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Abstract
ObjectivesResearchers have identified that pre-performanggnes improve performance
under pressure, yet have not investigated thetsftégost-performance routines. Thus, the
purpose of the current study was to examine whekigetype of performance routine training
could improve tenpin bowling accuracy and in-gareggrmance.
Design A mixed-method design was adopted, whereby thpaonhof a performance routine
intervention on performance accuracy and in-ganm@peance was examined. This was
followed by participants completing semi-structuneigrviews which explored the perceived
effect of those routines.
Method Thirty-six experienced tenpin bowlers complet@da8curacy shots pre- and post-
intervention training, with league scores obtaif@dn-game performance comparison. Four
groups (i.e., pre-performance routine [PPR], p@sfgumance routine [POST], combined pre-
post routine, and a control group) practiced 12 emacross four weeks while listening to the
group specific routine instruction on an IPod.
Results It was noted that accuracy improved (albeit nigmificantly) for the PPR and combined
pre-post routine group, but not the other groupgic@lly, all intervention groups (PPR, POST
& COMBO) improved in-game performance. The quaktatata indicated that both the PPR

and POST was perceived to influence positivelygrernce, attentional and emotional control,

self-awareness, self-confidence, motivation. ThR RRRs also considered to enhance a state of

readiness, and perceived control.
ConclusionsResults indicate that the PPR training enhancedracy and in-game

performance, with the POST training acting as getipve role for in-game performance as

evidenced by the qualitative and quantitative datéure research should continue to investigate

the effects of POSTSs.
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Examining the accuracy and in-game perfor mance effects between pre-
and post-performance routines: A mixed methods study

Applied sport psychologists attempt to improve athlete performamgart, by educating
them to become more aware of performance inconsistencies, appilynablcontrol to reduce
negative spontaneous reaction to competitive situations, and use mpteeadalf-regulation
(Hemmings & Holder, 2009). Self-regulation is the managementoghitive, emotional,
motivational, and social processes to make decisions, engageawidre and process stimuli in
the pursuit of goals (Cameron & Leventhal, 2003). Baumeister, \anias,Tice (2007) explain
that self-regulation is any effort by an individual to alter tifus, emotions, and actions in
accordance with his/her desires. Therefore, functional self-teguldacilitates desirable
behavior because the individual resists inappropriate impulses amgtgetith correct behavior
(Baumeister, Heatherton, & Tice, 1994).

One self-regulation strategy offered by applied sport psychatogastimprove their
athletes’ attentional and emotional control is a pre-performemane (PPR). Moran (1996)
states that a PPR is a sequence of task-relevant thoughtstiand aa athlete systematically
engages in prior to performance of a sport skill. Moranfsdien is the most widely adopted
among studies investigating PPRs (see Cotterill, 2010 for awpvirfo date, PPRs have been
adopted predominantly to improve the performance of closed and sel-pasks (e.g., putting
in golf, free-throw shooting in basketball, or executing a ten-pin bowling dgliver

Researchers have provided equivocal results regarding theiveffiests of PPRs, with
novices appearing to benefit the most (Beauchamp, Halliwell,nfur& Koestner, 1996;
Crews & Boutcher, 1986; McCann, Lavallee, & Lavallee, 2001); whtledies involving
experienced athletes have indicated mixed results followlPlg Raining (e.g., Boutcher &
Crews, 1987; Cohn, Rotella, & Lloyd, 1990; Kingston & Hardy, 2001; Lobmeyéfa&serman,
1986; Marlow, Bull, Heath, & Shambrook, 1998). Cohn et al. (1990) for exasydejined the

effects of a cognitive-behavioral PPR intervention on three roalegiate golfers during

3
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Examining the accuracy and in-game performance effects...

competition and reported that although the intervention incred®BdaBherence, there was no
immediate performance increase. During subsequent interviews howbee participants
expressed immediate subjective improvements in unobservable méita] such as
concentration and confidence. Though such perceptions were not difestiyvable in objective
performance scores. Follow-up testing after four months verdrednprovement in all three
players’ performances, with the golfers’ interview data inthgathey believed the PPR was
beneficial. These results should be viewed with caution however, f@eticeived benefit may
be due to other variables such as physical practice. Marlalv €998) also found the penalty
shot accuracy of three experienced water polo players incrégséétween 21% and 28%
immediately following the implementation of a PPR. Furthermdfelentzas, Heinen, and
Schack (2011) investigated whether two types of routine methods (iageliynor introduction
to a PPR), trained over a 7-week intervention period could improveyball serving
performance. Velentzas et al. found that both intervention groups impsewadg performance
from pre- to post-intervention, with the imagery group being the eféective routine training.
In addition, it has also been established that PPRs may lower ldemgds (Boutcher & Crews,
1987), increase intrinsic motivation, reduce negative introspectiau@amp et al., 1996), and

increase attention to task (Cohn et al., 1990; Cotterill, Sanders, & Collins, 2010).

4

A number of researchers (e.g., Anshel, 1995; Bartholomew, 2003; Dale, 2004) have

posited that a PPR is a suitable intervention to aid athletespingceffectively with pressure
during real-world competition. Mesagno, Marchant, and Morris (200®Jay@md a single-case
design method to demonstrate improved performance under pressuleeef “thoking-

susceptible” (i.e., likely to experience “choking under pres$urefi-pin bowlers using an
extensive PPR. The extensive PPR included modifying or incompg@ignitive and behavioral
elements into their pre-existing PPR, such as a deep breathpodi@nd behavioral steps. Due
to limitations associated with a single-case design, Mesagwbo Mullane-Grant (2010)

subsequently conducted a follow-up experimental study with a lagdeart, to assess which
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elements of the PPR were most effective for improved perfacenaParticipants were assigned
into one of five groups: deep breath (i.e., took three diaphragmatidodesghs); cue word (i.e.,
developed a cue word to focus attention to the task); temporadb@mnty (i.e., counted down
aloud from five to maintain temporal consistency); extensiR R.e., educated on extensive
PPR similar to Mesagno et al., 2008); and control (i.e., no intervettmng). Results
indicated the extensive PPR group improved performance under pregserthan groups using
only independent PPR elements, with the control group decreagiiognpence. In support of
Mesagno and Mullane-Grant (2010), Hill, Hanton, Matthews, and Fleming (2@tignstrated,
in a longitudinal study of elite golfers, that a PPR could alevchoking under pressure as part
of a mental skills program through increased perceived coluvetred debilitative anxiety, and
improved focus. Collectively, these studies indicate a PPR maw leffective intervention to
improve in-game performance when pressure may be heightened.

