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TO FOCUS OR NOT TO FOCUS 2

Abstract
We conducted a counterbalanced repeéabeasure trial to investigate the effect of different
internal and external associative strategies on endurance perforiSavemteen college
aged students were randomly assigned to three experimental conitieststhe notion that
different attentonperformance types (optima@lype 1, functionalType 2, and dysfunctional
Type 3) would influence endurance time on a cycling t&gecifically, Type 1 represented
an effortless and automatic, “flefeeling” attentional mode. Type 2 referred to an
assodaitive focus directed at core components of the task. Type 3 represented an attentional
focus directed at irrelevant components of the tBskticipants completed three tirte
exhaustiortests while reporting their perceived exertion and affective qtatessal and
hedonic tone). Results revealed thgpe 1 andType2 attentional strategiesompared to
Type 3 strategyexertedfunctional effects on performance, whered3/pe 3 strategywas
linked to lower performance, and lower levels of arousal sswbpntnesApplied

implicationsare discussed.

Keywords Attentional focus, cycling, fatigue, endurancaylti-action plan model.
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To Focus or not to Focuss Attentionon the Core Component$ Action Beneficial
for Cycling Performance

There is genal agreemerdibout the importance of studying how different attentional
strategies influence performance in sport and exesesmgsBasevitchet al., 2011;
Blanchfield, Hardy, de Morree, Staiano, & Marcora, 2014; Connolly & Tenenbaum, 2010;
Hutchinson & Tenenbaum, 2007; Razon et al., 2640a review, se8rick, Macintyre, &
Campbell 2014). In this regard, previous research has shown that one’s ability¢égskife
attentional focus (e.qg., attentional flexibility) is associated with the allisyistain exertive
effort in endurance tasks (for a review, see Tenenbaum, Z0®Herform optimally, athletes
must be able to empfdifferent attentional strategi@s orderto control external and internal
distracters, while focusing on body and task-relevant cues (Tenenbaum, 2001, 2005).
Attentional Strategiesfor Endurance Performance

Early research suggested that thergoairaarily two coping strategies that can be
used to enhance performance in endurance taskas&@ociation” andl) “dissociaton”
(Weinberg, Smith, Jackson, & Gould, 1984). Association occurs yb@plemonitor their
body sensations (e.g., respiration rate, body temperature, muscle pain andsfigivmiés
reminding themselves to relax and modify stride and pace to secure gneategreconomy.
Indeed, elitperformeramonitor their body sensations more effectively than their less
accomplished counterparts (Raglin & Wilson, 2008). Dissociation occurs when individuals
ignore pain, fatigue, or boredom by directing their attention outwards or byrigousi
pleasant stimuli (e.g., listening to music; Weinberg et al., 1984). In this reghitk&c and
colleagues found that external attentional focus has a significant impacgsalpgical
performance measures of running economy (Schicker, Anheier, Hagemanrs, 8traus

Volker, 2013).
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TO FOCUS OR NOT TO FOCUS 4

Association and dissociation are examples of attention control, which is a topic of
great interest to sport and exercise psychologists. In essence, assacidtdissociative
strategies represetwo distinct cognitive styles that indicate where individuals allocate
attention to improve adjustment to a physical task (Tenenbaum, 2005). This initnedtidist
between the two broad categories of attention focus (as association and titisg veeas
introduced by Morgan and Pollock (1977), and has since oriented research on attentional
focus and physical effort (Hutchinson & Tenenbaum, 2007; Stanley, Pargman, &
Tenenbaum, 2007; Stevinson & Biddle, 1998). According to Morgan and Pollock, association
is an internal attentional style used by pedplenonitor sensorial input while performing a
physical task. Dissociation pertains to any cognitive strategy used to dieatican away
from internal sensations and toward external distractions. Schomé)) difi8rentiated
associative and dissociative strategies by discussing the presence-oéldtestt’ and “task
unrelated” thoughts. Specifically, associative thoughts are related tckhat taand (e.qg.,
bodily sensations, performance instructions, @ace monitoring), while dissociative
thoughts are not relevant to the task (e.qg., reflective activity thoughts, preblenyg).

Stevinson and Biddle (1998) argub@t a dichotomous treatment of attentional focus
was inherently simplisti@ndthereforeproposed a two dimensional model considering: (a)
the direction of attention (internal or external), and (b) task relevagle@dnt or irrelevant).
Internal strategies allow an individual to monitor his/her internal states whil@gnak
appropriate psychophysiological adjustments to accommodate pain and effort. €lgnvers
external strategies allow the performer to shift attention to exterior evargsetiucing
perceptions of exertion. Task-relevant thoughts involving an internal focus (g/gicgbh
sensations) are classified as internal association, whereagl&agknt thoughts with an
external focus (e.g., pacing) are labeled external association. SimdaKyrrelevant

thoughts with an internal focus (e.g., daydreams) were categorizedrasiimglissociation
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TO FOCUS OR NOT TO FOCUS 5

and taskirrelevant thoughts with an external focus (e.g., scenery) as externalalisso
Drawing on Stevinson and Biddle’s (1998) classification, Beic&l.(2014) suggesteithat
the associative dimensi@hould alsanclude activeself-regulation (i.e., thoughts related to
cadence, pacing, technique, strategy, or maintaining a relaxed state) aral sgrsory
monitoring.

