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ways, such as simply informing subjects that their peers 
typically did well on a novel balance task, and this state-
ment has resulted in superior motor skill learning com-
pared to not receiving this information (control group).1

Social-comparative feedback is a potent basis for 
evaluating one’s own competence. in one study, balance 
learning was enhanced by (false) positive feedback sug-
gesting above-average performance, compared with a 
control condition or a negative-feedback condition.14 in 
another study, participants showed greater tolerance for 
sustained effort in a continuous force production task 
when they believed their performance was above av-
erage.9 positive feedback has been found to not only 

in recent years, there has been accumulating evidence 
showing that enhanced performance expectancies of-

ten have immediate beneficial effects on motor perfor-
mance as well as positive longer-term influences on mo-
tor skill learning.1-3 expectancies have been enhanced 
in various ways such as setting criteria that purportedly 
indicate good performance, but that can be reached rela-
tively easily, and have been found to result in improved 
performance or learning.2, 4, 5 Other findings come from 
investigations into the effects of positive feedback, 
where highlighting successful rather than less success-
ful trials has been demonstrated to increase motor learn-
ing.6-8 expectancies can be enhanced in rather subtle 
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Apparatus, task, and procedure

participants were asked to refrain from strenuous 
physical exercise during the day prior to as well as on 
the day of testing.20 prior to exercise testing, partici-
pants’ age (con males =28±8 years (mean±Sd), con 
females =31±5 years, ee males =29±7 years, ee fe-
males =38±13 years), body mass (con males =83±13 
kg, con females =62±8 kg, ee males =77±12 kg, ee 
females =65±5 kg), and height (con males =180±8 
cm, con females =163±11 cm, ee males =180±7 cm, 
ee females =171±6 cm) were obtained, and body com-
position was determined using a tetrapolar bioelectri-
cal impedance analysis system (elG iii, Bioanalogics, 
portland, or) 21 (CON males =22±6%, CON females 
=30±4%, EE males =16±6%, EE females =29±4%). 
Graded exhaustive exercise tests for the determina-
tion of Vo2max were performed using an open circuit 
respiratory metabolic system (Moxus, aei Technolo-
gies, pittsburgh, pa, uSa). The respiratory metabolic 
system was calibrated prior to each test as described 
by the manufacturer.22 a telemetry heart rate monitor 
(polar electro inc., lake Success, ny, uSa) was uti-
lized to determine heart rate throughout the maximal 
exertion test. The progressive exercise tests began with 
a warm-up on the motor-driven treadmill (T914, nauti-
lus, Vancouver, Wa, uSa) that was usual to the endur-
ance-trained athletes. each participant self-selected his 
or her speed and grade combination to reflect a warm 
up protocol they typically used prior to a difficult ex-
ercise bout. following the warm-up, an initial speed of 
132.1 m ∙ min-1 and grade of 0% was completed. Speed 
was then increased by 26.8 m ∙ min-1 every 2 min until 
a self-selected comfortable running speed was reached. 
following this stage, speed remained constant, and 
grade was increased 3% with each 2-min stage until 
the participant reached a voluntary termination point. 
upon completion of the Vo2max test, participants were 
allowed a self-selected cool down period. The maximal 
aerobic capacity was taken as the greatest 30-sec aver-
age for oxygen consumption during the test. pulmonary 
ventilation (Vemax), maximal heart rate (hrmax), and re-
spiratory exchange ratio (rermax) were recorded at this 
time interval. ratings of perceived exertion (rpemax) 
were obtained at the end of each stage, using Borg’s 
20-point rpe Scale.23

Within 14 days, participants returned to perform an-
other maximal exertion test. The second Vo2max test 

lower perceived exertion 9 or perceptions of effort,10 but 
also to increase self-efficacy 9 and perceived compe-
tence,11 reduce concerns and nervousness about perfor-
mance and ability,1 as well as increase satisfaction with 
performance 12 and positive affect.10 as a result of these 
positive motivational influences, qualitative differences 
are seen in movement control. for example, relative 
to no or negative feedback, participants who received 
positive feedback regarding their balance performance 
exhibited greater automaticity and movement efficien-
cy.13 additionally, in trained runners positive feedback 
enhanced running efficiency of participants who ran at 
75% of their maximum aerobic capacity (VO2max) for 
20 min.10

overall, there is consistent evidence demonstrating 
that enhanced performance expectancies positively 
impact movement effectiveness and efficiency.14 one 
question that remains to be answered is whether maxi-
mum aerobic performance can also be affected by per-
formers’ expectancies. Maximum aerobic capacity is 
generally seen as the best measure of cardiovascular 
fitness 15, 16 and incremental treadmill protocols used to 
measure Vo2max are considered highly reliable.17-19 yet, 
based on the findings outlined above, we speculated that 
Vo2max might be influenced by the performer’s expec-
tancies. Therefore, in the present study, we examined 
whether enhancing athletes’ expectancies would influ-
ence their maximum aerobic capacity.

