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Abstract

v

The aim of this study was to assess the external
responsiveness, construct validity and internal
responsiveness of the Yo-Yo Intermittent Recov-
ery test level 1 and its sub-maximal version in
semi-professional players. Tests and friendly
matches were performed during the preseason
and regular season. The distance covered above
15km-h~! was considered as an indicator of the
physical match performance. Construct validity
and external responsiveness were examined by
correlations between test and physical match
performance (preseason and regular season) and
training-induced changes. Internal responsive-
ness was determined as Cohen’s effect size,
standardized response mean and signal-to-noise

ratio. The physical match performance increased
after training (34.8%). The Yo-Yo Intermittent
Recovery test level 1 improved after training
(40.2%), showed longitudinal (r=0.69) and con-
struct validity (r=0.73 and 0.59, preseason and
regular season) and had higher internal respon-
siveness compared to its sub-maximal version.
The heart rate at the 6™ minute in the sub-maxi-
mal version did not show longitudinal (r=-0.38)
and construct validity (r=0.01 and -0.06, pre-
season and regular season) and did not signifi-
cantly change after training (-0.3%). The rate of
perceived exertion decreased in the sub-maxi-
mal version (-29.8%). In conclusion, the Yo-Yo
Intermittent Recovery test level 1 is valid and
responsive, while the validity of its sub-maximal
version is questionable.

Introduction

4

Soccer is a physically demanding sport for which
players spend a great deal of time training in order
to improve their ability to cope with these
demands during match-play [3,44]. In order to
control the training process, it is important that
both the internal training load and the outcomes
of this stress are measured [27]. Field tests are
commonly used as a viable quantitative strategy to
assess training outcomes responses on perfor-
mance-relevant fitness variables. However, before
implementing a test, no matter the objective, it
must be appropriately validated by assessing the
measurement properties. It has been suggested by
Impellizzeri and Marcora [24] that, in sports sci-
ence, as well as in other scientific areas, at least 5
attributes (i.e., quality criteria) should be evalu-
ated and satisfied: conceptual model, validity, reli-
ability, responsiveness and interpretability [24]. To
the best of our knowledge, tests that are commonly
used in soccer have not been sufficiently validated
following the guidelines of this framework.

The Yo-Yo Intermittent Recovery test level 1
(YYIR1) is the most widespread field test used in
soccer. This test displays acceptable ecological
validity and it is practical, as large numbers of
players can be tested simultaneously. Several
studies, [11,13,31,42] have consistently shown
that the YYIR1 is correlated (r>0.70) to the high
intensity running activity (HIR) performed dur-
ing a match and thus has shown good evidence of
construct validity of the test (i.e., HIR considered
as indicator of the physical performance). The
YYIR1 has also been shown to be able to discrim-
inate between competitive playing levels and
playing positions [4]. In addition, it is reliable and
sensitive to training-induced changes (internal
responsiveness) [4,9,12,36]. The only attribute
not yet examined in soccer players is the longitu-
dinal validity (also known as external respon-
siveness). External responsiveness refers to “the
ability of a tool to detect changes over time in the
construct to be measured” [38]. For the YYIR1
this would mean reflecting changes in HIR during
the match; in other words: do changes in the test
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reflect similar (same direction) changes in the ability of the play-
ers to perform HIR during the match? Ultimately, this is the
main question and what fitness coaches expect from a test. To
our knowledge, the external responsiveness of the YYIR1 has
been provided only in soccer referees (r=0.77) [4].

As the YYIR1 is a maximal test, which is fatiguing, a sub-maxi-
mal version of the YYIR1 (YYIR1-Sub) has been developed as a
practical alternative that allows frequent assessment which
could be easily incorporated into training or rehabilitation pro-
grams [4]. The outcome measure of the YYIR1-Sub is the heart
rate recorded at defined recovery time points (i.e., 3-6min)
[7,8,31]. The YYIR1-Sub has shown a moderate correlation with
the HIR covered during a match (r=-0.48) [4], as well as the abil-
ity to change throughout the season [36].