Tenenbaum’s (2005) effort-related model added the notion that associative and
dissociative focus depends on workload intensity. In particular, Tenenbaumenbgeat
people may intentionally switch their attentional focus, between associativBssociative
strategies, under low workload intensities. However, when physical symptaxrertbn
reach a threshdlupon which attention flexibility (i.e., ease of switching back and forth
between dissociative to an associative pattern) is compromised, a final satch f
dissociative to an associative focus occurs (e.g., increased somatic awarehpas);aee
Connolly & Tenenbaum, 2010; Hutchinson & Tenenbaum, 2007; Stanley et al., 2007). In this
regard, endurance athletes have reported that focusing on internal (aBSoCIEHS IS
functional for performance unless they feel very tired and distressed, whsaamative
strategy is viewed as dysfunctional and unnatural (Masters & Ogles, 1998).

It is important to note that research on the relationship between performance and
attentional focus (as associative or dissociative) has produced cogftiesumlts. Whe some
scholars have found a linkage between higher ratings of perceived exertignafRPah
associative focus (Baden, McLean, Tucker, Noakes, & Gibson, 2005), others observed a
linkage between higher RPE and a dissociative focus (Beaudoin, Crews, & Morgan, 1998;
Brewer, Van Raalte, & Linder, 1996). Furthermore, there is also literatggesting no
differences in performance adunction of attentional focus (Harte & Eifert, 1995; Weinberg
et al., 1984). Despite these conflicting results, therggenaral agreement that the

optimization of attentional control may produce significant gains in endurance pamnfogm
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TO FOCUS OR NOT TO FOCUS 6

and external focus strategies can also be beneficial to performance besidertiad amies
(Schicker et al., 2013). The purpose hereas w investigate the effect of different internal
and external associative strategisendurance performance in cycling, ugimgmulti-
action planMAP) model as a theoretical basis for our experimental protocol.
The Multi-Action Plan Model

The recery proposed MAP model is based the notion that different attentional
strategies lead to different performance states, naopgityal and less than optimal
(Bertollo, Bortoli, Gramaccioni, Hanin, Comani, & Robazza, 2013; Bortoli, Bertollo, Hanin,
& Robaza,2012). Specifically, an automatic attentional focus (Type 1) has been linked to
optimal performance in sports. However atentional focus directed atcore component of
a given action (Type 2) has alseen associated with functional performance, which is
defined within the individual zones of optimal functionihg@F) framework as an
individual’s effective recruitment and use of available resources for opich&vements
(Hanin, 2007). In contrastyer-controlled attentional focus has been found to lead to
dysfunctional performance in sportsefious research based on the MAP model revealed
that attentional focus moderates performance quality irpsekd tasks (i.e., rifle and pistol
shooting). In effect, Bortoli et al. (2012) observed that four performance dategesult
from different attentional strategieBhese performance states:de Type 1, optimal
performancecharacterized by an automatic (“flefeeling” like) attentional modand
pleasanfunctional emotions(b) Type 2, functonal performance, typifiey an associative
focus directed at core components of a given task/aatidpleasant or unpleasant
functional emotions(c) Type 3, dysfunctional performanceharacterized by a focus directed
at irrelevant components of argn task/action and unpleasant-dysfunctional ematerms
(d) Type4, poor performanceypified by a markedly irrelevant focus and pleasant

dysfunctional emotions.
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The MAP model was developed to orient applied interventions aimed at reaching and

maintainng maximalperformance in presence of distress, fatigue, and distracting situations.
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In detail, the MAP model is conceptualized as a function of distinct performamsde (ee.,
optimalor suboptimal) and attentional demands (i.e., autonsatontrolled), thus
establishing four performance categori@ptimalautomatic Type 1), optimal-controlled
(Type 2), suboptimal-controlledlfype 3), and suboptimatutomatic Type4). Indeed, these
four types of performance have been found to rely on specific psychophysiologieaigpatt
including skin conductance levels, respiration rate,feoxdo-occipital and intefrontal
coherence in the alpha band (Bertollo et al., 2013; Comani et al), Zilabte, erceived
arousal and pleasantness Is\eve also beefound topredict performance in endurance
tasks in genergHanin, 2007)and in respect to the MAP motgberformance
categorizationn particular(Bertollo et al., 2013)Iin fact,arousal and pleasantnaswderlie
the notion of core affect, thus inflncing one’s ability tperforma given taskRussell&
Weeks, 1994; Russell, Weiss, & Mendelsohn, 1988nce, in the present study, we were
alsointerested irassasing wlether the cyclists core affect(i.e., arousaandhedonic tone)
patterns would differ in regards to the MAP model categories.

It is also important to note thdte MAP model is idiosyncratic in nature, thus
assuming thabnes strategies and behaviors during performanceiaigue.ln essence, the
MAP model posits thahdividuals who focus on their idiosyncratic core components of
actionin conditions of distress or fatigaee likelyto consistently attain high performance
levels In a recent studypf instance, cyclists identifi¢gedaling ratéas a core component
of action linkedto endurance performanf&omani et al., 2014Y.o this extent, Bortoli et al.
(2012) suggested that an appropriate focusranora few corecomponents of the action
helpsperformerdo selfregulate by maintaining optimal action tendenciesontrast,

reinvestingattentionon body feelings (e.g., muscular tension, musailfness,and pain) in
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TO FOCUS OR NOT TO FOCUS 8

the attempt to control the whole action tendincrea® the likelihood of performance
breakdown asters & Maxwell, 2008 According to the MAP modeindividualscan reach
functionalperformance levels by directing their attent@nthe core components of the
action (i.e., using actionentered strategies) and/or optimizing their emotional states (i.e.,
using emotiorfocused strategies).
The Present Study

We investigated the effect of different internal and external associative ssabegi
endurance performance. Drawing on the MAP model assumptions, we hypothedized tha
participants in &ype 1 performance condition would experience optimal performance and
“flow state” typified by pleasant affect, while externally concentratingpacing. Type 2
performance situation, in whigrarticipants’attentionwas directed internally on the core
component of theycling action was expected to result in a functibstte ande
accompanied by pleasant or unpleasant affecally, Type 3 performance conditiowas
predicted taaugment individual’s fatigue sensations and cause a suboptimal performance
state because of excessfeeus on muscle feelings and pacingp@& 4 performance,
characterized by unfocused attention and poor performance, was not considered methe cur
study becausk is irrelevant to the development of applied guidelines fofoperance
improvement in sports.

