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Reliability and usefulness of a self-regulated
6-km submaximal ergometer training test
set in elite rowers

James R Clark' (2, Andrew ] McKune??* (2, and Paola S Wood'

Abstract

Incorporating tests into regular training sessions permits sport-specific and convenient monitoring of athletes without
disrupting team preparation or adding to testing burden. However, few studies have investigated the measurement
properties of training test sets for monitoring athletes. This study assessed the reliability and usefulness of a self-regulated
6-km rowing ergometer training-based test (6SRT) as a submaximal monitoring tool in elite rowers. In a repeated mea-
sures design, 43 (13 female) rowers at a national training centre were asked to perform the 6SRT according to a ‘firm-to-
hard’/‘threshold’ session category goal at 22 strokes-min™"' in three consecutive weeks. Mean + standard deviation 6SRT
time, power output (PO), exercise heart rate (HR.,) and rating of perceived exertion (RPE) were 22:18.0 + 1:21.6 min:s,
70 + 4% 2-km time trial PO, 87 + 3% maximal HR and 16 + |, respectively. There were no significant between-trial
effects (p > 0.101, ng < 0.05) and differences between paired trials were trivial (Cohen’s d < 0.2) for all variables.
Intraclass correlation coefficients (ICCj; |: 0.62-0.98) were moderate to excellent for all responses except RPE (0.33).
Coefficient of variation (CV: 0.6-3.5%) and typical error (TE: 0.7—4.1%) were low for all variables except HR recovery
(HRR). Time, PO and HR., responses, and PO:HR., and PO:RPE intensity ratios showed TE < smallest worthwhile
change (SWC). The 6SRT shows acceptable reliability and usefulness under stable field conditions to be a valuable training
test set for monitoring high-level rowers when maximal tests are undesirable or laboratory tests are inaccessible.
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of these tests make them unsuitable for frequently or rapidly
evaluating how rowers are responding to training through-
out preparation and competition periods.® As an alternative,
submaximal rowing ergometer tests®® have demonstrated
acceptable reliability for tracking training-related changes

Introduction

Monitoring how athletes are responding to training is con-
sidered imperative for guiding preparation toward optimal
health and performance outcomes,' particularly in sports
with heavy training demands, like rowing.> Two essential
measurement properties of any athlete monitoring tool are
reliability and usefulness. Reliability refers to the extent
to which scores on repeated trials of a test are consistent
and free of measurement error,3 “* and informs on the preci-
sion of single measures and the ability to confidently detect
changes over time.? Usefulness refers to the sensitivity with
which a test is able to detect an important, or worthwhile,
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change, given the measurement error in scores.®

Reliable and useful indicators of rowing performance
and fitness (e.g., 2-km ergometer time trial [TT], maximal
oxygen uptake [VOymax], incremental peak power output
[PPO], lactate threshold [LT] power output [PO], 30-s
PO) are well-established.” However, the exhaustive
efforts or invasive, time-consuming, and costly procedures
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in rowers. However, the small samples of male participants
in those reliability analyses limits broader generalisation
and application of the data reported.” Moreover, applying
those particular protocols in real-world settings to monitor
large teams of rowers undergoing heavy training presents
several challenges. For example, respiratory gas analysis
or blood sampling, and deriving indicators like LT or PO
associated with a HR of 170 beats-min~" (PWC7)’ pre-
cludes the regular and convenient use of a submaximal
test. Also, athletes in a state of overreaching from heavy
training commonly display an attenuated exercise HR
(HR.,) response,'® potentially making attainment of a
high submaximal HR (e.g., 90% maximal HR [HR,.x])
required by a test® neither possible'' nor desirable in ath-
letes for whom the tests arguably hold most monitoring
value.