Despite the considerable research attention exploring the iedieess of PPRs on
performance, few studies have investigated behavioral or psychailogitines undertaken after
performance execution (i.e., post-performance routine). We defpastaperformance routine
(POST) as a series of behavioral or psychological strategidsrtaken after performance
execution, yet prior to the PPR of the next performance attefipt Hanton, Matthews, and
Fleming (2010) were the first to identify that the use of PO®ay be a mechanism to improve
performance under pressure. Hill et al. interviewed six eliteeigoivho frequently experienced
choking under pressure and five elite golfers who frequently excelled urdsupe. They found
those golfers who excelled under pressure, performed a consist8mtd@r each shot, which
tended to include constructive task-related reflection, followed bghavioral response (i.e.,
removal of glove) that triggered attention to be directed towh@siext shot. However, those
who experienced choking under pressure appeared to rarely or itgatipicomplete a POST.
Much of the psychological turmoil that athletes encounter duramgpetition may stem from

maladaptive thoughts associated with unacceptable shot performdmce imvturn may lead to
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misdirected concentration and emotional upheaval during the POSHIllAst al. explained,
“participants who excelled under pressure were less setfatr(than “chokers”) after poor
performances, as they accepted mistakes and used negativeergzerio improve their
game...interventions that encourage the “chokers” to accept poor peanices..could prove
beneficial” (p. 235).

Similarly, Oudejans, Kuijpers, Kooijman, and Bakker (2011) used concapping to
analyze written responses of seven expert athletes from a adrgports about their focus of
attention in high-pressure situations. Concept mapping involves a segokgroup activities
focused on qualitative analysis that provides thematic clustersg@gfegated text across
participants. Oudejans et al. found that worries related to megdtoughts and uncertainty /
doubt were two of the five clusters with the highest importaatiag of cognitions associated
with performance under pressure, and thus in-game, real-world cognifihe Oudejans et al.
study did not differentiate when these worries occurred, nevesthatewould be logical that
these worries could be present either prior to, during, or followkrigexecution within real
world (rather than laboratory based) competitions.

From the aforementioned research, using POSTs as an intervemidnmaprove coping
responses and minimize negative reactions to skill errorsethdttd self-deprecating cognitions
and performance inconsistency, by providing athletes a centrahtiattal focus after
performance execution. This could prove particularly helpful for tehlerho have a tendency to
be highly self-critical (i.e., dysfunctional perfectionists), aviab suffer from low confidence
and poor attentional control. Thus, it could be inferred that focusingrontiae may decrease
negative introspection, increase functional self-regulation and imgrerfermance outcomes
(Singer, 2002). Further research on POSTs and their effects/éares-game performance (and
under pressure) would be advantageous. Such information could help appliggbgpoologists
augment their psychological skills repertoire to implement gogtly tested and validated

interventions related to after shot psychological recovery.

6
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Examining the accuracy and in-game performance effects... 7

Pur pose and Hypotheses of the Current Study

Through a mixed-method approach, the purpose of the current study vessnine
whether the type of performance routine training (e.g., pre- ofgeogirmance) could improve
tenpin bowling accuracy and also in-game performance using real-woonjoketition (i.e., league
averages). It was hypothesized that the PPR, POST, and conibineBPR & POST) training
groups would perform more accurately, and would improve in-game penfice after a four-
week intervention training period, compared to a wait-list congn@up. Thereafter, the
perceived effects of the PPR and POSTs were explored throughduadi semi-structured
interviews.

Method

M ethodology

A mixed-method design was adopted to address the aims of the study, in whialcedgere
and conclusions were drawn from the collection and analyses of both quantitative antivgualita
data (Tashakkori & Creswell, 2007). By converging quantitative and qualitag#eods in this
manner, the strengths of both approaches are maximized and their lmmt&tionized, to
provide a comprehensive analysis of the research problem (Creswell, 2003).
Participants

Thirty-six league bowlersMage = 40.50,SD = 14.72), with a reported bowling league
average between 142 and 20 aferage= 179.03,SD = 17.10) for at least 24 games, participated
in the study. A league average of between 140 and 210 was necessgsesent intermediate
to sub-elite bowlers because novices (below 140 average) may nbleb® apply the POST
procedures due to inconsistency, and elite bowlers (above 210 avemage)ikely to have
relatively consistent PPRs and a ceiling performance teffaght occur. A demographic
guestionnaire was completed prior to testing as a screeningedevibowling experience (i.e.,
league average) and sport psychology training. Participantsumn&aned in sport psychology

principles with only six suggesting they had *“attended group workshags a sport
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Examining the accuracy and in-game performance effects... 8

psychologist”, though they did not explore / discuss performance rewgpexifically. At least
one patrticipant who had received sport psychology training was imcladeach of the groups
(i.e., 2 PPR, 2 POST, 1 combined pre-post performance routine, & lcgrdup), and so is
unlikely to act as a confounding variable.

Equipment

Standard bowling equipment and facilities similar to Mesagrad. ¢2008) were used. The
audio recording of the PPR and POST (group specific instructwas)yecorded to a “clip on”
Apple Ipod shuffle with earphones (2 GB) so it could be attached to thegant’s clothes, and
listened to during the intervention training phase.

Measures

Demographics questionnaire. Demographic data including age, gender, tenpin bowling
experience (e.g., whether bowling in a sanctioned league, numbeagufes per week, and
highest league average), and sport psychology training (e.g.edvarkh a sport psychologists
in any capacity) were recorded.

