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a b s t r a c t 

Imagery training is a well-known technique in sport psychology that it is often applied to improving skill perfor- 

mance in a range of sports. In this study, the central aim was to experimentally examine the effect of different 

imagery frequencies (3, 4, 5 imagery sessions per week) on basketball shooting performance. We applied a new 

imagery dose-response protocol, in which we varied frequency, but systematically held the other two key im- 

agery dose variables (repetitions and duration of sessions) constant. Participants were 40 male basketball players 

(Mage = 20.92, SD = 3.01) who were allocated into four conditions: 3 imagery sessions per week, 4 imagery 

sessions per week, 5 imagery sessions per week, and a control condition. All 3 imagery conditions had 4 weeks 

of imagery training. For all four conditions, we measured free throw shooting (FTS) at pre-test, Week 1, 2, 3, 

post-test, and retention test (Week 5). Control condition participants performed their usual basketball practice 

with no imagery training. Results showed that the 4 imagery sessions per week condition had the highest FTS 

means at post-test and retention test, with FTS means that were significantly higher than the control condition 

at post-test and retention test. The findings and information form this study could contribute to the design of 

effective imagery training by supporting athletes and coaches to tailor imagery programs. Moreover, the imagery 

dose-response protocol utilised in this study has potential application to further examine imagery dose-response 

relationships. 
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Imagery is a cognitive process that can be applied in a variety of ways

o enhance sport performance ( Cherappurath et al., 2020 ; Ely et al.,

020 ; Farmer & Matlin, 2019 ; Lindsay et al., 2021 ; Morris et al., 2005 ).

magery in sport refers to the “creation or recreation of an experience

enerated from memorial information, involving quasi-sensorial, quasi-

erceptual, and quasi-affective characteristics, that is under the voli-

ional control of the imager, and which may occur in the absence of

he real stimulus antecedents normally associated with the actual ex-

erience ” ( Morris, et al. 2005 , p. 19). Imagery training programs can

e applied to a range of outcomes to enhance performance in sport

 Munroe-Chandler et al., 2007 ; Nordin & Cumming, 2005 ), such as psy-

hological states ( Anton et al., 2016 ; Haight et al., 2020 ; Marshall &

ibson, 2017 ; Sardon et al., 2015 ; Strachan & Munroe-Chandler, 2006 ),

nd in rehabilitation ( Harris & Hebert, 2015 ; Sordoni et al., 2000 ). Com-

only, though, imagery training is used to enhance motor skill perfor-

ance or acquisition ( Coelho et al., 2007 ; Dana & Gozalzadeh, 2017 ;

ashmi et al., 2020 ; Holmes & Collins, 2001 ; Shambrook & Bull, 1996 ;

illiams et al., 2013 ). Classic ( Driskell et al., 1994 ; Feltz & Lan-
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ers, 1983 ; Hinshaw, 1991 ), as well as recent ( Ely et al., 2020 ;

indsay et al., 2021 ; Paravlic et al., 2018 ; Schuster et al., 2011 ;

imonsmeier et al., 2020 ; Toth et al., 2020 ), reviews have highlighted

he beneficial effects of imagery on motor skill learning and perfor-

ance. Despite the evidence for the benefits of imagery training on mo-

or skill learning and performance and existence of practical imagery

odels that provide principles for applying imagery in sport effectively

 Holmes & Collins, 2001 ; Munroe et al., 2000 ) , there is limited evidence

n the effective dose of imagery in training design to enhance learning

nd performance. Researchers have rarely directly comparing compared

magery dosages to determine effective levels. In particular, there have

een few systematic efforts to determine the dose that produces the most

esirable response, what has been called the dose-response relationship

etween imagery and sport performance ( Morris et al., 2012 ). Dose-

esponse relationships have been challenging to explore as the variable

f interest needs to be isolated in a systematic way and the dose-response

elationship needs to be the specific focus of investigation. 

