-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by Edinburgh Research Explorer

Edinburgh Research Explorer

The acute effects of analogy and explicit instruction on
movement and performance

Citation for published version:

Bobrownicki, R, MacPherson, AC, Collins, D & Sproule, J 2019, 'The acute effects of analogy and explicit
instruction on movement and performance’, Psychology of Sport and Exercise, vol. 44, pp. 17-25.
https://doi.org/10.1016/j.psychsport.2019.04.016

Digital Object Identifier (DOI):
10.1016/j.psychsport.2019.04.016

Link:
Link to publication record in Edinburgh Research Explorer

Document Version_:
Peer reviewed version

Published In:
Psychology of Sport and Exercise

General rights

Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy

The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

OPEN ACCESS

Download date: 06. Nov. 2020


https://core.ac.uk/display/340170097?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://www.research.ed.ac.uk/portal/en/persons/alan-macpherson(34c0d0cd-2ef6-4096-a350-94fccc40fe9c).html
https://www.research.ed.ac.uk/portal/en/persons/david-collins(5c3003de-05db-45e9-a1c5-7619a511e3f2).html
https://www.research.ed.ac.uk/portal/en/persons/john-sproule(f486f736-cf2a-4c67-aad1-e01ec4cb961a).html
https://www.research.ed.ac.uk/portal/en/publications/the-acute-effects-of-analogy-and-explicit-instruction-on-movement-and-performance(2ca42ad0-d49e-46ad-ab76-a7c9f664a1e5).html
https://www.research.ed.ac.uk/portal/en/publications/the-acute-effects-of-analogy-and-explicit-instruction-on-movement-and-performance(2ca42ad0-d49e-46ad-ab76-a7c9f664a1e5).html
https://doi.org/10.1016/j.psychsport.2019.04.016
https://doi.org/10.1016/j.psychsport.2019.04.016
https://www.research.ed.ac.uk/portal/en/publications/the-acute-effects-of-analogy-and-explicit-instruction-on-movement-and-performance(2ca42ad0-d49e-46ad-ab76-a7c9f664a1e5).html

Accepted Manuscript

Psychology

OF SPORT AND EXERCISE

The acute effects of analogy and explicit instruction on movement and performance

Ray Bobrownicki, Alan C. MacPherson, Dave Collins, John Sproule

PII: S1469-0292(18)30507-7
DOI: https://doi.org/10.1016/j.psychsport.2019.04.016
Reference: PSYSPO 1526

To appearin:  Psychology of Sport & Exercise

Received Date: 4 September 2018
Revised Date: 10 April 2019
Accepted Date: 24 April 2019

Please cite this article as: Bobrownicki, R., MacPherson, A.C., Collins, D., Sproule, J., The acute effects
of analogy and explicit instruction on movement and performance, Psychology of Sport & Exercise
(2019), doi: https://doi.org/10.1016/j.psychsport.2019.04.016.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.psychsport.2019.04.016
https://doi.org/10.1016/j.psychsport.2019.04.016

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Acute effects of analogy and explicit instruction 1

Running head: ACUTE EFFECTS OF ANALOGY AND EXPLICINSTRUCTION

The acute effects of analogy and explicit instiartton movement and performance

Ray Bobrownicld, Alan C. MacPhersdnDave Collin&*, and John Sproule

®School of Health and Life Sciences; Universitylud ¥West of Scotland; Hamilton
International Technology Park; Stephenson Placantgte; G72 OLH; United Kingdom
PInstitute for Sport, Physical Education and He8ltrences; University of Edinburgh;
St. Leonard’s Land; Holyrood Road; Edinburgh; EH&8 United Kingdom

‘Grey Matters Performance Ltd; United Kingdom

Declarations of interest: none

Correspondence regarding this article should beeasddd to Ray Bobrownicki; School of
Health and Life Sciences; University of the West Sdotland; Hamilton International
Technology Park; Stephenson Place; Blantyre; G72;0United Kingdom. Email:

ray.bobrownicki@uws.ac.uk



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Acute effects of analogy and explicit instruction 2

Abstract
Objectives: To date, research concerning analogy and exphsiruction has focused on
motor learning (i.e., change or development ovenyraarning trials) with limited attention
directed toward acute performance consideratiomso/lingly, the present study examined
the short-term, differential effects of analogy axglicit instructions on motor control.
Methods and desigrEmploying a within-subjects semi-counterbalancesigie 20 novice
adult participants performed a dart-throwing tastder baseline, analogy, and explicit
instruction conditions. Across all throwing trialepvement and performance were evaluated
using the dependent variables of throwing accuraltgw joint variability, angular velocity,
and throw duration.
Results Analyses did not reveal any statistically sigraft differences between analogy and
explicit instructions for any of the study's depentl measures. Compared to baseline
performances, participants in both verbal instarctconditions demonstrated significantly
less accuracy, significantly greater elbow jointriafaility, significantly slower angular
velocity, and significantly longer throwing times.
ConclusionsFindings suggest that verbal instruction mayedéhtially affect performance in
motor control situations, compared to motor leagnzontexts, leading to reduced accuracy;
slower, more deliberate control; and increased Itew# movement variability. Going
forward, practitioners may need to more carefulypsider not only how motor skills are

instructed, but also the purpose and timing ofiasiructions.