To the best of our knowledge, no studies have examined the
external responsiveness of both maximal and sub-maximal ver-
sions of the YYIR1 in soccer players. Therefore, the main aim of
this study was to examine the longitudinal validity of these 2
YYIR1 versions. We hypothesized that there would be a substan-
tial correlation between the change scores in HIR during the
match and performances in the 2 tests. Secondary aims were to
examine the construct validity and the internal responsiveness
(i.e., sensitivity to changes) of the 2 YYIR1 versions.

Materials and Methods

v

Subjects and study design

20 outfield players (age 24+6 years; height 176+6cm; body
mass 74+6kg) from a semi-professional fifth division (Serie D)
Italian soccer team participated in the study. Although the fifth
division is considered a semi-professional league, training-
match frequency (5-6 training sessions and one official match
every week) and volume (average training duration 98 +2 min)
are similar to professional leagues. The study was approved by
the Ethics Committee of the University of Verona and meets the
ethical standards suggested in sport and exercise science
research [20].

At the start of the preseason, players were familiarized with the
YYIR1. The training outcomes were assessed using the YYIR1
and the YYIR1-Sub on 2 separate but not consecutive days (i.e.,
day-one and day-two) during both preseason and regular season
sessions (PRE and POST, respectively). On day-one players per-
formed the YYIR1. On day-two (within 2 weeks of day-one) play-
ers completed the YYIR1-Sub and a friendly match that was
organized with players of the same team. The YYIR1-Sub was
performed as part of the warm-up before the friendly matches.
POST sessions were organized 17 weeks after the PRE sessions
with the same protocol and during a week of no official competi-
tion. The training session organized the day before each test and
matches consisted of low intensity running, static and dynamic
stretching for the lower limbs, core stability, technical and tacti-
cal low intensity exercises. Between PRE and POST sessions,
training consisted of interval training [25], sprint training [17],
small sided games [25,41] and tactical and technical exercises.

Yo-Yo intermittent recovery test maximal and sub-
maximal version

The YYIR1 and YYIR1-Sub were performed as described in a pre-
vious study [31]. To summarize, the players completed 20-m
shuttle runs at increasing velocity with 10s of active recovery
between runs, until exhaustion. The YYIR1 started with 4 run-

ning bouts at 10-13km-h"! followed by another 7 bouts at
13.5-14km-h~! which continued with increments of 0.5 km-h™!
every 8 running bouts, until exhaustion. The YYIR1 was termi-
nated when the subjects were not able to arrive within the spec-
ified time at the marked finishing line on 2 consecutive occasions.
Consistent verbal encouragement was given to participants dur-
ing the YYIR1 test. The YYIR1-Sub consisted of the same protocol
as the maximal version with the difference being that the test
was terminated after 6min and the heart rate at the end was
recorded. In addition, the heart rate at the beginning of the
YYIR1-Sub was measured to exclude different starting values
between PRE and POST that could have potentially biased the
result of the test. The heart rate was recorded as the average of
5s (i.e., the default of the system used) at the end of the test at
the 6 minute. In line with a previous study [31], the maximal
distances reached in YYIR1 and the heart rate attained at the 6™
minute in YYIR1-Sub were used as outcomes. Heart rates were
presented as beats-min~! (HR6) and as percentage of the peak
heart rate (HR6%). In addition, as presented in previous studies
heart rates at different time points (i.e., 2, 4, 5, average 3.40 to
4.00 and 5.30 to 6.00 min) were calculated. The peak heart rate
was assessed during the YYIR1. Reproducibility (expressed as
percentage coefficient of variation, CV) of the distance covered
in YYIR1 and HR6% in the YYIR1-Sub have been shown to be
about 5 and 3%, respectively [30,31].

