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Abstract

Objectives: This study compared the effectivenéssiomagery intervention with an action
observation intervention on the effectiveness gironing the ability to image different
content and characteristics. These two interverteohniques were also compared to a
control condition.

Design: Experimental study, random assignment &dfrthree groups and repeated
assessments.

Method: Participants (N = 51; 59% femaldage = 19.375D = 1.33) were randomly
assigned to one of three intervention groups: Rgeny, 2) observation, 3) control. Imagery
ability was assessed using the Movement Imagergtigumaire-3 (MIQ-3) and Sport
Imagery Ability Questionnaire (SIAQ) before andeafthe 4-week intervention. Groups
consisted of either imaging a series of finger eises (imagery group), observing videos of
the same exercises (observation group), or perfarmiie stroop task (control group). The
intervention was conducted once a week in thedat,imagery and observation
interventions were also performed in participaotsh time between visits.

Results: Participants in the imagery and obsermajioups experienced a significant increase
in their SIAQ skill, strategy, and mastery imagabylity from baseline to post intervention
(ps < .05); the control group experienced no changkeir imagery ability of these
subscales. All groups experienced an increadeein MIQ-3 external visual imagery from
baseline to post intervention. 82% of the obseovadjroup experienced spontaneous imagery
during observation of the movements.

Conclusions: Imagery and observation are similafigctive intervention strategies in
improving movement based imagery ability. Obseorabf actions appears to elicit
spontaneous imagery in most people.

Key words: action observation; motor imagery; spodgery; ease of imaging
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Running head: Comparing Imagery and Observation

Comparing Movement Imagery and Action Observation as Techniquesto Increase
Imagery Ability

Imagery can effectively enhance performance eitim@ugh directly priming
movement patterns, or indirectly through alteringstructs and dispositions associated with
more successful performance (e.g., enhancing cemdig] regulating anxiety) (Cumming &
Williams, 2012; Martin, Mortitz, & Hall, 1999). @wmequently, imagery is a fundamental
technique used in sport, exercise, dance, and ifgaan (Cumming & Williams, 2012;
Martin et al. 1999). Therefore, it is importantuederstand factors and establish procedures
that lead to more effective imagery.

Imagery ability, defined as “an individual's cagd of forming vivid, controllable
images and retaining them for sufficient time tieeffthe desired imagery rehearsal” (Morris,
Spittle, & Watt, 2005; p. 60), is one factor propdgo influence the success of imagery use
(Hall 1998). In support, Robin et al. (2007) fouhdt following an imagery and physical
practice intervention to improve tennis serviceimetaccuracy, greater improvements were
experienced by better imagers compared with paoragers. Moreover, at times imagery is
only beneficial when used by individuals demonstasufficient imagery ability (McKenzie
& Howe, 1997; Williams, Cooley, & Cumming, 2013).

When examining imagery ability, it is importantdonsider that it is a
multidimensional construct (Morris et al., 2008)onsequently, various techniques have
been established to assess imagery ability susblseport questionnaires, interviews,
mental chronometry, neuroimaging, and physiolodieahniques (for a review on these
different techniques see Collet, Guillot, Lebon,dWyre, & Moran, 2011). The most
frequently employed technique to assess imageiiyailsithrough the use of questionnaires

which typically assess either ease of imaging @geny vividness (Roberts Callow, Hardy,
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Markland, & Bringer, 2008; Williams & Cumming, 201Williams et al., 2012). However,
these ease and vividness ratings are likely tofhgéeinced by the specific content being
imaged as well as the different characteristiaghefimagery (Cumming & Williams, 2012,
2013). Cumming and Williams (2013) explain thaagery content reflects what an
individual is imaging. Specific to sport, Hall @®) suggested that, “Just because athletes
might be able to easily and vividly imagine themasslperforming a skill (e.g., “throwing a
ball”), [it] does not mean they can just as eaaiig vividly imagine receiving a medal or
being in control of difficult situations” (p. 171)n support of differences in imagery ability
due to the content being imaged, Williams and Cumgn(2011) revealed athletes were able
to image positive feelings and emotions (i.e.,cffmagery) significantly more easily than
images of performing skills, which were in turnrefgcantly easier to image than strategies,
goals, and persisting and performing well in difftcsituations (i.e., mastery imagery;
Williams & Cumming, 2011).

Alongside variations in the ability to image diéet content, individuals can also
vary in their ability to image using different chateristics (Roberts, et al., 2008; Williams et
al., 2012). While imagery content refers to wina individual is imaging (e.g., throwing a
ball), imagery characteristics refer to how the gexy of the particular content is experienced
and includes by is not limited to imagery modaditend the visual perspective of the image
(Cumming & Williams, 2012; 2013). For example,iadividual may image performing a
tennis serve (content) from an internal visual ierggperspective (characteristic). The two
most commonly employed imagery modalities are Viand kinesthetic imagery. Visual
imagery involves seeing the image and can be experd from an external visual imagery
(EVI, 31 person) perspective or an internal visual imagBfy 1% person) perspective
(Morris et al., 2005). Kinesthetic imagery (KItise feelings and sensations associated with

an image. As mentioned, the ability to image uslifigrent imagery characteristics can
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vary, with differences often displayed between aisand kinesthetic imagery ability
(Williams, Guillot, Di Rienzo, & Cumming, 2015). h€refore, when examining imagery
ability, it is important to establish the ability image different content (e.g., movement vs.
motivational images) as well as the extent to wimchviduals can image content using
different characteristics (e.g., EVI, IVI, Kl).