Keywords. motor control, instruction, coaching, explicit instruction, analogy
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1. Introduction

To reconcile theoretical and practical issuestlimgi the application of implicit and
explicit learning methods at the time, Masters (®0Proposed the concept of analogy
instruction. These “biomechanical metaphors” (Mast2000, p. 538) were introduced to
succinctly convey complex motor rules in an attertgptrestrict the accumulation and
manipulation of verbal, rule-based knowledge dupegormance. In the nearly two decades
since then, analogy learning has been presentdédeinesearch as a popular instructional
alternative to the traditional, explicit instruatiaypically associated with the conscious
reinvestment of verbal knowledge and choking (Mastd992). Despite its popularity,
however, in a systematic review of choking intetiars, Gropel and Mesagno (2017)
lamented the “somewhat inconsistent” (p. 15) figdirfor analogy instruction across the
literature with some studies reporting significgntbetter performance under pressure
conditions compared to explicit instructions (elgam, Maxwell, & Masters, 2009b; Liao &
Masters, 2001), but others not finding such effe(@sy., Bobrownicki, MacPherson,
Coleman, Collins, & Sproule, 2015; Schiicker, Ebbi&gHagemann, 2010). According to
Bobrownicki, Collins, Sproule, and MacPherson (2018ese inconsistencies do not suggest
that analogies are ineffective instructional toddsit rather that researchers must more
carefully consider how such instructional tools ameestigated in order to advance theory,
better represent real-world behaviour and, consgtyyenform applied practice.

1.1. Representative and meaningful reference groups

With this in mind, one such critical considerati@bates to the explicit-instruction sets
against which analogy learners are commonly congpakihough instruction in real-world
settings is typically provided in small chunks istap-by-step fashion (Tse, Fong, Wong, &
Masters, 2017), explicit conditions in many studiase included large instructional sets that

contain not only more rules, but often additionabv@ment information with limited



76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

Acute effects of analogy and explicit instruction 4

correspondence to the analogy instructions (seeddobcki et al., 2018). For instance,
despite thesingleinstruction analogy condition of Lam et al. (209%drictly describing
movement during the basketball-shooting processeitfhtrule explicit condition not only
comprised four rules describing the actual shootimgvement, but also four additional
instructions that detailed what to do befared after the shooting motion. These four added
instructions, even if informative and relevant e task, will have, at best, added artefact to
the intended comparisons. Indeed, given the wedludwnted limits regarding working
memory capacity (cf., Cowan, 2001), it is certairdgnceivable that these additional
instructions for the explicit conditions may accotor both the impaired performances and
the increased number of reported verbal rules comdpto analogy learning conditions. In
fact, research suggests that adapting and miniguishee verbose traditional explicit
instruction sets to match the word volume and aurté the analogy instructions reduces the
size of the measured effects (Bobrownicki et &1%). Therefore, to better inform, develop,
and drive both theory and practice, as well as eg¥drissues concerning consistency,
instructional quantity and content of the experitatnand reference groups should
correspond and better represent real-world conditio
1.2. Motor learning versus motor control

Another critical consideration, which is only efebby controlling the quantity and
content of the verbal instructions, concerns thetesyatic investigation of both effectiaad
ineffective analogy and explicit instruction seB®prownicki et al., 2018). In this regard, it is
prudent that researchers examine not only wherogies and explicit instructions may be
effective, but also aim to identify any variabldsatt may enhance or minimise that
effectiveness to enable practitioners to plan gmpmtely and pre-empt anticipated issues

(Bobrownicki et al., 2018). In essence, with thenaiyic nature of delivery in sport and
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physical education, it is critical that practitieeeinderstand how, when, and why to deliver
the myriad tools available (cf. Abraham & Colli2811b).

One such necessary line of enquiry identified byp®wnicki et al. (2018) involves the
short-term effects of analogy and explicit instroies. To date, interest in analogy and
explicit instruction has concentrated solely on end¢arning with limited attention paid to
any potential impact of these instructional types motor contro—acute, short-term
adjustments to, or refinement of, movement (Schdatner, Wollny, Fath, & Baker, 2012).
As Baker, Schorer, and Wattie (2018) acknowleddjeere are instances in applied settings
where immediate performance priorities are distiran, and can overtake, longer-term skill
or talent development processes. For instance, €&tbbhd Masters (2011) noted that the
constraints of time, expense, and injury can oftempel coaches in rugby league to rely on
verbal instruction to quickly improve player perfaance. In track and field athletics, it is
also a common sight
for coaches to verbally instruct young, inexperezhathletes between trials using new or
unfamiliar instructions, unquestioningly expectithgse instructions to then be implemented
in the attempts that follow.

According to Schorer et al. (2012), such real-dioskcenarios where athletes are
expected to immediately implement novel instruciaften occur in the absence of the
learning phases or retention tests that typicaligracterise the current literature. Moreover,
while prior investigations in this area have tyfliiceemployed the temporary factor of
pressure (e.g., dual-task conditions) to evalusaening as a function of instruction method
(e.q., Liao & Masters, 2001; Poolton et al., 200i)real world contexts verbal instruction
itself often constitutes one of the temporary puess to which learners must instantly
respond. Examining the acute effects of analogy explicit instruction would help to

continue to build the knowledge base in this ameh @otentially assist applied practitioners
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in providing a more comprehensive instruction pgek#at accounts for—and balances—
both short-term performance considerations anddoteym skill development.
1.3. The current study

With the issues presented in the preceding sestitimce current study sought to
investigate the differential effects of analogiesd aexplicit instructions—matched for
guantity and content—on motor control in a darbthing task. The primary aim was to
determine the immediate, short-term effects of medd(i.e., in terms of number of rules and
content) analogy and explicit instructions and rthienplications for both performance
outcomes (i.e., accuracy scores) and movementélmmw joint variability, angular velocity,
and throwing time). To do this, a within-subjectssigin featuring analogy, explicit, and
baseline conditions was employed. The choices @fvilthin-subjects design and the dart-
throwing task were intended to facilitate comparigo Schorer et al.’s (2012) similar
investigation involving the short-term effects oftarnally and externally oriented
instructions, while also providing some correspamdeto the basic ballistic task of seated
basketball shooting, which has been utilised inayalearning studies in several instances
(e.g., Lam, Maxwell, & Masters, 2009a; Lam et @DO9b). In order to reflect the staged
nature of real-world coaching delivery (Bobrowniakial., 2018), one new instruction was
provided every three throws, rather than all atepmiuring the verbal instruction conditions
following the precedent of Wulf, Gaertner, McConrald Schwarz (2002).