Method

Design

Based on the perforance states delineated in the MAP model, we conducted a
counterbalanced repeated measure trial to investigate the effect of difféeemali and
external associative strategies on endurance performance. This is congrugm with
importance of testindie MAP model assumptions in sport modalities other tharpaeld

sports (e.g., dart throwing, pistol shooting), especially endurance sports in véirtioaal
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control and performance are intrinsically related. In particular, we testecigents in ime-
to-exhaustion trials during cycling, while collecting psychological markefatigiue and
affect (i.e., RPE, hedonic tone and arousal).
Participants

A priori power analysig¢effectsize= .50, power of .95, and an alpha level of ®¥a}
used tadetemine the sample siz&l(= 18). In order to detect a moderate effect size (see
Cohen, 1988), we recruited 21 college-aged students. Four students discontinued
participation from the experiment due to either personhéalthreasons. Accordingly,
seventeestudents (3vomenand 12men Mage = 24.3years SD = 4.9year9 completed the
experimental protocol, consisting of four visits to an exercise physiology laborat!

seventeen volunteepsrticipated regularly in different physical activitied@& or moderate

intensity Assessmenttdaselinaevealed that the fitness level of participants was generally

low (men VO2maxM =39.03 nL. kgt m?, SD= 15.64, power peak outplt = 231.54SD

=69.0% women VOzmaxM = 2631 mL kg* m*SD= 5.32, power peak outpit = 118.57,

SD=13.91). After being briefed on the general purpose of the study, the participaats agre

to participateand signed a written informed consent. The study was conducted in accordance

with the declaration of Helsinki and received approval from the local univetkitys
committee.
M easurements

Ratings of Perceived Exertion (RPE). RPE wasmeasurd through a CR-1&cale®
ranging from*0” (no effor) to “e” (maximal sustainable effrtThe verbal anchors were: 0
= nothing at all 0.5 =extremely wegklL =very weak2 =weak 3 =moderate5 =strong 7
= very strong 10 =extremely stronge = absolute maximunmNo verbal anchors were used

for 4, 6, 8 and 9. Of note, the CR-Scale®is instrumental in diminishing ceiling effects as
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TO FOCUS OR NOT TO FOCUS 10

its ratingsare linearly related to various physiological parameters sudlCamax lactate,
andheart rat€Borg, 1998).

Affect grid. This is a singlatem scale designed to quickly assess core affect along
the dimensions of pleasure-displeasure and sleepamesgsal Russell et al., 1989In our
study, the participants were asked to place a single “X mark” on the 9x9 grid, whioims
represent pleasantness and arousal scores. Hencghéqieasure-displeasure and
sleepinessrousal can range from 1 to 9.

Manipulation check questionnaire. The participants were asked to rate, using-a 10
point frequency scale with anchorsrieye) and 10 &lwayg, one of the following questions:
“How often did you focus your attention on the metronome?” (Type 1 performance
condition), “How often did you focus your attention on your feet to maintain individusll RP
pacing?” (Type 2 performance condition), and “How often did you focus your attention on
thetension of your muscles and body or fatigue?” (Type 3 performance condition).
Procedures

Four visits to the laboratory were planned, with inter-visit intervals of 48 to 72 hours.
Two trained scholars collected the data. Data collection occurred in grgquiusic playing
and no other people allowed in the laboratory) and safe environment to ensure the @omfort
the participantsDuring the first session, the cycle ergometer wasigetnd adjusted to each
participant’s needs he participants used thers& cycle ergometer setip duringthe
subsequentisits. They were allowed to ask questions at any time during the study.

Incremental test. During the first visitto the laboratoryparticipants received
standard instructions about the use of the Borg CR-10 RPE scale (Borg & Borg, 2001) and
theaffect grid(Russellet al., B89). Theyalso performed an incremental test to determine

their anaerobic threshold or second ventilatory threshold (\G&cifically, after a warrup

(4 min cycling at 25 watt)VO2 andDCOz were measured using an incremental protocol on



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

TO FOCUS OR NOT TO FOCUS 11

a Monark Cycle Ergometer (939 E). Heart rDE)Z andDCOZ were continuously monitored

during the exercise using a Schiller CS 200 system. VT2 was determined thro\gh the

Slope method (Wasserman, Stringer, Casaburi, Koike, & Cooper, 1994). Pedal rateawvas se

70 revolutions per minute (rpm) and the workload power output was initially set at 25 W.

Subsequently, the power output was incrementally increased by 25 W every 2 min until

exhaustion. After the completion of the incremental test, the participantgiwenrea 20 min

rest period. After this period, participants were asked to pedal at VT2+5% foirtetesnin

order to identify their preferred pedaling rate (PPR), while familiarizing teles with the

study’s procedure®verall, this initial assessment indicated that participants were not trained

athletes butather recreational exercrseand, in some ingtaes, arguablynfit individuals.