Task and performance measure. Tenpin bowling was chosen as the experimental task
because it is a self-paced closed skill that is conducive tcs RIPR POSTs. Furthermore,
routines may have a direct influence on performance becausenpleading shots are taken
quickly (if a spare is attempted after the “strike” staotyl only short breaks are allowed between
frames. Therefore bowlers are required to perform soon after errors impeanfae execution.

The accuracy task was identical to that used within the Mesagrab. (2008) study,
whereby participants attempted shot attempts at a target bowhieg lane. Bowlers are usually
instructed to focus attention at a target 15 feet (e.qg., arnatlser than 60 feet (i.e., the pins)
away for easier identification of targeting and improved emu (Wiedman, 2006). Thus,
absolute error, in centimeters (cm), from center of the tameenter of the ball track was

examined. Mean absolute error (MAE) for all shot attemptstiv@slependent variable; reduced
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MAE indicated improved accuracy (the reader is referredMésagno et al. for additional
details).
Training groups

Participants were randomly allocated into one of four trairgngups: PPR, POST,
combined pre-post-performance routine, or wait-list control. The Rfféup involved
participants developing, or modifying their existing PPR. Bout¢h®90) advised that PPRs
should involve a series of physiological, psychological, and behawteps. Within the PPR,
optimal arousal levels (e.g., deep breaths), behavioral steps @ing the ball off with a
towel, watching their foot slide into the correct position onajygroach, etc.), attentional control
(e.g., focusing on a target), and cue words (when needed) werderedsior inclusion into the
PPR. Since the PPR was personalized for each participant, thesevere possible elements to
include, but were not necessarily uniform across all PPR and caindpiogp participants. The
first author (a certified tenpin bowling coach and sport psychologguitant) attended the pre-
intervention test sessions (see Breceduressection for test session information) and identified
appropriate components of the PPR while taking extensive notelrpadicipant’s routine.
Considering each bowler's PPR was individualized and existgines may be more
inconsistent for novice compared to experienced bowlers, PPR madifatere tailored to
each participant’'s individual routine with no standardized routine mmgiked. While
developing the behavioral steps for the routine and to ensure undergtahéirroutine was
practiced to the satisfaction of both the participant and theafithior, and terminated when the
participant performed five repeated “shadow shots” (i.e., shots without the lradfXlns PPR.

The POST group used a psychological POST, whereby each gearti@inswered a series

of questions, which related to the previously delivered strike shots@ies of questions was

developed by elite level coaches< 2; average coaching experience = 24.5 years) and the first

author. This sequence of questions was perceived by the elite sqaciheéhas not yet been

empirically tested) to help the bowler remain psychologicainposed, accept the effectiveness

9
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Examining the accuracy and in-game performance effects... 10

of performance execution, and make appropriate target alignment adjtsstmeemain closer to
the “pocket” (i.e., area at the pins where strikes are more likely).

The series of questions included (in sequential order): 1) Dig@duta the shot well? 2)
Did | hit the target in which | was aiming? and 3) Did the hdlthe “pocket™? If the participant
answered “no” to any of these questions, then no target aligradgrégtment was made (e.g.,
move feet, move target, change bowling balls etc., to change angteaiodh to the pocket) and
better performance execution was attempted on the next strikefsthat participant answered
“yes” to all of these questions, then the question, “Where did thdaibshe pins?” should be
answered to identify which type of target alignment adjustrteentake. Similarly to the PPR,
the POST was explained to the participant in enough detail thdt 9 understood the
guestions, and knew when / how to make possible target alignmastradnts when answering
the question, “Where did the ball hit the pins?” Accordingly, phecess adopted within the
POST was aligned to the reflection phase of Zimmerman’'s (208@yegulation theory,
whereby participants were encouraged to take responsibilitthéar own learning through the
use of strategies that encouraged evaluation of their performance.

The combined pre-post performance routine group (hereafter lalstedly as
“combined”) completed both the PPR and POST training as tdedcabove. The wait-list
control group completed the intervention training phase without PPR or POSTi@ulucat
Procedures

Upon receiving approval from the lead author's University RekeBthics Committee,
participants were recruited from tenpin bowling leagues 8) in an Australian major city, by
asking league officials for their consent. Volunteer bowlersevegldressed prior to a league
competition session / event, and those recruited completed an infoanednt form and
demographics questionnaire to determine eligibility (i.e., a ukagverage below 210).
Participants completed the study independently and took part ingheses: pre-intervention

test, intervention training, and post-intervention test phases.
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The pre-intervention test phase involved 30 attempts (with a 2-minusd between
blocks of 10 shots) at a target on the bowling lane to measueaaggc with an independent
research assistant (i.e., blind to the purpose of the study) completinglittian. Immediately
following the pre-intervention test, an individualized (but group-$pgcioutine education
session was offered (i.e., participants were educated abouhdrisndividually tailored routine
based on the intervention training group in which they were alloctdezhch participant in the
intervention training groups (i.e., PPR, POST, or combined). Audio recpadieach bowler’s
individual routine was made for the participant to use during the feekwntervention training
period. The audio recording provided instructions, at a comfortable spletdte step-by-step
routine for each participant in the intervention groups. After thieaion session, the recording
was transferred to an Apple Ipod shuffle for each participanséothroughout the intervention
training phase. During the intervention training phase, particiganaisticed three games per
week over four weeks (12 total games) while listening tor thequired routine on the Apple
Ipod.

The post-intervention test phase was identical to the pre-inteyuetest phase with the
exception that participants in the intervention training groups inmgréed their performance
routine training during post-intervention accuracy test.

To investigate in-game performance changes, and thereforevaddl-performance
responses, the 12 competition (i.e., league-based) games pherpcetintervention test phase,
and 24 competition games immediately following the post-intervergstnphases, respectively,
were obtained from the league secretary. The 24 games paseimtion training were divided
into two separate 12 game sets, with the initial 12 games lesrgaferred to as post-
intervention training and the final 12 games called follow-up wetation training. The follow-

up intervention training games were obtained to determine the robustness of thetrainiimg
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Interviews were conducted immediately following the post-intéfoa test to explore in
further detail the perceived impact of the intervention training.ifterviews were conducted
with the wait-list control group.