Based on previous research (e.g., Lam et al., [§Q00plicit instructions would
ordinarily be expected to promote comparable perémce during learning, compared to
analogies, but ultimately lead to less accuratewing when tested under pressure because
of the active control of movement engendered byiimctated verbal knowledge. Forming a
priori hypotheses from this previous research, h@amneto predict any acute differences

between analogy and explicit instructions in therent study was difficult for three reasons.
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First, the data analysis methods often employatierpreceding motor learning studies (e.g.,
comparisons of blocks of learning) typically invetl/the averaging of results over 20 (e.g.,
Lam, Maxwell, & Masters, 2009a; Lam et al., 2008bB0 individual trials (e.g., Tse, Wong,
& Masters, 2017), which would serve to obscure gwogsible acute effects of these
instruction types. Second, the disparities in thengity and quality of the analogy and
explicit instructions, as highlighted in sectiorl,lmean that many previous comparisons
between analogy and explicit participants (e.g.mLat al., 2009a) must be interpreted
cautiously, indeed. Third, the baseline or congyabups to which analogy and explicit
condition participants are often compared in earbeudies will have had significant
opportunities for hypothesis testing, limiting aspondence to the baseline condition of this
study and to any real-world motor control and wmstiion scenarios.

These issues notwithstanding, the study of Schetrel. (2012) may provide some
possible and interesting insights on possible figdifor the present study. For instance,
Schorer et al. found that novice participants threare accurately in the baseline condition
than in the external or internal focus conditioméerestingly, over the course of their study,
there was also no evidence of any learning or omftacts, as the verbal instructions
appeared to disrupt throwing performance compaveolaseline conditions. For the present
study, it was of interest to see whether there warefact, any acute performance or
kinematic differences between the analogy and exphstructions and how performance
and kinematics when using these instructions coetptr the baseline conditions.

Even if it is difficult to predict the precise ma¢ or direction of any differences
between the analogy and explicit instructions, aswhought that reduced accuracy, greater
joint angle variability, slower angular velocityng longer throw times would suggest more
active manipulation of the instructions in workingemory in line with Fitts and Posner’'s

three-stage cognitive framework for motor learnihg67) and associated models of choking,
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such as Masters’ (1992) conscious processing hgpmth Our hypotheses also offer
correspondence with kinematic indicators of thrayvperformance, as research shows that
changes in velocity (e.g., Smeets, Frens, & Brer2@?2) and timing (e.g., Nasu, Matsuo, &
Kadota, 2014), for instance, are associated wlkdarate throwing for darts specifically. In
throwing tasks more generally, kinematic evidenls® guggests that higher levels of joint
variability characterise poorer or less accurat®wing performance (e.g., Fleisig, Chu,
Weber, & Andrews, 2009; Yang & Scholz, 2005). Iakogy instruction does offer any short-
term performance advantages relative to explisitruction, in line with its argued benefits in
motor learning contexts (e.g., limited consciousnipalation), it would be expected that
these advantages would be evidenced by correspgpticnges in accuracy and kinematic
variables, such as improved accuracy, decreaseabiudy, and faster angular velocity, as
per the aforementioned cognitive-based models igts & Posner, 1967; Masters, 1992)
and kinematic evidence (i.e., Fleisig et al., 200®eets et al., 2002; Yang & Scholz, 2005).
Although the presented hypotheses have a bagspirical evidence and established
theoretical models, it is important to acknowledigat some characteristics of these models
(e.g., conscious control and joint variability) aret necessarily undesirable and may have
alternative interpretations. For instance, somalewe suggests that the same conscious
monitoring or control that Masters’ (1992) argussconnected to skill breakdown under
pressure may also be linked with better performaimcenovices (e.g., Beilock, Carr,
MacMahon, & Starkes, 2002; Beilock, Wierenga, & 1IC&002) and may represent an
integral consideration for skill refinement proasghroughout the performance lifecycle
(e.g., Carson & Collins, 2016). Correspondinglye ttecreasing variability that is predicted
by Fitts and Posner’s (1967) model of skill acdiosi and is also associated with skilled
throwing (e.g., Yang & Scholz, 2005) is inconsistemith some evidence that shows

variability increasing with learning (e.g., Verasjk, van Emmerik, Whiting, & Newell, 1992)
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in line with the predictions of Bernstein (1967)dathe principles of dynamical systems
theory. Although the premise and hypotheses ottineent study are rooted in the cognitive-
based models that have inspired research in analodygxplicit instruction, it was hoped that
this investigation into the acute effects of thassructions, and the choice of dependent
variables, would enable coaches and practitionerplan appropriately, whatever their
theoretical orientations or positions.
2. Method
2.1. Participants

Twenty novice adult participants (mean age = 3&ars, SD = 7.35, 14 males and 6
females) volunteered for this study. Participanésenconsidered novices if they did not play
more than three times per year (Sherwood, Lohskleély, 2014) and had never received
any formal instruction in darts (Poolton et al.02Q) Due to previously cited issues with
participants disregarding experimental instructioims favour of previously learned
instructions or strategies from similar tasks (d&abrownicki et al., 2015), potential
participants who self-reported formal experienca ipre-experiment questionnaire of other
throwing (e.g., javelin, cricket bowling, Americé&motball throwing) or accuracy-based (e.qg.,
archery, shooting) tasks were not included the $aniphe requisite sample size of 20
participants was determined using the G*Power @nogne (version 3.1) for a repeated-
measures test (within factors) basedoon 0.05, power (1 ) = 0.95, and effect size of f =
0.35, corresponding with precedents in other spatted research (e.g., Oppici, Panchuk,
Serpiello, & Farrow, 2018; Van Dyck et al.,, 2015he study, which was conducted in
accordance with the research guidelines of thasBrRsychological Society (2014), received
ethical approval according to the University of malirgh School of Education ethics
subcommittee. Prior to participation, all particips provided informed consent and were

advised that they could withdraw from the studgray time.
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2.2. Apparatus and task