Lastly, the participants were assigned to three different experimental conditioas to b

undertaken separately during the subsequent three meetings. These conditiortsthedquire

the participantkept their focus of attention on either: (a) a metronome that reproduced their

PPR (external associative strategy) aimed at eliciting a Type 1 perforntatecevhich is

typified by movement automaticity and optinpaéasant affect; (b) their PPR (i.e., internal

associative strategy on pacing representing the core component of actiet aaighciting a

Type 2 performance condition typified by focused attention on the relevantsaagpaction

and pleasant or unpleasant affect; or (c) muscle fatigue feelingifaadlties in

maintaining pacing (dysfunctional associative strategy on internal feesimgeyl at inducing

Type 3 dysfunctional performance state and unpleasant affect (see Figure 1).
Time-to-exhaustion test at individual constant load. During the subsequent visits to

the lab, participants wegessigned to one of thieree experimental conditionsachdefined

in a random order amatcurring @ different daysThey performed a timt-exhaustion test,

at individual VT2 power intensity, while reporting their RPE anddiVve states. Tim&o-

exhaustion was determined as eitl&ttlje maximum interval in which the participants could
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TO FOCUS OR NOT TO FOCUS 12

maintain exercise intensity (VT2 + 5%), and/oy fi,e moment in which participants’
reached volitional exhaustiofhe first criterion, irparticular, was established to prevent
excessive lengthening of the experimental condition, especially witinagled individuals.
Individual VT2 and PPR of each participant was set during test. After a resting pasiod (

movement) of 2nin, and a warrrup period of 4 min on the cycle ergometer at individual

power (calculated as the 0% of the individualO;maX), the participants performed a
constant load until exhaustion atithiedividual power (i.e., VT2 + 5% with a PPRile
maintaining theiPPR After exhaustion, the participants engaged in an active recovery
period of 4min (at the same power used during wairp) followed by a resting period of 2
min (no movement). RPE and affect grid scores were collected in thedasevery 1Imin
perod throughout the entire te§the manipulation check questionnaire was administered at
the end of data acquisition to verify adherence to the experimental conditions.
Statistical Analysis

Analysis of variance with repeated measures {RINDVA), with an alpha level set
at .05, verecomputed to compare participants’ thtteexhaustion test, RPE, and affective
scores across the three experimental conditions. Bonferroni post-hoc test dvetssidsatify
potential differences among the theerimental conditions. Furthermore, conditioime
RM-ANOVAs were performed for RPE and affect grid scores at 0% (first mind&g, 2
50%, 75%, and 100% (last completed minute) in the tovexhaustion test. This is aligned
with the importance of mearing temporal changes in affective states in general (Hanin,
2007), and in fatigue in pactular (Blanchfield et al.2014). These ise¢imes were measured
at the selected timgoints, thus allowing for the identification of affective (i.e., arousal and
pleasantness) and perceptual (RPE) changes throughout the exhaustion testallgpec
iso-time values for 0% corresponded to tlaues for the first full minutef eachtime-to-

exhaustion test. The value of iso-time at 100% was defined as the stimdgstexhaustion
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accomplished by each individual over their three tests. The minute 10@¥hesaras
divided by two to obtain the value corresponding to 50%ime-(see Blanchfield et al.,
2014). The 25% and 75% ismres were derived accordingly.
Results

Manipulation Check

Manipulation check results showed that participants adhered satisfactohiéy to t
experimental conditions. Durirthe Type 1 performance condition, response ratings ranged
from 5 to 9, which corresponded to an adherence frequencyoftento almostalways(M =
6.82,SD=.87). Inthe Type 2 performance state, the response ratings ranged from 6 to 9
(very oftento almostalways M = 7.29,SD = .89), whereas ithe Type 3 performance state
the response ratings ranged from 7 t&1947.82,SD= .74). The levels of arousal, affect,
and perception of effort were also analyzed prior to the toveedhaustion test. RM\NOVA
results on the affect grid and RPE data collected during the rest andnvgiases revealed
no differences amondé experimental conditions before the titbeexhaustion test in
regards to arousal levét(2, 32) = 0.89p = .41, hedonic tond;(2, 32) = 2.32p = .11, and
RPE,F(2, 32) = 0.76p = .48,
Experimental Manipulation

Descriptive analysis. Descriptive statistics for all mea®s are reported in Table
High standard deviation scores time-to-exhaustionndicate largendividual differences in

the efficacy of th@'ype 1 andType 2 strategies. Two examples of idiosyncratic trends for

RPE during the entirexperimental phase are presented in Figure 2. Panel A shows the RPE

trend ofa cyclistwho reachedestperformance usingype 1 performance strategy. On the
other hand, panel B shows the RPE trend of a cyclist who sustained a longer time g cyclin
perfomance througfype 2 performance strategy. Both participants showed poorer

performance under thEype 3 performance condition.
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Inferential analysis. In RM-ANOVA, the assumption of sphericityasviolated and
thus the Greenhousgeissercorrection was ap@d to the degrees of freedom for subsequent
F statistic calculation. RMANOVA on overall scores showed differen@soss the three
experimental conditions regard to the duration of thiene-to-exhaustiortest,F(1.81,

29.03) = 11.41p < .01, 2= .41, power .98. Bonferroni polbc test showed differencas
theduration oftime-to-exhaustion tedtetweeriTypel (M = 18.35min) andType3 M =
14.12min) performance statep € .01), andetweenlType2 (M = 17.65min) andType3 (M
= 14.12min) perfomance statep(< .01).