Although imagery ability varies amongst individydike a physical skill, imagery
can be honed and refined (Cumming & Williams, 201Rgrforming imagery (i.e., imagery
practice) can improve the capacity to image theifipeontent being practiced (Calmels,
Holmes, Berthoumieux, & Singer, 2004; Cumming &-$tarie, 2001; Williams et al.,
2013). However, imagery practice relies on indinls being able to create and control an
accurate representation of the movement that rsfimgher improved and refined. In
populations where generating an image may be diffiother methods such as action
observation may be more beneficial by providingamgnt perceptual information (Holmes
& Calmels, 2008; Ram, Riggs, Skaling, Landers, &Mbagh, 2007).

Observation is proposed to facilitate imagery byvpling the individual with a clear
and vivid instruction of what (i.e., the specifientent) they are required to image (Lang,
1979). In support, gymnasts and dancers havetezpobserving others to enhance the
guality of their own images (Hars & Calmels, 200@rdin & Cumming, 2005).
Furthermore, Williams, Cumming, and Edwards (20bupd that observing Movement
Imagery Questionnaire-3 (MIQ-3; Williams et al.,12) actions lead to greater ease of
imaging these specific movements from both visadl linesthetic modalities.

Both observing and imaging actions share certaimateepresentation (Lorey et al.,
2013) and elicit similar brain and corticospinatiaty to that experienced when executing
the movement (Clark, Tremblay, & Ste-Marie, 20G4jlese & Goldman, 1998). This

overlap in brain activity is proposed to facilitailearning and performance of skills through
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imitation (Jeannerod, 2001). Both imagery pracéied action observation are thought to
lead to functional changes in task representatidarig term memory which in turn leads to
better task performance (Kim, Frank, & Schack, 30The neural and behavioral changes
elicited through imagery and observation may atsgesto enhance the ability to image
movements and actions in that individuals may ftrehsier to retrieve this information from
long-term memory and thus find it easier to imdge tontent.

Interestingly, research also suggests that botlgenya and action observation can
facilitate improvements in the ability to image neowents different to those observed or
imaged during the intervention. For example, avbeek figure skating imagery training
program lead to figure skaters improving their iptlo image basic movements (Rodgers,
Hall, & Buckolz, 1991). Using observation, RymadaSte-Marie (2009) found that an
action observation intervention of a competitiveedcould increase divers’ vividness when
imaging the Vividness of Movement Imagery Questaira(lssac, Marks, & Russell, 1986)
movements (e.g., kicking a ball, running). Howewesmall sample size and lack of a
control group limit the conclusions drawn. Imagprgctice and observation can also
improve imagery ability differently depending oretbharacteristics or modalities being
employed. Improvements in visual imagery abilgyaaresult of imagery practice tend to
occur sooner than improvements in kinesthetic imagbility (Cumming et al., 2001,
Williams et al., 2013). Similarly, external obsation has previously only improved ease of
imaging when performed from an external visual ierggerspective (Williams et al., 2011).

More recently, Wright et al. (2015) examined thieets of both action observation
and imagery practice to see whether they couldovgthe ability to image different content
to that of the intervention, and whether any imgment depended on the imagery
characteristics being employed. Compared to arcbgitoup who did not improve, both

action observation and imagery practice groupslariyiimproved their ability to image
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movements using a visual modality. For the abtitymage the same movements using Ki,
imagery practice elicited a significant improvemeshile a similar trend (although not
significant) was apparent in the action observagjaoup (Wright et al., 2015).

Despite the promising findings of action observaiicreasing the ability to image
content beyond that being observed, the actionreéen used by both Rymal and Ste-
Marie (2008) and Wright et al. (2015) were persieal videos of the participants
themselves. While this was to create personallgmmgful and more effective interventions
(Holmes and Collins, 2001), Wright et al. (2015krmmwledged that this approach may have
impacted the effectiveness of the interventionrti@rmore, despite visual and kinesthetic
imagery being the two most commonly used modaldfamagery, previous work comparing
imagery and action observation in improving thdigtiio image visual and kinesthetic
imagery has been limited to not separately assgssid comparing the effects of both
interventions on EVI and VI ability (Wright et aR015). It is therefore important to
examine the effectiveness of action observatiomoreasing imagery ability through the use
of generic models performing the actions, to seethdr this non-personalized observation is
similarly effective, and separately examine thedif/eness of these techniques on
improving the ability to image scenarios varyingontent and characteristics.

In sum, imagery practice and action observatiggeapable to increase imagery
ability. However, research, particularly when gsgeneric action observation, has yet to
sufficiently examine and compare: 1) whether imggeactice and action observation
intervention techniques can improve the abilitynage content different that being observed
or imaged during the intervention, and 2) whethgr such improvements vary for different
characteristics of the imagery (i.e., do any imgg@duility improvements vary depending on
the imagery modalities and perspectives being eyeglo With these limitations in mind,

the present study aimed to comprehensively invatgignd compare the effects of movement
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imagery practice and generic action observatiamproving imagery ability. Three groups
were compared: 1) imagery practice interventiorugr®) action observation intervention
group, 3) control group. The Movement Imagery @Qoesaire-3 (MIQ-3; Williams et al.,
2012) assessed the ability image movement using I&¥/land Kl, while the Sport Imagery
Ability Questionnaire (SIAQ; Williams & Cumming, 2Q) assessed the ability to image
different cognitive and motivational imagery corttéfhe ability to image these different
content and characteristics were assessed atrimasatid after the four week interventions.
The imagery practice and action observation int&reas involved imaging or observing a
series of basic hand exercises respectively. Haartises were selected as the intervention
content to ensure that the content being imagedbsdrved was a different type of
movement to those being assessed by the MIQ-3 BX@ ®hich assess simple gross and
more complex movements respectively.