Participants performed the task in a purpose-taplort science laboratory, using
standard 24 g darts and a 1.5 m x 1.5 m dartbdaakg at regulation height (1.73 m) in
accordance with World Darts Federation (2014) ruksl trials were completed from a
distance of 2.37 m from the dartboard, which wasaidy marked on the laboratory floor.
Colour-coded concentric circles, modelled after MgKand Wulf (2012), were painted
directly onto the board to indicate the 11 scormmgpes, which were each of equal radial
width, ranging from 1 at the outermost area oflibard to 11 for the bull's eye itself. Any
throws that completely missed or failed to stayttemboard were not awarded any score.

To facilitate automated tracking and analysis with APAS motion analysis system
(Ariel Performance Analysis System; Ariel Dynamidsc.; San Diego, CA, USA) ,
contrasting anatomical markers (see Figure 1) vpdmeed on the acromion process, the
lateral epicondyle, and the styloid process oftlitewing arm (Lohse et al., 2010). A video
camera (Canon MD101), positioned at an angle ot®@%% plane of the dart throw, recorded
digital footage of each trial in the sagittal plghehse et al., 2010) at a sampling frequency
of 50 Hz in line with previous investigations involg throwing kinematics (e.g., Lohse et
al., 2010; Schorer et al., 2012; Wormgoor, HardenylcKinon, 2010). The methods of
Bobrownicki et al. (2015) were used to evaluatehbptecision and accuracy for the
digitisation. For precision, six separate digiiisas of a single throwing trial returned a
typical error (Hopkins, 2000) of £ 0.09° for thegén of the elbow joint. For digitising
accuracy, a moving 175mm rigid segment was digitisethe same manner as the participant
analyses, yielding a mean reconstructed segmegthlerf 176 mm = 0.75 with a mean error
of 1 mm (0.6%), corresponding with results from Bnnicki et al. (2015), Salter et al.
(2007), and Wormgoor et al. (2010).

2.3. Procedure
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Participants individually performed the dart-thiog task under three different
experimental conditions: baseline, analogy, andli@kplinstructions for the explicit and
analogy conditions (see Table 1) were collated frmreelection of sources (Kitsantas &
Zimmerman, 2007; Maus, 2000), adjusted to suitrdugiired characteristics for each verbal
instructional type, and piloted with two novice fepants that were not included in the final
data collection. For each of the conditions, dagsencollected in single sets comprising 12
trials. Based on the protocols of Marchant et200(7), participants were informed that they
would receive periodic instruction throughout thedy and that their aim was to usely this
provided information to “throw the darts as acceiyatas possible at the bull's eye”. The
baseline condition was performed at the start eftésk in all instances, after completing a
12-throw warm-up set, while the two verbal instroigt conditions were counterbalanced
across all participants to control for possibleesrdffects (Schorer et al., 2012; Winter &
Collins, 2013). Modelled after Wulf et al. (2002)daGray (2018) to represent the typical
step-by-step delivery of real-world instructionss€] Fong, et al., 2017), for each condition,
participants received a single instruction statenbefore the initial throw and then for every
three throws thereafter (i.e., one rule at a tinas \provided before trials 1, 4, 7, and 10,
following the order listed in Table 1 for each cdiwh), except in the baseline conditions in
which participants were only instructed at thetdtarthrow at the bull’s eye” (Schorer et al.,
2012). Participants were asked to listen and refpeagiven instruction in each instance to
ensure that the information had been heard coyre&ktween sets, participants were
afforded 2-min breaks (Lohse et al., 2010).

*****xTable 1l near herex****
2.4. Statistical analyses and dependent variables
This study employed a 2 (Analogy vs. Explicit) Xldstruction 1 vs. Instruction 2 vs.

Instruction 3 vs. Instruction 4yvithin-subjects design, comprising performance onuie
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(accuracy) and movement (kinematics) measures. draysis of the four individual
instructions within each instruction type preventieel averaging of results across many trials,
which could obscure any acute effects of the depetnhriables. This analysis also afforded
opportunities for intra-instructional comparisoresg(, analogy instruction one vs. analogy
instruction two), which Bobrownicki et al. (2018)gaed was a necessary step for analogy
and explicit instruction research, as evidence ssiggthat neither type of instruction may be
universally effective (see Poolton, Masters, & Makw 2003). In order to facilitate
comparison to the baseline condition, differenceres were calculated for the dependent
variables (baseline mean score minus mean scoeatbr instruction) and then employed for
the inferential analysis.

Accuracy scores were used as the primary meadutteawing accuracy. To assess
joint variability with respect to instructional tgpthe standard deviation around the mean
was calculated for the elbow joint for each thraw &ll participants and then transformed
into coefficients of variation (CV) to eliminateehmean differences between individuals
(James, 2004; Lam et al.,, 2009b). Based on theegezt of Lohse et al. (2010), throw
duration (from the dart’s first movement away frtme dart board, at the start of the throw,
through to its release from the hand, at the enth@throw) and angular velocity (from the
moment of maximum elbow flexion to the release lté tlart) constituted the additional
kinematic measures (see Figure 1 for illustratibnhese measures). Because the throwing
movement for one participant deviated from the tsalgplane (i.e., used a “side-arm”
throwing style) for four of the six conditions, &lér data were excluded from the kinematic
analysis (Lohse et al., 2010). Specific trials frbwe other participants were also excluded
for temporarily adopting a side-arm technique,iagdrom the instruction to “move your
arm like a catapult”. All effects herein reportexisagnificant ap < .05 and any violations of

the assumption of sphericity were adjusted usinge@ouse-Geisser procedures.
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300 ***x*Ejgure 1l near herex****

