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running economy. However, no studies have compweéffects of brief contact
instructions to alter facial expression or to rebaxrunning economy or running performance.
The primary aim of this study was to determinedffect of such attentional instructions on
movement economy, physiological, and perceptuglaeses during runningethod:Using

a repeated measures design, 24 trained runnerdetechfour 6 min running blocks at 70%
of velocity at VQmaxWith 2 min rest between blocks. Condition ordeswandomized.
Participants completed running blocks while smilifrigwning, consciously relaxing their
hands and upper-body, or with a normal attentials (control). Cardiorespiratory
responses were recorded continuously and partispaported perceived effort, affective
valence, and activation after each conditiRasults:Oxygen consumption was lower during
smiling than frowningd = -0.23) and controld(= -0.19) conditions. Fourteen participants
were most economical when smiling in contrast withy one participant when consciously
relaxing. Perceived effort was higher during fromgthan smilingdq = 0.58) and relaxingd(

= 0.49). Activation was higher during frowning thalhother conditions (all > 0.59). Heart
rate, affective valence, and manipulation adhereit@ot differ between conditions.
Conclusion:Periodic smiling may improve movement economy myimigorous intensity
running. In contrast, frowning may increase boforéfperception and activation. A
conscious focus on relaxing was not more efficaximo any outcome. The findings have

implications for applied practice to improve endw@ performance.

Keywords: Smiling; relaxation; endurance activity; runnirgperomy; attentional focus
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include the maximal amount of oxygen that can lieet (VO.may, lactate threshold (i.e.,
the intensity at which blood lactate first rise®ad baseline levels) and movement economy
(e.g., Jones, 2006; Joyner, 1991). Running ecor(&B&Y can be defined as the steady-state
volume of oxygen consumed (2during a submaximal running intensity (Conley &
Krahenbuhl, 1980) and can explain differences miopeance between athletes otherwise
matched in terms V&, and lactate threshold (e.g., Joyner, 1991; Mdz0&p).
Improvements in RE are associated with chronic tdi@ns to both endurance (e.g., Barnes
& Kilding, 2015) and strength (e.g., Barnes, HopkiMcGuigan, Northuis, & Kilding, 2013)
training, as well as manipulations to improve bich@nical and technical aspects of the
running movement (e.g., Moore, 2016). To emphasieemportance of RE, long-term
reductions in the oxygen cost of movement have Bgengly associated with performance

optimization in the most elite distance runners1€¥ 2006).

Psychological strategies are also important foluesince performance (e.g., Brick,
Maclintyre, & Campbell, 2014) and can impact RE.(dNgumann & Piercy, 2013; Schicker,
Schmeing, & Hagemann, 2016). Early research by Boand Pollock (1977) suggested that
elite marathon runners typically used associatogndive strategies (i.e., pay attention to
sensory information and modulate pace accordingliigreas non-elite performers tended to
distract from sensations experienced during runfiieg dissociate). One regulatory strategy
was relaxation, whereby runners, ‘paid very clasengéion to bodily input... [and] constantly

reminded or told themselves to “relax,” “stay lodsad so forth’ (p. 390). Relaxation during
running was considered responsible in part fomaelaelative oxygen consumption amongst
the elite marathoners in comparison with elite rfgettistance runners. Subsequent research

has supported the importance of relaxation to imgddRE. Williams, Krahenbuhl, and
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Several potential mechanisms may explain whyaxesl state would improve RE.
These include reduced autonomic sympathetic nersystem activity and a concomitant
decrease in heart rate and muscle activation tfe relaxation response; Benson, Dryer, &
Hartley, 1978). In a running context, researchersehattempted to improve RE using brief
contact relaxation interventions comprising advanagychological methods. Hatfield et al.
(1992), for example, had 12 trained runners core@e?26 min continuous run at an average
intensity of 71% VQnax The run consisted of three randomized segmemisgiwhich
runners either 1) received concurrent biofeedbdckinute ventilation (i.e., volume of air
breathed per minute;gy and electromyography (EMG) data of forearm aagérius
muscles, 2) engaged in a distracting task, or B)pteted a control (no specific attentional
focus) condition. Outcomes included a reductiol grand respiratory frequency during
biofeedback, but no difference in YOr EMG activity between conditions. The authors
suggested participants may already have had &eleunning style’ (p. 223) and acute

improvements RE may not have been possible (Hatéehl., 1992).