Based on the neural overlap between movement imagel action observation
(Clark et al., 2004Gallese & Goldman, 1998), it was hypothesized liwdh intervention
techniques would increase the ability to image muemts using EVI, 1VI, and KI.
Therefore, it was proposed that imagery and observgroups would experience a
significant increase in MIQ-3 EVI, IVI, and Kl sas from pre to post intervention. Due to
the skill and strategy subscales of the SIAQ agsgemse of imaging movements (i.e.,
movement imagery ability), it was also hypothesitteat both imagery practice and action
observation groups would experienced a significarease in skill and strategy imagery
ability from pre to post intervention. It was hypesized that the control group would
experience no changes in imagery ability of movdsemen using EVI, VI, Kl, or in skKill,
and strategy imagery. It was also hypothesizetithiese would be no change in the ability to
image goal, affect, and mastery imagery contenaifyrof the three groups.

Methods
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Participants

Fifty-one healthy right handed participants (mal2lsfemale = 30Mage = 19.37
(SD = 1.33)) with no known neurological or musculgumes or impairments, and no color
blindness took part in the study. Prior to datidection ethical approval was obtained from
the university ethics committee and all particigaotovided written informed consent before
being randomly assigned to one of three intervangimups; (a) imagery practice (N = 16;
male = 7, female = 9), (b) action observation (8: male = 7, female = 11), and (c) control
(N =17; male =7, female = 10).
Procedures

Completion of the study included 5 separate lalis/srer a 5 week period (each visit
6-8 days apart). The first and final visit lastedionger than 1 hour, and the other visits
lasted no longer than 20 minutes. Please see Figiamean overview of the procedures.

Visit 1. Participants were provided with an overview @& gtudy and reminded that
their participation was voluntary and that they eveee to withdraw at any point.
Participants then provided their consent, demogcapformation, and completed the MIQ-3
and SIAQ to assess baseline imagery ability. Rpaiits then completed the intervention
condition they were assigned to (i.e., imagery ficacaction observation, or control — details
of which are provided below). Participants in timagery practice and action observation
groups were asked to try and complete their inteiga once a day before the next lab visit
and were provided with a weekly diary to recordretame they completed an intervention
bout.

Visits 2, 3, and 4. Participants in the imagery practice and actioseovation
conditions first returned their weekly diaries ammmpleted the intervention weekly
evaluation form with regards to the interventiothaties they had completed since the

previous visit. Next, participants in the imagenglabservation groups were introduced to a
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new combination of movements and completed th&rwention condition (i.e., imaged the
movements if in the imagery group and observedrtbeements if in the observation
groups). The control group completed the Strosg.tRinally, participants in the imagery
practice and action observation groups were giveevadiary and reminded to complete
their intervention once a day before the next ligii.v

Visit 5. Participantsn the imagery practice and action observation tms first
returned the weekly diaries and completed the vetgron weekly evaluation form. Next all
participants completed the MIQ-3 and SIAQ to assesgery ability following the
intervention. Finally, participants in the actiobservation intervention group completed the
post-intervention imagery assessment. Upon conapletf the study all participants were
thanked for their participation.
I nterventions

I magery practice. Each week participants were asked to image a sefrieercises
of the fifth digit of the left hand. In total eighxercises were used to evoke movements such
as finger adduction, abduction, flexion, and extamsand a combination of different
exercises to image were prescribed each week toeemariety and prevent boredom. Each
week five of the eight possible movements were mdaduring each intervention session.
Participants imaged 10 repetitions of each moverbefure progressing to the next
movement. When performing the imagery, participardse instructed to position their hand
in the movement’s starting position and image tliwe@ment as clearly and vividly as
possible from their preferred visual perspectivalstialso incorporating the different
sensations that would be experienced if physigadlyorming the movements. Participants
were also told to keep their hand still during itn@gery. Participants performed each
imagery intervention session once in the lab asthe of the week, and were encouraged to

try and perform the imagery once each day in tbwm time before the next weekly lab visit.
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During each weekly lab visit, a new set of five raments were given to participants to be
imaged the following week under the same instrastioWhen participants were first
introduced to the weekly exercises, they were glediwith a video demonstration of the
exercises to ensure they understood the movemenitare being asked to perform. This
was to ensure the imagery group understood the mewethey were required to image and
only consisted of one repetition for each exerd@ing the remaining sessions of the week,
participants were provided with a small writtencgstion of the movements to remind them
of the movements they were required to image.