301 3. Results

302 3.1. Accuracy scores

303 A two-way repeated-measures analysis of variancBlQ¥A) did not reveal a
304 significant main effect of instruction type on acaey, F(1, 19) = .421p = .524,;72p = .02,
305 although there was a significant effect for instimt numberF(1.978, 37.582) = 5.579, <
306 .01,4% = .23. Post hoc analyses with Bonferroni adjustsémdicated that the difference
307 scores for accuracy for the second instructidn=(-1.82,SE= .43, 95% CI [-2.73, -0.92])
308 were significantly lower than the firstd(= -0.34,SE= .21, 95% CI [-0.78, 0.10p = .005)
309 and third instructionsM = -0.76,SE = .25, 95% CI [-1.28, -0.25]p < .05) with mean
310 differences, respectively, of -1.48 (95% CI [-2.88,379]) and -1.06 (95% CI [-1.95, -0.17]).
311 Analysis was not suggestive of an interaction betwénstruction type and instruction
312 number,F(3, 57) = .873p = .460,;72IO = .04. The difference-scores data are illustrated
313  Figure 2, while raw data (i.e., prior to differersmre calculation) are shown in Table 2.
314 *xEx*Ejgure2 near herex****

315 *****Table2 near herer****

316  3.2. Joint variability

317 To investigate the effect of instructional type jomt variability, a two-way repeated-
318 measures ANOVA was run on the difference-score @ta.dAnalysis did not indicate a
319 significant effect for instruction typer (1, 14) = .551p = .551,;72p = .04. There was,
320 however, a statistically significant result fortnstion numberF(3, 42) = 3.899p < .05,;72p
321 =.22, with pairwise comparisons indicating thatiadility compared to baseline across both
322 analogy and explicit instructions was significantligher for the second instructioM (=
323 0.05,SE= .01, 95% CI [0.03, 0.08]) than the firél & 0.24,SE= .01, 95% CI [0.01, 0.04h

324 < .05). As with accuracy, analysis did not revealgnificant interaction between instruction
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type and instruction numbeff(1.504, 21.062) = 1.65% = .216,;72p =.11. Figure 2 shows
the difference score data, while Table 2 showsltita prior to difference score calculations.
3.3. Angular velocity

Following the trend of the previous dependentaldds, ANOVA did not reveal a
statistically significant effect for instructiongg, F(1, 14) = .032p = .860,;72IO < .01, but
there was a significant effect for instruction neni=(3, 42) = 4.426 < .01,;72p =.24. A
closer inspection of the data showed that partitpalemonstrated the slowest angular
velocity compared to baseline for instruction twb £ -79.46,SE= 24.81, 95% CI [-132.67,
-26.24]) and the fastest for instruction fot € -31.54,SE= 14.70, 95% CI [-63.05, -0.03]).
No significant interaction for instruction type amgtruction number was detectd€(1.972,
27.606) = .090p = .912,;72p = .01. Data for this dependent variable are prteseim Figure 2
(difference scores) and Table 2 (data before diffee score calculations).
3.4. Throw duration

For throwing time, a two-way repeated-measures XNQvas run on the difference
scores compared to the mean baseline throwing idara®reliminary examination of the
results for this dependent variable indicated thatdata for analogy instruction one, explicit
instruction two, explicit instruction three, andpégit instruction four deviated from the
normal distribution; however, these data were mahdformed because recent research
suggests that ANOVAs are robust against such nomaldy (e.g., Blanca, Alarcon, Arnau,
Bono, & Bendayan, 2017; Schmider, Ziegler, Danagyé8, & Buhner, 2010) and such
transformations render commonly understood unitsneasurement (e.g., time) difficult to
interpret (Myers, Well, & Lorch, 2013). Analysisddnot reveal a significant main effect for
instruction typeF(1, 14) = .761p = .398,;72IO < .05, but did show a significant effect for
instruction numberf(1.823, 25.516) = 4.093 < .05,;72p < .23. Pairwise comparisons

indicated that throw duration compared to basefimerages across instruction types was
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significant longer for throw threev = 0.05,SE= .01, 95% CI [0.02, 0.08]) than for throw
one M = 0.02,SE= .01, 95% CI [-0.01, 0.03] < .05). There was no significant interaction
effect found between instruction type and instacthumberfF(1.560, 21.846) = .11§ =
.840,;72ID = .01. These data can be found in Figure 2 (diffee scores) and Table 2 (raw data
prior to difference-score calculations).
3.5. Differences from baseline

To determine if the dependent variables for thérulesion types differed significantly
from baseline means, one-sample t-tests were emghlon the difference score data as a
function of instruction. For accuracy, analysis icaled that participants demonstrated
significantly less accurate throwing compared tedtiae for both analogy = .001,d = .84,
and explicit instructionsp < .001,d = .95. With regard to joint variability, there watso
significantly greater variability compared to baselmeans for analogy < .005,d = .75,
and explicit instructiongp = .001,d = .92. In terms of angular velocity, a similar wewas
detected with significantly less velocity compatedaseline for both analogy,< .005,d =
.84, and explicit instructiong, < .05,d = .62. For the last dependent variable, throw domat
throwing times were significantly longer comparedaseline means for analogys .005,d
= .77, and explicitp = .01,d = .66. Differences compared to baseline means &oh e
instruction within the analogy and explicit insttiooal sets are indicated in Figure 2.