‘Invisible’ monitoring describes embedding assessments
within scheduled training,*'? implying little to no disrup-
tion to preparation from the addition of tests, improved
time efficiency by simultaneously assessing multiple ath-
letes, and regular, predictable reassessment when sessions
are repeated across microcycles. In this regard, submaximal
running drills or small-sided games are popular for tracking
short-term fitness and fatigue responses in team sports,'?
and similar training-based monitoring approaches have
been explored in cyclists'*'> and runners.'®'® In rowing,
ergometer training sessions represent convenient, frequent
and relatively standardised monitoring opportunities that
warrant investigation as training test sets.'® Notably, sub-
maximal ergometer training sessions have been recom-
mended for monitoring training responses,”® potentially
reflecting a perceived ecological validity among rowing
coaches and sport scientists in the field. However, reliability
and usefulness data necessary for interpreting repeated erg-
ometer training test set responses have not yet been
reported.

Using field experience and working alongside the head
coach of a national rowing team, a non-exhaustive ergom-
eter training session was selected to represent both a test
that could be feasibly implemented under field conditions,
and a training stimulus that could repeatedly (e.g., weekly
to monthly) be included in the training programme across
preparation periods. The test set comprises 6 km of self-
paced ergometer rowing at a fixed stroke rate (SR) of 22
strokes-min~! (6SRT). Although the 6SRT was designed
to double as a heavy aerobic?' training stimulus, rowers
regulate intensity individually. Furthermore, administering
the 6SRT and measuring rower responses does not
require sophisticated equipment or involve complicated
procedures. A fundamental prerequisite before adopting a
test to systematically monitor athletes is establishing its reli-
ability and wusefulness for identifying worthwhile
changes.'??? Therefore, this study aimed to determine the
reliability and usefulness of the 6SRT to evaluate its suit-
ability as a monitoring tool in high-level rowers. This

information will aid practitioners and researchers seeking
an alternative to existing protocols for evaluating rowers
without disrupting training continuity.

Methods

Research design

A repeated measures observational design was used to
determine the between-week reliability and usefulness of
measures obtained from the 6SRT in a convenience
sample of rowers. The participants’ training schedule
limited replicate observations to single trials each separated
by seven days over three consecutive weeks. Procedures
were performed independently and unblinded by a single
investigator experienced in collecting exercise responses
in rowers. The study was approved by the research ethics
committee of the University of Pretoria, conducted in
accordance with the Declaration of Helsinki, and reported
using guidelines for reliability and agreement studies.>

Participants

Forty-seven rowers at a national training centre volun-
teered for this study. Permission was obtained from the
head coach and athletes to use training and test data for
research and publication purposes, and written informed
consent was obtained. Adult male and female lightweight
and open category rowers training at the centre for at least
one full season prior to the study were eligible. Rowers
with illness or injury determined by the team doctor, and
those who did not participate in all training and trials
during the study period, were excluded. All participants
were familiar with the setting, procedures and equipment
based on routine exposure to the same athlete monitoring
activities. Four participants were excluded from the study
due to missed or modified training sessions during the
study period (n = 3) and malfunction of the ergometer
computer in two of the three trials (n = 1). Therefore, 43
rowers (age: 22.9 + 3.8 y, stature: 184.2 + 7.6 cm, body
mass: 78.5 + 10.4 kg) were included in the analysis
(Table 1). All were experienced (8.7 = 3.3 y) rowers,
and 36 (84%) had represented their country at inter-
national competitions. Seventeen participants (40%) com-
peted in the lightweight rowing category, but none were
targeting or maintaining official body mass limits at the
time of the study.

General procedures

This study was conducted during the general preparation
period (October to December), in which most training
was prescribed at a session category goal described as
‘low’! or ‘steady’** intensity in zone 1 (Z1) of a three-zone
classification model.”® Weekly training during this study
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Table |. Participant characteristics.

