. However, the composite score used in this study may offer a more
comprehensive representation of an athlete’s COD ability, capturing performance nuances
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that individual tests might miss. This approach can help coaches identify specific areas
for improvement by highlighting subtle performance differences that may not be detected
with a single test. Nonetheless, by implementing a variety of COD tests, coaches can ensure
that performance assessments reflect the broad spectrum of movement demands seen in
volleyball [2], enhancing their ability to monitor and guide training adaptations.

There are a few limitations to consider when interpreting the results of the study.
First, only collegiate female volleyball players were included in the sample; therefore,
results should not be generalized to other populations such as male athletes, youth, or
individuals from different sports. In addition, only three COD tests were explored in the
current study, which may not capture the full spectrum of COD performance or movement
demands specific to volleyball. Another limitation is that while all participants were NCAA
Division I athletes and thus highly trained and experienced, detailed data on years of
volleyball participation or prior strength and conditioning exposure were not collected.
Such factors may further influence COD performance and should be considered in future
studies. Lastly, the study did not assess test-retest reliability or track changes in COD
ability over time in response to training. Given these constraints, the present study should
be considered exploratory, providing preliminary evidence that COD tests demonstrate
strong interrelationships in a relatively small sample of Division I female volleyball players
but without broad generalizability.

5. Conclusions

The very large to near perfect correlation coefficients observed between the t-test,
L-drill, and 5-10-5 suggest a high degree of agreement in the assessment of COD ability
in female volleyball athletes. These findings contribute to our understanding of COD
testing and underscore the importance of more research to refine the application of these
tests in training and performance evaluation. From a practical standpoint, the findings
indicate that coaches and practitioners may select any one of these COD tests to evaluate
player performance, without the need to administer multiple assessments. This may save
time and reduce athlete fatigue while still providing valid information on COD ability.
Furthermore, because the tests used are standardized, simple to administer, and conducted
under controlled conditions, the reproducibility of the study is high, allowing these methods
to be readily adopted in applied volleyball and research settings.
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Abbreviations

The following abbreviations are used in this manuscript:

COD  Change of direction
L Libero

DS Defensive Specialist
OH Outside Hitter

MB Middle Blocker

S Setter
SD Standard Deviation
cm Centimeters

kg Kilograms

sec Seconds
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