Action observation. Participants completed the same intervention egescas the
imagery practice group. The difference was thaigpants in the action observation
condition observed a video of the movements beeréppmed rather than explicitly imaged
the movements in the absence of a video demomstralihe same movements and the same
number of repetitions in the imagery condition weegformed in the action observation
videos (i.e., participants observed five movemeatsh performed 10 times). Participants
positioned their left hand in the start positiow @imen observed the video containing the
finger movements for that particular week. Thers wa mention of performing any imagery
in this group.

All observation clips were filmed using an iPhonfedn a first person perspective
with the hand placed on a black surface at an asfd@ (for still of an example video please
see Figure 2). Clips were filmed using both malé female 22 year old Caucasian models.
Participants were gender matched with the videeyg tibserved to ensure greater similarity
between the participants and prime (Bussey & P&882). Each movement clip included
the performance of 10 repetitions of the movemaudtthis was matched for speed across
both gender videos. The clips to be used in aquéat week’s video were spliced together

using iMovie. The duration of the videos used asrie four intervention weeks ranged
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from 1m 52s to 2m 35s. Videos were uploaded towywutube.com at the start of each
week and participants were provided the link toeasdhe videos to watch each day in their
own time.

Control. Participants completed a modified Stroop task (gtyd935). This ensured
the participants were still processing visual stimand engaging in a cognitive task but one
that was not thought to evoke any deliberate onspeous imagery. The task presented the
word of a color on the centre of the computer stmeetten in a color (e.g., the word “green”
presented in the color blue. Two optional answese presented at the bottom of the screen.
Participants had to identify the color that the evatas written in (rather than the color that
the word spelt out) and select the appropriate answhe task was played to participants on
a computer and participants were told to selecafipgopriate answer from the two options
as quickly and accurately as possible by sele¢hiagz” key or “>” key to select the left or
right answer respectively. Each trial lasted aimaxn of 2.5 seconds whereby a fixation
period of 0.5 seconds was followed by display efword for 2 seconds or until a response
was made by the participant (whichever was quigkeghere were 120 conditions in total
meaning the task lasted no longer than 5 minugasticipants performed the modified
Stroop during each lab visit.

M easur es

Movement imagery ability modalities. The Movement Imagery Questionnaire-3
(MIQ-3; Williams et al., 2012) assessed the abtiitymage movement EVI, IVI, and KI.

The MIQ-3 consists of 12-items assessing ease agimg four movements (knee lift, jump,
arm movement, and waist bend) from an IVl perspectn EVI perspective, and a Kl
modality. Participants read a description of eadvement, physically perform the
movement, and then image the movement from theeetise or modality described.

Participants rate on a 7-point Likert type scalesleasily they are able to see or feel each
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image (L = very hard to seeffeel, 7 = very easy to see/feel). Scores derived from the MIQ-3
have previously demonstrated validity and relispiln assessing EVI, VI, and KI of
movements (Williams et al., 2012). In the prestatly, data demonstrated good internal
reliability with Cronbach alpha coefficients beialgove .70 for all subscales both pre- and
post-intervention.

Imagery ability of different content. The Sport Imagery Ability Questionnaire
(SIAQ; Williams & Cumming, 2011) assessed the aptlb image different cognitive and
motivational imagery content. Fifteen items as$wsg easily individuals are able to image
content associated with five different types of gagy: movements and actions (skill
imagery; e.g., “refining a particular skill”), plarand strategies (strategy imagery; e.g.,
“alternative plans and strategies”), achieving g@ald outcomes (goal imagery; e.g., “myself
winning”), positive feelings and emotions (affectagery; e.g., “the excitement associated
with performance”), and coping and persisting ifficlilt situations (mastery imagery; e.g.,
“remaining confident in a difficult situation”). dpticipants rate on a 7-point Likert type scale
how easily they are able to image each item irtiozldo the sport they most frequently play
(1= very hardtoimage, 7 = very easy to image). Scores derived from the SIAQ have
previously demonstrated validity and reliabilityassessing sport imagery ability of
distinctive content (Williams & Cumming, 2011). tme present study, data demonstrated
good internal reliability with Cronbach alpha ceefnts being above .70 for all subscales
both pre- and post-intervention except for presweation affect (.63) and mastery (.66).

I magery practice weekly evaluation. Each week participants in the imagery
practice group indicated how easily they could iendlge movements and how clear and vivid
their imagery was during the course of the weeksg®nses to both items were made on 7-
point Likert-type scales ranging from\efy hard/no image at all) to 7 {ery easy/perfectly

clear and vivid).
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Action observation weekly evaluation. Each week participants in the action
observation group indicated the extent to whicly {herceived themselves to be similar to the
model performing the exercises observed. Respamsesmade on a 7-point Likert-type
scale ranging from (not at all similar) to 7 (very similar).

Imagery and observation diaries. Participants in the imagery practice and action
observation groups kept a diary of when they paréat their intervention condition. Each
time they performed their intervention they recartlee date and time this was done, and
indicated as a percenta@% = none of the time, 100% = the entire time) either the extent to
which they were fully engaged in the imagery wimtaging the movements, or the amount
of time they were observing the movements whilevideo was playing (depending on the
intervention group they were assigned to).

Post-inter vention imagery assessment. Following the intervention, participants in
the action observation group indicated whether thay experienced any deliberate or
spontaneous imagery when observing the videos gltinmintervention (response: yes/no).
Data Reduction and Analysis

Data were analyzed using SPSS (version 22). d@atst were inspected for missing
values and outliers. While there were no outlitrsge participants dropped out of the study
(control:n =1, imageryn = 1, observatiom = 1) but provided no reason. As such, their data
were excluded from the analysis. This left a fiseinple of 48 participants (control = 16,
imagery = 15, observation = 17).