Total Male Female
Variable (N =43) (n =30) n=13)
Age (y) 229+38 228+35 232+46
Stature (cm) 1842 +7.6 1875+60 1764 +45
Body mass (kg) 785+ 104 83.1+78 679+77
Rowing experience (y) 8.7 + 3.3 8.7 + 3.1 86 +38
Open category 26 (60%) 18 (60%) 8 (62%)
Lightweight category 17 (40%) 12 (40%) 5 (38%)
International level 36 (84%) 28 (93%) 8 (62%)
National level 7 (16%) 2 (7%) 5 (38%)
POam (W) 370 + 71 410 + 38 276 + 19
HRmax (beats-min™') 197 +7 197 £ 5 198 + 10

Data are presented as mean + standard deviation for continuous variables
and count (% category total) for categorical variables. POy ,: 2-km TT
mean power output; HR,,,: maximal heart rate.

comprised thirteen sessions: six specific endurance
(on-water and ergometer rowing); four other endurance
(running or cycling); and three strength training sessions.
The same weekly training routine was replicated throughout
this study period, and no unaccustomed training or progres-
sion was prescribed. All trials took place without prior exer-
cise between 08:30 and 10:30 on the first day of the week,
and no training was prescribed on the day prior to all three
trials. Repeated trials were conducted in the same indoor
training venue with temperature (21.3 + 1.9°C) and relative
humidity (RH, 54 + 7%) recorded. Participants were asked
to maintain habitual sleep, dietary and recovery practices
for the duration of the study, and to follow the same
morning routine in terms of food and fluid intake,
including caffeine consumption, on all test days. Body
mass (Tanita BF-350 electronic scale, Tanita Corporation,
Tokyo, Japan) was measured immediately prior to all
trials. The recovery-stress questionnaire for athletes
(RESTQ-Sport)*® was completed before each trial to
verify that overall recovery status was stable across trials.

6-km submaximal rowing ergometer test set

Consolidation of the 6SRT protocol in the weeks before the
study served as familiarisation so that all participants had
performed the test on at least one occasion beforehand.
All tests were performed on factory-calibrated stationary
Concept2 Model D (Concept2, Morrisville, VT, USA) air-
braked ergometers—the same ergometers participants used
for regular indoor training sessions and periodic perform-
ance tests. Ergometer drag factor was controlled by
having each participant select their preferred setting
within the range of 110-120x107° N-m-s* for males and
95-105x107° N-m-s” for females based on habitual use in
training, and then ensuring the same setting was used for
all subsequent trials; ergometer foot stretcher position was
controlled in the same manner. A familiar and standardised

pre-training warm-up for the 6SRT consisted of 3 km of
self-paced ergometer rowing at 20 strokes-min~", followed
by 5 min of rowing alternately at 18 and 22 strokes-min™"
for 30 s each.

Participants completed the 6SRT as a continuous heavy
aerobic endurance training bout according to the familiar
session category goal®* of ‘firm-to-hard’?’/’threshold’*'
within the setting. Rowers were asked to provide an even-
paced effort throughout the 6-km set and maintain the
same SR (22 strokes-min~') and rhythm. This fixed sub-
maximal SR?® is within the range (18-26 strokes-min ")
imposed” or self-selected® in reliable submaximal rowing
ergometer protocols using fixed-intensity formats. To facili-
tate this, and consistent with routine practice, participants
rowed in full view of the Concept2 PM4 (Concept2,
Morrisville, VT, USA) rowing ergometer computer, permit-
ting real-time feedback on elapsed time and distance, SR
and rowing pace; however, previous results were withheld
during repeated trials. Within 30 s of test completion parti-
cipants were asked to provide a RPE* representing their
overall degree of exertion. Following 90 s of seated recov-
ery participants initiated a self-selected post-training cool
down.