To explore the effect of internal and external associative strategies om&ded,on
the MAP model assumptions, we calculated the slope of RPE fonti¢o-exhaustiortest.
Subsequently, we performed a RM-ANOVA on the ovetalpe scores to explore the impact
of RPE, and affect trend during task. Results revealed differences amongéhe thr
experimental conditions on the slope scores of RPE duringttreghaustiontest,F(1.67,
26.86) = 4.01p = .03, o2 = .21, power .62. In particular, Bonferroni post-hoc test showed
difference betweeiilypel (M = 0.67) andl'ype 3 (M = 0.88) performance statgs< .01)
andType2 (M = 0.73) andlype 3 (M = 0.88) performance statgs< .04). No differences
were found with regards to the RPE slope during the recovery period, and scoresadf arous
and hedonic tone.

Condition xiso-time RM-ANOVAs on RPE, arousal, and hedonic tone were also
performed. Specifically, we compared the three experimental conditionsovene for
RPE. Results revealed an effect on conditi€{i, 89, 30.24) = 462.4¢,< .01, ng% = .97,
power 1.00, on time;(2.32, 37.13) = 74.2% < .01, % = .82, power 1.00, and in the
interaction between condition and tink€2.78, 44.53) = 6.5 = .01, np? = .29, power .95.
These differences are graphically depicted in Figuieadel A) in which higher RPE levels

are more evident foFype 3 performance state at the 75% and 100%irmes.
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Furthermore, when comparing the three experimeatadliitions over isdime on
Arousal level, we found an effect on conditi®ii1.34, 21.55) = 10.4h < .01,n,? = .39,
power .93, timeF(3.11, 39.49) = 3.8(Q < .01, np? = .34, power .99, and in the interaction
between condition and timg(3.47, 55.60) = 6.57 < .0Lnp? = .19, power .83. These
differences can be seen in Figure 3 (PangirBwhich lower leels of arousal accompanied
Type 3 performance throughout the entire test. Finally, significant differamessobserved
for hedonic tone on conditiof(1.55, 24.80) = 21.64 < .01, o2 = .57, power 1.00, and
time, F(2.52, 40.85) = 4.9 < .01 0,2 = .23, power .84, but not for the interaction (Figure 3,
Panel Q.

Discussion

We conducted a counterbalanced repeated measure trial to investigate the effect of
different internal and external associative strategies on endurance perforBesexton the
MAP model, we differentiated among an external focus associated with a fluentiaerte
(Typel), an internal focus linked to optimal performance regulaiigp€2), and an internal
focus hindering automatic execution of motor performamged 3). Results reinforced the
notion that fatigue is a natural psychobiological process related to attentionsiaind
motivation Blanchfield et al.2014 Schiickeret al., 2013). Specifically, both extern@lype
1) and internalType 2) associative attention stegies in comparison with internal
attentional focus (Type 3jvere found to be functional, whereas intense internal attentional
focus (Type 3) was found to be dysfunctional to performance. Of note, the functional effects
of Type 1 andType 2 performancetates observed herein have also been identified in
shooters (Bertollo et al. 2013; Bortoli et al., 2012). Furthermore, findings perténiiype
3 performance states are consistent withréirevestment hypothesia which automatic

movements are disrupted when individuals try to consciously monitor and over control both
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feedback input (e.gfeelings of fatigue) and movement exeon (Masters & Maxwell,
2008).

Our results showed that cyclists were able to reach and maintain optimairzerte
when usng an external associative strategy by focusing attention on metromgpesl(
performance). Similarly, the cyclists were able to perform optimallywuséng an internal
associative strategy with attention focused on the core component of the aetjd?RR,
Type 2 performance). However, when the cyclists focused their attention on irdachal
irrelevant features of the task (e.g., disruption of PPR or muscle tension), tfoeynpd
poorly (dysfunctional performance). These results suggest that in the absdooelibef
performance statesdividualsmay still perform well by adopting Bype 2 strategy.
Therefore, applied sport and exercise psychologists should assist indiunddailstifying
and focusing on their (idiosyncratic) core components of action linked to functional
performance patterns. In essence, by learning how to focus on core componetits of ac
individualsmay be able tperformwell while ignoring unpleasant feelings of fatigue (e.qg.,
muscle pain).

Our findings pertaining tdype 2 performance are in agreement with the notion that a
functional internal focus (internal association) may also lead to funcpenf@rmance
experiencesTo this extent, Masters and Ogles (1998) noted that an intesadiative
strategy is neither dfignctional nor unnatural. Accordingly, individuatsay benefit from
internalassociativestrategies, especially under high workload intensities when the ability to
switch between association and dissociation is compromised (Tenenbaum, 2005). In this
regard it is important to notéarge interindividuatifferencesamong the cyclistsvith some
individuals beingemarkablyunfit/sedentaryThe differences were in the intensity,
variability, and magnitude of th®yclists subjective and psychophysiological recordings.