Thus, in a range of contexts, dose-response relationships examine the

ssociations between the dosages of training or treatment and the ef-

ectiveness of participant outcomes. From previous studies, researchers
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ave defined the dose as the amount of treatment, and the response

as been defined as the normalized probability of accomplishing mea-

urable participant improvements ( Robinson et al., 2019 ; Stulz et al.,

013 ). In terms of the research design in dose-response studies, re-

earchers have typically examined response levels to different dosages

 Holland-Letz & Kopp-Schneider, 2015 ), with dose-response studies in

 broad range of disciplines, such as medicine, psychology, pharmacol-

gy, and exercise science (e.g., Allami et al., 2008 ; Evangelista et al.,

017 ; Howard et al., 1986 ; Robinson et al., 2019 ; Sanders et al., 2019 ;

tulz et al., 2013 ; Wylie et al., 2013 ). The systematic determination

f dose-response relationships in sport imagery, however, is somewhat

imited. Morris et al. (2012) stated that a systematic dose-response pro-

ocol should be applied in sport imagery training research, as has been

onducted extensively, for example, on the most effective training loads

or enhanced fitness in exercise physiology. To achieve this, imagery

esearchers should systematically examine the key dose variables that

re related to imagery training effects. Morris et al. proposed three key

magery dose variables for discrete sport and exercise tasks, namely the

umber of repetitions in an imagery session, the duration of imagery

essions, and the frequency of sessions per week. In addition, they sug-

ested that for research to be considered to be dose-response studies,

ne dose variable should be varied systematically in each study, based

n the most promising range of effects on sport performance identified

n previous studies, while researchers should hold the other dose vari-

bles constant. 

For exercise and physical health contexts, researchers have applied

he protocol of dose-response to examine whether different variables

ave effects on physical activity on and, thereby, identify the effec-

ive amount of physical exercise are necessary for achieving a goal out-

ome ( Bond Brill et al., 2002 ; Evangelista et al., 2017 ; Galloway et al.,

019 ; Jennings et al., 1991 ; Sanders et al., 2019 ). For example,

ennings et al. (1991) determined the dose-response relationship be-

ween exercise training and blood pressure. Researchers varied the dose

ariable of frequency, in which they compared three-days of sessions

nd seven-days of sessions per week with an exercise intervention of

ne-month in length, but they held intensity (60%–70% of maximum

ork capacity) and duration (30 minutes) of the bicycling exercise con-

tant. Hence, their research aim was to compare the impact of different

requencies of sessions per week on participants’ blood pressure. The

esults showed that training three times for 30 minutes per week re-

uced supine blood pressure that was close to the response obtained

ith seven sessions per week, providing information on how practi-

ioners can effectively manipulate exercise frequency in terms of blood

ressure. Bond Brill et al. (2002) examined the dose-response relation-

hip between walking exercise and the outcome variable of weight loss.

hey varied the dose variable of walking exercise duration at 30 min-

tes or 60 minutes, but they held exercise frequency constant at five

essions per week for 12 weeks. Both durations in walking exercise (30

inutes or 60 minutes) had positive effects on weight loss; supporting

he development of recommendations on how to provide effective exer-

ise duration for weight loss. Dose-response studies in exercise science

isciplines, therefore, have facilitated understanding of the amount of

xercise for designing exercise programs for achieving specific exercise

utcomes. Such approaches to understanding exercise interventions may

otentially also be applied to understanding effective does of imagery

n imagery interventions. 

There is a limited number of studies that directly examined the fre-

uency of imagery sessions in imagery interventions. Specifically, the

mportant point about imagery dose-response studies is that researchers

ust compare different levels under the same conditions. Wakefield and

mith (2009b) determined empirically whether different frequencies of

magery based on the PETTLEP model of imagery have varying effects on

etball shooting. The 32 female participants were allocated into one of

hree PETTLEP imagery conditions, involving one, two, or three imagery

essions per week over four weeks, or a control condition, in which par-

icipants did not experience an imagery intervention. They concluded
123 
hat three imagery sessions per week was the most effective frequency,

eading to a significantly greater increase in shooting performance than

ne or two sessions per week. Wakefield and Smith (2011) also inves-

igated the frequency of imagery sessions for biceps curl performance.

