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Abstract

Objectives

A psychophysiological response called a challetgte $ias been associated
with better performance than a threat state. Hewedw date, challenge-promoting
interventions have rarely been tested. Therefbre study investigated whether
instructional and/or motivational self-talk promdte challenge state and improved task
performance.
Design

A three-group, randomised-controlled experimenésligh was used.
Method

Sixty-two participants (52 males, 10 femalbkge= 24 yearsSD = 6) were
randomly assigned to one of three self-talk groupsructional, motivational, or
control (verbalising trial number). Participantriormed four dart-throwing tasks.
Cognitive and cardiovascular measures of challemgkthreat states were recorded
before the first and final task.
Results

The motivational, but not the instructional groupproved their performance
between the first and final tasks more than thérobgroup. Self-talk had no effect on
the cognitive or cardiovascular challenge and thmesasures. However, evaluating the
task as more of a challenge (coping resources iextded task demands) was related
to better performance. Cardiovascular reactiviprereflective of a challenge state
(higher cardiac output and/or lower total periphegaistance reactivity) was more
positively related to performance in the motivasibtnan in the control group, and in

the control than the instructional group.
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Conclusions
Motivational self-talk improved performance morartcontrol self-talk.
Furthermore, motivational self-talk may have sttbeged, whereas instructional self-
talk may have weakened, the relationship betwealiertge and threat states and
performance. Hence, athletes in a challenge statebenefit from motivational self-
talk, whereas those in a threat state may prafinfmstructional self-talk.
Keywords:Demand resource evaluations, cardiovascular reggomstructional

self-talk, motivational self-talk, dart-throwing.
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The influence of self-talk on challenge and thsgates and performance

In elite sport, it is common to see some athlebedke, whereas others excel
under pressure (Hill, Cheesbrough, Gorczynski, &theaws, 2019). The
biopsychosocial model of challenge and threat @lach, 2008), and the theory of
challenge and threat states in athletes (JonegeMéilcCarthy, & Sheffield, 2009)
both provide explanations for such instances dioperance variability. The theories
conceptualise challenge and threat (CAT) statebstisict patterns of cognitive
evaluations and physiological responses in motid/zpesformance situations. There is
overlap between the proposed effects of self-tatkée Framework for the Study and
Application of Self-talk within Sport (Hardy, Olive& Tod, 2009) and the effects of a
challenge state in the aforementioned CAT theorigsus, this study tested whether
self-talk, a widely researched phenomenon in spditienced CAT states.

Motivated performance situations (e.g., sportingipetitions, university exams,
job interviews) are characterised by their potdigtetressful nature, and require an
active coping effort or an instrumental cognitiveléor behavioural response, to attain
an important and self-relevant goal (BlascovicfQ&0 In these situations, CAT states
occur on a single bipolar continuum, which can egcdbed in terms of underlying
cognitive evaluations and accompanying physioldgesponses (Blascovich, 2008).
Due to the continuous nature of CAT states, retatather than absolute differences in
CAT are often examined. Toward the challenge dridieocontinuum, athletes evaluate
that their coping resources match or exceed simaktidemands. Toward the threat end,
athletes evaluate that coping resources fall shfa@ituational demands. It should be
noted that these evaluations are subjective ratiaerobjective. The biopsychosocial

model of challenge and threat posits that the loalaf evaluated coping resources to
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situational demands engenders specific physiolbgesponses. Both CAT states
require task engagement, which is marked by ineseasheart rate (number of heart
beats per minute) and ventricular contractilityr(icactile state of the left ventricle). A
challenge evaluation, however, is associated withrdiovascular reactivity pattern
consisting of relatively greater cardiac outputigwoe of blood ejected by the left
ventricle per minute) and lower total peripheraistance (degree of systemic
peripheral vascular constriction), whereas a thegatuation is linked to a pattern
composed of relatively lower cardiac output andatgetotal peripheral resistance
(Tomaka, Blascovich, Kelsey, & Leitten, 1993).

Both the biopsychosocial model of challenge andahand the theory of
challenge and threat states in athletes specifyatibhallenge state is related to better
performance than a threat state (Blascovich, 2008es et al., 2009). Although a
recent meta-analysis noted that the effect mayrsal §Behnke & Kaczmarek, 2018), a
challenge state has been associated with supenformance relative to a threat state
in 74% of studies conducted across various tastsantexts (e.g., baseball/softball,
golf putting, surgery; see Hase, O’'Brien, Moorel-&eman, 2018 for a review). For
example, in a sample of experienced golfers, Maoikcolleagues (2013) found that
cognitive evaluations more consistent with a cimgjéestate were related to better
performance than evaluations more indicative diradt state (Moore et al., 2013).
Thus, knowing how to promote a challenge stategonteract a threat state) could
enable the optimisation of performance during prezed competition. Related to this
notion, the theory of challenge and threat stateghletes specifies that high self-
efficacy, high perceived control, and an approacu$ promote more favourable

cognitive evaluations and a challenge state. ff@ery also specifies that a challenge
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state leads to more efficient attention, positir@gons, and emotions being perceived
as more facilitative for performance (Jones et281Q9). In contrast, low self-efficacy,
low perceived control, and an avoidance focus ptertess favourable cognitive
evaluations and a threat state. Finally, accortbrfis theory, a threat state results in
less efficient attention (i.e., a focus on tasklgvant stimuli), negative emotions, and
emotions being perceived as unhelpful for perforteaidones et al., 2009).