Physical match performance analysis

The physical activity performed during the matches was meas-
ured using an SPI-Pro X global positioning system (GPS) (unit
mass 76g, size 48x20x87 mm, GPSport, Canberra, Australia)
sampling at 15Hz with a 100Hz accelerometer inside. The GPS
system is considered a valid and reliable method to assess activ-
ities during team sports [2,14,16,18,29]. All GPS units were
activated outdoors, 20min before the start of the activity to
ensure the signal from the satellites was detected, after which
the devices were placed in a back pocket positioned between the
shoulder blades of the player. The average number of satellites
found to transmit data of positioning during all sessions was
8+2 units. All data were downloaded and analyzed on a per-
sonal computer with SPI Ezy software and Team AMS software,
respectively (R2 2102, GPSport, Canberra, Australia). The HIR
was calculated as the total distance covered at speeds higher
than 15km-h~! during the matches and has been considered as
indicator of match physical performance [24]. To control for the
inter-match variability due to the opponents activity [40], the
same players and tactical module were used in the 2 matches.

Other measures

Heart rate during the matches and YYIR1-sub was measured
with a telemetric system (Polar Electro Oy, Kempele, Finland)
attached to the thoracic region and compatible with the GPS
device. The rating of perceived exertion (RPE) was collected after
the YYIR1-Sub and friendly matches with the Borg CR100® scale
[6]. Instructions and familiarization with the scale were carried
out during the first days in the preseason training period and the
RPE used to monitor the load of the players.

Statistical analysis

Data are presented as meantstandard deviation (mean+SD).
Effects, differences and relationship were presented with their
corresponding 90% confidence intervals (CI). External respon-
siveness of the tests was examined by assessing the relationship
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between change scores in the test (i.e., distance and HR6% for
YYIR1 and YYIR1-sub, respectively) and change scores in physi-
cal performance of matches (i.e., HIR) between the PRE and
POST. External responsiveness of the RPE was examined by
assessing the relationship between change scores in the test (i.e.,
YYIR-Sub) and change scores in the match. Construct validity of
the tests was assessed both in PRE and POST sessions, with the
correlation between the indicator of the physical performance in
the matches (HIR) and scores in YYIR1 and YYIR1-sub (distance
covered and HR6%, respectively). The Pearson’s product-
moment of correlation has been calculated in order to assess
longitudinal and construct validity. The magnitude of the corre-
lations was determined using the modified scale by Hopkins
(http://www.sportsci.org/resource/stats/2002): r<0.1, trivial;
0.1-0.3, small; 0.3-0.5, moderate; 0.5-0.7, large; 0.7-0.9, very
large; >0.9, nearly perfect; and 1 perfect. Percentage training-
induced changes were also calculated for match and test perfor-
mances [22]. Furthermore, we calculated the probability of the
substantiality of the changes between tests (i.e., larger than the
smallest worthwhile change, SWC) [5,26]. Thresholds for assign-
ing qualitative terms of improved/trivial/worsened to the
changes were as follows: <1%, almost certainly not; <5%, very
unlikely; <25%, unlikely or probably not; <75%, possibly may
not; <95%, likely, probable; <99%, very likely, almost certain
[26,33]. The SWC was calculated using a distribution-based
method, that is as a proportion of the effect size, which repre-
sents the magnitude of improvement in a variable as a function
of the between-subjects SD of the investigated population (i.e.,
0.2 times the between-subject SD) [15]. Internal responsiveness
was measured using PRE and POST test scores according to 3
methods: 1) the Cohen’s effect size (ES) calculated as the mean
difference between the POST and PRE test scores divided by SD
of baseline; 2) the standardized response mean (SRM) calculated
as the mean difference between the POST and PRE test scores
divided by the SD of changes scores [23]; 3) the signal to noise
ratio (EStgy) calculated as the mean difference between PRE and
POST test scores divided by the typical error of measurement
[1], provided by previous studies [4,31,43]. The mean percent-
age changes between the PRE and POST tests were considered as
the signal and the absolute reliability (expressed as a percentage
value) as the noise [1,39]. The modified scale proposed by Hop-
kins was used to interpret the degree of effect size: trivial, <0.2;
small, 0.2-0.6; moderate, 0.6-1.2; or large, >1.2 (http://www.
sportsci.org/resource/stats/index.html). Analyses were completed
using SPSS software (version 13.0, SPSS Inc., Chicago, IL, USA)
and an online spreadsheet provided by Hopkins (www.sportsci.
org, http://www.sportsci.org/resource/stats/relycalc.html).