Time and mean PO were automatically stored on the
rowing ergometer computer and retrieved after each trial.
Heart rate (Polar Team?, Polar Electro Oy, Kempele,
Finland) was recorded continuously during the 6SRT, aver-
aged over 1-s intervals and analysed using Polar Team?®
version 1.4.5 software (Polar Electro Oy, Kempele,
Finland). Mean HR., was determined for the entire 6SRT
as well as adjusted to exclude the first 60 s of data (HR.x
—adj) to account for the uncontrolled starting HR across
trials and the lag time in the rest-to-exercise HR response.*
Post-exercise HR recovery (HRR) was determined as the
absolute difference between HR at test termination and at
60 s of recovery, and expressed as a percentage of HR at
test termination to account for potential differences in
end-test HR between trials.*’ Since the 6SRT does not
use a fixed intensity, simple bivariate ratios among gross
external (PO) and internal (HR.x and RPE) intensity mea-
sures were determined.'*'> For descriptive purposes,
mean PO and HR., were expressed relative to 2-km TT
mean PO (PO,y,) and HR,., respectively. Individual
POy, and HR,,, data were obtained from routine
maximal TT and incremental tests performed earlier in the
season.

Statistical analysis

Analyses were conducted using IBM SPSS Statistics
version 28.0 (IBM Corp., Armonk, NY, USA) and a
custom MS Excel (Microsoft Corp., Redmond, WA,
USA) spreadsheet.®* Variables are descriptively sum-
marised as mean =+ standard deviation (SD). Statistical sig-
nificance was considered as p < 0.05. The Shapiro-Wilk test
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and visual inspection of histograms and normal Q-Q plots
were used to determine whether data were normally
distributed.

Systematic bias between trials was assessed using
repeated measures analysis of variance (ANOVA) or
Friedman’s test for normally and not normally distributed
variables, respectively. Correspondingly, if a significant
test statistic was found, a Tukey or Bonferroni post hoc ana-
lysis was used to locate pairwise differences. Sphericity was
assessed using Mauchly’s test and if the sphericity condi-
tion was violated, a Greenhouse-Geisser adjustment was
used.>® Partial eta squared (17,%) values of 0.01, 0.06, and
0.14 were considered minimum thresholds for small, mod-
erate and large effects across trials.>* Cohen’s d was calcu-
lated to express the magnitude of between-trial differences
as standardised mean differences (effect size, ES) and inter-
preted as trivial, small, moderate, large, very large or
extremely large for values <0.2, <0.6, <1.2, <2.0, <4.0 or
>4.0.7*

Relative reliability was assessed using a two-way mixed
effects intraclass correlation coefficient (ICC3,])35 accom-
panied by 95% confidence intervals (CI). Thresholds were
used to interpret ICC magnitude for single measurements
as excellent (>0.90), good (>0.75), moderate (>0.50) or
poor (<0.50).>® Variability across trials was assessed using
the CV of participant scores®’ and interpreted as low, moder-
ate or high if CV was <5%, 5-10% or >10% respectively.”®
Absolute reliability was assessed using typical error (TE)
determined as the SD of between-trial change scores
divided by \/ 2.5 The threshold representing a ‘real’ effect
was considered the minimal detectable change (MDC) at
the 95% level of confidence (MDCysq,), calculated as TE x
1/2x1.96>° The smallest worthwhile change (SWC) in
each outcome measure was estimated by multiplying the
pooled between-participant SD by a standardised ES of
0.2, with thresholds of three-, six- and ten-times the SWC
used to delineate the lower boundaries of moderate, large
and very large changes, respectively.** To facilitate compari-
son, TE, SWC and MDCysq, were expressed in units of
measurement and percentage of mean scores. Practical use-
fulness for detecting small but important changes was
assessed by comparing imprecision with meaningful
change using the criteria: TE:SWC <1 (‘good’); TE:SWC
~1 (‘acceptable’); and TE:SWC >1 (‘marginal’).6

Geographic and financial constraints limited access to
other cohorts of rowers competing at national or international
level, and therefore no a priori sample size calculation was
performed. However, a post hoc analysis indicated N = 43
and ICC =~ 0.85 over three trials represented >85% power
for detecting ICCs > 0.70 in a reliability study.*

Results

There were no significant trial effects for temperature
(21.5+1.8°C v 21.1 +1.9°Cv 214 + 1.9°C, p = 0.267,