Previous laboratory-based research has successfalypulated CAT states
either directly with scripts influencing evaluatgoaf situational demands and/or
personal coping resources (e.g., verbal instrustibtoore, Vine, Wilson, & Freeman,
2012; audio instructions, Turner, Jones, Sheffi@l@arker, 2014), or indirectly via
psychological interventions (e.g., arousal reagataMoore, Vine, Wilson, & Freeman,
2015; quiet eye training, Moore, Vine, Freeman, &soh, 2013; imagery, Williams &
Cumming, 2012). Despite some promising findingsdestrating the successful
manipulation of CAT states and performance (etgdys2, Feinberg & Aiello, 2010;
Moore et al., 2013; Moore et al., 2015), other emitk has been more equivocal.
Indeed, in one study, the manipulation only hadaagmally significant effect on CAT
states, and the threat group outperformed theeasigal group (i.e., study 1, Feinberg &
Aiello, 2010). Meanwhile, in the two other studidse manipulation check confirmed a
successful manipulation of underlying demand asdugce evaluations (study 4,
Feinberg & Aiello, 2010; Williams & Cumming, 2012jut there were no effects on
task performance. Following these mixed findings important to examine if other
psychological interventions can lead to a challestgée and improved performance.

One possible intervention is self-talk.
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Self-talk is often used in sport to direct attentioreate more positive
interpretations of anxiety, and optimise perforne(tdatzigeorgiadis, Zourbanos,
Galanis, & Theodorakis, 2011; Wadey & Hanton, 2008¢lf-talk includes
spontaneously occurring automatic thoughts andalisdiions, and deliberate and
strategic statements addressed to oneself (Haraly, 009). Self-talk can vary in
terms of content, emotional valence, and whethisratidible or silent and deliberate or
automatic (Theodorakis, Weinberg, Natsis, Doum&a&akas, 2000; Theodorakis,
Hatzigeorgiadis, & Zourbanos, 2012; van Raalte c¥imt, & Brewer, 2016).

A recent review distinguished organic and strategittalk, which represent
self-statements reflecting ongoing cognitive preessand cue words used for strategic
purposes, respectively (Latinjak, Hatzigeorgia@ismoutos, & Hardy, 2019). Organic
self-talk has further been divided into spontanesma goal-directed self-talk, which
represent the unintentional (automatic) and interati responses to athletes’ emotions
and thoughts. The review also distinguished sirat@omprising mechanical
repetition of cue words) from reflexive self-talk (vhich the use of organic self-talk is
discussed in a reflexive exercise, but no selfimlksed). Beyond these distinctions,
two of the most common forms of self-talk are instional (i.e., cues that direct
attention and instruct regarding technical, striateqy kinaesthetic aspects of skill
execution) and motivational (i.e., cues that magemnotivation, effort, confidence, and
positive mood; Hatzigeorgiadis et al., 2011). Bfoitms of self-talk improve
performance (Tod, Hardy, & Oliver, 2011), and matignal self-talk reduces cognitive
anxiety and enhances self-confidence (Hatzigeoigiddurbanos, Mpoumaki, &

Theodorakis, 2009).
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Furthermore, a key self-talk theoretical model, En@mework for the Study and
Application of Self-talk within Sport (Hardy et aR009), specifies that self-talk can
exert effects on attention, motivation, affect, &ethaviour in ways similar to a
challenge state. Specifically, self-talk is thoughimprove concentration and reduce
interfering thoughts, increase self-efficacy, imgr@nxiety and interpretations of
anxiety symptoms, and optimize movement and skécation. However, none of the
abovementioned theories specify CAT states asenpal mechanism in the
relationship between self-talk and performance.