The ability to improve RE with longer-term relaxatitraining has been
demonstrated, however. Caird, McKenzie, and Sle(l€99) reported a large reduction in
VO, (d = 0.85), and a small-to-moderate reduction inthede ¢ = 0.35) at lactate threshold
intensity following six weeks of biofeedback, pregsive muscular relaxation (PMR), and
centering training with seven trained distance aranin addition, during the training period
VO, data were recorded during control (no biofeedlmaatentering) and biofeedback
conditions while running at an intensity equivalem?0% of peak running velocity. Results

indicated that RE progressively improved with relgon training, ranging from trivial during
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83 The findings from these laboratory-based studiggest that relaxation-induced

84 improvements in RE may only be possible with lorgem training using sophisticated

85  psychological methods. Furthermore, relaxatioming (e.g., PMR, centering, or breathing
86 techniques) as part of multimodal psychologicall skierventions (i.e., also including self-
87 talk, imagery, etc.) has improved performance dufi6GOOm running (Patrick & Hrycaiko,

88 1998) and simulated triathlon events (e.qg., Thdl&e&breenlees, 2003). These skills may be
89 difficult to learn, however (e.g., Crews, 1992)ddhe specialist psychological support

90 required is often unavailable to most runners (Mo@ok, Meijen, & Marcora, 2016).

91  Consequently, whether relaxation cues can be aféeas part of the brief contact

92 interventions accessible to the majority of atldd€t=g., online, at pre-race events; Lane et al.,
93  2016; Meijen, Day, & Hays, 2016) remains to be s&emthermore, which cues are most

94  effective to induce relaxation is unknown. In tregard, a common instruction to relax

95 runners’ upper-body is to imagine ‘holding a cripptato chip] between each thumb and

96 forefinger, tight enough to hold it without crusgii,’ or to hold the fingers in a ‘relaxed

97  clench position’ (Murphy, 2009, p. 25). No reseahnels determined the effects of these

98 attentional cues on RE, physiological, or percdp®sponses during running, however.

99 Some studies have experimentally demonstrated paanof other attentional focus
100 instructions on RE. Specifically, Schicker andeadjues evidenced a reduced RE when
101 runners were instructed to focus attention on Figlltomated processes such as breathing or
102 running movement in comparison with control cormgtis (e.g., Schiicker, Knopf, Strauss, &
103 Hagemann, 2014). Similar effects have been obsemitbdboth trained and inexperienced

104  runners (Schucker et al., 2016). These findingdhésrconfound the use of relaxation during
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In addition, few studies have investigated theaf®f facial expression (e.g.,
smiling, frowning) on physiological and perceptuedponses during endurance activity.
According to the facial feedback hypothesis (FAEgial expression may influence one’s
emotional experience in a given situation (e.gyraageau & Ellsworth, 1979). This concept
embraces elements of embodied cognition; the ndtianthe body functions as a constituent
of the mind and is directly involved in, and protive of, cognition (e.g., Shapiro, 2011).
Specifically applied to emotional states (i.e., edibd emotion), manipulating the bodily
expression of an emotion (e.g., facial expresstam)influence how emotional information is
processed and may be accompanied by self-repotte @orresponding emotion (e.g.,
Niedenthal, 2007; Niedenthal, Mermillod, Maring&rHess, 2010). Thus, simulated
frowning may prime unpleasant feelings (e.g., Lays&@asimatis, & Frey, 1992) and, in
contrast to relaxation, increase activation andateugnsion which may, in turn, reduce RE
(e.g., Martin, Craib, & Mitchell, 1995). Furtherngpifrowning muscle activity, termed the
‘face of effort’, has shown a moderate-to-strongifie relationship with effort perception
during physical tasks (de Morree & Marcora, 20H))capsulating elements of embodiment
concepts, de Morree and Marcora (2010) suggesieddiationship may be bidirectional and
exaggerated frowning — activated by contractingcibreugator supercilii muscles — may

increase effort expended and/or perceived duriplgyaical task.

In contrast to frowning, a facial expression of mpositive emotions (e.g., smiling)
may prime a more relaxed bodily state; reducingateusctivation, VQ, and effort
perceived. Smiling during stress-inducing tasksef@ample, has been shown to lower heart

rate during recovery to a greater extent than #&raldfacial expression (e.g., Kraft &
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insincere smiles), or smiles with alternative fumes (e.g., social affiliative smiles or
dominance smiles), by symmetrical activation ofzggomaticus major (mouth movement)
andactivation of the orbicularis oculi (eye and chesvement) muscles (e.g., Niedenthal et
al., 2010; Rychlowska et al., 2017). Both PhilippBakker, Oudejans, and Canal-Bruland
(2012) and McCormick, Meijen, Pageaux, and Mar¢@€4.6) have investigated the effects
of facial expression during physical exercise. iBpén et al. (2012) indicated that smiling
may reduce effort perception and increase affestalence during moderate-intensity
cycling in comparison with frowning. However, tisgidy did not include a control condition
and did not report the physiological responsesath&xpression. In contrast, McCormick et
al. (2016) reported that frowning did not influeriezart rate, affective state, or perceived
effort when compared with thumb contraction andmtervention control conditions during a
time-to-exhaustion cycling task. Given these cating findings, and anecdotal accounts of
the use of smiling by endurance athletes (e.gzg€rtld, 2014), further investigation of the

physiological and perceptual responses to manigifacial expressions is warranted.