Overall, these results are in accordance withrtiwiduality principleand reflect the
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idiosyncratic nature ahaximalperformance in sports (Hanin, 2007). In effect, some
individualsmay perform better using external strategies while others experrendmal
enduranceerformance when adhering to internal stratedsest0li et al., 2012). Ifact,
although applying different methodological approaches various scholars have eegbhizesi
importance of identifying individual differenacd performancerelated state@Bortoli et al.,
2012; Filho, Moraes, & Tenenbaum, 2008here is also a general agreement on the
importance of identifying the fundamental variables and mechanisms linkedko
performance in sports (Hanin, 2007

Although internal strategies may be functional from an idiosyncratic standpoint
nomothetic (group level) analysis echoed the notion thaxtarnal attentional focus is best
for performance gains in economy of eff@chuckeret al, 2013), and (passociative
dissociative dimension is the main determinant of RPE (Stanley et al., 20073%. regdid,
exergaming technologsan be used to create “dissociative environments” (e.g., gym,
physical therapy clinics) aimed at diverting attention from feelings ofufatlg addition to
gaming technology, sport and exercise psychologists may use bio-neurofeedtiankadra
modalities to helpeople to divert attention away from unpleasant fatigue sensafeny,(
2012.

We also measured core affect throughout the-torexhaustiortests. The results
revealed that affective value means (arousal and hedonic tone) did not differ across
conditions. However, when comparing iso-times across conditions, we observed cifferen
for both arousal and pleasantness trends. Thus, the relationship betwa®e isod RPE
was found to be influenced by attentional strategies, with an internal dyshaict
associative focus leading to lower levels of arousal and pleasantness. Thatfagbe 3
performance was associated with loweardls of pleasure and arousal, suggests that focusing

on fatigue feelings is related to energy demobilization. Indeed, Hanin (2007 dpbsite
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optimal performance is likely to occur when energy matches task demandsiéirgy, e
matching hypothesis). THlw-feeling theory also reflects the notion that optimal
performance is likely to occur when one’s psychosocial skills are “a gatzhirfor a given
challenging task (Csikszentmihalyi & Csikszentmihalyi, 1993). It is alsoitapt to note
that individuals have different arousal and hedéomne leveldinked to optimal and lestan
optimal performance (Robazza, Pellizzari, Bertdfid;lanin, 2008). In this regard, Hanin
(2007) has noted that there is interindividual variability in the intensity and content of
idiosyncratic functional andysfunctional affective states.

Overall, three main conclusions derivem our study: (aboth internal and external
attention strategies, namélype 1 and 2 performance states, can exert functional effects on
performancecompared to attentional focus on feelings of fatiguge 3 performancejb)
internal attention can be functional if the attentional focus is directed towacdrénhe
component of action (Type 2 performance) rather than on feelings of fatigue3Type
performance)and (¢ attentionafocus on feelings of muscle fatigue leads to poor
performance anbbw pleasanstates and arousal levels (thereby causing energy
demobilization) during high intensity exercise (isoe > 50%). These conclusions are
congruent with the MAP model performance categorization, particularly kathdtion that
individuals can perform well when directing their attentional focus to the core conparfe

action related to a given exertive task. From a broader theoretical stantpese findings

support a top down psychobiological account of endurance fatigue (Marcora, 2009) in which

exhaustion is viewed as a volitional choice influenced by psychological féetgrs
attentional and motivational strategies) rather than aepsodetermined by afferent feedback
from the muscular and cardiovascular systems. In fact, this new psychobibhogd= has
been seen as an alternative to the tradition peripheral afferent feedback framework (

inhibitory feedback triggered by in@ged concentration of metabolites such as lactate and
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ureg Gandevia, 2001) in trying to explain exhaustion in humans (Blanchfield et al;, 2014
Marcora, 2009).

It is also important to acknowledge the limitations of our study in attempt to better
orient fuure research efforts. First, it is difficult to indubgpe 1, flow-like performance in
both laboratory and ecological settings (Csikszentmihalyi & Csikszenynih8Bb3; Hanin,
2007). Peak performance experiences are rare, and thus pose a challehglaute and
practitioners interested in its antecedents and outcomes. Longitasigegisment may be an
alternative to this limitation, as it allows for the recording of a larger data set with a
correspondingly larger sample of pgagformance records (RD et al, 2009. The use of a
mixed-method approaglnvolving the measuresf core affect used in this studndsurveys
on flow and qualitative assessmemisy allow the researchdo triangulate participants’
perceived flow states with bi@nd neuro-feedback data, thusldinga more comprehensive
assessment of peak performance experiences in laboratory sétsegsndimitation of
our study is related to our convenience sample, which was comprised prirhadliege
students and novicelh this regard, caution should be taken in generalizing the present
findings across endurance spdgg., road cyclistspiven that participants of this study
were mostly sedentary individuals. Comparseglentary individuals with elite athlete.,
the expernovice paradigm), anelite athleteemong themselves (i.e., the expert
performance approach) may reveal the nomological network pertaining toettiBoa-
performance linkage in endurance and motor tadkisd, it could be argued th#éte lack ofa
control groupmay limit the generalizabilityf our findings.However, we opted by a
counterbalanced desigpecause a true neutral effect is somewhat unrealistic in sport and
exercisgpsychology contexts. In this regard, extant empirical evidence dadbasattention
flexibility is ultimately compromised in tim&-exhaustion trialgfor a review see

Tenenbaum, 200b Notwithstanding, future studies could consider alternative experimental
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protocols to advance research on exertinally, although a manipulation check confirmed
the validity of our experimental protocol, the participants did not receive traniagiention
controlto reach and maintaifiype 1landType 2performance stateslence, thearticipants’
ability to adeptly control their ahtional focus might ndtave been ideal. Future research
should test the effect of systematized mental skills trainingaividuals ability to increase

the likelihood ofoptimalautomaticperformance (Type 1), focus on their core components of
action [Type 2), and prevent dysfunctional performance states (Type 3).