As theoretical models and empirical research ifGAd@ and the self-talk
literature propose consistent effects of a chabestgte and effective self-talk (i.e.,
improved performance, attention, self-efficacy, amare facilitative interpretations of
emotions), the present study aimed to examinefthetef three different strategic self-
talk interventions on CAT states; specifically caripg instructional, motivational, and
control self-talk cues. We hypothesised that iticgration of a post-training dart-
throwing task, participants in the instructionatianotivational self-talk groups would
report cognitive evaluations (i.e., coping resosangetch/exceed task demands), and
exhibit cardiovascular responses (i.e., relativefjher cardiac output and/or lower total
peripheral resistance reactivity), more reflecté@ challenge state than those in the
control self-talk group (verbalising the trial nuenkas a neutral self-talk cue; H1).
Furthermore, we hypothesised that participantheénnstructional and motivational
self-talk groups would perform a post-training elfarowing task better than those in a
control self-talk group (relative to pre-trainingrfjormance; H2). Finally, we
hypothesised that cognitive evaluations (i.e., egpesources match/exceed task

demands), and cardiovascular responses (i.e.ivediahigher cardiac output and/or
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lower total peripheral resistance reactivity), mooasistent with a challenge (versus a
threat) state would be related to better task pedoce (H3).
Method

Participants

A power calculation for a repeated-measures ANOV#h & between-within
interaction was conducted using G*Power softwarsioa 3.1.9.2. Because no effect
size could be obtained for the effect of self-tatkCAT states, a medium effect size
was assumedi(= 0.50; Cohen, 1992). This is consistent withdterage effect of self-
talk on performanced(= 0.48; Hatzigeorgiadis et al., 2011). With gohal level of
0.05, and 90% desired power, the power calculgiroduced a minimum sample size
of 54 (60 ford = 0.48). The final sample consisted of 62 uniwggtudents and
members of staff (84% mal®l.qe= 24 yearsSD= 6, range 18-52). Native English
speakers comprised 55% of the sample. All paditip reported being right-handed or
ambidextrous. Two participants reported havinggdbdarts at club level, whereas the
remaining participants reported not engaging inpetitive darts before.
Materials

Cardiovascular data. The Portapres Model-2 (Finapres Medical Systems BV,
Amsterdam, the Netherlands) was used to recore ttasdiovascular variables: heart
rate, cardiac output, and total peripheral restgarmhe Portapres bases its
measurements on the arterial volume-clamp methd&kdaz (1973), and the
physiological calibration criteria for the properioading of the finger arteries of
Wesseling (1996). It also uses a height correatinhto compensate for hydrostatic
pressure changes due to movement of the handioBsaesearch has used the

Portapres for CAT measurements (e.g., Hase, GBtdere, & Freeman, 2018; Moore,
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175 Young, Freeman, & Sarkar, 2018), and it has be&datad against the Finapres and
176 Oxford method, and was found to be accurate, felj@nd cause no more missing data
177 due to artefacts than the latter method (Hirscroj3stschlager, Waldenhofer, Herkner,
178 & Bur, 1999; Imholz et al., 1993). Data were catee and downloaded for analysis
179 using Beatscope software version 1.1.

180 Demand and resour ce evaluations. Demand and resource evaluations were
181 assessed via two self-report items from the StreSgpraisal Scale (Schneider, 2008).
182 These items have been well-established in the @Afature, and have been used to
183 validate CAT cardiovascular indices (e.g., TomadXascovich, Kibler, & Ernst, 1997;
184 Tomaka et al., 1993), and in research linking ctigmievaluations, cardiovascular

185 responses, and performance (e.g., Hase, Gorrieestoal., 2019; Vine et al., 2013).
186 Specifically, these items asked participants: “Hiemanding do you expect the

187 upcoming task to be?” and “How able are you to omjtle the demands of the

188 upcoming task?”. Consistent with Schneider (2068)h items were scored on a

189 seven-point Likert scale anchored betwaenat all (1) andextremely(7). A cognitive
190 CAT variable (i.e., demand resource evaluationejceas then created by subtracting
191 evaluated demands from resources, meaning thasscamged from -6 to 6 and higher
192 values denoted evaluations more consistent withelenge state (i.e., resources

193 match/exceed demands; Moore et al., 2013).

194 Self-talk manipulation check. Two self-report items were used to ask

195 participants about their self-talk use: “How oftid you repeat your self-talk

196 statement?” and “Do you believe that this procedvae helpful to you?” (Theodorakis
197 etal., 2000). Both items were scored on a 10#smale anchored betwernt at all

198 (1) andextremely(10).
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Dart-throwing performance. Participants threw darts from a distance of 2.4 m
toward a dartboard of 44.8cm diameter, with thereefbulls-eye) 1.7m above the
floor. Unlike a traditional dartboard, the boardsadivided into nine concentric circles
around a red bulls-eye. Landing a dart in the ronbst ring was worth one point, with
every more central ring worth one more point, a@gdints being awarded for landing
the dart in the bulls-eye. Darts that landed detsine outermost ring scored zero
points. Time to complete each task was recordgicthiere was no time limit for the
tasks, and completion time did not significantlifeti between groups in the baseline
[F(2, 59) = 0.36p = .70,1,° = .01], or final F(2, 59) = 0.44p = .65,n," = .02] task.
Procedure