Accordingly, the aims of this study were to comptire effects of attentional focus
cues to a) smile, b) frown, c) consciously reland a) engage normal thoughts (control
condition) on RE (i.e., V&), physiological (i.e., heart rate), and percepteaponses during
running. Secondary respiratory variables (e.gbaardioxide produced (VC) respiratory
frequency, ) were also analyzed to gain a deeper insight timophysiological effects of
the attentional focus cues. Three main hypothes¥s wroposed. First, it was hypothesized
(Hy) that RE would be improved (i.e., lower Yand heart rate reduced during smiling in

comparison with frowning and control. Second, gitlestt conscious relaxation may require a
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be lower and affective valence more positive dusngling in comparison with frowning.
Methods
Participants

Research by Schucker and colleagues have repodddrate ;(pz = 0.099; Schucker
et al., 2016) and Iargap(2 = 0.29; Schiicker et al., 2014) effect sizes for &tbeal focus
manipulations on RE. For the present study, anaai power analysis (Repeated Measures
ANOVA, within factors) with a moderate effect si@e= 0.25), a power of 0.8, an alpha level
of 0.05, a modest correlation between repeatedumes¢ = 0.5), and four measurements
suggested a sample size of 24. This specific nualbmred all possible randomized
sequences of attentional focus cues (24 possifleesees) to be completed once during data
collection. Consequently, 24 club-level enduranceners were recruited to participate. All
participants were healthy, free from injury, wecewstomed with treadmill running, and
engaged in regular endurance running training. Bpaity, all participants had previously
completed a maximum race distance of at least atiertarathon G = 7) or one marathom (
=17), and currently ran on average 3.80 € 0.86) days per week with a total running
volume of 39.40 km{D = 15.64) per week (see Table 1). Prior to recrerttrall volunteers
provided written informed consent and completedealical history questionnaire to ensure
no underlying medical conditions were present. Jtaely was approved by the institutional

research ethics committee and was conducted indatee with the Declaration of Helsinki.

Procedures
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strenuous exercise and excessive caffeine or dlconsumption in the 24 hours before each
session. Participants were also asked to drinkn®l0gf water (to ensure adequate hydration)
and avoid any food or caffeine consumption in the@rs before each session. Participants
were naive to the experimental aims and hypoth€xag.when all data collection was

complete were participants fully debriefed on taéure and hypotheses of the study.

Session one. During session one, participants completed an mergal exercise test
to volitional exhaustion on a treadmill (h/p/cosngpmsar; h/p/cosmos Sports & Medical
GmbH, Traunstein, Germany) with continuous measargraf respiratory gas exchange
using an online metabolic cart calibrated beforhdast (Quark C-PET, Cosmed Srl, Rome,
Italy). Following a 5 min warm-up at a self-seletfgace, participants began at a light
intensity based on their ability, with the intemtiof reaching volitional exhaustion within 10-
15 min. Stages during the test lasted 2 min, wikipl2increments for each of the first three
stages followed by 1 kph increments to volitiondi&ustion. Heart rate was measured
continuously by wireless telemetry (Polar RS400ni§ele, Finland). V@yaxwas
determined as the highest value for a 10-breatimgohverage and velocity at \b@ux
(VWWO2may Was determined as the lowest speed at whichl#tegu in VQ was evident (Hill
& Rowell, 1996). The treadmill incline was maintathat 0% throughout. Mean data for all

24 participants indicated that volitional exhausteas reached in 11.71 mi8D= 3.40).

During the last 30 seconds of each of the firsgtdlstages, participants were asked to
indicate their perceived effort, affective valenarg activation (see subsectionparceptual
responses This served to familiarize participants with eacale. Participants were also

informed that these were routine exercise laboyatwasures. On completion of the M@
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attentional focus categories. Specifically, themtegories weractive self-regulatiorfe.qg.,
relaxing, running technique, etanternal sensory monitorin¢g.g., effort sensations,
breathing, thirst, etc.hutward monitoringe.g., split times, distance information, etcrda

bothactiveandinvoluntarydistraction(e.g., irrelevant daydreams, reflective thougéts,).