Materials and methods

Participants

Twenty-four aerobically trained participants (control 
(con) males n.=6, con females n.=5, enhanced ex-
pectancy (ee) males n.=7, ee females n.=6) partici-
pated in the study. Two additional female participants 
were recruited but did not return for testing after com-
pleting the first trial, and are therefore not included in 
the data analysis. all were experienced runners who 
ran 2-3 times a week for exercise, or ran competitive-
ly. all were low-risk as determined by responses from 
the american college of Sports Medicine health risk 
Questionnaire. The study was approved by the univer-
sity’s institutional review board (approval #710761) 
and adheres to the principles set forth by the helsinki 
declaration. all participants provided signed informed 
consent prior to participation.
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ηp²=0.45. follow-up anoVas for each group indi-
cated that the enhanced expectancy group’s increase 
in Vo2max (+3.28%) was significant, F (1, 12) =10.35, 
p=0.007, ηp² =0.46. also, the decrease in the control 
group’s Vo2max (-4.11%) was significant, F (1, 10) = 
6.72, p=0.027, ηp² =0.40. There were no main effects of 
test or group, Fs (1, 20) <1. Males had higher Vo2max 
values relative to females, F (1, 20) = 9.41, p=0.006, 
ηp² =0.32. No other interaction effects were significant.

Pulmonary ventilation

even though the enhanced expectancy group tended 
to show a numeric increase in Ve from test 1 to test 2, 
while the control group’s values remained the same 
(Table i), the interaction of group and test was not sig-
nificant, F (1, 20) =1.62, p=0.22. Male participants had 
higher Vemax than females, F (1, 20)=25.82, p<0.001, 
ηp² =0.56. none of the other main or interaction effects 
were significant.

utilized the same speed and grade combinations as in 
the initial Vo2max test. participants were randomly as-
signed to one of two groups, the enhanced expectancy 
(7 males, 6 females) and control (6 males, 5 females) 
groups. prior to the second test, enhanced expectancy 
group participants were provided (false) social-compar-
ative feedback. While looking at a data sheet, the ex-
perimenter mentioned, in a relatively casual tone, that 
the participant’s Vo2max on the first test was higher than 
the group’s average. The control group was informed 
that the second test was for validation purposes. upon 
completion of the second Vo2max test, participants were 
allowed a self-selected cool down period. They were 
then debriefed regarding the purpose of the study. The 
dependent variables of Vo2max, Vemax, hrmax, rermax, 
and rpemax were recorded as previously described.

Data analysis

all data are reported as mean±standard deviations. 
Vo2max, Vemax, hrmax, rermax, and rpemax data were 
each analyzed in 2 (group: enhanced expectancy, con-
trol) x 2 (gender: males, female) x 2 (test: 1, 2) analyses 
of variance (anoVas) with repeated measures on the 
last factor. Statistical significance was accepted at the 
p<0.05 level.

Results

Oxygen consumption

The enhanced expectancy and control groups did 
not differ significantly in any anthropometric variable 
for the same sex (p>0.05), and both groups had similar 
Vo2max values on test 1 (Table i, figure 1). yet, par-
ticipants in the enhanced expectancy group showed 
an increase Vo2max on test 2, prior to which they had 
received positive feedback, whereas control group par-
ticipants demonstrated a decrease. The group x test 
interaction was significant, F (1, 20)=16.30, p<0.001, 

Table I.—�Performance measures in the enhanced expectancy and control groups.
Variable female control (n.=5) female enhanced xpectancy (n.=6) Male control (n.=6) Male enhanced expectancy (n.=7)

Test 1 Test 2 Test 1 Test 2 Test 1 Test 2 Test 1 Test 2

Vo2max 51.4±5.2 48.4±4.5 49.7±7.1 50.7±6.5 59.4±10.2 57.8±8.4 61.1±9.9 63.7±10.7
Vemax 85.3±7.5 86.4.±7.5 89.0±14.9 90.2±13.6 133.3±43.4 131.0±33.3 130.1±15.2 140.4±17.9
rermax 1.07±0.06 1.13±0.06 1.09±0.02 1.09±0.03 1.11±0.03 1.12±0.03 1.11±0.05 1.12±0.06
hrmax 184.2±10.8 185.6±9.9 178.7±7.3 178.3±8.4 187.7±9.3 183.3±15.0 180.0±12.1 177.9±15.2
rpemax 15.0±1.0 16.6±2.6 15.3±1.6 15.0±1.9 16.5±1.5 16.3±2.0 16.9±1.3 16.3±1.5

figure 1.—Maximal oxygen consumption in the enhanced expectancy 
and control groups during test 1 and test 2. error bars indicate standard 
errors.
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ment, cognition, emotion, and the influence of the so-
cial context in which performance takes place, has be-
come increasingly obvious in recent years.13 Maximum 
performance does not appear to be an exception to this 
rule.24, 25 Social-cognitive-affective variables that have 
unfavorable influences on performance include condi-
tions that reduce or threaten individuals’ performance 
expectancies, such as those that promote an entity view 
of ability,26 involve feedback suggesting non-optimal 
performance,4 or heighten stereotype threat.27, 28 in con-
trast, conditions that enhance performance expectancies 
by alleviating performers’ concerns, reducing perceived 
task difficulty, suggesting an incremental view of abil-
ity, defining success liberally or in positive normative 
terms typically result in performance improvements. 
aside from anecdotal evidence that expectations of 
future performance success can potentiate even more 
success,3 numerous experimental studies have demon-
strated the benefits of enhanced expectancies for motor 
performance and learning.7, 9, 11

