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Abstract:
This study was designed to assess the ability of the Talk Test (TT) to track training-related changes
in ventilatory threshold (VT). Thirteen recreational athletes (20.5±1.91 years, males=7) completed two
incremental exercise tests (one with respiratory gas exchange and one with the TT) before and after six weeks
of self-directed increases in training load. The TT was used to predict VT by assessing the ability to speak
comfortably after three-minute exercise stages, based on speech comfort while reciting a 100-word passage.
Training load was documented from exercise logs based on session rating of perceived exertion (sRPE)
and training duration. Repeated measures ANOVA, with the Tukey’s post-hoc analysis, was used to detect
differences between the changes in power output (PO) at the equivocal stage (EQ) of the Talk Test and VT
measured by gas exchange (p<.05). Significant mean differences were found between pre- vs. post-training
PO and measured VT (116±32.4 vs. 134±32.4 Watts) (p<.05) but not at the EQ stage of the TT (125±40.8 vs.
135±29.8 Watts). The increase in PO at VT (+15.5%) was significantly underestimated by the change in PO
at the EQ stage of the TT (+8.0%). The correlation between changes in PO at VT and PO at the EQ stage of
the TT was r=0.66, p<.01. However, about 50% of participants did not change their PO at the EQ stage of the
TT, so the individual correspondence between TT and measured VT was only moderately strong.
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Introduction

The prescription of exercise is intended to assist
in improving health and physical performance.
Current recommendations for training intensity
prescription (ACSM, 2017) are based on percentages of maximum heart rate reserve (%HRR) or of
maximal oxygen uptake (%VO2max), which require
maximal effort exercise testing. Alternative methods
for obtaining maximum HR, such as age dependent
formulas (either 220 – age or 210 – 0.7*age), give
acceptable population estimates of maximum
HR, but are marginally accurate on an individual
basis (Marx, et al., 2018). Even when a measured
maximal HR is available, Katch, Weltman, Sady,
and Freedson (1978) noted that the %HRR training
method may not stress different individuals to the
same degree in relation to energy metabolism. Similarly, Scharhag-Rosenberger, Meyer, Gäßler, Faude,
and Kinderman (2010) found that exercising at a
standard %VO2max led to non-homogeneous metabolic strain even in individuals with comparable
exercise capacity. More recent guidelines for populations ranging from cardiac patients to athletes

have suggested that training should be organized
with reference to the lactate or ventilatory threshold
(VT), with the majority of training occurring at an
intensity just below the VT (Mezzani, et al., 2012;
Seiler, 2010). However, direct identification of the
VT is technically challenging outside the setting of
research laboratories.
Based on observations from the late 1930s of
the correspondence between speech comfort and
the sustainability of exercise, Goode and associates (Goode, R. Mertens, Shaiman, & J. Mertens,
1998; Goode, 2008) found that simply asking an
individual if they could “hear their breathing” while
they were exercising resulted in HR responses that
were within conventional guidelines for prescribing
exercise intensity. This formed the background for
the Talk Test (TT), which has since been of interest
relative to exercise prescription (Foster, et al., 2018).
The TT is a simple technique, requiring an individual to determine if they can “talk comfortably”
in response to a standard speech provoking stimulus. Responding “yes,” represents a “positive”
(POS) stage, with the intensity usually below the PO
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at the VT (Foster, et al., 2018). When the exerciser
is not sure whether he/she can speak comfortably,
the stage is called the “equivocal” (EQ) stage, typically occurring at an intensity that approximates the
VT (Foster, et al., 2018; Rodriguez-Marroyo, Villa,
Garcia-Lopez, & Foster, 2013; Woltmann, et al.,
2015). The “negative” (NEG) stage of the TT begins
when the exerciser cannot speak comfortably, and
typically occurs at an intensity that approximates
the PO at the respiratory compensation threshold
(RCT) (Foster, et al., 2018; Rodriguez-Marroyo, et
al., 2013; Woltmann, et al., 2015). The simplicity
of the TT has inspired considerable research to
determine its validity (Foster, et al., 2018) and reliability (Ballweg, et al., 2013) for prescribing exercise intensity. Research has shown that the TT is a
useful surrogate for both the VT and RCT not only
in healthy individuals, but also in cardiac patients
and athletes (Brawner, et al., 2006; Foster, et al.,
2008, 2009; Gron Nielsen, et al., 2014; RodriquezMarroyo, et al., 2013; Voelker, et al., 2002, Zanettini, et al., 2013).
Because of its simplicity, the TT has been evaluated relative to its ability to track intervention
related changes in exercise capacity. Foster et al.
(2008) examined the effect of a 6-week training
program on VT in previously sedentary individuals in relation to the TT for tracking changes in
VT using the EQ stage of the TT. They found that
VT increased in parallel with the TT following
training and further demonstrated that the EQ
stage of the TT and the VT decreased in parallel
following blood donation (e.g. reduction of hemoglobin mass). Since Foster et al. (2008), there have
not been studies assessing the relationship of the TT
and VO2 relative to changes in VT in responses to
changes in training status. Accordingly, the purpose
of this study was to observe whether a change in
VT can be tracked using the TT. We hypothesized
that an improvement in VT PO after a period of
training would also be observed in the TT with an
improvement in the EQ stage of the TT PO.