hey found that three imagery sessions per week was significantly more

ffective than one or two sessions per week, in terms of increase in num-

er of biceps curls performed. Thus, these two dose-response studies sug-

est that three imagery sessions per week may be more effective than

ne or two imagery sessions per week for one strength task, namely

iceps curls, and one sport skill, namely netball shooting. Although it

hows promise, there are a number of problems with this research. First,

ecause the largest value of the imagery dose variable, that is, a fre-

uency of three sessions per week was the most effective, this leaves

pen the question of whether this pattern reflects a cumulative effect,

o that four sessions per week might be yet more effective, and five

essions could be more effective still. The meta-analytic review of im-

gery in sports by Simonsmeier et al. (2020) , while not directly explor-

ng session frequency, concluded that imagery effectiveness was higher

he more total sessions an implementation included, this may also indi-

ate a cumulative effective of imagery training. In addition, Wakefield

nd Smith did not systematically control other imagery variables, such

s the number of repetitions per session, and the duration of each ses-

ion. The studies by Wakefield and Smith showed potential, particularly

n demonstrating the same most effective frequency across two quite dis-

imilar discrete tasks, but it is necessary to conduct many more studies

hat compare frequencies, while at the same time reporting systematic

ontrol of other dose variables, to produce patterns that are robust and

eplicable. 

The central aim of the present study was to determine whether fre-

uency of imagery sessions per week affects performance of a discrete

ask. The imagery dose-response protocol ( Morris et al., 2012 ) was ap-

lied in this study, in which we systematically manipulated the imagery

ose variable of frequency, while we held constant other key dose vari-

bles of repetition and duration. In the present study, we compared 3, 4,

nd 5 imagery sessions per week, while keeping number of repetitions

nd session duration constant at 20 repetitions and 13 minutes, based

n the results of the previous dose-response study of repetitions (Itoh

t al., submitted, a) and of session duration (Itoh et al., submitted, b),

espectively. In all studies, the task, FTS, was the same, participants skill

evel, that is, moderate FTS performance, was very similar, and we con-

rolled for gender variations by restricting the study to males. Previous

esearchers have found that a frequency of three imagery sessions per

eek was likely to be more effective than frequencies of one and two

magery session ( Wakefield & Smith, 2009b , 2011 ). By further extrapo-

ating their results, which suggested a cumulative pattern, we predicted

hat the more imagery dose sessions per week participants experienced,

he significantly greater would be the imagery dose effect. 

ethod 

articipants 

Male basketball players ( N = 40; mean age 20.92 years, SD = 3.01)

olunteered to participate in this study. The players all played basket-

all at local basketball clubs, the university basketball club, or recre-

tional community basketball at least one-day per week. We controlled

or any potential gender variations in imagery ability or use by restrict-

ng the study to males ( Burhans et al., 1988 ; Watt et al., 2018 ; Williams

 Cumming, 2011 ). The sample size was based on power analysis and

revious research. With a significance level of .05, power of 70%, and

 large effect size, the G Power analysis software indicated 60 to 80

articipants would be appropriate. However, previous research on the

ffects of imagery dose variables on performance of discrete tasks typi-

ally has shown significantly larger effect sizes (d = .84, .71, and 1.82)

ith substantially smaller samples ( Wakefield & Smith, 2009b ). Given

he duration of intervention studies, we decided to test for significance
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t a sample size equivalent to previous studies and conclude data col-

ection when results indicated significant differences with appropriate

ffect sizes. 

We screened all participants for skill level and imagery ability. To

e eligible, players had to score between 49 (41% FTS accuracy) and 72

60% FTS accuracy) out of 120 at pre-test on FTS, which was to ensure

hey had moderate FTS skill, and to prevent ceiling effects ( Hall et al.,

001 ). We checked whether participants had appropriate imagery abil-

ty using the Sport Imagery Ability Measure (SIAM; ( Watt et al., 2018 ).

articipants were required to have a minimum score of 150 out of 400 on

he key imagery dimension subscales (vividness, control) and imagery

ense modality subscales (visual, kinaesthetic, tactile, and auditory) of

he SIAM. These modalities have been related to basketball FTS perfor-

ance in previous studies ( De Groot et al., 2012 ; Fazel, 2015 ; Neumann

 Hohnke, 2018 ). 

tudy design 

In this study, the aim was to determine whether different frequen-

ies of imagery per week (the dose) have different effects on FTS per-

ormance (the response) by using a pre-test, imagery intervention, post-

est research design. We allocated participants into one of three imagery

requency conditions, 3-, 4-, and 5-sessions of imagery per week, or a

ontrol condition with no imagery. The imagery training program in all

hree conditions was designed to have a constant number of 20 repe-

itions, and 13-minute imagery-session duration over four weeks based

n previous repetitions per session and imagery session duration studies

 Itoh, 2020 ). FTS performance was measured for all four conditions at

re-test, at the end of each week of imagery, and one-week after conclu-

ion of the imagery training program (retention), providing six measures

pre-test, Week 1, 2, 3, 4, and retention test in Week 5). 

easures 

Demographic Form . Participants provided general demographic in-

ormation, including age, gender, basketball performance level, and

ears of competition performance. 