Experimental trials testing the MAP model predictions in regards to other mental
processeand skills (e.g., imagery, satilk, andgoal setting) are also warranted. Qualitative
retrospectiveeports are important in the study of experts’ mental processes, includexg me
emotional and metaognitive fatigue and performance experiences (Hanin, 2007). Moreover,
the implementation of the 1ZOF probabilistic methodology may generate nforaation
regarding the idiosyncratic nature of optimal performance states, as gitg\demonstrated
in other studies (e.g., Bertollo et al., 2012; Filho et al., 2008). Studying perceivedrexerti
through multisensoriabpproaches (e.g., auddadscen} may catinue to advance our

understanding of the mechanisms underpinning fatigue in humans.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

TO FOCUS OR NOT TO FOCUS 21

References
Baden, D. A., McLean, T. L., Tucker, R., Noakes, T. D., & Gibson, A. (2005). Effect of
anticipation during unknown or unexpected exercise duration on rdtpeyaeived
exertion, affect, and physiological functidgritish Journal of Sports Medicing9,

742-746.

Basevitch, I, Thompson, B., Braun, R., Razon, S., Arsal, G., Tokac, U., . .. Tenenbaum, G.

(2011). Olfactory effects on attention allocation and perception of exefi@enSport
Psychologist, 25144-158.

Beaudoin, C. M., Crews, D. J., & Morgan, D. W. (1998). Influence of psychogenic factors
during a prolonged maximal rudournal of Sport Behaviou21, 377-381.

Bertollo, M., Bortoli, L., Gramaccioni, G., Hanin, Y., Comani, S., & Robazza, C. (2013).
Behavioural and psychophysiological correlates of athletic performanest Aftthe
multi-action plan modelApplied Psychophysiology and Biofeedback,28899.
doi:10.1007/s10484-013-9211 -

Bertollo, M., Robazza, C., Falasca, W. N., Stocchi, M., Babiloni, C., Del Percio, C., &
Comani, S. (2012). Temporal pattern of pre-shooting psptlysiological states in
elite athletes: A probabilistic approaésychology of Sport and Exercids, 91-98,
doi:10.1016/j.psychsport.2011.09.005

Blanchfield, A. W., Hardy, J., de Morree, H. M., Staiano, W., & Marcora, S. M. §2014
Talking yourself out of exhaustion: The effects of self-talk on endurance perfcema
Medicine and Science in Sports and Exercl$e998-1007.
doi:10.1249/MSS.0000000000000184.

Borg, G. (1998)Borg's perceived exertion and pain scalekampaign, ILHuman Kinetics

Borg, G., & Borg, E. (2001). A new generation of scaling methods: Laawdtored ratio

scaling.Psychologica, 2815-45.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

TO FOCUS OR NOT TO FOCUS 22

Bortoli, L., Bertollo, M., Hanin, Y., & Robazza, C. (2012). Striving for excellence: Aimult
action plan intervention model for shootdPsychology of Sport arfeixercise, 13
693-701. doi:10.1016/j.psychsport.2012.04.006.

Brewer, B. W., Van Raalte, J. L., & Linder D. L. (1996). Attentional focus and endurance
performanceApplied Research in Coaching and Athletic Annua),1:14.

Brick, N., Maclintyre, T., & Campbell, M. (2014). Attentional focus in endurance 3activit
New paradigms and future directiohsternational Review of Sport and Exercise
Psychology7, 1064134. doi10.1080/1750984X.2014.885554

Cohen, J. (1988ptatistical power analysis for the behavioral scien@msl ed.). Hillsdale,
NJ: Lawrence Erlbaum Associates.

Comani, S., Di Fronso, S., Filho, E., Castronovo, A. M., Schmid, M., Bortoli, L., ...Bertollo,
M. (2014). Attentional focus and functional connectivity in cycling: An EEG case
study.International Federation for Medical and Biological Engineeriag, 131-144.

Connolly, C. T., & Tenenbaum, G. (2010). Exertattentionflow linkage under different
workloads.Journal of Applied Social Psycholagl0, 1123-1145. doi:10.1111/}.1559-
1816.2010.00613.x.

Csikszentmihalyi, M., & Csikszentmihalyi, I. S. (1993). Family influencesen t
developmenof giftedness. In. Selega (Ed.)The origins and development of high
ability (pp. 187-206)Oxford, UK: John Wiley & Sons

Filho, E., Moraes, L. C., & Tenenbaum, G. (2008). Affective and physiological stateg durin
archery competitions: Adopting and enhancing the probabilistic methodology of
individual affectrelated performance zones (IAPZ¥urnal of Applied Sport
Psychology20, 441-456. doi:10.1080/10413200802245221

Gandevia, S. C. (2001). Spinal and supraspinal factors in human muscle fatigue.

Physiological Reviewd1, 1725-1789.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

TO FOCUS OR NOT TO FOCUS 23

Hanin, Y. L. (2007). Emotions in sport: Current issues and perspectives. In G. Tenenbaum, &

R. C. Eklund (Eds.}andbook of sport psycholog$rd ed., pp. 31-58). New York:
Wiley & Sons.

Hargreaves, M. (2008). Fatigue rhanisms determining exercise performanogegrative
physiology is systems biologyournal of Applied Physiology, 104541-1542.
doi:10.1152/japplphysiol.00088.2008.

Harte, J. L., & Eifert, G. H. (1995). The effects of running, environment and atignfiocus
on athlete’scatecholaminand cortisol levels and moaddsychophysiology, 329-
54. doi:10.1111/j.1469-8986.1995.tb03405.x.