Methods
Participants
The participants were healthy, well-trained,
recreational athletes. All completed the Physical
Activity Readiness Questionnaire (2017 PARQ+) to
identify contraindications to exercise and provided
written informed consent. The university human
participants committee approved the protocol.
The design was a longitudinal observational study
without a control group, evaluating power output at
the EQ TT and measured VT in response to spontaneous changes in training load. Descriptive characteristics of the participants are presented in Table 1.
Participants were not included in the study if they
had a musculoskeletal injury within the last six
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Table 1. Descriptive characteristics (M+SD) of participants

Age (years)
Body weight (kg)
Body height (m)

Male (n=7)

Female (n=6)

21.7±1.89
9.0±20.76
1.8+0.06

19.6±0.98
75.6±25.10
1.7+0.12

months, cardiac or pulmonary contraindications to
exercise, and/or were pregnant. Out of 14 original
volunteers, thirteen completed the study.
Protocol
Prior to the first laboratory test, the participants recorded their training for two weeks to
obtain an estimate of their baseline training load.
Data recorded included time and intensity of exercise using the Borg CR-10 scale (Borg, 1998). The
training load was calculated using the session RPE
(sRPE) method (Foster, et al., 1995, 2001). After
two weeks of baseline exercise logging, participants
performed two maximum exercise tests. The tests
were completed on separate days, at least 48 hours
apart, on an electronically braked cycle ergometer
(ExcaliburLode, Groningen, The Netherlands).
The sequence of testing was randomly selected to
either be a TT or with measurement of respiratory
gas exchange (AEI Technologies MOXIS Modular
VO2 System, Pittsburg, Pennsylvania, USA). Two
tests were completed during week one and two
identical tests were completed during week six of
training, separated by at least 12 hours from the last
training session. Calibration was performed with
standard reference gases and a three-Liter syringe.
Heart rate was recorded using radio telemetry
(Polar Vantage XL, Kempele, Finland). Each test
began with a three-minute warm up at 25 Watts,
at a cadence of 80-100rpm. The test continued
with three-minute stages increasing by 25 Watts
per stage until a cadence of 80-100rpm could not
be continued, despite strong verbal encouragement. During the last 15 seconds of each stage,
HR and rating of perceived exertion (RPE) using
the Borg CR-10 (Borg, 1998) scale were recorded.
During the last 45 seconds of each TT stage, participants recited a standard 101-word paragraph “the
Rainbow Passage.” Participants were then asked
if they “were able to speak comfortably”. They
responded with “yes” if they could speak comfortably (POS stage), “yes, but” if it was beginning to
feel difficult to speak (EQ stage), or “no” if they
could no longer speak comfortably (NEG stage)
(Goode, 2008). Peak PO was recorded from the
Excalibur Lode cycle ergometer during the last 15
seconds of each stage. Following the completion of
the test, PO for the EQ stage of the TT was determined by the first “yes, but” statement from the
participant. The v-slope method was used to calculated VT time (Foster & Cotter, 2005). The time
was then used to determine PO during VT.
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Results