Training L ogbook

During the intervention training phase, all participants coraglein intervention training
logbook after each week of training and submitted their logodke first author. Participants
logged the number of bowling games practiced, which confirtheg completed the required
training during the intervention training phase. The logbook ialdaded the number of extra
practice games participants completed above the intervention ¢rgames, to determine if all
participants were practicing, or competing, equally during training weeks. In addition,
participants who received an Ipod answered the questmmn,much did you pay attention to the
Ipod instructions during the training game®articipants answered the question on a 10-point
scale ranging from 1l did not pay attention to the Ipod at all during train)ngp 10 ( paid
attention to the Ipod instructions @tl shots of trainingy for each of the four training weeks they
used the Ipod.

Individual Interviews

An interview guide of open-ended questions was derived from the rel®RRtand

performance literature and finalized after consulting two gpeythologists. The purpose of the
interview was to explore the perceived emotional, cognitive, beh&eitbeat of the intervention
training on performance accuracy, and perceived in-game @agué average) performance
before and after routine training. In line with the recommendatdngeddlie and Tashakkori
(2009), the interviews completed within this mixed methods study sesme structured. That is,
participants were encouraged to articulate in detail, and froimaive viewpoint, the perceived
effect of the pre- and / or post-performance routines on thdorpeance. The questions were
open ended (i.e., prefaced by how? why? in what way?) and probesused to gain further

insights where necessary (e.g., can you tell me more abou}. thae interview schedule is
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available on request from the lead author. Interviews were caedplst the lead author, and
ranged from 16 to 54 minutes with clarification and elaboratiostepres stimulating participant
responses (Patton, 2002).
Results

Due to injuries to three participants during the study (2 PPRP&OST participant), only
33 participants were included in the analyses. Initially, to idetti&t ability level was similar
among groups, a one-way Analysis of Variance (ANOVA) was ccteduon the reported league
average prior to study involvement. To strengthen the resultseegbdrformance data and rule
out other possible confounding variables, separate one-way ANOV#Asamsaducted for total
number of leagues and total extra games bowled during interversgiomd per week, total
games practiced with Ipod during the training intervention phase,aeecdhge Ipod use for
intervention groups during the intervention training phase. Then, a 4 (Gromtnined, PPR,
POST, control) x 2 (Test: pre-, post-intervention test) mixed-deAl§JOVA with repeated
measures on the Test factor was conducted for mean absolut@.err@erformance accuracy).
Finally, a 4 (Group) x 3 (Test: pre-, post-, follow-up interventest) mixed-design ANOVA
with repeated measures on the Test factor was conducted oneagaa scores of the 12 games
collected in each phase. Partial eta squared (pgfiialas used as an indicator of effect size for
ANOVA calculations (Tabachnick & Fidell, 2007) and an alpha le¥el06 was set for all
statistical tests.
Homogeneity of Groups

The reported league average indicated no significant Group diféex¢i{8, 32) = .04p >
.10, partialn? = .004, indicating that groups were equal in initial bowling abifitjor to
involvement in the study.
Homogeneity of Possible Confounding Variables

The total number of leagues bowled per week indicated no significanipGlifferences,

F(3, 32) = 2.12p > .10, partialn® = .18. The total number of games practiced with the Ipod
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during the training intervention phase indicated no significant Grodpreliices,F(3, 32) =
1.37,p > .10, partialn® = .12. The total extra games practiced during the trainingephias
indicated no significant Group differenc€3, 32) = 0.64p > .10, partiah? = .06. The average
Ipod use for the intervention groups during the training phase iedigaid significant Group
differencesF(2, 23) = 0.15p > .10, partiah? = .01. These results indicate that the groups were
similar in amount of games bowled during the intervention trainiresgtand each group’s
attention to the Ipod was similar for the intervention trainirmugs and that performance could
be equated to the training groups’ performance differences.
Performance Accuracy

Initial exploratory analysis for performance accuracy indicatedwwparticipants (one in
PPR, and one in control group) were outliers in the post-intervention d&aEe, thus, those
participants were deleted from the performance accuracyysaaFrom the remaining
participants it = 31), performance results indicated no significant Gré{p, 27) = 1.05p >
.10, partialn® = .10, or Test main effedg(1, 27) = 2.21p > .10, partiah? = .08. There was also
no significant interaction(3, 27) = 1.41p > .10, partian® = .10. Noteworthy is that the PPR
and combined groups improved accuracy the most (see Table 1 for descripstiestat

**Insert Table 1 here**

I n-Game Performance

Analysis of in-game performance, via league scores, indicatetyméicant Group main
effect, F(3, 29) = .22p > .10, partiah? = .02, or significant Group x Test interacti®if6, 58) =
1.04,p > .10, partian® = .10. There was, however, a Test main effe2, 58) = 3.60p = .03,
partialn? = .11. Pairwise comparisons indicated that league scores in thiateoséntion (1 =
184.76, SD = 17.37) and follow-up intervention testd (= 184.53,SD = 16.76) were
significantly different to performance scores in the prerugietion test M = 179.50,SD =

19.73), with no significant difference between the post-interventionf@lmv-up intervention
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tests. The difference in league averages was largely leeaafushe intervention groups
improving their average after the intervention training in comparison tatiieot group.
Interview Results

The interview data were analysed through qualitative contentsasgbee Schreier, 2012
for a review), which is a systematic means of describingh@nomenon, while identifying
relationships between concepts. The analytical process broadlyddllthe steps advocated by
Mayring (2010). That is, interviews were transcribed verbatimraad several times to ensure
familiarisation. Thereafter, raw data quotations / phrases esracted from the transcript,
providing pertinent examples of the perceived effect of PPR and B@®articipants accuracy
and in-game performance. Any raw data quotations with similanimg were subsequently
placed into overarching codes, which in turn were organized and collatderfinto sub-
categories to construct an increasingly explicit representati the participants’ experience of
the intervention. During the analytical procedure, bracketing wasloged. This process
involves the researcher becoming aware of any assumptions ahsppsgtions of the subject
material they may have, and setting them aside to avoid timeluly influencing the research
outcomes (see Giorgi & Giorgi, 2003). Transcripts with the enmérgedes / categories were
sent to the participants for member checking.