Session two. Following an experimental design pioneered by $kéiiand
colleagues (e.g., Schiicker et al., 2016), sesgiorconsisted of four blocks of 6 min runs
with a 2 min passive rest interval between blo8ezause both oxygen consumption and
heart rate were outcome variables, each run wédsrperd at 70% vV@na, 0N a 0%
gradient, an intensity equivalent to that used ipresty to study the effects of relaxation on
RE (Caird et al., 1999). Before beginning, partcifs were informed about the testing
protocol and equipped with a heat rate monitorthedCosmed Quark system as per session
one. Prior pilot testing assured that wearing tfeathing mask did not interfere with the
ability to adopt and maintain the required facighressions. Experimenters were positioned
out of the direct eye-line of participants. Neitheart rate nor respiratory data were visible to
participants and the treadmill interface displagsewobscured during session two to avoid
providing biofeedback or other information. Papamts completed a 5 min warm-up
comprising 3 min at 50% vV&.xfollowed by 2 min at 70% vV&hax Following a 2 min

passive rest post warm-up, participants then b#ganfirst 6 min block of running.

Running blocks were randomized (using a computetam number generator) and
each participant completed one block either smilirmyvning, consciously relaxing, or with
a normal (control) attentional focus. Conditiontinstions were read by the first author from

a script. General instructions were based on thopemented by Smith et al. (1995).

10
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231  exist, please focus on producing what you wouldiclan a ‘real’ smile. Real smiles involve

232 both one’s mouth and one’s eyes. Please monitarfaoial expression and keep smiling’.

233 Instructions during the frowning condition alsoangorated cues from Philippen et
234 al. (2012) and terminology from de Morree and M&aad@010) (i.e., face of effort) to elicit
235 each participant’s facial expression of effortfuhning. Accordingly, prior to the frowning
236  condition, participants were read the followingof this running block, please focus on
237  frowning. A frown is produced when one brings thebeows together and down, and the
238 eyes are narrowed to a slit. During running, yowhticonsider this a face of intense effort.
239  Please focus on producing what you would considega’ frown or face of intense effort.

240  Please monitor your facial expression and keep fiog.

241 Attentional instructions for the relaxation conditiwere based on cues to induce
242 relaxation in the hands and upper-body (e.g., Myrghb09). Specifically, participants were
243 instructed, For this running block, please focus on your haadd upper-body, keeping your
244  hands and upper-body as relaxed as possible whilaing with your normal gait. One cue
245  might be to focus on touching your thumb and irfdeger together as lightly as possitds

246  if you were holding a crisp and trying not to braglor to hold your fingers in a relaxed

247  position. Please monitor your hands and upper-baay keep them relaxed

248 Finally, prior to the control condition participanwere asked to focus on their

249  ‘normal’ thoughts during running. Because of thateat (i.e., laboratory-based), participants
250 were reminded of the thoughts they self-reportathdusession one. Participants were

251 instructed, For this running block, please focus on those thisigou would normally focus
252 on during running. For example, during your ¥k test you said you focused jomserted

11
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256  category were relaxing (58.33% of participants) emproving technique (45.83%¢tive

257  self-regulation, breathing (75%) and body movement/form (54.1{%igrnal sensory

258  monitoring, the treadmill (e.g., speed; 50%) and breathpgpeaatus (41.67%p(tward

259  monitoring, and reflective thoughts (29.17%) and daydrean@@g83%) {listraction.

260 During all conditions, a brief manipulation remindg&nal sentence of each

261 instruction) was read to all participants afterrgu@ seconds of running.
262  DataCollection

263 Respiratory variables and heart rate. Respiratory exchange variables W®CO,),
264  respiratory frequency, tidal volume, minute venitda (Vg), respiratory quotient (ratio of

265 VCO2:VOy,), and heart rate were measured continuously ti@utgsession two.

266 Per ceptual responses. Immediately following completion of each block, peipants
267  were asked to rate their perceived effort (RPE &&0e; Borg, 1982). Specifically, runners
268  were asked to rate how hard, heavy, or strenuaysgérceived each 6 min run to be

269 (Pageaux, 2016). Points of reference were exearishored for session two and participants
270  were instructed that ‘no exertion’ (i.e., pointréjlected no physical activity, and ‘maximal
271  exertion’ (i.e., point 20) corresponded to the poinvolitional exhaustion during the \AQxx
272 test. As a measure of affective valence, partidparere asked to report how good or bad
273 they felt during each block using Hardy and Rejegli989) 11-point Feeling Scale. Verbal
274  anchors for positive affect are feelifegrly good(+1),good(+3), andvery good(+5).