To examine intervention engagement of the imagedyabservation groups, the
average number of intervention sessions conducteld week was calculated for each group.
A two-way 4 week x two group (imagery, observatianalysis of variance (ANOVA) then
examined any differences intervention engagememidsan the groups and over the duration

of the intervention. A similar 4 week x two gro(imagery, observation) ANOVA examined
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any differences in how engaged participants werenndompleting their intervention. A
one-way repeated measures ANOVA examined diffesedaeing the intervention in how
similar to the model action observation particiggoerceived themselves to be.

To analyze how well the imagery practice group domlage the specific intervention
content, correlations were first run to examinedahgociations between the imagery group’s
ease and vividness of imaging the weekly finger@ses. Results revealed that correlations
between the two imagery ability dimensions rangethf.68 to .90. Therefore, a bonferroni
correction was performed to adjust the criticahalfevel to .025 for the two separate one-
way repeated measures ANOVAS to examine any diftere in ease and vividness of the
intervention movements throughout the interventidiext, the frequency counts of those in
the observation group that used imagery were caledlbefore frequency, vividness, and
ease of imaging mean scores were generated far thlos experienced imagery.

To examine changes in EVI, IVI, and KI movementgaigy ability and skill,
strategy, goal, affect, and mastery imagery abditying the intervention, eight separate 2
time (baseline, post-intervention) by 3 group (ieg observation, control) ANOVAs
examined any differences between the three grau@s)y changes over time.

For ANOVAs involving repeated measures, if Mauchligst of sphericity was
violated, Greenhouse-Geisser correction values veprarted (Greenhouse & Geisser, 1959).
The probability value threshold for all analyseswat at .05 except in the instance of a
bonferroni correction in which .05 was divided bg number of tests being run. All

significant effects were followed up with bonferrgost hoc pairwise comparisons, and
partial eta squared](f) was used as a measure of effect size.

Results

I ntervention Frequency and Engagement
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The average number of intervention sessions andgemgent in these sessions for
each week are presented in Table 1. On averageipants performed more than 5 bouts of
their intervention each week and were over 65% g@adian this activity. For frequency, the

4 week x 2 group (imagery, observation) ANOVA rdedano significant main effect for

week,F(2.43, 72.76) = 0.79 = .501,72 = .024, groupF(1, 30) = 0.09p = .769,772 =

.003, and no week by group interactig(2.43, 72.76) = 0.7& = .486,77; = .025. For

engagement, a second 4 week x 2 group (imagergraison) ANOVA revealed no

significant main effect for weelk(1.14, 34.31) = 1.15 = .299,/7§ =.037, groupF(1, 30)

=2.11,p=.157,17> = .066, or week by group interactiiil.14, 34.31) = 1.2 = .272,77;
=.041.
Observation Model Similarity

The observation group’s self-reported similarityttie model is reported in Table 1.
The repeated measures ANOVA revealed no signifiddfgrences in ratings across the

weeks of the interventiof,(3, 48) = 1.03p = .387,/7§ =.061. On average participants

reported this as being over 4.5 each week.
Imagery Ability of I ntervention Content

Imagery practice group. Means and standard deviations of ease and visdofethie
intervention group’s images are reported in Tabl&k&sults of the 4 time (week 1, week 2,

week 3, week 4) one-way repeated measures ANOVAdse indicated no significant
difference in imagery ease across the wekgs, 39) = 0.35p = .788,/7§ =.026. However,

the 4 time (week 1, week 2, week 3, week 4) one+gpgated measures ANOVA for

vividness identified a significant difference inagery vividnessk(3, 39) = 5.98p = .002,

/7,"; =.315. Post hoc analysis suggested a trendriitipants experiencing more clear and
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vivid imagery during the fourth week of the intemi@n compared with the first weeg €
.059), but this was not statistically significant.

Action observation group. In total 14 participants in the observation groeported
experiencing imagery while observing the videos parad to 3 participants who did not
report experiencing any imagery. A one-way chi-sguest revealed a significant difference
suggesting that people are more likely to spontasigomage than not image during an
observation intervention? (1) = 7.12p = .008.

General Movement Imagery Ability
Means and standard deviations of EVI, VI, andakd reported in Table 2. Results

of the 2 time (baseline, post-intervention) x 3ugrdimagery, observation, control) ANOVA

for EVI indicated a significant time effed¥(1, 45) = 5.77p = .021,/7,"; =.114, but no main
effect for groupF(2, 45) =0.33p = .719,/7§ =.015, and no time by group interactiéi(2,

- - 2 _ . .. . .
45) = 2.34p =.108,77, = .094. Compared to the first visit, participargported

significantly greater EVI following the interventio Results of the 2 time (baseline, post-

intervention) x 3 group (imagery, observation, cofntANOVAs for IVl and Kl revealed no

significant main effects for time (IVE[1, 45] = 1.59p = .214,/7§ =.034; KI:F[1, 45] =

2.05,p = .159,n2 = .044), group (IVIF[2, 45] = 0.78p = .466,7% = .033; KI:F[2, 45] =

0.08,p= .921,/7,f .004), and no time by group interaction (I¥[2, 45] = 0.81p = .451,

n; =.035; KI:F[2, 45] = 1.39p = .259,77; = .058).
Sport Imagery Ability

Means and standard deviations of skill, stratgggl, affect, and mastery imagery
ability are reported in Table 2.