Results

v

Between PRE and POST tests, 5 players changed teams, 3 players
were injured and one player was excluded from the analysis
because of lack of commitment during the YYIR1. However, 2 of
the injured players were able to participate in the POST match
and were included in the analysis of YYIR1-Sub. In addition, the
5 new players engaged in the team and 2 players from the
reserve team participated in the POST match.

External responsiveness
From the 27 outfield players involved in the study, the 11 players
who participated in all sessions (PRE, POST tests and matches)

Training & Testing -

were included in the analysis to assess the external responsive-
ness of YYIR1. A large correlation was found between change
scores in YYIR1 and HIR (© Fig. 1). 13 players participated both
in PRE and POST matches and completed the YYIR1-Sub. No sig-
nificant correlation was found between change scores in YYIR1-
Sub and HIR (© Fig. 2). A large correlation was found between
change scores in RPE after YYIR1-sub and RPE after matches
(© Fig. 3).

Construct validity

The construct validity of YYIR1 was verified in 16 and 11 players
during PRE and POST sessions, respectively. Large to very large
correlations were found between YYIR1 and HIR in PRE (r=0.73,
90% CI 0.44, 0.88) and POST (r=0.59, 90% CI 0.10, 0.85), respec-
tively. The construct validity of YYIR1-Sub was examined in 13
players completing both matches and the YYIR1-Sub. No signifi-
cant correlations were found between YYIR1-Sub and HIR in PRE
(r=0.01,90% CI -0.47, 0.49) and POST (r=-0.06, 90% CI -0.52,
0.43), respectively.

Training-induced changes and internal responsiveness

All of the outcomes, as well as the probability of the substantial
changes between tests (percentage chances of improved/trivial/
worsened) and the qualitative descriptors of changes between
PRE and POST sessions, are presented in © Table 1. The distances
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g. 1 External responsiveness of the YYIR1.
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Fig. 2 External responsiveness of the YYIR1-sub.
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Fig. 3 External responsiveness of the RPE.

covered in YYIR1 and the HIR were improved after training
(40.2%, 90% CI 30.7, 50.4 and 37.2%, 90% CI 19.8, 57.2, respec-
tively). The HR6, HR6% and HR at the start of the YYIR1-sub
showed no significant changes after training (-0.3%90% CI - 1.8,
1.2 and -0.3%, 90% CI -1.6, 1.1 and -1.9%, 90% CI -6.0, 2.2,
respectively). The HR at different time points showed no signifi-
cant changes after training as expected by the result at the 6™
minute assessment (data not shown). The peak HR in PRE and
POST sessions (190+8 and 189+9beats-min~!, respectively)
showed no significant changes after training (-1%, 90% CI -2.5,
0.4). The RPE in the YYIR1-Sub decreased after training (-29.8,
90% CI -40.6, —17.1). The RPE after the matches showed no sig-
nificant changes (-4.1%, 90% CI —12.2, 4.7). Effect sizes for inter-
nal responsiveness are presented in © Table 1. Large ES and SRM
values were found in YYIR1 and HIR between the matches. Triv-
ial ES and SRM values were found for HR6% and HR6 in YYIR1-
sub. Large and small ES and SRM values were found for RPE in
YYIR1-Sub and RPE in the matches, respectively. Large, trivial
and moderate EStgy values were found for YYIR1, YYIR1-Sub and
RPE in the YYIR1-Sub, respectively.