275  Finally, for perceived activation, participants eesked to indicate how aroused or ‘worked

276  up’ they felt using the 6-point Felt Arousal Scévebak & Murgatroyd, 1985). This scale

12
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Manipulation check and attentional focus. As a manipulation check, participants
rated their ability to maintain each attentionad cluring each block. Participants responded
subjectively on a Likert-type scale with verbal hois at 0%1fone of the timg 50% Qalf of
the tim@, and 100%4ll of the tim@. Finally, on completion of all blocks, particigarwere

asked to recount specific thoughts engaged duach block during a brief interview.
Statistical Analyses

Repeated Measures Analyses of Variance (RM-ANOVAexconducted for each of
the primary dependent variables (¥ @eart rate, perceived effort, affective valerare]
activation), for secondary respiratory variables] or the manipulation check. Mean data
for minutes 4 — 6 (i.e., last 3 min of each comahjiwere averaged for cardiorespiratory
variables to ensure steady-state data only welgzath If assumptions of sphericity were
violated, the Greenhouse-Geisser correction was teseeport analyses. Follow up analyses
were conducted using the Holm-Bonferroni sequeatigistment (Holm, 1979) where
significantF ratios were observed. Statistical significance aaepted ag < .05 (two-
tailed). To indicate the magnitude of differencesAeen pairs of conditions, Cohen's
(Cohen, 1988) effect sizes are reported where aale¥ffect sizes for RM-ANOVA
outcomes (partiaiz) are reported in Table 2. All analyses were cotetliasing the

Statistical Package for the Social Sciences (IBMtiStics 23.0; SPSS Inc., Chicago, IL).
Results

Mean and standard deviatidBl}) data for all outcomes are presented in Table 2.

During running blocks (at 70% v\VfQ.,), mean percent of VL .xduring all conditions was

13
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Running Economy. RM-ANOVA revealed a difference in V{between conditions,
F (3, 69) = 5.88p = .001. Mean VQ(Table 2 and Fig 1) was lower during smiling than
frowning (Mean difference MD] = -0.94 ml/min/kgp = .006,d = -0.23) and controlMD =
-0.76 ml/min/kg,p =.040,d = -0.19). A small reduction in V{Qwvas noted during smiling in
comparison with relaxingMD = -0.74 ml/min/kgd = -0.18), but this did not reach statistical
significance jp =.080). Fourteen participants (58.33%; four ferspleere most economical
during smiling, five during frowning (20.83%; thré&amales), and four during control

(16.67%; three females). Only one participant (fiecnaas most economical when relaxing.

Heart Rate. Due to an equipment malfunction with one partictpdata were only
available for 23 participants. No differences imiteéate were noted between conditiops(
.231). There was a significant order effect, howelg3, 66) = 27.63p < .OOl,np2 =0.56
and small increases in heart rate were recordesioressive blocks (i.e 3'1o 2 block,

etc.). No order effects for block number were apptafor any other variable (gll> .05).

Perceived effort. RM-ANOVA revealed a difference in perceived effbetween
conditionsF (3, 69) = 4.81p = .004. Perceived effort (Table 2) was higher whewhing
than both smilingNID = 1.04,p=.012,d = 0.58) and relaxingD = 0.92,p=.045,d =

0.49). There were no differences between any qthies of conditions (alb > .05).

Affective valence and activation. No difference in affective valence was noted
between conditiong(= .266). There was a difference in activation, beer (Table 2)F
(2.22,51.07) = 7.28 = .001. Activation was higher during frowning thalhother
conditions; smiling D = 0.79,p = .006,d = 0.71), relaxingiID = 0.67,p = .032,d = 0.59),

and control D = 0.69,p = .030,d = 0.61).
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between conditionk (2.39, 54.85) = 3.69 = .025, with a greater VC{produced during

frowning than smilingiD = 0.91 ml/min/kgp = .030,d = 0.21).

Manipulation check and attentional focus. The manipulation check revealed no
difference in instruction adherence between comaitip = .312). Manipulation adherence
was high (>81%) across all conditions (see Tabl&2pllow-up independent samples t-test

also suggested no difference in adherence betwasegs during any condition (@l> .05)

The brief post-session interview revealed furiheight into runners’ thought content
during each condition. During smiling, 17 partiays(70.83%) engaged in pleasant thoughts
(e.g., of family members, amusing events). Of th&3g64.71%) were most economical
when smiling. Five runners (20.83%) reported omtyudating the smiling expression and of
these, three (60%) were most economical in thiglicioem. When frowning, eight runners
(33.33%) reported imagined effort-related sensatmmsimulating facial expressions of
effort (e.g., as experienced during intense runniBght other runners reported simulating
frowning only and five runners (20.81%) reportedaying unpleasant thoughts (e.g., of
political events). Of the five runners most econcahwhen frowning, one reported a focus
on sensations at the end of a marathon, anothagedginpleasant thoughts but deliberately

attempted to stop these, and one found the expreddficult to maintain (60% adherence).