There was a significant increase in weekly
training load from pre to post (715.3±607.74 AU to
1155.2±784.33 AU) (p<.01) (Figure 1). However,
as the magnitude of change in training load was
self-selected, there was a considerable variation in
the magnitude of training load increase amongst
the participants. Two participants increased their
training load from pre to post more than the others
due to being comparatively sedentary at the start
of the study.
Variables assessed between pre- and posttesting are represented in Table 2 and Figures
2-4. There was no significant difference from pre
to post for VO2 max (L/min) (p=.362), VO2 max
(ml/kg/min) (p=.322), or TT EQ (Watts) (p=.096).
However, there was a significant increase from

Table 2. Change in performance variables (M+SD)
Pre
PPO (Watts)
TT

Post

% Change

207±51.6

214±48.1

+3.2

202±49.8

212±50.9a

+4.9

HRmax (bpm)

189±6.0

188±4.2

-0.5

VO2max (L/min)

3.3±0.87

3.4±0.85

+3.0

VO2max (ml/kg/min)

43.0±9.04

44.0±9.52

+2.3

VT (Watts)

116±40.3

134±32.4

+15.5

EQ TT (Watts)

125+40.8

135+29.8

VO2

a

+8.0b

Note. aSignificantly different than pre-test (p<.05).
b
Significantly less vs. change in VT.

2500
Training Load Intervention

Statistical analysis
Data are presented as mean±SD. Statistical analyses were made using SPSS statistics version 25.
Data were analyzed using ANOVA with repeated
measures to evaluate the hypothesis that changes
in power output at the EQ stage of the TT would
parallel changes in power output at VT. Tukey’s
post-hoc analysis was used to detect longitudinal
differences when justified by the ANOVA results.
The level of significance was set at p<.05. Additional analyses were made using linear regression
to evaluate whether group responses were representative of individual responses.

pre to post in peak power output (PPO) (Watts)
(p=.032), and PO at VT (p=.008). Although PO
at EQ tended to increase (+8%), the magnitude of
increase was not significant (p=.096). The magnitude of increase in PO at VT (+15.5%) was significantly greater than the change in PO at the EQ stage
of the TT. The pattern of changes in PO at VT and
EQ TT were similar but were characterized by failures to increase in about half the participants for
PO at the EQ stage of the TT (Figure 4).
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Figure 1. Comparison of training load (volume x intensity)
from baseline through the 6 weeks of intervention.

Figure 1. Comparison of training load (volume x intensity) from baseline through the 6 weeks of
intervention.
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After baseline tests were completed, participants continued to record their training for the next
six weeks using the sRPE method (Foster, et al.,
1995, 2001). Between the pairs of tests, the participants were asked to increase their training load
(time, frequency, and intensity), but the specifics of
the increase in training were self-directed. Training
load was calculated as time*sRPE measured in arbitrary units (AU). About 70% of all training was
completed by cycling, the remaining by running.
Since we did not have a hypothesis about the quantitative relationship between changes in training
load and changes in VT or performance, we felt
that the best test of the ability of the TT to track
changes in VT was to allow the participants to selfselect the load of training, just as they would when
preparing for a competition. Therefore, exercise was
self-directed so as to not test a specific training
regimen, but solely to test the ability of the TT to
track changes in aerobic capacity. Physical activity
was recorded daily, approximately 30 minutes
following every exercise training, and records were
obtained from participants twice a week via email
or text message. Following the 6-week increase in
the training load, the participants repeated the two
tests.
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Discussion and conclusion