Sport Imagery Ability Measure (SIAM: Watt et al., 2018 ;

att et al., 2004 ). The SIAM measures 12 imagery ability subscales,

hich are based on a three-factor framework, with a general imagery-

bility factor leading to image generation, feeling, and single-sense fac-

ors that are based on five individual dimensions (vividness, control,

ase, speed, and duration of images), six sense modalities (visual, ki-

aesthetic, auditory, tactile, gustatory, and olfactory senses), and the

motion associated with imagery. Participants imagined four different

port performance scenes in 60 seconds for each scene. They reported on

he quality of their imagery experience by placing a cross on a 100-mm

nalogue scale from 0 ( left end of the analogue line, representing no imagery

n that subscale ) to 100 ( right end of the analogue line, representing very

ich imagery on that subscale ). Ratings for the four scenes were summed

o produces a total score for each subscale, so the total scores could be

etween 0 and 400. The internal consistency alpha values for the 12

ub-scales were from .66 to .87 in the original validation ( Watt et al.,

018 ). 

Basketball free-throw shooting (FTS). The FTS test followed stan-

ard basketball rules, in which all participants performed their FTS from

he free throw line at a distance of 4.22 metres perpendicular to the ring.

he basket was 3.05 metres from the ground, and the diameter of the

ing was from 450 mm to 459 mm. In the FTS procedure, participants

ad 10 warm-up shots, then they conducted 40 FTS with a 2-minute

reak after the first 20 FTS to minimize fatigue. For each FTS test, par-

icipants conducted the FTS test on their own with a researcher present.

oreover, we scheduled all FTS tests either before training time or non-

raining day for avoiding the influential factor of fatigue for the FTS

est. We applied an FTS scoring system that has been widely used in re-

earch to increase sensitivity to changes in performance, in which each
124 
hot scored 3 points for a clean basket, 2 points for the ball going in

he basket off the ring, 1 point for missing the basket off the ring, and 0

oints for the ball completely missing the basket ( De Groot et al., 2012 ;

azel et al., 2018 ; Neumann & Hohnke, 2018 ). In terms of the total FTS

core in each test, we summed scores for 40 FTS giving a score range

rom 0 to 120 points. Participants in all four conditions took the FTS

est at pre-test, Week 1, 2, and 3, post-test (Week 4), and retention test

Week 5). 

Imagery log and imagery manipulation check . Participants used a

elf-report imagery log to rate their images of FTS, rating how well they

aw (visual imagery) and felt the images (kinaesthetic imagery), on 5-

oint Likert scales from 1 ( not at all ) to 5 ( very much ). Furthermore, we

hecked whether participants performed extra imagery training sessions

t the end of each week, including during the retention period. 

General basketball practice log. Throughout the study, partici-

ants reported their general basketball practice, by writing the date,

ime, and duration of practice sessions in a general basketball practice

og. This permitted us to check whether there was any systematic dif-

erence in amount of practice between research conditions, during the

ourse of the study. 

magery intervention conditions 

We gave participants in the imagery conditions the same instruc-

ions, except for the difference in the number of imagery sessions per

eek. We used 20 repetitions of FTS imagery and a 13-minute imagery

ession duration as constants for all three imagery conditions, based on

ur previous studies of repetitions (Itoh, Morris, & Spittle, submitted a),

nd session durations (Itoh, Morris, & Spittle, submitted b), with designs

quivalent to the present study. Participants undertook the allocated

umber of three, four, or five imagery sessions per week, depending

n their condition. We chose these session frequency because previous

esearch ( Itoh, 2020 ; Schuster et al., 2011 ; Wakefield & Smith, 2009a ;

akefield & Smith, 2011 ) has indicated that three imagery sessions per

eek produced significantly superior outcomes than one or two sessions.

his suggested that the effect of number of sessions might be cumulative.

e conducted an introduction to imagery use in sport with each partic-

pant alone except for the researcher in a meeting room, in which we

resented information about imagery in sport, especially imagery use

n basketball, how imagery works for FTS performance, and imagery

bility, to motivate participants to work hard on the imagery training.