This study was approved by the University of Essics committee (SRES
1718). Upon entering the laboratory, participamse given an information sheet and
provided informed consent. The information sheg@laned the study and highlighted
that rewards would be given to the three best peos on the two competitive dart-
throwing tasks (i.e., baseline and final task comal), which each consisted of 20
throws. The order of the dart-throwing tasks wWasbaseline task (20 throws), (2) first
training block (10 throws), (3) second trainingd®d10 throws), and (4) final task (20
throws). Before starting the baseline task, pigdiats sat in front of a computer screen
and a Qualtrics survey guided them through theyspuotocol. Participants first
provided demographic information (e.g., age, seive language, previous darts
experience), and then the experimenter put theap@s on the left hand of participants
(cardiovascular measurements with this device neasemsitive to laterality, which is
why right-handed or ambidextrous participants werguited), with the cuff around the

middle finger and the height correction sensor agoine upper arm at the height of the
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sternum. Resting cardiovascular data were thesrded for three minutes (as Vine,
Freeman, Moore, Chandra-Ramanan, & Wilson, 20A3r that, the computer
presented instructions highlighting the task rusesring method, and existence of
rewards for the top three performers to encouragie éngagement. Participants were
asked to confirm that they had read the instrustiand then think about the
instructions and the upcoming task for one mindteing which cardiovascular data
was recorded. Participants then reported demathdesmsource evaluations before
standing up and performing the baseline task (). Performance was recorded
for all throws.

Next, participants were randomly assigned (witaredomiser embedded in the
Qualtrics survey) to the instructional, motivatigra control self-talk group, and
received instructions on the screen to stand ugoanfdrm the first training block
comprising 10 throws. Immediately before eachheke throws, participants verbalised
their self-talk cue out loud. The self-talk cuesrevadapted from Theodorakis et al.
(2000), who used the same motivational self-talk @., “I can”). Due to the different
tasks used in their studies, we modified the irsibnal self-talk cue to maintain a
visual attentional focus on the target of the darbwing task (i.e., “aim central”;
aiming to promote a quiet eye; Moore et al., 2018)the control self-talk group, the
self-talk cue was “Triak”, wherex stands for the number of the throw. It was
emphasised that these throws were for traininggeap only, and that the scores would
not contribute to the final competitive score. gkfthe first training block, participants
were instructed to perform another 10 training wWsan a second block, this time
verbalising the self-talk cue internally beforeleditrow. Once participants had

completed the second training block, they wereeset front of the computer screen
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again and underwent another cardiovascular meagumtenith the same procedure as
the first one (i.e., three minutes of rest, recefgisk instructions, and one minute
reflection after task instructions). Task instroies were the same as before the
baseline task, but additionally reminded partictpan use their practiced self-talk cue
during the final dart-throwing task, which agairunted toward their competitive score.
After the cardiovascular recording had ended, gigents reported demand and
resource evaluations, stood up, and completedrnibedart-throwing task (20 throws).
Participants then sat down in front of the compste#een to complete the self-talk
manipulation check items before they were debriafed thanked.
Statistical Analysis

Mean heart rate, cardiac output, and total pergdhresistance values were
calculated for the final minute of the rest peraodl the one minute after task
instructions for both the baseline and final darbwing tasks. Six univariate outliers
(values more extreme than three standard deviafionsthe mean; three on each task)
were winsorised to be 1% more extreme than the maxtoutlying score (as Hase,
Gorrie-Stone, et al., 2018). Resting cardiac augiod total peripheral resistance values
were then regressed on their respective post-ttgtruvalues with the standardised
residuals saved to create residualised changesstt@eadjusted for baseline
differences (Burt & Obradowj 2013). Total peripheral resistance residualdehge
scores were then multiplied by -1 and summed viighdardiac output residualised
change scores to create a single cardiovasculari@dek, with a higher index score
representing a cardiovascular response more imcat a challenge state (i.e.,

relatively higher cardiac output and/or lower tqiaftipheral resistance reactivity).
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As is common in CAT research (e.g., Vine et al120paired-samples t-tests
were used to examine whether the sample as a weskeengaged in the task, by
comparing resting and post-instruction heart ratéhe baseline and final task,
respectively. To check self-talk compliance antteiwed helpfulness between the
groups, two one-way between-subjects ANOVAs conpditferences between the
self-talk groups in terms of self-talk frequencyldrelpfulness. Simple contrasts with
the control group as the reference group probedfgignt effects for self-talk group.

To test H1, two repeated-measures ANOVAs examireaaad resource
evaluation score and CAT index with task (i.e. dhiag versus final) as the within-
participants factor, and the group by task inteoacas the between-participants factor
and independent variable of interest. To explaeiicant effects, simple contrasts
were used with the control self-talk group as tfenrence group.