The main
finding
of this study 163
was that the
Opaska:
početi
sa stranicom

simple device of the PO at the EQ stage of the TT
tracks training induced changes in the PO at VT.
However, using PO at the EQ stage of the TT tends
to underestimate the magnitude of improvement
in the PO at VT. The TT is a simple method of
evaluating exercise capacity (Foster, et al. 2018).
However, unlike directly measured VT, which is
based on the measured VO2, and which can be
interpolated within stages, the TT is categorical in
nature. This means that data are only collected at
the end of each stage in the TT, and may be insensitive to small changes in PO at VT. This difference
can limit the precision of detecting changes attributable to interventions, and bias toward underestimation of the magnitude of improvement. Participants often reached their VT during the middle
of exercise stages, which can be accounted for by
interpolating of the effective PO within a stage
but could not be detected by the TT until the stage
was complete. The protocol was based on previous
studies with the TT (Foster, et al., 2018) with 25
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Watt increments and three-minute stage duration.
Stages of at least two-minutes duration are required
to allow the increase in end-tidal CO2, which is the
mechanistic driver of the TT, to recover (Creemers,
Foster, Porcari, Cress, & de Koning, 2017). While
it is fairly clear that three-minute stages are somewhat more effective in cross-sectional evaluations,
the typically small magnitude of changes in exercise
capacity in well-trained individuals may necessitate
shorter stage increments (~2 minutes) or smaller
increments (~10 Watts) to allow for resolution of
improvement in intervention studies.
The TT has been shown to be a valuable tool
for guiding exercise training as well. Porcari et al.
(2018) showed that exercise capacity improved,
when measured by both VO2max and PO (Watts),
regardless of whether training was guided by the
%HRR method or by the TT. Participants in the TT
group tended to exercise between 70-75% HRR,
which is within the recommended zone according
to the ACSM guidelines (2017). However, this study
failed to provide, in previously sedentary individuals, evidence of how well the PO at VT and the PO
at the EQ stage of the TT corresponded.
There were several limitations to this study. The
participants did not go through a familiarization
with the VO2max test or TT prior to the study. This
decision was made due to our wide experience with
the technique (Foster, et al., 2018) and the demon1 strated reproducibility of the TT (Ballweg, et al.,
2013), which suggested that eliminating a familiarization session was not likely to influence the results.
Despite being read the instructions for
conducting the TT, some participants reported they
were still able to talk comfortably when the investigator felt they could no longer talk. Lyon et al.
(2014) found that participants reported to the clinician that they were still able to speak even though
the clinician felt the participant had reached the
EQ stage of the TT. In cardiac patients, Petersen,
Maribo, Hjortdal, and Laustsen (2014) observed
low reliability for the PO at the EQ stage of the TT
when two or more therapists administered the TT.
However, in the present study, all exercise tests were
administered by the same investigator.
Another limitation is the self-reported RPE
during the training period. Each participant was
familiarized with the RPE scale prior to the study as
a means of recording their intensity during the baseline assessment and training period. If the participant failed to look at the RPE scale following a
training session, he/she may have underestimated
exercise intensity (Loose, et al., 2012; Reed & Pipe,
2014). However, as all the participants used the RPE
scale during pre-testing, it seems likely that they
were habituated to the scale. Further, the wide-use
of the sRPE method supports its robustness as a tool
for monitoring exercise training (Foster, RodriguezMarroyo, & de Koning, 2017).
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In conclusion, the present data suggests that the
TT may be somewhat insensitive to changes in VT
at the EQ stage due to the categorical nature of the
TT. Participants may increase their VT between
stages resulting in improvement not seen in the TT
as participants are asked at the end of each stage
if they are able to speak comfortably. Despite this
flaw, both the TT and test performed using open
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circuit-spirometry showed improvement. Although,
the EQ stage of the TT did not show significant
increases between pre and post due to its design, PO
found at the EQ stage of the TT was not significantly
different than the PO at VT. Therefore, the TT can
still be used as a less-expensive tool for analyzing
change in performance over time.
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