his included citation of research evidence and famous sports persons’

eports of their effective use of imagery. We instructed participants to

isten to the imagery training program on an MP3 player. Furthermore,

e encouraged participants to imagine each FTS as realistically as pos-

ible based on the audio instruction. Their aim was to imagine FTS with

ctual movements speed. Participants were instructed to perform im-

gery in a comfortable position with limited distractions present. During

ach session, an audio track involving signals (the sound of a bouncing

asketball) that occurred every 39 seconds, each cueing one of the 20

TS images during every session. Participants undertook a cognitive in-

erference task during the interval between the end of each trial and

he next auditory signal (bouncing basketball), which cued the follow-

ng imagery trial. This was done to minimize the opportunity for them

o create extra imagery repetitions of FTS between the imagery trials.

n the interference task, participants listened to color words (e.g., blue,

ellow, and red) continuously, but non-color words that are closely asso-

iated with colors (e.g., sky, lemon, blood) were presented occasionally.

hen they heard a non-color word, participants wrote the word in a box

n the imagery experience check sheet. We used a pilot test with four

ecreational and competitive basketball players and a basketball coach,

o check whether basketball players could follow the procedure of cue,

magery trial, interference task repeat. 

The imagery script was based on a previous study of FTS in bas-

etball ( Fazel et al., 2018 ) using similar skill-level participants. For the

magery script, we asked participants to imagine themselves on the bas-
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Table 1 

Means and standard deviations for the sport imagery 

ability measure for all conditions. 

SIAM subscales CONDITION M SD 

AUDITORY 3 sessions 301.25 78.75 

4 sessions 313.63 80.49 

5 sessions 339.56 88.38 

Control 272.90 109.71 

VISUAL 3 sessions 393.63 58.36 

4 sessions 392.63 86.78 

5 sessions 368.89 97.81 

Control 358.80 94.99 

KINESTATIC 3 sessions 324.50 94.55 

4 sessions 277.88 122.22 

5 sessions 314.33 95.34 

Control 314.10 78.29 

TACTILE 3 sessions 312.38 124.76 

4 sessions 291.50 124.01 

5 sessions 314.44 91.06 

Control 327.00 105.97 

CONTROL 3 sessions 357.63 59.74 

4 sessions 332.50 83.47 

5 sessions 339.00 82.71 

Control 327.30 92.17 

VIVIDNESS 3 sessions 378.00 53.45 

4 sessions 369.63 65.46 

5 sessions 368.78 84.81 

Control 347.30 110.06 
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w  
etball court, standing behind the free-throw line, and to imagine the

asketball ring. We asked them to imagine feeling the basketball in their

ands and to use imagery in the tactile sense to feel the dimples on the

asketball. Then, they imagined looking at the basketball ring, while

ending their knees to get power in their legs with a stable body posi-

ion. After that they imagined feeling the power in their legs thrusting,

s they raised their upper arm to vertical position and propelled the ball

oward the ring. Then, they imagined that their shoulder flexion angle

s moved to above horizontal and elbow flexion held ideally, as well as

id flexion of their wrist at release. Finally, we asked them to imagine

atching the ball as it looped though the air and dropped through the

ing for a clean basket, then feeling the positive emotion associated with

 perfect shot. We instructed participants to use all their senses during

he creation of FTS images, generating their imagery from an internal

magery perspective. We used MP3 players to guide participants to per-

orm the imagery training appropriately. In particular the recording was

ble to keep participants closely on track for the number of repetitions,

ession duration, and timing of the cues, the imagery trials, and the

nterference task. This recorded material was identical for all imagery

onditions. All that varied was the number of times that participants

n the 3, 4, and 5 imagery sessions per week conditions performed the

ecorded intervention. 

ontrol condition 

The control condition participants continued their usual basketball

raining with no imagery training sessions during the intervention pe-

iod. They completed the demographic form and the SIAM, and the FTS

est at pre-test, then repeated the FTS test each week at times that cor-

esponded to the timing in the imagery conditions for Weeks 1 to 5. 