H2 and H3 were tested with a generalised estima&itputions analysis
predicting performance with self-talk group, tas&.( baseline versus final), demand
resource evaluation score, CAT index, and the ms@etwo-way interaction terms for
task and self-talk group (i.e., group by task, groy cognitive CAT, group by
cardiovascular CAT, task by cognitive CAT, and thgkcardiovascular CAT).
Specifically, H2 was tested with the group by tagkraction effect, comparing the self-
talk groups on change in performance from the baséb the final task. Moreover, H3
was tested with the main effects for demand resoevaluation score and CAT index
on performance across tasks and groups. The disedrastimating equations model
was used because it enables a test of the relaipmisetween a set of categorical and
continuous independent variables (including thaieriactions), and a dependent

variable across different time points, which isaasimonious alternative to conducting
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separate analyses at each time point. All of bowa analyses used a significance level
of o = .05.
Results

Preliminary Analyses

One participant provided no demand resource evahgfor the final task, and
the equipment did not record cardiovascular datd @gparticipants due to signal
problems. One participant missed baseline task dab participants missed final task
data, and seven participants missed data fromteeks. Hence, the final sample
comprised 61 participants for analyses of demasduree evaluation score and 52
participants for analyses of CAT index. The paisadhples t-tests for heart rate
showed increases for both competitive tasks, atfhdhe difference was only
marginally significant for the baseline tad#daseine= 1.38 bpm, 95% CI (-0.04; 2.79),
t(53) = 1.95p = 0.06,d = 0.27;Meina = 2.24 bpm, 95% CI (0.32; 4.16{52) = 2.34p
=0.02,d = 0.32].

Tables 1 (raw cardiovascular data) and 2 (demaswlree evaluation score,
CAT index, performance, self-talk frequency, anid-sgk helpfulness) list descriptive
statistics by self-talk group and task. The ANOWAself-talk frequency revealed no
significant difference between the group$d, 55) = 0.78p = 0.46,11|02 =.03], with the
descriptive statistics indicating that participaintsill groups almost always used their
respective self-talk cues (see Table 2). The ANGWAhe self-talk helpfulness
variable revealed a significant difference betwtengroupsk(2, 55) = 3.43p = 0.04,
np2 =.11]. Simple contrasts indicated that the naitonal group rated their self-talk
cue to be significantly more helpful than the cohgroup (contrast value = 1.75=

0.01), whereas the instructional group rated tbelirtalk cue to be more helpful than
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the control group, albeit not significantly so (t@st value = 1.21p = 0.09). Changing
the reference group revealed that the motivatiandlinstructional self-talk groups did
not significantly differ in self-talk frequency delpfulness.

Main Analyses

H1: Effects of self-talk manipulationson CAT states. Table 3 summarises
the two repeated-measures ANOVAs on demand reseuataation score and CAT
index. There were no significant effects for galk group by task on demand resource
evaluation scoreH(2, 58) = 0.97p = .39,1],02 =.03], or CAT index[f(2, 49) = 1.59p =
0.21,11|02 =.06]. Despite the lack of statistical significa, these baseline-to-final task
changes represented small and medium effect segsectively.

H2: Effects of self-talk manipulationson performance. Table 4 presents
parameter estimates for the generalised estimatjogtions analysis predicting
performance relevant to H2 and H3. There wasrfgignt group by task interaction
effect (Waldy? = 6.11,p = .05). The parameter estimates for this effeotned that the
performance of the motivational group improved miooen the baseline to the final
task than the performance of the control grdBip ¢11.76, Wald® = 5.52,p = .02), but
there was no significant difference in performacdcange from the baseline to the final
task between the instructional and control gro@ps ¢3.36, Wald¢® = 0.38,p = .54).

H3: Effects of CAT stateson performance. There was a significant main
effect for demand resource evaluation score (Wakl13.33p < .01). Furthermore,
there were significant interaction effects for Ciitlex by group (Walg? = 11.54p <
.01), and for CAT index by task (Wajd = 4.84,p = .03). Parameter estimates for the
demand resource evaluation score main effect shtiwatc demand resource

evaluation score more consistent with a challetge $i.e., coping resources
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match/exceed task demands) was associated witr petformance = 2.64, Wald®
=4.37,p=.04). The parameter estimates for the CAT ingegroup interaction effect
showed group differences in the way CAT index esldb performance. Specifically,
CAT index was significantly more negatively relatecoerformance for the
instructional group than the control growp< -4.62, Wald¢® = 6.35,p = .01). In
contrast, CAT index was marginally more positivediated to performance for the
motivational group than the control groip¥ 2.01, Waldy> = 3.74,p = .05). Hence, a
CAT index more consistent with a challenge state, (relatively higher cardiac output
and/or lower total peripheral resistance reactjwigis more favourable for the
motivational group than the control group, andumtfor the control group than the
instructional group. Finally, the parameter estarfar the CAT index by task
interaction effect showed that CAT index was marsifively related to performance in
the baseline task than in the final taBkx(2.61, Waldy®> = 4.84,p = .03).
Discussion

This study examined the effects of self-talk on CAdtes and performance
during a competitive dart-throwing task. We spedithree hypotheses: that the
instructional and motivational self-talk groups wabaxhibit cognitive evaluations and
cardiovascular responses more indicative of a ehgé state compared to the control
group (H1); that the instructional and motivatiosalf-talk groups would perform the
final task better (relative to baseline) than thetml group (H2); and that both
cognitive evaluations and cardiovascular respons@e indicative of a challenge state
would be related to better performance (H3). H% wat supported, but there was
partial support for H2, as participants in the mational self-talk group improved their

performance from the baseline to the final taskertban participants in the control
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group. There was also partial support for H3,@wahd and resource evaluations more
consistent with a challenge state were relategtebperformance. Hence, this study
provides initial insight into the relationships Wween self-talk, CAT states, and task
performance.