The interviews revealed seven over-arching themes regardimgtbeived effect of PPR
and five for POST. Several themes were similar for both PPRP@SRT (see Table 2 and Table
3 for summaries), with the effects of the routines independent oharhtitey were adopted as
individual strategies or used in combination (i.e., the combined pre-pdstnp&nce routine
group). The themes includederformance, attentional and emotional control, self-awareness,
self-confidence, motivation, a state of readin@®?3R only),and perceived contrdPPR only).

**|nsert Table2 and 3 here**
Of the 24 participants who were interviewad § 7 PPR; 8 POST; 9 combined], 23

perceived the adoption of a routine (i.e., within the PRE, POST, or cainbireips) had
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improved their performance, primarily through increased consisteRor example, Biff
explained, “I was stringing the strikes together more consistently because thef
routine...Instead of getting 2 or 3 strikes in a row, | would be getting & otndeed, Tom
indicated the PPR maintained consistency by preventing catastrppHmrmances (i.e., a
considerable and dramatic decline in performance standard). Feipgaats who had adopted a
POST, such consistency was associated closely with an increfisetiveness of identifying
and attending to required technical, target alignment adjustments. As saethiariCarl:

| used to just throw the ball...and if it was wrong just carry ongltie same thing, so it

would go downhill from there. Now, | go through the routine. If somethiag wrong, |

think what was wrong? And adjust...| am definitely benefiting.

All participants from each group (i.e., PPR, POST, or combinetly perceived a
performance improvement, primarigytributed it to enhanceattentional and emotional control
With regards to attentionhe routines enhanced task-related focus. That is, the PPR encouraged
an external-narrow focus prior to and during skill executian, (il was probably more target
orientated in the last four weeks then | have been maybe in thedastehrs... in the past... my
measure would be okay, how well did | execute that sheti)le the POST initiated a focused
reflection on necessary target alignment adjustment afikregkcution. This in turn allowed
participants to block out distractors that would have previouslyctafietheir performance
detrimentally (including anxiety-related thoughts and self-preBentd concerns). Such
enhanced attentional control was considered particularly benefftéala mental / performance
error. For example, Anna explained,Have the [pre-performance] routine running though my
head, so | turn off from everything that's happening around me...Previously, | bethehking
about what's going on around me...and what I'm doing wrogiother participant, Danielle

suggested that[after an error] instead of focusing on being a bad bowler whilst taking the ne

! All participant names are pseudonyms.
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throw...I'm thinking about the [pre-performance] routine...My thoughts are @idetd re-

focusing on thdt Similarly, when discussing the POST, Cheryl explainddndw focus on
something other than the emotions | may feel after the shot...So regafdidsst’'s happened, |
would think about whether | executed that...whether | hit this....and that helptaynfocused
on the gameé

Furthermore, 15 out of 16 participants who received a RPR T PPR; 8 combined]
identified it had improved their attentional control by either pnéng the explicit monitoring of
skill execution (i.e., directly focusing on the technique and atiamptd consciously control the
skill execution), and / or enabling re-focus in-between shot atsenhmterestingly, 50% of
participants identified their routine had lowered their perforreanitially, due to the distraction
it caused. Thus, for many, perceived improvements only occurred theceoutine was
embedded (after approximately two of the four interventiomitrgi weeks). Understandably,
participants in the combined pre-post performance routine group predomiiotigh not
exclusively) required a longer period of time before they egpeed the associated benefits of
the routines. Notably, some of the combined group participants expthstetthey focused more
on the PPR during the routine training sessions than the R@dh may indicate that the PPR
was adhered to more than the POST, leading to the performance differenogsgaoups.

The one participant, Simon, who perceived the PPR did not improve penfm@ma
admitted he had not adhered to the PPR, was sceptical about psiid&idjs training, and
was uncomfortable using the Ipod during training:the. Ipod thing, it just kept falling out [of
my ears], so | just gave up. | just couldn’t do what it said. | don’t thirklearnt anything to be
honest. It's [PPR] nothing that would benefit meCuriously, though, Simon improved his
league average considerably after the intervention training (by 28 pins).

Concerningemotional contrgl most participantsn = 5 PPR; 7 POST; 7 combined]
suggested the PPR and POST alleviated negative emotionsfr(esgggtion & anxiety) while

encouraging positive emotional responses (e.g., relaxation). Samdapiead a PPR explained:
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“It helped me re-group and start again. | used to get upset when | messed'dijppiss another
shot and get worse. Now, | focus on the routine...on what | have to achievéps.itneestay
calm” Similarly, when recalling the effects of a POST, Bobloggested, It deals with my
reactions of a strike and non-strike...It calms my emotional side dowmgetdack to focusing
on asking different questions about what has just happened. It's definitely neade loh
calmer. Regarding anxiety, a number of participants § 5 PPR; 2 POST; 3 combined]
recognized the PPR and POST was helpful because it redscdedhilitative effects. Terry
explained, The [pre shot] routine deals with my butterflies...Last night | had decasions
where | got strikes at the end of the game. It [PPR] meanbuldc screen out those
pressures...just execute the shots properly and not worry about thé.résofeover, the post-
shot routiné’helped me get on top of those negative thoughts”.

The gqualitative data indicated that the routines had affected 1dipants’ h = 3 PPR; 6
POST; 5 combined$elf-awarenesswhich enabled an enhanced management of their current
performance, while also informing strategies for future-delfelopment. When reflecting on the
role of PPR, Steve explainetlf made me think about what | am doing and why; whereas
before, | just bowled.’Another participant, Helen, stated, the routines made me aware | was
not concentrating before. | hadn’t realisedYou then take the game more seriously...you then
start to analyse yourself to look for improveménBuch improved self-awareness was
particularly evident within the POST group for it specificahcouraged increased awareness of
technical errors, Until using it [POST] | didn't realise | was releasing it [the Balvrong;
[be]cause | was just throwing the ball down. It all makes sense now...ana@nsmow working
on that with my coach”Similarly, Eddie explained:

So my [post shot] routine makes me notice if | am hittingsfheific area of my target. |
am now thinking about where | am throwing and how | can hit the podiav to
improve each shot...lI now adjust really quickly...and so learning bdvowl really well

and consistently.
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Interesting, Cheryl found the POST had initially been, “frustgdtand “stressful”, for although
it enabled her to identify which aspect of performance requiredtadjushe did not have the
technical knowledge to make those corrections.