The present findings are in line with previous find-
ings demonstrating increased movement efficiency with 
enhanced expectancies,9, 10, 13 however we are the first to 
show that maximal aerobic capacity can vary as a func-
tion of the individual’s self-efficacy expectations. While 
it may seem surprising that no group differences were 
found with respect to any other measured cardiovascu-
lar or metabolic indicators, similar findings have been 
reported in other studies with respect to heart rate and 
rpe.10, 29 Maximal aerobic capacity (Vo2max) is consid-
ered to represent the interplay between cardiopulmonary 
measures (oxygen delivery to the working muscles) and 
the ability of the tissues to uptake and utilize oxygen for 
energy, often displayed as the Fick equation: VO2=heart 
rate x stroke volume x (a-v) o2 difference.30-32 although 
we observed no difference with respect to heart rate in 
the present study, from a physiological standpoint it ap-
pears that enhancing a performer’s expectancies prior 
to a maximal exercise bout could beneficially influence 
both oxygen availability and delivery (we observed a 
non-significant, but perhaps practically relevant, in-
crease in pulmonary ventilation in the enhanced expec-
tancy group on test 2) as well as utilization at the tissue 
level. With regards to oxygen utilization, as a previous 
investigation 10 has provided evidence that the oxygen 
consumed during treadmill running at submaximal in-
tensity is reduced under enhanced expectancy condi-

Heart rate

Maximum heart rate did not vary as a function of test, 
group, or gender (Table i). no main or interaction ef-
fects reached significance for HRmax.

Respiratory exchange ratio

rermax, was higher on the second test compared with 
the first test, F (1, 20) =7.10, p<0.015, ηp² =0.26, mainly 
due to the control group’s tendency to show a greater 
increase in rermax. The interaction of group and test 
failed to reach significance, though, F (1, 20)=2.88, 
p<0.11, ηp² =0.13. There were no other significant main 
or interaction effects.

Rate of perceived exertion

There was a tendency for the enhanced expectancy 
group to show a reduction in rpemax from test 1 to test 
2, while the opposite was the case for the control group, 
but the interaction of group and test was not significant, 
F (1, 20)=2.48, p=0.13, ηp²=0.1. also, males tended 
to have a higher rpe than females, F (1, 20)=2.84, 
p=0.107, ηp²=0.12. however, none of the main or inter-
action effects were significant.

Discussion

The present study showed that maximal aerobic ca-
pacity (Vo2max) can vary as a function of the perform-
er’s mental outlook. While both groups of experienced 
runners had similar Vo2max values on the initial test, 
enhancing the runners’ expectancies before the second 
test, by providing them with positive social-comparative 
feedback, resulted in a significantly increased VO2max 
(+3.28%). In contrast, without such feedback, the control 
group demonstrated a significant reduction in maximal 
oxygen consumption (-4.11%) on the second test. While 
the cause of this reduction is not clear — perhaps par-
ticipants were reluctant to run to exhaustion for a second 
time within a relatively short period of time — it is in-
teresting that this effect was more than offset by positive 
feedback about their performance.

Maximal oxygen consumption is typically assumed 
to be an objective and reliable measure of aerobic 
physical fitness, yet the intertwined nature of move-
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tions, it is possible that a cumulative effect during the 
course of a progressive maximal test is to reserve oxida-
tive enzymes and substrates for utilization while work-
ing at a maximal level. While further investigation is 
necessary, it is tempting to speculate that subtle benefits 
to both oxygen delivery and oxygen utilization were re-
sponsible for the increase in Vo2max that we observed 
in the enhanced expectancy group in the present study.

high performance expectancies are assumed to pre-
pare the mover for successful movement by exerting 
their effects at cognitive, motivational, neurophysiolog-
ical, and neuromuscular levels.14 This ensures that goals 
are effectively coupled with intended actions (termed 
goal-action coupling).14 in contrast, a lack of such ex-
pectations appears to promote an internal or self-focus, 
task-incompatible thoughts and concerns, anxiety, nega-
tive affect, and superfluous neuromuscular activity.29, 33 
When running with high intensity, self-related thoughts 
likely include breathing or movement form, both of 
which have been shown to degrade running efficiency.33 
Such conditions could help to promote off-task and 
self-focused attention supported by the so-called de-
fault mode network 34 — thereby exposing performers 
to obstacles to optimal performance 35 and potentially 
explaining why the control group in the present study 
displayed a decreased in Vo2max on the second test.

Conclusions

The present findings demonstrate that VO2max is not 
a fixed capacity but depends, at least to some degree, 
on the performer’s self-efficacy expectations or con-
fidence. Additionally, “neutral” control conditions do 
not necessarily result in the highest values. Our find-
ings may have implications for other settings, where 
coaches or others could facilitate movement efficiency 
relatively easily by providing positive motivational 
statements.
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