Discussion

v

The YYIR1 is a popular test commonly used in soccer and other
team sports [4]. Although it is one of the most validated tests
available for soccer players, there were a few important meas-
urement properties of the YYIR1 that had not yet been exam-
ined. Indeed, the usefulness of a test aimed at assessing physical
components relevant for performance is determined by its abil-
ity to detect changes in the construct of interest (reference con-
struct), e.g., in the physical match performance (HIR) [24]. The
main finding of this study was that changes in the YYIR1 reflected
changes in the ability to perform more HIR distance during
matches after a period of training, thus confirming the longitu-
dinal validity (external responsiveness) of the test for soccer
players. On the other hand, the changes in the YYIR1-Sub were
not related to changes in the physical match performance.

External responsiveness

Similarly to a previous study of soccer referees [4,30], the YYIR1
test provided evidence of longitudinal validity in soccer players
(r=0.77 and 0.69, respectively) when HIR distance covered dur-

Values, training-induced changes and internal responsiveness of the YYIR1, YYIR1-sub and matches outcomes.

Table 1

11)

Match RPE (n
CR100

11)

Match HIR (n
Distance

YYIR1-Sub (n=13)

HR6

11)

YYIR1 (n
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RPE (CR100)
36.5+9.9

HR6 %

Heart rate start (%)

50.1+7.8
48.1£7.4

Distance

87.7+9.3

1201+389
1632+466

166.2+11.1

86.9+4.0

1695+243
2385+412

PRE session

26.4+9.0 84.1+£89

165.7+12.4

86.6+4.5

POST session

-3.6(-11,3.7)

10/23/66

430 (249, 612)
100/0/0

-10.1(-14, -6.2)

100/0/0

-0.5(-3.0,2.1)

4/83/13

-0.3(-1.6,1.1)

28/61/11

-1.9(-6.0,2.2)

30/68/2

691 (527, 855)
100/0/0

mean difference POST-PRE (90 % Cl)

percentage chances of Improved|trivial/worsened

qualitative probabilistic terms for changes
smallest worthwhile change, SWC (%)

internal responsiveness (effect size)

ES (90% Cl)

Possibly may not

2.1

almost certainly

6.7

almost certainly

6.7

likely probable

1.4

possibly may not

possibly may not
3.1 0.8

almost certainly

4.7

-0.4(-1.2,0.4)
-0.3(-0.9, 0.3)

1.1 (0.6, 1.6)
1.3(0.8, 1.8)

-1.0(-1.4, -0.6)
-13(-1.8, -0.8)
-0.8(-1.1, -0.5)#

-0.04(-0.3,0.2)

-0.1(-0.6,0.4)

-0.2(-0.7,0.3) -0.1(-0.6, 0.4)
-0.1(-0.6,0.4)

-0.2(-0.6,0.2)

2.8(2.1,3.5)

2.3(1.7,2.9)

SRM (90% Cl)

-0.1(-0.6, 0.4) **

8.2(6.1,10.3)*

ESrem (90% Cl)

4.6(3.4,5.8)8
YYIR1, Yo-Yo Intermittent Recovery Test level 1; YYIR1-sub, Yo-Yo Intermittent Recovery Test level 1 sub-maximal version; HIR, high intensity running; Total distance; Sprint distance; HR6 %, percentage of peak heart rate at 6! minute of the Yo-Yo