The 2 time (baseline, post-intervention) x 3 gr@iapagery, observation, control)

ANOVAs for skill and strategy imagery ability reved significant main effects for time



10

11

12

13

14

15

16

17

18

19

20

21

22

23

[Type the document title] 16

(skill: F[1, 45] = 9.24p = .004,772 = .170; strategyF[1, 45] = 13.68p = .001,77; = .233),
and significant time by group interactions (sk[2, 45] = 3.29p = .O46,/7ﬁ =.128;
strategyF|[2, 45] = 4.38p = .018,/7§ =.163). There were no significant main effects f
group (skill:F[2, 45] = 0.24p = .792,n7; = .010; strategyF[2, 45] = 1.36p = .267,77; =

.057). Post hoc analysis revealed that althougltdimtrol group experienced no changes in
skill and strategy imagery ability, both the imagand observation groups improved their
skill (imagery: p = .012; observation: p = .005§atrategy (imagery: p = .004; observation:
p =.001) imagery ability.

Goal and affect imagery 2 time (baseline, postrigetion) x 3 group (imagery,

observation, control) ANOVAs revealed no significamain effects for time (goaF[1, 45] =

2.97,p=.092,n7% = .062; affectF[1, 45] = 0.48p = .494,; = .010), group (goaF[2, 45]
=0.22,p=.802,77; = .010; affectF[2, 45] = 0.30p = .745,7; = .013), and no time by
group interactions (goaF[2, 45] = 0.48p = .623,/7§ =.021; affectF[2, 45] = 1.53p =
228,17 = .064).

Results of the 2 time (baseline, post-interventioB)group (imagery, observation,

control) ANOVA for mastery imagery ability indicatex significant main effect for time,

F(1, 45) =15.18p < .001,/7§ =.252, and a significant time by group interactie(2, 45) =
3.65,p= .034,/7§ =.140. There was no significant main effectdoyup,F(2, 45) = 2.73p

= .076,/7,"; =.108. Post hoc analysis demonstrated thantgery and observation groups

improved their mastery imagery ability from befdine intervention to after the intervention
(imagery:p < .001; observatiorp = .024). Additionally, while the imagery groupsgiayed
lower levels of mastery imagery ability comparedhe observation group prior to the

intervention p = .026), this difference did not exist followinggetinterventiong = .427).
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There were no differences in the control group’steg imagery ability over the duration of
the intervention or when compared to other groups.
Discussion

The present study compared the effects of movemeagery practice and generic
action observation as techniques to improve thigyatn image different content using
different imagery characteristics. It was hypothed that both interventions would increase
imagery ability of content of movements and actifres, all three MIQ-3 subscales, and the
skill and strategy subscales of the SIAQ), whetbascontrol group would experience no
changes. Weekly diary and evaluation results detnated that both groups engaged in their
intervention technique sufficiently and to simiktents suggesting results of the study are
reflective of the intervention strategies rathertldifferences in intervention engagement and
dosage. The action observation condition perceilredjeneric model to be adequately
similar to themselves, and the imagery practiceigimaged the intervention content to a
sufficient standard suggested the interventiongwaccessfully received by participants.

Surprisingly and contrary to our hypothesis, theeee no changes in IVI and Ki
subscales of the MIQ-3 from pre- to post-intervemtior any of the groups. Additionally,
the MIQ-3 EVI subscale increased for all three goacross the intervention. Consequently,
the imagery practice and action observation sedgnfaded to increase the ability to image
EVI, VI, or Kl of basic movements. This could lekieen due to MIQ-3 instructions
requiring participants to physically perform eacvwament prior to imaging. Williams et al.
(2011) demonstrated that prior movement can leaftaficantly higher MIQ-3 scores in all
three subscales which may have bolstered VI andility prior to the intervention,
subsequently reducing the effect that action oladeExw and movement imagery practice had

on the ability to image this content using theselafities.
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The increase in EVI experienced by all three graupyg have been due to
participants finding it more difficult to image thequired movements from an EVI
perspective. As such, completing the questionragecond time may have served as the
imagery practice required to increase scores. kew@xamining the mean scores of the
groups suggests that the significant time effect heve been driven by the imagery practice
and action observation groups as these are thewalgroups to experience increased EVI
scores from pre- to post-intervention. Apriori power analysis was calculated based on
results of the previous work (Wright et al., 201&etermine the sample size needed for the
current study. However, the effect sizes in thes@né study were somewhat smaller than
those in found by Wright et al. (2015). Consequenthile it is important to note that the
time by group interaction was non-significant, thigling may have been slightly
underpowered and a possible Type Il error.

As hypothesized, participants in the movement imageactice and action
observation groups increased their skill and sgrateagery ability, while the control group
experienced no changes. These findings supportdtien that imagery practice and action
observation of basic movements can lead to imprevesnn individuals’ ability to image
sport related movement content. This study alsl®on existing work by demonstrating
that action observation to increase movement inyagjaifity does not have to include
personalized models (Rymal & Ste-Marie, 2009; Wrigihal., 2015).