*****Table 3 near herer****

4. Discussion

Although previous studies have explored and debtite impact of different types of
verbal instructions (e.g., internal vs external u®cinstructions, analogy vs explicit
instructions) on motor learning, there has beeitdgnexamination of the possible effects of
these instructional types on motor control. Witts tim mind, the primary aim of the present

study was to determine the immediate, short-teraich of analogy and explicit instruction
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on movement and performance outcomes. Results atedicthat participants not only

performed similarly in the analogy and explicittmstions for all dependent variables, but
that their performances in these verbal instructimonditions were associated with

significantly poorer throwing accuracy scores coragato baseline conditions. These
findings correspond to the findings of Shorer et(2012) in their investigation of the acute
effects for internal and external focus instructitwt contrast with the pattern ordinarily

observed in motor learning-focused studies inv@hanalogy and explicit instructions, which

have typically featured imbalanced verbal-instmucticonditions. It may be that these
instructions could eventually benefit the particifgawith more trials, but it is interesting that
the instructions seemed to have detrimentally inggh@acute throwing accuracy and even
limited a learning effect where it might be expectéhe dearth of learning-effect evidence
corresponds with similar observations by Schoreaslef2012) for internally and externally

focused instructions.

Along with the accuracy scores, kinematic datahknmr revealed that participants
demonstrated significantly more elbow joint varlai significantly slower angular velocity,
and significantly longer throwing times in thesebad instruction conditions compared to the
baseline conditions. The combination of these tesamd the accuracy findings correspond
with the early stages of cognitive motor learningdels and suggest that both the analogy
and explicit instructions in motor control contextey have promoted greater deliberate
control of movement compared to baseline and, in, tdisrupted movement in line with
Masters’ (1992) conscious processing hypothesis ddnclusion is further supported by the
limited evidence of any learning effects and th@whng outcome data of Table 3 that show
the increase in non-scoring trials and decreasbuilis eye scoring trials compared to
baseline for the analogy and explicit conditions.

On the basis of both the present study’s results those of Schorer et al. (2012),
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several types of verbal instructions in motor cointontexts (i.e., analogy, external, internal
focus, and external focus) have now resulted is Bscurate throwing performance than
baseline conditions that have only directed paréicts to “throw at the bull's eye”. This
suggests that the impact of these various verlsaductional types may differ with respect to
implementation period (i.e., short-term vs long#gr Given the prevalence of verbal
instructions in the field, even amongst elite camchnd competitors (e.g., Porter et al. 2010;
Gabbett and Masters 2011), and the positive supporéinalogy and externally oriented
instruction in motor learning contexts, the findngf both this study and Schorer et al.
(2012) raise potential questions and concerns degarthe use of verbal instructions in
motor control situations specifically. Even if teaduch as analogies or externally focused
instructions provide long-term learning benefitscould be unrealistic to expect novices to
make immediate use of new verbal information withperturbation to existing movement
execution.

Showing correspondence with Bobrownicki et al.Z)X8) predictions concerning
potential intra-instructional differences (e.g.akgy instruction one vs. analogy instruction
two), there were also significant differences fastruction number with throwing accuracy
and kinematics, in particular, impacted for instimit two. One particular issue that could
have contributed to these differences—as well assitynificant differences in accuracy and
elbow joint variability for the wverbal instructiorconditions compared to baseline
performances—was the potential lack of familiavtyh—or variable understanding of—the
novel verbal instructions, leading to markedly eliént movement. For example, in this
study, the “move your arm like a catapult” analoggtruction generated two distinct
movement responses during data collection, withesparticipants performing the intended,
classic catapult movement based on the ancieniotenkevice, while others mimicked the

movement of the trebuchet, the counterbalancedaredi siege weapon. These differences
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in movement may have had less to do withtype of instruction, but more to do with the
participants’ interpretations of those instructions and their familiarity withet concepts
therein. Similar issues have been demonstratediquely when the same table tennis
analogy (pretend to draw a right-angled trianglthwie bat) that was successful for English
speakers compared to explicit methods (Liao & Mast@001) proved ineffective with
Chinese-speaking participants (Poolton et al., 2003

According to some psychological perspectives,ube and understanding of language
varies from person to person (Reed, 1996), so ytIneanaive to assume that these difficulties
would only apply to analogies and not all formssefbal instruction. As such, it would seem
inadvisable to uncritically apply verbal instructgofany kind without first considering the
needs, knowledge, and previous experiences of gamer(s), in line with the practices
espoused by those such as Abraham and Collins é20Ehovel verbal instructions are, in
fact, creating issues relating to multiple intetptions and, in turn, unwanted movement
variability, then consideration in future could ¢gpgen to eliminating possible ambiguities by
incorporating athletes’ or participants’ own wortlgo the instruction, as suggested by
Abraham and Collins (2011a), or by making the undions as objective as possible,
potentially through the use of alternative, mordigtic sources of information (SOlI,
MacPherson, Collins, & Obhi, 2009; Reed, 1996). date, several case studies have
provided tentative evidence supporting alternaB@I, demonstrating the utility of both
sonic feedback for optimising speed skating teammiGodbout & Boyd, 2010) and
rhythmic SOI for stabilising movement patternsawmglin throwing (MacPherson, Collins, &
Morriss, 2008), although the effectiveness and icapibns of these potential SOI and others
(e.g., haptic or visual) for novices still requirevestigation. It is important to point out,

however, that the receipt of novel instructionsias exclusively the domain of novices, so
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issues regarding instructional relevance, famtlyarand understanding should constitute
ongoing considerations for expert performers as. wel