Hutchinson, J. C., & Tenenbaum, G. (2007). Attention focus during physical effort: The
mediating role of task intensiti2.sychology of Sport and Exercise 283-245.
doi:10.1016/j.psychsport.2006.03.006.

Marcora, S. M. (2009). Perception of effort during exercise is independent ohaffere
feedback from skeletal muscles, heart and lubhgstnal of Applied Physiology, 106
2060-2062. doi:10.1152/japplphysiol.90378.2008.

Masters, K. S., & Ogles, B. M. (1998). Associative and dissociative cognitivegésin
exercise and cycling. 20 years later, what do we knthwe?Sport Psychologist, 12
253-270.

Masters, R., & Maxwe]lJ. (2008). The theory of reinvestmdnternational Review of Sport
and Exercise Psychology, 160-183. doi:10.1080/17509840802287218.

Morgan, W. P., & Pollock, M. L. (1977). Psychological characteristics of elitersycle
Annals of New York AcademySxfience301, 382-403.

Noakes, T. D. (2012). Fatigue is a brderved emotion that regulates the exercise
behaviour to ensure the protection of whole body homeoskasistiers in

Physiology, 3, 0.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

TO FOCUS OR NOT TO FOCUS 24

Perry, F. D. (2012). Biofeedback & neurofeedback applications in sport psycholayy.
Sport Psychologis26, 313-314.

Raglin, J. S., & Wilson, G. S. (2008). Psychology in endurance performance. In R. J.
Shephard & P. O. Astrand (2nd ed., pp. 211-P8encyclopaedia of sports
medicineNew York, NY:John Wiley & Sons.

Razon, S., Basevitch, 1., Filho, E., Land, W., Thompson, B., Biermann, M., & Tenenbaum, G.
(2010). Associative and dissociative imagery effects on perceived exerteoricaitf
and task duratiorlournal of Imagery Research in Sport and/gibal Activity 5, 1-
25.

Robazza, C., Pellizzari, M., Bertollo, M., & Hanin, Y. L. (2008). Functional impact of
emotions on athletic performance: Comparing the IZOF model ardirdaional
perception approaclournal of Sports Sciengez6, 1033-1047.
doi:10.1080/02640410802027352.

Russell, W. D., & Weeks, D. L. (1994). Attentional style in ratings of perceivetiaxer
during physical exercis®erceptual and Motor Skills, 7879-783.
doi:10.2466/pms.1994.78.3.779.

Russell, J. A., Weiss, A., & Mendelsohn, G. A. (1989). Affect grid: A siitgla-scale of
pleasure and arousdburnal of Personality and Social psycholp§y, 493.
doi:10.1037/0022-3514.57.3.493.

Schomer, H. H. (1986). Mental strategy and the perception of effort of marathonstunner
International Journal of Sport Psychology,, #2-59.

Schicker, L., Anheier, W., Hagemann, N., Strauss, B., & Vdlker, K. (2@3)he optimal
focus of attention for efficient running at high intens&port, Exercise, and

Performance Psychology, 207-219. doi:10.1037/a0031959.



10

11

12

13

14

15

16

17

18

19

20

21

TO FOCUS OR NOT TO FOCUS 25

Stanley, C. T., Pargman, D., & Tenenbaum, G. (2007). The effect of attentional coping
strategies on perceived exertion in a cycling tdskirnal of Applied Sport
Psychology, 19352-363. doi:10.1080/10413200701345403.

Stevinson, C. D., & Biddle, S. J. (1998). Cognitive orientations in marathon running and
“hitting the wall”. British Journal of Sports Medicin82, 229-234.
doi:10.1136/bjsm.32.3.229.

Tenenbaum, G. (2001). A sociebgnitive perspective of perceived examtand exertion
tolerance. In R. N. Singer, H. A. Hausenblas, & C. Janelle (Ed=sndbook of sport
psychology(pp. 810-822). New York: Wiley.

Tenenbaum, G. (2005). The study of perceived and sustained effort: concepts, research
findings, and future directions. In D. Hackfort, J. Duda, & R. Lidor (E&&hdbook
of research on applied sport psycholdgyp. 335-349) Morgantown, WV: Fitness
Information Technology.

Wasserman, K., Stringer, W. W., Casaburi, R., Koike A., & Cooper, C. B. (1994).
Determinatiorof the anaerobic threshold by gas exchaBgachemical
considerations, methodology and physiological effetggschrift fir Kardiologie
83, 1-12.

Weinberg, R. S., Smith, J., Jackson, A., & Gould, D. (198#¢cts of association,
dissociation, and itive selftalk strategies on endurance performa@amadian

Journal of Applied Sport Science,Z5-32.



TO FOCUS OR NOT TO FOCUS

Table 1

Descriptive Statistics of Physiological, Performance, and Affective Data

Variable M SD

VT2-VOz (mL kgt m?) 23.08 9.88
VT2-Power (Watt) 138.82 54.84
VT2-HR 142.06 24.74
PPR (rpm) 75.41 15.06

Time to exhaustion (min)

Type 1 performance 18.35 6.93

Type 2 performance 17.65 6.52

Type 3 performance 14.12 5.95
Arousal

Type 1 performance 5.44 1.89

Type 2 peformance 5.90 1.70

Type 3 performance 5.56 1.90

Hedonic tone

Type 1 performance 5.25 1.88
Type 2 performance 5.33 1.72
Type 3 performance 4.87 1.59

Note VT2 = second ventilatory threshol¥#O, = oxygen consumption; HR =ehrt ratePPR

= preferred pedaling rate.