The majority of participantsn[= 6 PPR; 5 POST; 5 combined] noted they experienced
improved self-confidenceas a result of the PPR and POST. Such raised confidence emerged
from trusting and expecting the routine to encourage successlluexecution. The effect of
PPR on confidence was summarized by Terry who explaihdédgcus on the pre-shot routine
because | know it will get my **** [expletive] together, and so | tlk@ow | will strike out”.
Such increased confidence was particularly notable after a performamice er

The first time | put a ball in the gutter [a very poor shotlidn’t bother me as much as it
would have before, as | realised it must have been a consequence@fdosis. | knew
| just had to go back to my [pre-shot] routine, make sure | followhat meant | didn’t
throw two bad balls...It was really reassuring.
A similar impact was noted with the POSTféel so much more confident bowling because | am
making adjustments when necessary. | step back every time, and think walstwt,nand have a
clear plan of action as a resultImportantly, it was recognized that the POST enabled
constructive reflection after a performance error, which mirethiparticipants’ self-criticism
and so protected their self-confidence.
It was also reported by nine participants that the PPR and R&So raised motivation.

With regards to the PPR, it was suggested by Helen thathad thrown a few bad balls in the

past, | would have given up, because | didn’t have any base to go back to. Now I have the routine

to go to and it keeps me goind\ similar example was offered from Carl within thengoined
group,“Thing is, | can actually do things to make it better...so by focusing f#QOST] and
knowing | can make it better, I'm not going to give up”.

Several participantan[= 8] also acknowledged the PPR encouragethte of readiness

prior to the task. It fostered a slower and more considered / plappeoach for skill execution,
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and the opportunity to self-regulate emotions. As explainiem, taking the deep breath, and
then really thinking about my shot, and looking at my target. Insteadsbfggtting up and
bowling and throwing bad shot after bad shot. It slowed me dolwkeivise, Terry reported,If
I’'m a bit anxious, | tend to rush and that's when | miss. A pre-shot routine stdps this

Of the seven participants within the PPR group, five identifiedl geeformance had been
affected as a result of the routine raising their levelgpa@teived control Sam offered a
summary of this process:

The routine is a set of rules to achieve a goal. You just focuapplying those rules
every time. It's like a protocol manual. No matter what theuenstances...or the lane
conditions... that is the procedure. It is the best thing mentallyyoasjust focus on
this...It makes me feel | am in control of what | am doing.w kaow what | need to do,
and if | do it repeatedly, I'll have a good game.
Moreover, it was suggested that when a performance / merdaloecurred, returning to focus
on the PPR tended to increase levels of perceived control owesittlation, emotions, and
subsequent performance.

Finally, the data revealed that most participants within the §®up also adopted their
own POST that was predominantly an evaluation of their PPR lastdegecution. Likewise,
participants who were assigned to the POST group often developeld th&Pattended to the
outcome of their POST reflection (i.e., they focused on technicastaagnts). Accordingly, the
qualitative data indicated a blurred line between the thraeipant groups, though recognizes
the independent perceived impact of a PPR and POST on the participants and tirenapeH.

Discussion

The aim of this study was to examine the effect of a gmd-post-performance routine on
experienced ten-pin bowlers’ accuracy and in-game performdinee.findings indicated an
increase (albeit non-significantly) in performance accuracy ffme+ to post-intervention

training for groups using the PPR. Critically, all interventionugs’ in-game performance
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improved, in contrast to the control group. The in-game and performance@cof the PPR
and combined groups improved more than the POST group, inferring thaPihenBy hold
primary responsibility for the performance effect, with theSFQoffering a supplementary
supporting role. Thus, the findings offer further, ecologicallydyadmpirical evidence that a
PPR can enhance athletic performance in a real world sé@otterill, 2010), and reinforce the
preliminary suggestion that POST contributes to optimal performances{Hdill, 2010).
Quantitative Perfor mance Differences

For performance accuracy, those groups that were provided hatiPPR training (in
isolation or in combination with the POST) improved accuracy the fnost pre- to post-
intervention training, whereas the POST and control groups showed ahexeuracy changes.
These findings are similar to other PPR studies (e.g., Marlow @88B) who found that using a
PPR improved accuracy on water polo penalty shooting accuracyeitnsthgle-case design,
Marlow et al. found percentage improvements, rather than statigignificance, for the
participants who used the PPR. In the current study, wherstisttisignificance could be
obtained, the PPR groups did not show significant changes in accHi@egver critically, the
intervention training had improved in-game performance fromtprpest-intervention, and also
to the follow-up intervention test. Immediate in-game performanpeovements were found in
the current study with further effects occurring at the fouekwmllow-up intervention test.
Cohn et al. (1990) however, found no immediate improvements in performancilayéed
improvements four months later. The current research was theofirsvestigate the retention
effect of routines to determine the robustness of the training-game performance using a
larger sample, irrespective of performance measure (i.euraagcor in-game), rather than a
single-case design. In combination, using a PPR appears tarelpve performance accuracy
and enhance in-game performance, as it acts as a mechaniathlétes to focus attention for

accuracy and within competition.
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Qualitative Effects

The quantitative results may be explained through the qualitatisewdaich indicated that
although the PPR and POST affected performance through smelgranisms (i.e., attentional
and emotional control, self-awareness, self-confidence, and motivit®exceptions were that
the PPR (only) engendered a state of readiness and perceivedl. cAstrsuch, the PPR
specifically prevented the participants from rushing the exacuf their skill, enabled the
planning of their response to the task, and allowed appropriateos@otidjustments to be
made. Thus, as explained through Baumeister's (1997) work, theirPP&ticular, affords
athletes an opportunity to self-regulate, and organize the thougélisgs and actions required
for optimizing psychological state and performance outcome.eM@r, the PPR was
exclusively found to increase the participants’ sense of pecteiatrol prior to the task. This
result is important, for a sense of perceive control over emotrahtha environmental demands
(see Chen & Singer, 2002) is known to encourage clutch perform@ries,(2009), alleviate
performance failure (Hill et al., 2011), and may allow athletenanage their anxiety symptoms
more effectively (Hanton, O’Brien, & Mellalieu, 2003). All of which are appain this study.