'75 = 0.03) or RH (53 £ 7% v 54 + 7% v 55 + 7%,
p=0.782, ;15 = 0.01), with trivial to small between-trial dif-
ferences (p > 0.427, d < 0.2). Body mass showed a mean
between-trial change of 0.8 + 0.4 kg, non-significant
(p = 0.309, ;712, = 0.03) trial effects and trivial (p > 0.370,
d < 0.1) between-trial differences. Total stress (15.4 +
6.0 v 15.0 +£ 5.9 v 15.2 + 6.2 arbitrary units [AU], p =
0.827, ;15 = 0.01) and recovery (32.2 + 7.4 v 33.0 + 7.1
v324+7.6 AU, p =0.469, '7123 = (0.02) scores were not sig-
nificantly different across trials, and between-trial differ-
ences were trivial (p > 0.560, d < 0.1).

An example of the 6SRT heart rate response for a single
participant is shown in Figure 1, and group responses
across all trials are described in Table 2. Individual mean
6SRT time ranged from 20:30.8 min:s to 25:02.8 min:s, and
all trials were completed at 22 strokes-min™'. Overall the
6SRT was completed at 70.1 + 3.9%PO,,, and 86.5 +
2.8%HR,,,x, and yielded an RPE of 16.0 + 0.8 and HRR
of 37 + 8 beatsmin~'. Individual PO:HR.,, PO:RPE,
HR.:RPE and HRR responses across all three trials are
illustrated in Figure 2. None of the 6SRT variables showed
significant trial effects (p > 0.101, ;75 < 0.05), with trivial
(d < 0.2) differences between all trials.

Reliability statistics for 6SRT variables are shown in
Table 3. Point estimates of ICCs ranged from moderate
to excellent (0.62-0.98) for all variables except
RPE (0.33). Relative reliability was highest (0.92 < ICC
< 0.99) for 6SRT time, PO, PO:HR., and PO:RPE.
Individual variability was low (CV < 5%) for all variables
except HRR (CV: ~7-11%). The lowest TE (0.7-2.2%)
was for 6SRT time, PO, HR.y, HR¢y_,4j and PO:HR,,,
with corresponding MDCysq, values (1.8-6.2%) represent-
ing small to moderate effects, and TE was highest for
HRR (~10%). Time, PO and PO:HR., displayed useful-
ness for detecting small worthwhile changes, while other
variables demonstrated usefulness for detecting moderate
(HR¢y, HR¢yagj and PO:RPE) and large changes (HRR
and HR.,:RPE).

Discussion

This study investigated whether responses during a self-
regulated rowing ergometer training set based on a ‘threshold’
session goal displayed adequate reliability and usefulness for
use as a submaximal test (6SRT) to monitor rowers under
field conditions. The main finding is that time, PO and HR
measures, along with gross PO:HR., and PO:RPE intensity
ratios in the 6SRT showed high reliability, low measurement
error and ‘acceptable’ to ‘good’ usefulness, whereas HRR
measures displayed high variability and measurement error,
and ‘marginal’ usefulness. There was also no significant sys-
tematic bias indicative of a learning or fatigue effect in
repeated 6SRT trials. Results indicate that the 6SRT provides
reliable markers and represents a useful ergometer training-
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Figure |. Example of 6-km submaximal rowing ergometer training test set (6SRT) heart rate (HR) response and other outcome

variables for one participant.

HR.,: mean exercise heart rate; HR.,_,q: mean exercise heart rate excluding the first 60 s of data; RPE: rating of perceived exertion;

HRR: heart rate recovery.

based method for monitoring experienced rowers under stable
field conditions.

Submaximal cycling,*® running*'~* and rowing® proto-
cols with anchored internal intensities (e.g., %HR,.x, %
VOsmaxs» RPE) have shown good to excellent reliability
(ICC: 0.76-1.00; TE: ~2—-6%) for mechanical variables
(e.g., average speed or PO). In the current study, 6SRT
time and PO showed excellent reliability (ICC: 0.97-0.99,
TE: ~1% and ~2% respectively), suggesting these variables
are suitable for confidently identifying real and worthwhile
changes as small as ~25 s or 14 W in rowers. These results
indicate that elite rowers permitted real-time visualisation
of ergometer mechanical variables during the 6SRT
produce highly reliable training test set time and PO
based on training session category goal, without a fixed
internal intensity anchor.