Intermittent Recovery Test level 1 sub-maximal version; HR6, heart rate at 61" minute of the Yo-Yo Intermittent Recovery Test level 1 sub-maximal version; RPE, rate of perceived exertion; PRE and POST values are presented as mean+SD; SWC, smallest
worthwhile change; ES, Cohen’s effect size, SRM, standardized response mean, ESygy signal to noise ratio; *from CV 4.9 % (Krustrup, 2003), § from CV 8.7 % (Bangsbo 2008) and # from CV 38.6% (Scott 2012), * * from CV 3% (Krustrup 2003)
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ing the matches is used as the reference construct. Although the
strength of the correlation is not high enough for predictive pur-
poses, the YYIR1 explained almost half of the variance (48%) in
HIR thus confirming a large association between the physical
performance during the test and the physical performance real-
ized during matches. Therefore, when a player changes his per-
formance in the YYIR1, the coaches can reasonably expect a
potential variation in the same direction during the game. The
results of this study are even more interesting considering that
we used a real match instead of, for instance, a simulation. In a
real match several confounders may influence the distance cov-
ered at various intensities thus obscuring existing relations
between tests and match physical performance. However, we
wanted to examine the longitudinal validity in an ecologically
valid context, to ascertain whether this relation is strong enough
to be disclosed in a real game (which was verified). Future stud-
ies examining this correlation using match simulation can better
describe the quantitative relationship between the changes in
the test performance and the ability to run at high intensity dur-
ing a match.

On the other hand, the YYIR1-Sub did not show evidence of lon-
gitudinal validity, suggesting its low ability to detect changes in
the HIR during matches. The trivial correlation coefficient may
reflect the low data heterogeneity since changes at an individual
level were not significant.

Construct validity

Similar to previous studies [11,31,32,37,42], our results con-
firmed the construct validity of the YYIR1. The large correlations
found between YYIR1 and HIR in PRE test (r=0.73) were similar
to those shown for young (r=0.77) [11] and adult male (r=0.71)
[31] soccer players, respectively. Recently, the construct validity
of the YYIR1 has been assessed also in thermo-neutral (r=0.76)
and hot (r=0.65) conditions in elite players [37]. The correlation
value (r=0.59) found in our study in the POST-test condition was
similar to those shown for young soccer players (r=0.56) [42]. In
the present study, the lower correlation value in POST could be
related to the small sample size (n=11) compared to PRE test
(n=16).

As for longitudinal validity, the YYIR1-Sub did not show ade-
quate construct validity in either PRE or POST tests (r=0.01
and -0.06, respectively). However, Bangsbo, laia and Krustrup
[4] showed a significant moderate relationship between HIR
during a match and HR6% in YYIR1-Sub (r=-0.48). Although, a
sub-maximal test is certainly interesting and useful from a prac-
tical point of view, our data do not support the construct validity
of the HR6% in YYIR1-Sub when match HIR the reference con-
struct.

Training-induced changes and internal responsiveness

Seasonal changes in YYIR1 have been investigated in several
studies and reported in a review [4]. The improvements in the
YYIR1 found in the current study (40 %) were consistent with the
changes (31%) found in elite male soccer referees [30] and in
elite (54%) and top-class (35%) soccer referees [46]. However,
the changes in the present investigation are greater than those
found in players. Previous studies reported improvements in the
YYIR1 of 25% [31] and 13 % [4] in elite and 18% in top-level play-
ers [35]. In sub-elite players, the YYIR1 values increase after 7
weeks of interval (13 %) and repeated sprint (28 %) training [17].
In elite young players an increased performance in YYIR1 was
reported after 7 weeks of generic (22 %) and specific (17 %) train-
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ing [21]. Recently, an improvement of 7-9% in the YYIR1 was
reported after one week of regular season training camp in the
heat [10]. The large improvement in the YYIR1 found in our
study compared with other reports may be explained by the low
fitness of the players at the start of this study.