Irrespective of group allocation, participants perceived the RRRP®ST enhanced in-
game performance as a result of improved consistency. Th#udtiations in performance
levels were minimized, and there appeared to be less fogthst performances. Therefore,
although the study does support the claim that performance roatmedfective in improving
performance under perceived pressure, it identifies this magtbeved principally through the
maintenance of expected performance standhrdaghoutthe game / competition.

The qualitative data revealed that for the most part, perforneffexgts were perceived to
be due to enhanced attentional control. That is, the PPR and POSddethabathletes to focus
on the task at hand, re-focus in between shots / games, and bloa&tdist(e.g., organizational
and competitive stressors). Such positive performance effectisef current study support other

researchers (e.g., Cohn et al., 1990; Cotterill et al., 2010) findeggsding attentional control.
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Critically, the PPR was also considered to encourage ameakterrow focus on the target,
which is necessary for optimizing performance (Wulf, Sheaa&,P2001). Moreover, the PPR
also prevented certain participants from focusing on, and adjustimgeblenique during skill
execution. With explicit monitoring associated strongly with kohg under pressure (see
Beilock & Gray, 2007), this finding indicates that a PPR may hesefto athletes vulnerable to
choking (Hill et al., 2011; Mesagno et al., 2008; Mesagno & Mullaret;2010). Using a PPR
to prevent choking via the explicit monitoring hypothesis isva sigggestion / finding to current
theory matched choking intervention research, which indicatea tRBR should mainly be used
for athletes who experience choking through distraction-based m@detagno et al., 2008;
Mesagno & Mullane-Grant, 2010). While the POST preserved a task fituring performance,
it was identified as being a particularly important tool in thantenance of attention after a
performance error. This finding is similar to Hill et al. (201@ho also found that a POST
enhanced attention after a performance error within their sample ofsgolfe

Several participants however, found implementing the performancmeasulistracting
during the first two weeks (approximately) of competition, andn#ally, the performance
routines were perceived to influence performance detrimentally. Wédmssparticularly relevant
for the combined group because the information being learned wasthaicef other groups.
Accordingly, having to learn both routines simultaneously might have beerwhelming for
the athletes. This is similar to Hill et al. (2011), whose pa#dits took approximately four
weeks to implement fully a pre- and post-performance routine, along wittaketlesr strategies
(e.g., imagery). In contrast, however, Mesagno and colleaguesdiMesa al., 2008; Mesagno
& Mullane-Grant, 2010) found immediate performance accuracy undssyme for participants
who were only provided a short (i.e., less than 30 minutes) performaunage training session.
It is possible that in the current study, the use of a recordedage on an Ipod (to prompt
completion of the performance routine), may have been distractihglly, and caused a

delayed learning responderactitioners should therefore, remain mindful of this response when
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introducing performance routines to athletes, and ensure thegstiatembedded fully prior to
competition. Moreover, other forms of routine delivery should be camsidbat may include an
imagery script or video observation.

Both the PPR and POST were considered by participants tadecidmotional control,
which contributed to their improved in-game performance under pertgiressure. Both
routines appeared to encourage positive affect and minimize negéfeee Namely, the PPR
was effective in lowering participants’ arousal levels ande@sing relaxation (Boutcher &
Crews, 1987), while also reducing the intensity of their anxatypsoms by promoting a task-
focus that blocked anxiety-related cognitions / emotions (seelH Cotterill, & Hill, 2014).
Importantly, however, this study identified the critical role ttiet POST plays in controlling
emotions effectively after a performance error, by prevertungfration in particular. As such,
an immediate constructive reflection of errors may improveop@adnce, not just as a result of
informing relevant technical adjustments required, but also throbgh ntaintenance of
emotional control.

The PPR was perceived to improve participants’ performancenwtitié current study
through perceptions of enhanced self-confidence, which supports otkarcres’s findings
(e.g., Cohen et al., 1990). The PPR and POST both led to raisectatiqms of successful
performance as participants began to trust the routines wouallitata effective in-game
performance. Subsequently, it appeared that participants becamdatiwsed on executing the
routines during performance, and less concerned with the perfornoanceme. It can be
inferred therefore, that the PPR and POST may have afforded hegleés of confidence as a
result of the sense of control gained over their performance, themkgéving a more process,
rather than outcome focus (see Kingston & Wilson, 2009). In additionagynib Hill et al.
(2010), this study found the POST protected the participantsteefidence, by ensuring the

reflection of errors was constructive, and so self-criticism was raadn
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With the exception of Beauchamp et al. (1996), the impact of perfoemautines on
motivation has received limited research attention. The finding® this study offer an
indication that both the PPR and POST may enhance athletes’ tdveistivation, which
manifests itself with increased persistence after erhorthis case, participants chose to persist,
rather than withdraw effort after mistakes because the roptoeded them with a focus they
considered could help regain performance standards.

Finally, an interesting finding was that several pgénts acknowledged that the routines,
and in particular the POST, encouraged a greater level ohwaleness. They were able to
recognize, through constructive reflection, the reasons for perfoemamars, and thus their
technical adjustments were more effective and performance impsabsdquently. This finding
appears to align with Zimmerman'’s self-regulation theory (2000ich suggests there are three
cyclical phases of self-regulation; namely, a forethought pfgsa setting and planning), a
performance phase (using strategies to improve learning),aaredlection phase (adopting
strategies to evaluate different parts of the performanee latirning). It is acknowledged that
each phase will encourage individuals to become increasinghawate, goal-oriented, and
problem-focused, and more likely to achieve their goals as a.rébuls, whilst the POST was
designed initially to encourage reflection (only) within therent study, it would appear it also
stimulated participants to engage with the forethought and pexfmenphase, and thereby
encourage effective self-regulation and the development of spoxpegtise (see Kitsantas &
Zimmerman, 2002).