Heart rate variables (HR., and HR.y_,qj) in the 6SRT
showed good to excellent relative (ICC: 0.87-0.95) and
absolute (TE: 2 beats-min~') reliability, comparable to
(ICC: 0.94-0.99; TE: 1-4 beats:min~"y***** or better
than (ICC: 0.50-0.92; TE: 4-9 beats-min~")*** reported
in fixed-intensity submaximal protocols in various modal-
ities. The low variability of 6SRT HR measures (CV:
~1%) is comparable to* or better than (CV: ~3—5%)9’47
that reported in controlled submaximal intensity running
and rowing protocols. These results support HR as one of
the most reliable submaximal response measures,*® with
acceptable usefulness for tracking small but worthwhile
changes of ~1%.% Additionally, the reliability of HR

measures appeared unaffected by using the convenient
gross mean exercise HR (HR.,) or the more cumbersome
exclusion of the initial 60 s of data (HRex_,q;). This is
likely because the rest-to-exercise transition phase accounts
for a smaller proportion of 6SRT time than in protocols with
short-duration stages.

In this study, the low TE (0.6 units) for RPE compares
favourably with results (0.7-1.1 units) in submaximal pro-
tocols using intensities anchored using %V O5ax OF %
HR,,..5*° while relative reliability was poor to moderate,
and generally lower than previously reported.**° In light
of good reproducibility across trials (CV: ~3%), the low
ICC observed may be a statistical artefact of the relatively
small range (14—17) in RPE ratings among participants rela-
tive to within-individual variability.*®*” Since 6SRT RPE
shows usefulness for tracking large (~2 units) individual
changes, it should be used in conjunction with other mea-
sures when interpreting training responses, and not as the
basis for differentiating athletes.”>”

Post-6SRT HRR variables showed moderate to good
reliability (ICC: 0.67-0.88) but also moderate to high vari-
ability and measurement error (~10%), allowing confident
identification of only large (~30%) changes. Using the
same determination method, studies in well-trained
cyclists*® and rowers® have shown good to excellent reli-
ability (ICC: 0.93-0.99; TE: 4-8%) for HRR following
submaximal tests. The main reason for the discrepancy in
findings is likely the end-test HR between the protocols:
fixed and predictable using %HR,,,x in the studies by
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Figure 2. Individual (grey) and mean (black) responses in 6SRT PO:HR., (A), PO:RPE (B), HR.,:RPE (C) and HRR (D) across three

trials.

6SRT: 6-km submaximal rowing ergometer training test set; PO: power output; HR.,: exercise heart rate; RPE: rating of perceived

exertion; HRR: heart rate recovery.

Lamberts et al.*® and Otter et al.,8 but uncontrolled and vari-
able between trials in the individually regulated 6SRT.
Recent reliability data® for HRR after a self-paced field
test in runners (ICC: 0.64, CV: ~11%) are very similar to
our results, supporting this explanation. Individual
changes in autonomic restoration between trials may also
have contributed to the high variability in HRR.>' Based
on its ‘marginal’ usefulness for monitoring changes in
elite rowers, post-6SRT HRR therefore does not appear to
warrant the additional time required for its measurement.
Submaximal intensity ratios between gross external
mechanical and internal response measures have been sug-
gested for monitoring athlete fitness and fatigue,'>* and
have been wused in submaximal training-based
monitoring of cyclists'*!> and runners'®'® where intensity
is variable. To date, however, no reliability data for these
ratios have been published. This study found excellent
reliability (ICC > 0.92, TE < 4.1%) and low variability
(CV < 3.5%) for PO:HR., and PO:RPE, with PO:HR.,
showing ‘good’ and PO:RPE ‘acceptable’ usefulness for
detecting small worthwhile changes. Conversely, reliability
and usefulness for HR.:RPE were ‘poor’ to ‘good’ and
‘marginal’, respectively. These results suggest that PO:
HR.x and possibly PO:RPE are practical and useful

markers for monitoring individual athletes, and warrant
greater investigation. However, since ratios may violate
underlying statistical assumptions,” simple submaximal
bivariate intensity ratios should be avoided for evaluating
between-athlete differences or group effects.>