Eleven runners (45.83%) reported that they preshoused the hands/upper-body
relaxation cues during usual running (as instrubtgd coach), including the one runner who
was most economical in this condition. Two runr(@83%) reported engaging additional
thoughts to relax (e.g., repeating rhymes, courttiegiths), but one runner did report
excessive conscious control of the manipulatiospde doing this normally during running.
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Discussion

The aims of this study were to compare the effettwief contact attentional focus
cues to smile, frown, consciously relax the hamdswgpper-body, or engage normal thoughts
(control) on running economy (RE), physiologicalgdaerceptual responses during running.
The first and second hypotheses, that RE wouldipeaved and heart rate reduced during
smiling in comparison with the other conditions revpartially supported. Specifically, this is
the first study to demonstrate an improved RE (lov@.) during smiling in comparison
with frowning and participants ‘normal’ thoughts.tbtal, 14 of 24 participants (58.33%)
were most economical when smiling. Although thedoWO, during smiling in comparison
with relaxing did not reach statistical significanonly one participant was most economical
when consciously attempting to relax, despite 124ofunners (45.83%) being familiar with
the relaxation cue. No differences in heart rateewmted between conditions, though an
order effect for block number was apparent. Thelthypothesis, that effort perception and
activation would reduce and affective valence iaseeduring smiling in comparison with
frowning, was also partially supported. Specifizadl second novel finding of the present
study was an increased effort perception duringingiwhen frowning in comparison with
smiling and relaxation conditions. No differencesr&noted for affective valence, though

perceived activation was higher when frowning thmther conditions.

Overall, smiling reduced the oxygen cost of runrah@ vigorous intensity by 0.94
ml/min/kg (2.78%) in comparison with frowning ang ®.76 ml/min/kg (2.23%) compared
with control. A greater volume of GQvas also produced when frowning than smiling (0.91
ml/min/kg; 2.91%). The improved RE is toward thevéw end of the 2% to 8% reported for
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377 lower VO, when smiling is equivalent to the 2% to 3% impmoeat noted by Turner,

378 Owings, and Schwane (2003) following six-weeks lgbmetric training in distance runners,
379 andthe 1.7% to 2.1% observed by Barnes et al3)28fter 13 weeks of heavy resistance
380 training in male cross-country runners. Incorpargtine facial feedback hypothesis (e.qg.,
381 Tourangeau & Ellsworth, 1979) and embodied emat&g., Niedenthal, 2007), the

382 improved RE suggests manipulated smiling (i.e oyment smiles) may prime a more

383 relaxed emotional state. In turn, this may redyeepathetic nervous system activity, muscle
384  activation, and tension (e.g., Williams et al., 19%ulminating in the lower V&and VCQ

385 observed when smiling. Though heart rate did ni¢rdbetween conditions, the order effect
386  for block number (heart rate data only) suggesticaascular drift (CVD); the progressive
387 increase in heart rate during constant workloadatse (e.g., Foss & Keteyian, 1998), may
388 have had a greater influence on heart rate thaattbetional manipulations. During running,
389 CVD can be influenced by body temperature changg, Buresh, Berg, & Noble, 2005)

390 which may account for the heart rate data observed.

391 Differences in gender responses to smiling sholgldl lze noted. Of 13 male

392  participants, 10 (76.92%) were most economical warmaiting in comparison with only four

393 of 11 females (36.36%). Previous studies have teg@ender differences in perceptual

394 responses during exercise. Most pertinently, Bartdhleischer-Curtain, and Gines (1988)
395 indicated that males reported lower effort peraaptn the presence of a female experimenter
396 during cycle ergometry. Similar effects were nosetved for female participants or in a

397 same-gender experimenter condition. Boutcher ¢1888) suggested their findings may be

398 the result of opposite-gender concerns about seffgmtation (e.g., social appropriateness, fit

17



aUl

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

Havc IHIVURCU CUTILCITTIS UVCEL STII-PICOoCTILalull dlifdlbayc. AIUIVUyll 11U ycliucl ulliciclitco
in manipulation adherence were reported, it is iptsshat some females may not have
produced a ‘real’ or Duchenne smile. More expres$acial expressions are known to
increase the intensity of emotional responses, (@ayis, Senghas, & Ochsner, 2009).
Accordingly, non-Duchenne or less intense smilescerns over self-presentation, or both,

may have reduced the efficacy of smiling as a &lar cue for some study participants.