It may seem surprising that participants in botemention groups experienced
significant increases in skill and strategy imagability but not 1Vl and Kl ability. This
could be due to participants seemingly displayowdr skill and strategy mean scores prior
to the intervention. It would therefore be inteirgg to examine the extent to which
movement imagery practice and action observatiomigues are able to increase the ability

to image IVI and Kl in participants with lower béise IVI and Kl ability scores.
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In further support of the hypotheses, the abilitynhage goal and affect related
content did not change over the course of thevatdgron suggesting that movement based
imagery and observation interventions are unlikelglicit improvements in the ability to
image content involving feelings, emotions, anccoates such as winning. Interestingly, the
imagery practice and action observation appear@tttease the ability to image mastery
imagery content. While this may be surprisingrehare two possible explanations. First, in
line with previous research, participants displalgder mastery imagery ability mean scores
compared with goal and affect imagery ability sedi®illiams & Cumming, 2011). As
such, simply imaging or observing actions, evemgfothey were movement based, may
have been beneficial enough to increase particgpabitlity to image content they found
more difficult. Second, the content of the massarlgscale of the SIAQ may be more closely
associated with the observation and imagery pmacoatent than initially anticipated. While
the items that assess mastery imagery ability ameerned with doing well and persevering
in difficult situations, the wording of items (i,éGiving 100% effort even when things are
not going well”, “Staying positive after a setbackRemaining confident in a difficult
situation”) likely infer an elements of performancis such, participants likely image
performing movements and actions under difficdliaions meaning this movement content
is likely to have been improved as a result ofrtttvement based interventions.

Overall the results of the present study suggestdtweeks of imagery practice or
action observation are similar in their effectivené increasing imagery ability. This is not
surprising given that similar brain and corticogpiactivity is experienced when imaging or
observing movements (Clark, Tremblay, & Ste-Ma2i@)4;Gallese & Goldman, 1998). As
such, imagery practice and action observationyikelmed and enhanced imagery ability

using similar imitation processes to that whichm@s movement (Jeannerod). Furthermore,
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action observation using a generic model was a gaivenough prime to elicit similar
improvements in imagery ability to that obtainethgsmagery practice.

The results of this study support previous work destrating imagery or observation
interventions of certain content can increase higyto image content different to that of
the intervention (Rodgers et al., 1991; Rymal & Bi@rie, 2009; Williams et al., 2013;
Wright et al., 2015). Despite imagery and obseéowed transferable benefits to other types
of imagery ability, there has been little attentfoom a theoretical point of view for why this
occurs. One argument is that the imaging or olisgmrould facilitate the imagery process in
general. Both imagery and observation share cemntiinal representation (Lorey et al., 2013)
and elicit similar brain and corticospinal activityen being performed (Clark et al., 2004;
Gallese & Goldman, 1998). As well as this brainwatgt leading to changes in task
representation which is thought leads to bettds p@sformance (Kim, Frank, & Schack,
2017), it could be suggested that this brain agtduring imagery also leads to changes
which makes the imagery process (i.e., generagpeit, transform, maintain; Kosslyn, 1995)
more effective and efficient. Therefore, althoulglagery group participants didn’t increase
imagery ability of intervention content (i.e., ingayg of finger exercises), likely due to a
ceiling effect, improvements in the neural proceseeolved in imagery may have enabled
more difficult content to be imaged more easilg.(iskill, strategy, and mastery imagery
ability). Future work should examine the neurath@anisms through which imagery and
observation are able to alter imagery ability dfedent content and characteristics to provide
greater insight into why this phenomenon occurs.

Interestingly, all but three action observationtiggrants experienced spontaneous
imagery while performing their observation. Thisding demonstrates that the two
processes were used in conjunction with each etheéigoes some way to supporting the

proposal that imagery and action observation angptionentary processes (Holmes &
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Calmels, 2008). It could therefore be argued tivatmajority of action observation group
participants underwent an imagery and action olagienv intervention. Imagery could have
been experienced due to participants being ingduict position their left hand in the start
position of the videos being observed. While theswlone to remain consistent with the
imagery group, this positioning may have encourgggticipants to actively image during
the observation. Alternatively, it may be that alvaéion of actions regularly elicits imagery
irrespective of hand positioning. Either way, chestn imagery ability arising from action
observation may be facilitated (or even causedhbymagery experienced. Future research
should further examine this as the effect of actibservation interventions may be due to
accompanying imagery that is experienced.

The majority of observation group participants elgeing imagery also poses the
guestion of whether action observation would beengsfective in increasing imagery ability
if it was accompanied by more explicit imagery rastions. Action observation combined
with imagery is more effective than imagery aloneliciting changes both neurologically
and behaviorally (Eves, Riach, Holmes, & Wrightl@0Holmes & Calmels, 2008).
Therefore, a similar principle may apply for incse®y imagery ability. However, three
participants reported not experiencing any imagkemng the observation. It would be
interesting to establish characteristics that detee when spontaneous imagery accompanies
action observation, and examine differences iroaatbservation’s effectiveness at
improving imagery ability as a result of incorpangtor not incorporating imagery.