The high reliability and usefulness shown for several 6SRT
variables may be explained by the level of athletes studied and
characteristics of the test. Based on a recent classification
framework,” participants were Tier 3 (highly trained,
national), 4 (elite, international) and 5 (world class) rowers.
Experienced, highly-trained endurance athletes are capable of
excellent pace judgement and regulation, enabling them to
reproduce self-paced efforts in sport-specific tasks with low
variability.® Also, rowing training sessions are frequently
completed as fixed distances or durations with self-regulated
intensities guided by a session category goal and SR prescrip-
tion.”” Rowers control intensity in large part by varying SR
from ~18-20 strokes-min~" in low-intensity training to ~35—
45 strokes-min~" in competitive races or TTs.””~® Although
ergometer rowing permits modulation of effort for a given
SR, potentially influencing relationships between PO, HR
and RPE,” this does not appear to have compromised the reli-
ability of 6SRT responses. Rather, the prescribed SR (22 stro-
kes-min~") and visualisation of mechanical output during the
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Table 3. Reliability and usefulness statistics for 6SRT variables.

Variable ICC (95% ClI) CV (95% ClI) TE (%) SWC (%) MDCoysy (%) Usefulness
Time (min:s) 0.98 (0.97-0.99) 0.6 (0.4-0.7) 0.15 (0.7) 0.27 (1.2) 0.41 (1.8) Good

PO (W) 0.98 (0.97-0.99) 1.8 (1.4-2.2) 5(2.0) 9 (3.4) 14 (5.5) Good
HRx (beats~min_') 0.92 (0.88-0.95) 1.2 (1.0-1.4) 2(1.4) 2 (1.0 7 (3.8) Acceptable
HR oy —ag; (beats-min") 0.92 (0.87-0.95) 1.2 (1.0-1.4) 2 (1.4) 2 (1.0 7 (3.9) Acceptable
RPE 0.33 (0.14-0.52) 3.2 (2.5-3.9) 0.6 (3.8) 0.2 (1.0 1.7 (10.6) Marginal
HRR (beats~min") 0.78 (0.67-0.86) 9.2 (7.7-10.8) 4 (9.9) I (3.7) 10 (27.5) Marginal
HRR (%) 0.80 (0.70-0.88) 9.5 (7.9-11.1) 2.1 (10.3) 0.8 (4.1) 5.8 (28.5) Marginal
PO:HR, 0.98 (0.97-0.99) 2.0 (1.6-2.3) 0.03 (2.2) 0.06 (3.7) 0.09 (6.2) Good
PO:RPE 0.95 (0.92-0.97) 3.5 (2.94.1) 0.66 (4.1) 0.59 (3.7) 1.84 (11.4) Acceptable
HR..:RPE 0.62 (0.46-0.75) 3.2 (2.6-3.7) 0.38 (3.5) 0.10 (1.0) 1.04 (9.8) Marginal

6SRT: 6-km submaximal rowing ergometer training test set; ICC: intraclass correlation coefficient; Cl: confidence interval; CV: coefficient of variation; TE:
typical error; SWC: smallest worthwhile change; MDCgsy,: minimal detectable change at 95% level of confidence; PO: power output; HR,: mean exercise
heart rate; HR._,q: mean exercise heart rate excluding the first 60 s of data; RPE: rating of perceived exertion; HRR: heart rate recovery.