Instructional and motivational self-talk, as praet in this study, did not
significantly affect CAT states, assessed at boghcbgnitive and cardiovascular level.
Indeed, the differences in how the groups changed baseline to final task
represented small (demand resource evaluation)smoedemedium (CAT index) effects,
which was smaller than (demand resource evaluatiore) and similar to (CAT index)
the effect size assumed in the power calculatmthis study is the first to investigate
this relationship, there is no previous evidengarding the association between self-
talk and CAT states. However, previous researchtla@ory has linked instructional
and motivational self-talk with constructs that @atso been linked with CAT states
including performance, attentional focus, goal miadion, and interpretations of anxiety
symptoms (e.g., Hardy et al., 2009; Hatzigeorgiatlal., 2009; Hatzigeorgiadis et al.,
2011; Jones et al., 2009; Latinjak, Torregrossan@gos, Hernando-Gimeno, &
Ramis, 2019; Vine, Moore, & Wilson, 2016). Theremt findings indicate that
effective self-talk does not directly influence CAfates, despite this apparent
consistency.

Motivational self-talk, as practiced in this stuehgs found to enhance dart-
throwing performance. Specifically, the motivatbself-talk group demonstrated
greater improvements in performance from the baséb the final task than the control
group. This trend was also present for the insisnal group, but it did not reach

statistical significance. As such, these resultsnat fully consistent with the findings
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390 of systematic reviews and meta-analyses, which fawed that both instructional and
391 motivational self-talk benefit performance (Hataggiadis et al., 2011; Tod et al.,

392 2011). Atheoretically supported explanation fur tifferences between the

393 experimental groups (relative to the control grospghe perceived helpfulness of the
394 self-talk cue. The motivational, but not the instional group, rated their cue to be
395 more helpful than the control group, which is cetesit with the idea that efficacy

396 beliefs about self-talk can moderate the relatignbbtween self-talk and task

397 performance (Hardy et al., 2009). However, anogxg@tanation is that motivational
398 self-talk is simply superior to instructional s&gic self-talk for dart-throwing.

399 The control group in this study differed from soocmatrol groups in previous
400 studies. For instance, some control groups hasewed no self-talk instructions at all
401 (i.e., no-verbalisation controls; e.g., Hatzigeadis et al., 2009). In contrast, this study
402 used a control self-talk cue to impose similar ¢tygmload on participants and to

403 prevent organic self-talk, which may occur in nabadisation controls (e.g., Hardy,
404 Hall, Gibbs, & Greenslade, 2005). Although suawoadition could theoretically

405 function as a negative intervention (i.e., hamppeeadaptive organic self-talk use), it
406 appears that this was not the case in this stigdgemand resource evaluation score and
407 CAT index data (Table 2) suggested that the cognalp exhibited a trend toward
408 cognitive evaluations and cardiovascular responms®e consistent with a challenge
409 state than the instructional and motivational s#K-groups.

410 In this study, cognitive evaluations more indicatof a challenge state (i.e.,
411 coping resources match/exceed task demands) wated¢o better performance. This
412 s consistent with the predictions of the biopsysdwal model of challenge and threat

413 and theory of challenge and threat states in a&hl@lascovich, 2008; Jones et al.,
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2009), and the findings of a recent systematicesgyin which 76% of the reported
effects found that a challenge evaluation was aasatwith better performance than a
threat evaluation (Hase, O’Brien, et al., 2018).cdntrast, CAT index had no
significant effect on task performance. This latlassociation is inconsistent with the
predictions of the biopsychosocial model of chajleand threat and theory of
challenge and threat states in athletes, andnldenfis of recent reviews (e.g., Behnke
& Kaczmarek, 2018), although some studies assebsitilgcognitive and
cardiovascular measures of CAT states have alsalfdivergent effects (e.g., Moore et
al., 2018; Vine et al., 2013). Correlations betweegnitive and cardiovascular
measures of CAT states are usually weak to modéraje Moore et al., 2018; Vine et
al., 2013), and the correlation between demandiresavaluation score and CAT
index in this study was not significant, raisingicerns about the propositions of the
biopsychosocial model of challenge and threat.