These considerations notwithstanding, it is imguairtto recognise that there may be
some alternative explanations for the observedltseskor instance, familiarity with and
understanding of the instructions represents osiple reason for some of the differences
detected between instruction number. In additibe, $econd instructions for both analogy
and explicit involved more specific information egding online throwing mechanics than
either the first and third instructions, which pémed to dart grip and dart release,
respectively. With this in mind, the nature of ttim@vements described by the instructions
could account for some of the instruction-numbéedences. It could also be argued that the
lesser variability observed for baseline perfornesncould indicate freezing of degrees of
freedom as per Bernstein (1967) in order to simdntrol of the human movement system.
Given that participants threw more accurately dyrine baseline condition, however, the
results of the study on the whole are more reflectf cognitive models of motor control
than the Bernstein-inspired constraints-led or dyical systems approaches. A third and
final alternative explanation could relate to tlatedhrowing experience and skill level of the
participants, as the verbal instructions could Hdifferentially impacted any participants that
were not genuine novices. This study, however, aoatl inclusion criteria that matched
(e.g., could not play more than three times per;\@laerwood et al., 2014) or exceeded (e.qg.,
potential participants that had formal experiencsimilar throwing or accuracy-based tasks
were excluded) common methods for recruiting artdgmaising novices based on precedent
in the literature.
4.1. Future research directions

There are several possibilities for future redearat could help to elaborate on or

elucidate some of the findings discussed in thesgme study that would benefit both
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researchers and practitioners alike. For instawbde the methodology of the current study
was largely informed by the work of Schorer et (@012), which relied on performance
outcome and kinematic measures to investigate noaotrol, future research could look to
incorporate electromyography (EMG) or electroenedpiraphy (EEG) measures to gain an
even clearer picture of the acute effects of thembal instruction types. Also, while the
present study matched the 50-Hz sampling rate lobi®c et al.’s (2012) dart-throwing study,
as well as similar research involving other thrayitasks (e.g., cricket fast bowling;
Wormgoor et al., 2010), future studies could aindrtaw upon recent technological advances
to improve upon these numbers. One further thirad thas adopted from Schorer et al.
(2012) that could warrant adjustment includes th@ae in task. While maintaining the dart-
throwing task facilitated comparison across studias corresponded to similar ballistic tasks
previously employed in analogy research (e.g..esebasketball shooting; Lam et al., 2009a,
2009b), it is possible that specific charactersstid the dart-throw movement could have
interacted with these verbal instructions, makiagtipipants more susceptible to conscious
control or explicit monitoring. By extending thisé¢ of research to alternative tasks (e.qg.,
gross motor tasks), it could be made clearer whethe observed acute effects of these
verbal instruction apply to sport more generallthea than to dart throwing specifically.
Arguably, this point of extending the investigatitmnnew tasks could also be extended much
more broadly, however, as the literature involviagalogy and explicit instruction has
focused on a narrow range of tasks over the pagsteass (for list of tasks in analogy and
explicit literature, see Bobrownicki et al., 2018).

As the negative effects of instruction in shortxie motor control situations contrast
with those in motor learning, another possible aeeifor future research could include
investigation of the persistence of these acutectdf By increasing the number of trials for

each piece of instruction, it may be possible ttemgine at what point verbal instruction
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499  begins to benefit performers. While the baselinedtt@ns in this study were always first to
500 ensure that the instructions from the other cood#idid not interfere or influence throwing
501 performance, it would also be valuable to know ifRddhow quickly—performance might
502 return to baseline levels after receiving verbatmnction. With this in mind, a similar study
503 employing a wholly counterbalanced design acrdssoalditions could prove informative for
504 practitioners and researchers alike.

505 While the step-by-step analogy and verbal insioanatised in this study was inspired by
506 real-world practice, provided in accordance witayious methodological precedent (Wulf et
507 al., 2002), and based on both peer-reviewed (Kiégsa& Zimmerman, 2007) and practical
508 coaching resources (Maus, 2000), it is possibleatiaerence to individual instructions from
509 the analogy and explicit conditions could haveeatdhtially impacted accuracy or throwing
510 kinematics. Given the unanticipated advantagesherbaseline conditions, future research
511 could look to focus specifically on a single instian for the analogy and explicit instruction
512 conditions to see whether the pattern of verbdtuctons negatively impacting accuracy, as
513 observed in this study and the study of Schoreal.e(2012), continues. Focusing on one
514  single instruction for each instruction conditidmaughout the study could also address any
515 possible concerns regarding differences in inforonal volume between the verbal
516 instruction and baseline conditions. While the entrstudy only presented a single
517 instruction at a time to participants in line withnventional coaching practices (Tse, Fong,
518 et al.,, 2017), taking care to match the overall bemof rules of the analogy and explicit
519 instructions, participants will ultimately have edred three more instructions in total
520 throughout the delivery of the analogy and explicinditions relative to the baseline
521 condition. While these differences in instructionadlume between verbal instruction
522  conditions and baseline/control conditions have aoly been common throughout the

523 existing literature, but also more pronounced bseaall instructions have typically been
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provided all at once (e.g., Lam et al., 2009b; L&aMasters, 2001) rather than individually,
to better understand the impact of these verbaftucisons, more carefully controlling the
overall volume of information may constitute a icat consideration for future research
involving verbal instruction in motor control corte specifically. In any such future
research, more diverse methods for evaluating ffecte of these instructional types,
including qualitative interviews, should also watracareful thought, as the impact of
analogy and explicit instruction on other criticadpects of real-world practice, such as
motivation, enjoyment, or adherence, for exampés, hot been explored in the literature to
this point. A comparison of imposed analogies ,(iteaditional method) and negotiated
analogies (i.e., involving participants in the depeent of the instruction) might also prove
a worthwhile consideration.
4.2. Conclusion