The lack of effect for the attentional cue to reflag hands and upper-body is in line
with previous findings for brief contact intervesis with runners (Smith et al., 1995) and
research incorporating psychological methods saediiagieedback and PMR (e.g., Hatfield et
al., 1992). It may be that longer-term trainingagquired to reduce RE using cues to relax the
hands and upper-body (e.g., Caird et al., 1999icpéarly for runners who are not familiar
with this attentional cue. It is noteworthy, howewbdat many participants reported using this
cue previously during normal running, and 14 ofp24ticipants (58.33%) reported relaxing
during session one (i.e., normal thoughts). Comsidehis, an additional explanation may be
provided by the Multi-Action Plan Model (e.g., Balit Bertollo, Hanin, & Robazza, 2012).
Applied to endurance activity (e.g., Bertollo et 2015), this model suggests that an
automatic attentional focus facilitates optimalfpanance for well-learned actions. In
contrast, excessive monitoring and an over-comdodittentional focus (i.e., reinvestment;
Masters & Maxwell, 2008) may disrupt automatic Isédecution when individuals attempt to
consciously control task performance. As such,i@pénts familiar with the relaxation cue
may control the relaxation process relatively awtoally under normal circumstances.
Increased conscious monitoring and control, asatdd by one study participant, may have

disturbed automated processes and reduced thaaffof the relaxation cues as a result.
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frowning and perceived effort (e.g., de Morree &ristaa, 2010). However, the similarity
with McCormick et al. (2016) (i.e., no differengeperceptual responses when frowning in
comparison with control), and the lack of differeraetween frowning and control conditions
in the present study is also important to notehis regard, data on the content of
participants’ thoughts during each condition mapdie important to consider. Specifically,
distractive (e.g., daydreaming) and active selfita@ry (e.g., relaxing) cognitions are
known to reduce effort perceived during endurarateigy (Brick et al., 2014). They may do
so by competing with sensory cues regarding inféional (e.g., intensity) and emotional
(e.g., negative associations) components of effedticing perceptual awareness of these
sensations as a result (e.g., Brewer & Buman, 2Bfiék et al., 2014). The lower effort
perceived when focused on pleasant thoughts\{iteen smiling) or one’s hands and upper-
body (i.e., when relaxing) support this contentioncontrast, frowning, via increased muscle
activation and a focus on effort-related or unpd@ashoughts (e.g., Larsen, Kasimatis, &
Frey, 1992), may elevate the intensity and/or negamotional components of effort
sensations, increasing effort perception as attessilsuch, differences in effort perception
noted in this study may reflect both a reductioa.(when smiling/relaxing) and an elevation

(i.e., when frowning) in perceptual awareness fdrefelated sensations during running.

Despite this, and in contrast to Philippen et201@), the present study did not find a
difference in affective valence between any coodgi Furthermore, during all conditions
(Table 2), most runners generally reported a pasdifective state. However, differences in
activation were noted, and activation was higheenviiowning than all other conditions.

Applying the circumplex model of core affect (Ru§s2003), core affect was considered
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by increased feelings of vigor and energy (e.gedR& Ones, 2006; Russell, 2003). As such,
frowning may facilitate performance in some congexy increasing activation. In support,
Stanley, Lane, Devonport, and Beedie (2013) sugddbktit some individuals increase the
intensity of emotions instrumentally — even unpégdones — if they are considered useful to
goal attainment. Accordingly, upregulating positactivated affect before or during running
(e.g., by frowning, or engaging arousing thoughtay serve to increase vigor or effort
expended on a task (de Morree & Marcora, 2010).pidtentially negative impact on RE
should be noted, however, and suggests that franstiould only be used as a regulatory

strategy in a situationally-appropriate manner.(é8gck, Macintyre & Campbell, 2015).

A number of limitations are apparent in the prestmdy. Firstly, although
participants were instructed to adopt specificdhekpressions, the successful adoption of
these could not be objectively ascertained. Dwmistraints imposed by data collection (i.e.,
wearing a breathing mask), activation of the zygiieuna major and orbicularis oculi
(smiling), or corrugator supercilii (frowning) muss could not be objectively measured.
Although participants’ subjective reports indicatateptable manipulation adherence in all
conditions (all > 81%), future objective measuretr@drfacial expression using facial EMG
(e.g., McCormick et al., 2016) or facial featuracking (e.g., Miles, Clark, Periard, Goecke,
& Thompson, 2017) may reveal further insight irlte effectiveness of smiling during
endurance activity. Expression duration may alsoriportant to consider as adherence in
this study (i.e., ~80% over 6 min) indicated thatlpnged smiling may be both impractical
and difficult to maintain. Accordingly, periodic occasional smiling (as opposed to

continuous smiling) may be most appropriate dusiagtained endurance activity.
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what constitutes an expected response. This magibeularly relevant for the ‘face of

intense effort’ instruction during frowning and sealguent responses on the RPE scale. Many
precautions were taken to ensure demand effectsadidccur, however. Firstly, participants
were naive to the hypotheses of the study, and inBrened that all perceptual scales were
routine exercise laboratory measures during sesgienFurthermore, similar to Philippen et
al. (2012), physiological measures were of primatgrest and perceptual responses
secondary from participants’ perspective. Finatlgeems plausible that participants subject
to demand effects may also indicate an altereatafevalence during smiling (e.g., feel

very goodl and frowning (e.g., feddad). As such, no difference in affective valence kasw

conditions suggests these responses were unlikddg influenced by demand effects.