This study observed an interaction effect betweai @dex and self-talk on
task performance. Specifically, CAT index was lpgsitively related to performance
in the instructional than in the control self-tgiioup. Instructional self-talk could have
promoted a more optimal attentional focus on tihgeta which is similar to one of the
proposed mechanisms through which a challengeistéteught to operate (see Vine,
Moore, & Wilson, 2016). For example, the theorycbéllenge and threat states in
athletes proposes that “in a challenge state thgsfof attention is on appropriate cues,
whereas in a threat state attention is also didetci¢ask irrelevant stimuli that could
cause harm” (Jones et al., 2009, p. 173). Heheeditection of attention towards the
target in the instructional group should not hagkp&d those in a challenge state (who

focused on the target anyway), but helped thosetimeat state (who would have



438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

20
Self-talk and challenge and threat states

focused on task-irrelevant cues without the helfhefinstructional self-talk cue). As a
result, CAT index would have impacted performamess Istrongly in the instructional
than in the motivational self-talk group. Althoutjteory-based, we acknowledge that
this explanation is speculative and requires furticeutiny.

In addition to the result noted above, there wasee positive relationship
between CAT index and performance in the motivatiohan in the control self-talk
group, although this effect only approached sigartfice. This trend indicates that the
motivational self-talk cue was most beneficiallioge who responded to the task with a
cardiovascular response more indicative of a chg#estate (i.e., relatively higher
cardiac output and/or lower total peripheral resise reactivity). A possible
explanation for this result, which requires furtirarestigation in future research, is that
motivational self-talk encouraged more liberal asavailable energy by increasing
effort, which is compatible with the more efficiegriergy mobilisation observed in the
challenge cardiovascular pattern (due to greatelia@activity and/or vasodilation,
Blascovich, 2008), but conflicts with the threatdiavascular pattern (due to less
efficient energy mobilisation).

Some limitations should be noted. First, the sgiatself-talk interventions
were very brief and had a low self-determinatiomponent (Hardy, 2006). Ideally, the
selection of self-talk cues should have been detaunby assessing individual needs
and preferences (e.g., whether to verbalise cueslar internally; Hatzigeorgiadis,
Zourbanos, Latinjak, & Theodorakis, 2014), selegimdividually matching cues, and
adapting, internalising, and automatizing cuesaming (Hardy, 2006). Also, the self-
talk cues were only aimed at a subset of the fanstcovered by more complete

interventions of the same type (e.d.can” targets confidence, but not effort or arousal
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control; “Aim central” directs attention, but does not introduce techmnfarmation or
influence decision-making). Future research colkalefore test how prolonged and
reflexive self-talk affects CAT states in multifigesting sessions.

Second, it is difficult to infer whether the baselito-final task performance
improvements were attributable to practice effemtseffect of all three self-talk cues,
or both. This could be remedied by a no-verbabsatcontrol group; or by instructing
all groups to use control self-talk in the basetek, and then continuing as per the
present study in the training and final tasks. tf@nmore, the control self-talk cue
impacted organic self-talk, and thereby CAT staied performance. Although there
was no negative impact on CAT states (see Tablei)ye research should include
both a control self-talk and a no-verbalisationsditton, and obtain reports of cognitive
load and organic self-talk use to provide conclesgvidence to answer this question.
Similarly, the manipulation check used in this stded not assess organic self-talk,
which might have been assessed in parallel tottheegic self-talk that participants
used (Latinjak, Hatzigeorgiadis, et al., 2019).

Third, in the baseline task, task engagement waswely weak, as evidenced
by the marginally significant increase in heareraFuture research might prevent this
by verbally and emphatically delivering task instrans, and/or provoking elevated
pressure by highlighting social comparison (e.ging filmed, mentioning a
scoreboard) or performance-contingent punishmengs, (being interviewed for poor
performance; Moore et al., 2015). Other studies lave observed greater increases in
heart rate, however, have compared a quiet regtdper a more metabolically
demanding period (e.g., a speech; Blascovich, S&trgridge, Norris, & Weisbuch,

2004). Thus, the silent task visualisation in #tigdy should have produced
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cardiovascular data less reflective of speech mibaiu and/or other confounding
factors. Finally, the statistical analyses condddén this study did not account for
multiple statistical comparisons. Although the gi@tised estimating equations
analysis reduced the number of statistical tegt®peed at the separate time points, the
results should still be interpreted with caution.
Conclusion

This study examined the effect of self-talk on Cgtates and performance
during a competitive dart-throwing task. Self-tdid not impact CAT states, but
motivational self-talk improved performance morartttontrol self-talk. Thus, self-talk
may be a useful psychological strategy, but nottetsebeneficial effects on
performance by influencing CAT states. In additiartognitive evaluation more
reflective of a challenge state (coping resourcaghiexceed task demands) was
related to better performance. Finally, the figdimelating to the cardiovascular
reactivity patterns of CAT states were more congéid, and suggested that
instructional self-talk may weaken, whereas moinratl self-talk may strengthen, the
relationship between a challenge-like cardiovasagsponse (higher cardiac output
and/or lower total peripheral resistance reactj\atyd performance, compared to
control self-talk. Hence, motivational self-tallaynoffer more benefit to athletes
experiencing a challenge state, while instructiced-talk might be more advantageous

to athletes in a threat state.
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Table 1