6SRT may help minimise within-athlete fluctuations in mech-
anical, physiological and perceptual responses.®*®! In experi-
enced rowers, the 6SRT therefore represents a familiar,
sport-specific task with limited attentional focus, arguably
representing a more ecologically valid format than protocols
requiring careful adjustment of PO’ or HR.®

An important observation is that the 6SRT was com-
pleted without incident and represented a submaximal (non-
exhaustive), ‘firm-to-hard’?’/ threshold’?' training session
based on the range for individual mean PO (63-79%
POym), HRey (82-92%HR,,,,x) and RPE (14-17). These
responses align with those described in submaximal
cycling,* running,*'™*** and rowing®® protocols shown
to yield reliable responses. It is also worth noting that
studies using submaximal tests involving multiple inten-
sities® 4?2302 have consistently shown better reliability
at higher (i.e., 80-90%HR ,.x, RPE: 13—17) than at lower
(i.e., 60-70%HR,,,x, RPE: 8-12) submaximal intensities.
Those protocols were developed for regular (e.g., daily to
weekly) monitoring, with relatively short-duration
(<8 min) exposure to the higher, more reliable submaximal
intensities limiting potential effects on training. Conversely,
as a ~20-25-min ‘threshold’ training test set,'® the 6SRT is
not suitable for daily use. Rather, the 6SRT shows potential
as a convenient assessment as part of the training pro-
gramme on a weekly to monthly basis, which is a popular
frequency of submaximal test use in athlete monitoring.®>®*

Limitations

Limitations in this study merit acknowledgement. First,
convenience sampling of participants from a national
rowing centre may limit the generalisability of results in
rowers at lower competitive or conditioning levels (e.g.,
Tier 1 and 2% rowers). However, we believe the sample
is representative of typical athlete groups that practitioners
who may utilise the 6SRT will be working with. Second,
determining a heavy-to-severe intensity transition marker
(e.g., anaerobic threshold, maximal lactate steady state,

critical power)?'®> was not possible during this study,

and should be included in future work to more clearly
define 6SRT intensity and assist decision-making on test
adoption, repetition and scheduling. Finally, 6SRT
responses in female participants may have been influenced
by menstrual cycle phase,®® which was not recorded in this
study. While individual between-trial responses in our
study do not suggest higher variability in female than
male participants, results should be considered as the real-
world between-week reliability that may be expected in a
field setting with a mixed-sex squad of rowers.

Practical applications and future research

Reliability and usefulness results suggest that changes in
gross (i.e., unadjusted) 6SRT metrics like time (>2%),
PO (>6%), HR.x (>4%), PO:HRx (=6%) and PO:RPE
(=11%) in the 6SRT can confidently be interpreted as real
and worthwhile in highly-trained rowers. The PO:HR.
and PO:RPE ratios may be particularly valuable given
that the 6SRT does not impose a fixed intensity.
Furthermore, the 6SRT can conveniently be administered
to a large group of rowers simultaneously as part of the
training programme. Therefore, the 6SRT shows potential
as a reliable tool for coaches and sport scientists to
monitor the training response in rowers when additional
or exhaustive tests are undesirable, or sophisticated test
facilities or resources are limited. Future studies should
investigate the predictive validity of the 6SRT for perform-
ance, fitness or recovery status, and its sensitivity to longi-
tudinal (e.g., seasonal) changes. An additional avenue of
research may involve blinding rowers to mechanical vari-
ables for insight into the effect of visual feedback on the
reliability of self-regulated training test sets like the 6SRT.

Conclusion

The 6SRT is a convenient, reliable and useful self-regulated
submaximal training test set with the potential to be used for
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monitoring the training response in experienced rowers
under stable field conditions. Results may be valuable for
confidently identifying changes and guiding training and
recovery decisions without disrupting the training schedule.
It is hoped that this study may encourage further investiga-
tion and refinement of standardised training-based assess-
ments as ‘invisible’ monitoring methods in rowers and
other endurance-trained athletes.
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