A limitation of the study was that all questioneairassessed ease of imaging, despite
imagery ability being reflected in other dimensisugh as vividness and controllability
(Morris et al., 2005). However, ease of imaginthsught to reflect the ability to perform
the different stages of the imagery process (he.capacity to generate clear and vivid

images, but also control and maintain these foaffgropriate amount of time; Williams &
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Cumming, 2011). Despite this, future research Ehocompare the effects of imagery
practice and action observation on other dimensddm®agery ability and through the
employment of a combination of measures beyondtmqunesires (Collet et al., 2011),
particularly given that measures do not alwaysetate (Williams et al., 2015). A second
limitation is that it is unknown the extent to whiobservation’s effectiveness was due to the
observational process itself, or whether it was tduenagery being conducted at the same
time. While it was beyond the scope of the presamdy, future work should examine the
role and impact that imagery plays during actiosestation interventions.

In conclusion, the present study compared the sfidfcnovement imagery practice
and action observation on improving the abilityntage different types of imagery content
using different characteristics. Imagery practioe action observation had a similar impact
on imagery ability; although both failed to incredsVl, I1VI, or KI of movements, imagery
and action observation significantly increasedabiity to image skill, strategy, and mastery
content. The majority of action observation pgoants spontaneously experienced imagery
during their intervention suggesting that imageriikely to be experienced in conjunction
with action observation. Findings suggest thataeshers and practitioners should consider
the technique to use when wanting to bolster imagbility and that future research should
continue to establish which techniques are most#tffe for enhancing the ability to image
particular imagery content and when using certharacteristics.
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Table 1. Session completion and engagement ovenéions, ease and vividness of imagery practitgvention, and model similarity of

action observation videos.

Imagery Practice

Action Observation

Number of Session Ease of Vividness of Number of Session Model
Sessions Engagement imaging imagery Sessions Engagement Similarity
(0-6) (%) (1-7) (1-7) (0-6) (%) (1-7)
Week 1 5.53 (1.30) 70.18 (12.11) 5.21 (1.05) 41439) 5.88 (0.33) 68.59 (19.81) 4.53 (1.18)
Week 2 5.60 (0.74) 85.62 (48.29) 5.43 (1.09) %0088) 5.65 (1.22) 67.88 (20.81) 4.94 (1.30)
Week 3 5.87 (0.52) 77.50 (11.63) 5.36 (1.01) L{047%)! 5.94 (0.24) 67.20 (21.72) 4.88 (1.11)
Week 4 6.00 (0.00) 78.78 (12.24) 5.50 (1.02) %1502) 5.71 (1.21) 70.29 (20.05) 4.94 (1.43)
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Table 2. Movement Imagery Questionnaire-3 and Spwagery Ability Questionnaire baseline and pastetivention means and standard
deviations.

Imagery Practice Action Observation Control

Pre Post Pre Post Pre Post
£V 5.12 5.70 5.19 5.74 5.70 5.61
(1.07) (0.80) (1.15) (1.01) (0.96) (1.09)
" 5.43 5.67 5.57 5.93 5.47 5.41
(0.79) (0.95) (0.79) (0.63) (1.08) (0.95)
K] 4.85 5.42 5.18 5.31 5.16 5.11
(1.02) (1.30) (1.14) (1.00) (0.87) (0.81)
Skl 4.76 5.27* 4.94 5.49%* 5.21 5.15
(0.99) (1.05) (0.97) (0.80) (1.05) (0.92)
Strate 4.02 4.78% 4.06 4.90%* 4.90 4.83
9y (1.14) (1.07) (1.19) (0.96) (0.57) (0.77)
Goal 5.16 5.38 5.08 5.43 5.00 5.06
(1.13) (1.34) (0.87) (1.21) (1.35) (1.28)
Affect 5.67 5.91 5.80 5.57 5.44 5.71
(0.80) (0.78) (0.87) (1.20) (0.83) (0.89)
Master 3.9% 4.80%** 4.86 5.33* 4.65 4.71
y (0.79) (0.90) (1.15) (1.07) (0.86) (1.03)

Note. EVI = external visual imagery, IVI = internasual imagery, Kl = kinesthetic imagery. * Fgsificantly greater than pre-interventipn
< .05, ** = significantly greater than pre-intertionp < .01, *** = significantly greater than pre-int@mtionp < .001, # = significantly
lower than the action observation group baseglire05.



Week 1

Week 2

Week 3

Week 4

Week 5

Lab visit 1: MIQ-3 and SIAQ baseline assessments,
random assignment, new intervention content, and interventionsession

Imagery and observation intervention sessions each day in own time

|

Lab visit 2: Evaluation of previous week,
new interventioncontent, and intervention session

Imagery and observation intervention sessions each day in own time

|

Lab visit 3: Evaluation of previous week,
new intervention content, and intervention session

Imagery and observation intervention sessions each day in own time

|

Lab visit 4: Evaluation of previous week,
new interventioncontent, and intervention session

Imagery and observation interventionsessions each day in own time

|

Lab visit 5: Evaluation of previous week,
MIQ-3 and SIAQ post intervention assessments

2 Figure 1. Overview of intervention procedures. Noi¢éQ-3 = Movement Imagery
3 Questionnaire-3, SIAQ = Sport Imagery Ability Queshaire
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Figure 2. Still from a video observed by the acidaservation intervention group.
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Highlights:

* Imagery practice increased skill, strategy, and mastery imagery ability

e Action observation increased skill, strategy, and mastery imagery ability

e The control group did not improve skill, strategy, and mastery imagery ability

e There were no increases in imagery ability of motivational content for any group