Raw Cardiovascular Variables by Self-Talk Group diagk

Instructional Self-Talk Motivational Self-Talk Cool Self-Talk

Rest Post-instructions Rest Post-instructions Rest Post-instructions
Baseline Task M SD M SD M SD M SD M
1. Heart Ratgbpm) 7749 13.30 80.87 13.98 8191 1472 8230 .9714 78.76
2. Cardiac Outpuflpm)  5.44 1.96 5.78 1.81 6.03 2.46 6.46 2.31 5.831.40
3. Total Peripheral 1.02 0.37 0.92 0.23 0.92 0.49 0.86 0.37 0.94 0.36 .93 0
ResistancémmHg.s/ml)
Final Task M SD M SD M SD M SD M SD

4. Heart Ratgbpm) 7754 12.84 81.35 13.50 81.31 12.67 82.79 1459 4877.9.31

5. Cardiac Outpuflpm)  5.83 1.73 5.89 1.46 6.09 2.20 6.13 2.29 5.431.40

6. Total Peripheral 0.96 0.38 1.01 0.50 0.95 0.49 0.98 0.61 0.91

ResistancémmHg.s/ml)

0.20.910



30
Self-talk and challenge and threat states

Table 2

Variables of Interest by Self-Talk Group and Task

Instructional Self-Talk Motivational Self-Talk Conl Self-Talk

Baseline Task Final Task Baseline Task Final Task Baseline Task Final Task

M SD M SD M SD M SD M SD M SD
1. Performance 114.25 16.35 121.95 14.98 118.454121127.68 22.14 127.10 17.35 129.70 13.93
2. Demand resource 1.90 2.00 2.40 225 2.66 1.74 2.89 214 253 1.8585 2 1.66
evaluation score
3. CAT index 0.18 2.04 -0.25 1.02 0.27 150 -0.14 2.02 -0.55 31.70.44 1.88
4. Self-Talk Frequency N/A N/A 7.58 259 N/A N/A 585 196 N/A N/A  8.16 2.71

5. Self-Talk Helpfulness N/A N/A 6.16 1.83 N/A N/A 6.70 211 N/A N/A  4.95 241

Note. CAT = Challenge and threat.



Self-talk and challenge and threat states

Table 3

Mixed-Model ANOVAs on Demand Resource EvaluationeSand CAT Index Data by Self-Talk Group

31

Demand Resource Evaluation Score CAT Index
Mean Square F p npz Mean Square F p npz
Task 2.02 3.31 .07 .05 0.00 0.00 <.99 .00
Self-Talk Group 0.59 0.97 .39 .03 5.52 1.59 21 .06
Error 0.61 3.46

Note. CAT = Challenge and threat.
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Table 4

Generalised Estimating Equations Analysis of Ddrtewing Performance Data - Parameter Estimates

Effect Comparison B Wald? p

Main Effects

Self-Talk Group

IST-CST -9.62 2.70 .10
MST - CST -7.94 1.14 .29
Task
BL-FT -0.21 0.00 .96
Demand Resource Evaluation  N/A 2.64 4.37 .04
Score
CAT Index N/A -0.31 0.18 .67
Interaction Effects
Self-Talk Group by Task
(ISTgL — CSTeL) — (ISTer — CSTry) -3.36 0.38 .54
(MSTg. — CST) — (MSTer — CSTy) -11.76  5.52 .02

Demand Resource Evaluation ScbyeSelf-Talk Group
Demand Resource Evaluation Scgre -1.89 1.17 .28
Demand Resource Evaluation Scgge
Demand Resource Evaluation ScQgg - 1.37 0.63 43
Demand Resource Evaluation Scggg
CAT Indexby Self-Talk Group
CAT Indexst - CAT Indexcst -4.62 6.35 01
CAT Indexyst - CAT Indexcst 2.01 3.74 .05
Demand Resource Evaluation ScbyeTask
Demand Resource Evaluation Scgre 0.37 0.18 .68
Demand Resource Evaluation Scere
CAT Indexby Task
CAT Indexg, - CAT Indexer 2.61 4.84 .03

Intercept 126.59  605.86 .00

Note. BL = Baseline task. FT = Final task. CST = Congedf-talk. IST = Instructional self-talk. MST =
Motivational self-talk. CAT = Challenge and Thre&t/A = No applicable comparison due to the cordimunature
of the variable.



The Influence of Self-Talk on Challenge and Threat States and Performance

Highlights

Motivational self-talk improved performance more than control self-talk.
Self-talk did not influence challenge and threat states.

Self-talk changed how cardiovascular reactivity was related to performance.
Instructional (relative to control) self-talk weakened the relationship.

Motivational (relativeto control) self-talk strengthened the relationship.