The results of the present study suggest thathesaghysical educators, and sport
psychologists should exercise caution when comnating verbal information intended for
immediate use in motor control situations, as pgdnts in the analogy and explicit
instruction conditions demonstrated reduced acguracore deliberate movement, and
greater movement variability compared to baselioedi¢ions. This research demonstrates
that it may not only be important to consid@w to instruct movement skills, but alsten
to do so (i.e., motor control versus motor learrsitigations; cf. Abraham & Collins, 2011b)
and why (i.e., the purpose). The findings of this studgoaemphasise the importance of
developing and embedding common understanding—irgractice, then in competition—
between coaches and athletes with regard to ingtngcand their intent for movement. In
future, given the potential issues pertaining taglr, more deliberate movement and the
observed misunderstandings of intent, interestetiesamay wish to consider exploring

alternative SOI, which may offer less ambiguous—-gmeahaps, more relevant—information
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sources for learners, such as the use of rhythrpogexl by MacPherson et al. (2009).
Finally, it is also important to note that the npt®f novel instructions is not exclusively the
domain of novices, so issues regarding instructicglavance, familiarity, and understanding
should also constitute considerations for expertop@ers in research and applied practice

going forward.
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Figure Captions

Figure 1 Figure depicts the throwing technique and keycepis relevant to the kinematic
analyses of the task. Top illustration shows plas&nof anatomical markers, the start of the
kinematic analysis, and the measure of maximumidteXused for calculation of angular
velocity). The bottom illustration explains the meee of angular velocity, elbow flexion at
release (used to calculate angular velocity), dredend of the kinematic analysis. Figure

inspired by similar model from Lohse et al. (2010).

Figure 2 Mean difference scores compared to baseline means for the four dependent
variables as a function of instruction type. Bars denote confidence intervals. *
Confidence intervals that do not include zero indicate statistically significant differences
from baseline at p < .05. (a) accuracy; (b) elbow joint variability; (c) angular velocity;

(d) throw duration.



Table 1. List of instructions for the three instran types

Instruction type Instructions
Baseline Throw at the bull's eye
Analogy
Instruction 1 Grip the dart as if it were a crisp*
Instruction 2 Move your arm like a catapult to throw the dart
Instruction 3 Follow your hand all the way through the throw lkéasketball

player finishing his shot
Instruction 4 Imagine that your body has frozen into place arg wour throwing

arm can move

Explicit
Instruction 1 Hold the dart with a relaxed, yet firm grip
Instruction 2 Leading with your elbow to start, move your handlbaith the dart, and,

in one motion, throw the dart toward Hoard

Instruction 3 As you complete your throw, extend and point yoogdrs toward
the target
Instruction 4 Keep your body, legs, and left arm stationary tigjtmut the throw

and let your right arm do all the moving

*Potato chip in American English



Table 2. Descriptive statistics for the dependent variables for each instruction prior to difference score calculation.

Baseline Analogy Explicit
Instruction 1 Instruction 2 Instruction 3 Instruction 4 Instruction 1 Instruction 2 Instruction 3 Instruction 4
M (SE) M (SE) M (SE) M (SE) M (SB) M (SE) M (SE) M (SB) M (SE)
Accuracy (score) 7.02 (.19) 6.72 (0.29) 5.03 (0.53) 6.35 (0.39) 6.42 (0.27) 6.97 (0.34) 5.68 (0.46) 6.48 (0.27) 6.08 (0.53)
Joint variability (CV) 0.38 (0.02) 0.40 (0.19) 0.42 (0.02) 0.43 (0.03) 0.42 (0.02) 0.41 (0.02) 0.45 (0.03) 0.42 (0.02) 0.41 (0.02)
Angular velocity (deg/s) 375.91 (34.23) 336.78 (30.00) 302.35(31.19) 322.68(29.31) 342.34(30.43) 338.43(31.63) 300.50(29.91) 318.22(32.46) 350.34(33.74)
Throw duration () 0.15(0.01) 0.16 (0.01) 0.20(0.02) 0.21 (0.02) 0.17 (0.01) 0.17 (0.01) 0.20(0.02) 0.21 (0.02) 0.17(0.01)




Table 3. Throwing outcomes as a function of ingtauctype

Baseline Analogy Explicit
Total M SE Total M SE Total M SE
Bull's eye scoring trials 4 0.20 0.04 2 0.10 0.02 3 0.15 0.03
Non-scoring trials 1 0.05 0.01 13 0.65 0.14 16 0.80 0.18
Accuracy score 1723 86.15 19.26 1471 73.55 16.45 1513 75.65 16.92




Kinematic analysis begins
at the first moment of
negative acceleration
relative to the dartboard

Maximum elbow flexion (degrees)

Contrasting anatomical markers for the kinematic analyses were placed on the:
a) Acromion process

b) Lateral epicondyle

¢) Styloid process

Kinematic analysis
ends when dart has
clearly left the
throwing hand

(.
4
Elbow flexion at release (degrees)
|

d) Angular velocity calculated by dividing the difference between elbow angle at
extension (release) and at maximum flexion by the time.

Figure 1. Figure depicts the throwing technique and key concepts relevant to the kinematic analyses of the task. Top
illustration shows placement of anatomical markers, the start of the kinematic analysis, and the measure of maximum
flexion (used for calculation of angular velocity). The bottom illustration explains the measure of angular velocity,
elbow flexion at release (used to calculate angular velocity), and the end of the kinematic analysis. Figure inspired by
similar model from Lohse et al. (2010).
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Highlights

e When using analogy or explicit instructions in motor control contexts, participants did
not exhibit any statistically significant differences.

e Compared to baseline means, participants during the analogy and explicit instruction
conditions demonstrated significantly less accuracy, significantly greater elbow joint
variability, significantly slower angular velocity, and significantly longer throwing
times, suggesting that these two instruction types may have engendered similar levels
of conscious movement control.

¢ Findings suggest that verbal instruction may differentially affect performance in motor
control situations, compared to motor learning, indicating that sport psychologists,
coaches, and other applied practitioners should carefully consider the purpose and

timing of instructions in acute performance contexts.
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