Based on the findings of this study, future rede#aaequired to determine the
effectiveness of smiling in real-world, ecologigalalid contexts, and with athletes of a
higher performance (e.g., elite) standard. This prayide support for the potential
performance benefits accrued by improving RE wahaalic smiling. In addition, objective
measurement of expression intensity may revedtdéuinsights into the effects of ‘real’
smiling or frowning during endurance activity. Gendifferences should also be explored to
determine if experimenter influences, or alterratactors, account for the gender variations
observed in this study. Finally, research on tiectf of longer-term relaxation training,
particularly with participants unfamiliar with atteonal cues, may validate a focus on

relaxing one’s hands and upper-body during end@amening.

This is the first study to experimentally investgyéhe effects of smiling, frowning,

and relaxation cues on RE, heart rate, and peralegsponses during running. The novel
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outcome. As such, the efficacy of smiling to impedRE and lower effort perception suggests
periodic smiling may be beneficial to enhance ragrperformance and as brief contact cue

for psychological interventions (e.g., Meijen et @D16) with endurance participants.
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Tablel

Demographic and training characteristics of study participants

Variable Total (n =24) Men (n = 13) Women (n = 11)
Age (Years) 44.59 (10.80) 41.65 (11.62) 48.08 (9.03)
Body Mass (kg) 70.50 (13.15) 77.02 (12.01) 62.79 (10.21)
Height (M) 1.67 (0.09) 1.74 (0.06) 1.59 (0.06)

V Ozmax (MI/mMin/kg) 44.81 (5.65) 47.79 (5.09) 41.28 (4.15)
VV Ozmax (kph) 14.79 (2.00) 16.15 (1.41) 13.18 (1.25)
Heart rate max (bpm) 177.83 (11.85) 179.15 (9.59) 176.27 (14.40)
Running experience (years) 4.14 (3.01) 4.49 (3.76) 3.72 (1.90)
Running frequency (sessions/week) 3.60 (0.86) 3.54 (0.83) 3.68 (0.93)
Running volume (km/week) 39.40 (15.64) 41.42 (13.32) 37.02 (18.39)

Note. Mean values and standard deviation (SD) for each demographic and training characteristic



Table2

Outcomes for primary and secondary variables during each attentional focus condition

Measure Smile Frown Relax Control

Primary Variables

VO, (ml/min/kg) 32.90 (4.05) 33.84 (3.99) 33.63 (3.89) 33.65 (4.18)
Heart Rate® (bpm) 146.86 (14.46)  148.65 (14.41)  146.96(16.02)  147.30(13.84)
Perceived Effort (AU) 11.25 (1.94) 12.29 (1.88) 11.38 (1.76) 11.63 (1.44)
Affective Vaence (AU) 2.58 (1.77) 1.96 (1.83) 2.50 (1.50) 2.54 (1.25)
Activation (AU) 2.83 (0.96) 3.63(1.13) 2.96 (1.12) 2.94 (1.20)
Manipulation Check (%) 82.08(16.41)  85.42(13.51) 87.08 (8.59) 81.25 (16.50)
Secondary Variables

VCO, (ml/min/kg) 31.16 (4.22) 32.07 (4.40) 31.58 (4.07) 31.73 (4.49)
Respiratory Frequency (bpm) 38.80 (7.39) 38.55 (9.40) 36.58 (7.57) 36.62 (8.36)
Tidal Volume (L) 1.75 (0.45) 1.83 (0.52) 1.84 (0.50) 1.86 (0.55)
Minute Ventilation (L/min) 65.64 (13.35) 67.16 (13.02) 64.95 (12.82) 65.02 (13.30)
Respiratory Quotient (AU) 0.95 (0.04) 0.95 (0.05) 0.94 (0.04) 0.94 (0.04)

—~ Ny

—~ N5

.5

NS

Note. Mean values and standard deviation (SD) for physiological datafrom the last 3 min of each 6 min block.

p-values and effect sizes (partial n°) based on repeated measures ANOVA between conditions.
®Heart rate data from 23 participants only.
AU: Arbitrary Units
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Fig. 1. Course of oxygen consumption for each conditiaigdepresents mean value for each minute). Mé
minutes 4 — 6 were included in the statistical yeed.



Outcome measures included running economy, perceived effort, and affective state
Smiling improved running economy in comparison with frowning and a control trial
Perceived effort was higher when frowning in comparison with smiling and relaxing

Periodic smiling may be an effective attentiona cue to enhance running performance