As an aside, while it may be suggested that raised settaess can induce choking
through explicit monitoring, it was not found to be the case withisigtudy (indirectly from the
interviews). As summarized by Carr (in press), post-performarfiection may aid the
performance of an established (i.e., automatic) skill, if iaimed specifically at repairing
technical and / or performance errors. Moreover, and criticdle post-performance routine

adopted within the current study was designed to encourage focus gat &ignment
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adjustments prior to the skill execution, and therefore was upliteelinterfere with skill
execution.
Limitations and Future Resear ch

We attempted to control for confounding variables, however, we understaadrthg be
some limitations, which researchers should consider when explibrengffect of routines on
athletic performance in future. Firstly, the number of leagueegashtained may not provide an
accurate determination of league averages. Tenpin Bowlinyahasguidelines indicate that 24
games is an appropriate number of games to establish a rééablee average, however, we
decided on 12 games because we wanted the number of leagueagdnm@srvention games to
be consistent. Secondly, it is possible that the use of an Ipodawgborded message of the
performance routine(s) from the lead author, may have delaydatigent learning and
encouraged distraction initially. Researchers should consideiggséaticipants to generate their
own voice recording to prompt each stage of their PPR and POSIEcrease distraction.
Thirdly, it became apparent during the interviews that participaritén the PPR and POST
groups had also spontaneously adopted POST and PPR'’s, respectivelg, ingehighly likely
that the control group also contained individuals who possessed their dvra®PPOST.
Therefore, it remains challenging to establish objectivelyvaitid certainty, the extent / size of
effect that each discrete routine had on performance. Howevars istady, the qualitative data
identified a distinctive perceived effect the PPR and POSTohagaerformance, reinforcing the
advantages of the mixed method approach adopted.

Future research should continue to investigate PPR, but also expap@3eliterature
For example, a clearer understanding of whether POST are(ars@dheir function) in sport
generally to differentiate their benefits. Furthermores ot possible to generalize these POST
findings, and to assume the same routine can impact athletarrparfce within other sports,
considering this was a bowling specific POST. Thus, futwseareh could differentiate between

the effectiveness of other POSTs such as those using behawviberscognitions, or emotional
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regulation. It is also conceivable that pre-and post-performandaeswhould be individualized
further, in order to achieve optimal benefit.
Summary and Conclusion

The current study was the first to investigate quantitathe gualitative differences in
PPR and POST training on accuracy and in-game performance. Thise umixed-method
design contributes considerably to the extant literature by providimiger evidence that both
PPR and POST training can improve performance standards wetdiwvorld (arguably more
pressurized) situations. Furthermore, we have extended the ifeRRufe to include POST
training as a means of improving in-game performance, dergh this sport-specific PPR did
not improve accuracy. We found additional evidence that PPR areiweffect improving, but
extended this to confirm that in-game performance was imprdwvedgh an improvement in
increased accuracy. The qualitative data has provided an indicatitve afiechanisms which
were responsible for this effect. That is, both the PPR and P@t&heed performance through
increased consistency, which was the result of improving the iparits’ focus, emotional
control, self-confidence, motivation and self-awareness. Accorditigdyfindings of this study
can be of considerable value to practitioners working with athlegtko perform under

competitive pressure.
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Table 1.

Mean and Sandard Deviation (SD) for accuracy (Mean Absolute Error- MAE) and in-game

performance scores (league average) pre- and post- intervention for the different groups.

Reported Mean (SD)- Mean (SD)- Mean (SD)-
Pre- Post-
League . : . . Pre- Post- Follow-up
Group Average Intervention - intervention intervention intervention intervention
MAE (SD) MAE (SD)
(SD) league league league
. 179.00 4.01 3.47 177.39 187.36 183.81
Combined
(16.09) (1.62) (1.43) (18.68) (17.85) (10.69)
PPR 179.86 3.40 2.69 180.10 190.29 191.24
(23.60) (1.08) (0.60) (29.12) (19.84) (20.84)
POST 177.38 297 3.24 179.38 181.39 185.06
(10.99) (0.47) (0.84) (6.30) (6.06) (12.30)
179.89 354 3.30 181.26 180.95 179.56
Control

(17.10) (0.84) (0.78) (22.99) (22.35) (21.99)




1

2

Table 2.

The perceived effects of the PPR.

Overarching Category

Codes

Performance

Perceived improvements
Increased consistency of performance, thoughts and emotions

Negative impact [predominantly short-term]

Attentional and Emotional

Blocked / aleviated negative emotions

Improved task-related focus

Control
Relaxation / lowered anxiety
Sif- Increased ability to recognize and correct errors
Awareness Re-evaluate / recognition of mental training

Salf-Confidence

Raised performance expectations

Performance resilience

Sate of Readiness

Slowed preparation and execution
Enabled planned skill execution

Emotional regulation

Motivation

Increased persistence and effort

Perceived Control

Over sdf, emotions an performance




1 Table3.

2  The perceived effects of the POST.

Overarching Category Codes

Perceived improvements
Increased consistency of performance, thoughts and emotions
Performance
Effective/ efficient technical adjustments

Negative impact [short-term]

Improved task and process -related focus
Attentional and Emotional
Blocked / alleviated negative emotions

Control
Relaxation / lowered anxiety
Sf- Increased ability to recognize and correct errors
Awareness Recognize how to self-develop
Raised performance expectations
Salf-Confidence Constructive post-error reflection
Motivation Increased persistence and effort




Pre-performance routines improve accuracy from pre- to post-intervention
training.

All training groups improved in-game performance from pre- and post-
intervention.

All training groups maintained performance levels at afollow-up intervention.
Qualitative themes were similar for the pre- and post-performance routine
groups.

Readiness and control were also themes for the pre-performance routine
groups.