There was no significant change in YYIR-Sub following the train-
ing period in the present study (-0.3%). This is contrary to the
results of Krustrup, Mohr, Amstrup, et al. [31] who found a sig-
nificant decrease of HR (-5%) using this test following a period
of training. The HR6% and HR6 values found between PRE and
POST in YYIR1-Sub in this study could be interpreted as a lack of
changes in aerobic fitness, but this was not the case as there was
a significant increase in both HIR during the match and YYIR1
(i.e., maximal version of the test). Nevertheless, the detected
changes in HIR and YYIR1 performance may also be due to
improvement in anaerobic fitness (i.e., speed endurance), thus
not affecting YYIR1-sub [19,28,45]. While HR6% and HR6 did
not change, the RPE at the end of the YYIR1-Sub decreased
(-29.8%) after training. Therefore, it could be possible that RPE
is more sensitive in detecting improvements in the ability to
sustain intermittent sub-maximal running (as in the YYIR1-sub)
than heart rate. Indeed, it has been suggested that the RPE may
be more accurate compared to heart rate for describing the
intensity during intermittent exercises such as soccer drills [34].
However, this was not the main aim of our study and future
experimental designs should be used in order to investigate this
topic. The RPE collected after the matches did not change. How-
ever, this can be the result of the high level of involvement of the
players in the match (as demonstrated by the improvement in
the physical performance).

The sensitivity of a test to detect changes over a training period
(internal responsiveness) is an important characteristic [1,24]
but one that is frequently overlooked. In the present study, there
was a large change in YYIR1 performance after training as shown
by the large effect sizes. However, the opposite was found for the
HR6% and HR6 that showed trivial effect sizes. Therefore, our
results do not support the internal responsiveness of the YYIR1-
Sub. Effect size for sensitivity to changes was recently assessed
in a few studies. The ESs of the YYIR1 and YYIR1-Sub were simi-
lar to previous values reported in the literature. Buchheit and
Rabbani [9] and Castagna, Impellizzeri, Chaouachi, et al. [12]
found an ES of 1.2 and 2.1, respectively for the YYIR1. Mohr and
Krustrup [36] found an ES of 1.2 and 1.4 calculated in a different
period of the season in YYIR1-Sub. To obtain a better comparison
between the tests, we have reported different statistics (i.e., ES,
SRM, EStgm) that have been recommended for calculating inter-
nal responsiveness [23]. The YYIR1 showed greater effect size ES
and SRM values compared with its sub-maximal version. The
EStem reflect the ability of a test to change in relation to its reli-
ability. The YYIR1 showed large EStgy indicating that the train-
ing-induced changes in the YYIR1 are higher than the reliability
of the test: acceptable signal-to-noise ratio. On the other hand,
the HR6% in the YYIR1-Sub showed a trivial EStgy reflecting its
low sensitivity to changes. However, the RPE showed a moderate
signal-to-noise ratio thus suggesting that the RPE may be an
appropriate indicator of changes in YYIR1-Sub. Although the
reliability of the CR100® scale has been calculated to be 39%
(typical error is expressed as CV) [43], the acceptable reliability
should be interpreted not using benchmarks but in relation to
the magnitude of the changes (signal-to-noise ratio). Using this
approach, the RPE is sensitive enough when compared to its reli-
ability in detecting changes in the YYIR1-Sub. The results of our
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study may be limited by the specificity of the training and inter-
nal training loads imposed on the players. However, the training
approach adopted (e.g., interval training, sprint training, small-
sided games, technical and tactical exercises) is typical of many
soccer teams.

Conclusion
v

The present study provides evidence for the external respon-
siveness of the YYIR1 and confirms its ability to detect changes
induced by training in male soccer players. As coaches are gener-
ally more interested in understanding whether their players can
perform higher HIR distance in the match than improvement in
the tests per se, the changes in the YYIR1 seems to reflect the
changes in the ability to run more at high intensity during the
match. Finally, although a sub-maximal test would be very use-
ful, especially at the professional level, our results did not pro-
vide evidence for the construct validity and longitudinal validity
of the YYIR1-Sub. Therefore, before using the sub-maximal ver-
sion for routine assessment more research addressing its valid-
ity is warranted.
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