rocedure 

Following approval from Victoria University Human Research Ethics

ommittee (VUHREC), all participants were recruited from local bas-

etball teams or clubs in Melbourne. We carried out a standard in-

ormed consent procedure for participants, then they completed the de-

ographic form, the SIAM, and the FTS test at pre-test. Then partici-

ants were randomly allocated to one of the three imagery conditions

r the control condition. We only gave participants in the three imagery

onditions information and instruction in terms of the 4-week imagery

raining program. We did this in a quiet room, in which they learnt

ow to use the MP3 auditory instructions. Imagery-condition partici-

ants conducted imagery sessions for four weeks, so those in the 3 ses-

ions per week condition did a total 12 sessions, those in the 4 sessions

er week condition did a total of 16 sessions, and those in the 5 sessions

er week condition did a total of 20. Each session lasted approximately

8 minutes, guided by an MP3 player audio track. Each session was

ompleted on a different day of the week. Participants rated the qual-

ty of their FTS images on the imagery manipulation check sheet, then

hey completed the imagery logbook after the session. Participants also

eported their total general basketball practice hours in each week in

 logbook. Participants in all research conditions took the FTS test at

he end of each week. At the end of their participation in the study, we

ffered participants in the control condition, the opportunity to under-

ake the imagery-training program. Finally, we debriefed all participants

bout the purpose of the study. 

nalysis 

To ensure that there were no systematic differences between condi-

ions in imagery ability, we conducted multivariate analysis of variance

MANOVA) on the 12 SIAM subscales at pre-test. We examined whether

here was any systematic difference in FTS level between conditions

n the FTS scores at the pre-test with a one-way analysis of variance

ANOVA), and found no significant difference. At the end of the study,
125 
e also tested whether there were any differences in total general bas-

etball practice time across the duration of the study between the four

onditions, using one-way ANOVA. The differences of imagery qual-

ty on the imagery manipulation check were examined, using a mixed-

esign, two-way ANOVA, testing the three imagery frequency conditions

3, 4, and 5 imagery sessions per week), and the five occasions (repeated

easures at Week 1, 2, 3, and 4), as well as the conditions x occasions

nteraction effect. 

In terms of the main analysis, we calculated means and standard de-

iations of FTS scores in all conditions at pre-test, Weeks 1, 2, 3, post-test

Week 4), and retention test (Week 5). We tested FTS accuracies between

he four conditions in each week using two-way, mixed-design ANOVA,

ith four conditions (3, 4, and 5 imagery sessions per week, and the

ontrol condition), and six occasions (repeated measures at pre-test, and

eeks 1, 2, 3, 4, and the retention test). Importantly, the interaction ef-

ect (conditions x occasions) was also examined. Tukey’s HSD post-hoc

ests were conducted the identify any main effects between the four con-

itions, any main effects between the six occasions, and any conditions

 occasions interaction effects. All statistical analysis was examined, us-

ng the Statistical Package for the Social Sciences (SPSS: version 24.0)

oftware. 

esults 

magery ability 

The mean and SDs of SIAM subscales in each condition are presented

n Table 1 . The one-way MANOVA comparing SIAM subscale mean dif-

erences between the four research conditions at pre-test revealed no

ignificant differences between the conditions, F (9, 36) = .646, p = .85;

ilk’s Ʌ = .704, partial 𝜂2 = .11, with a large effect size. 

otal general basketball practice time 

The mean of total reported general basketball practice time for the 3

magery sessions per week condition was 15.90 hours ( SD = 7.46); the

ean for the 4 imagery sessions per week condition was 17.50 hours

 SD = 7.01); the mean for the 5 imagery sessions per week condition

as 16.30 hours ( SD = 4.85); and the mean for the control condition
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Fig. 1. Free throw shooting scores of the 3-, 4-, and 5- 

imagery sessions per week conditions and the control 

condition on six occasions. 

Table 2 

Means and standard deviations for imagery quality ratings for the im- 

agery conditions in weeks 1 to 4. 

Conditions Week 1 Week 2 Week 3 Week 4 

M SD M SD M SD M SD 

3 days 3.30 .59 3.52 .44 3.65 .28 4.06 .24 

4 days 3.00 .38 3.27 .57 3.51 .43 3.72 .46 

5 days 3.37 .75 3.43 .70 3.91 .40 3.94 .39 
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as 12.40 hours ( SD = 3.98). We used a one-way ANOVA to compare

he total general basketball practice hours in all four conditions during

he imagery training periods. The results showed that there were no sig-

ificant differences between the conditions F (3, 36) = 1.33, p = .28,
2 = .01, with a small effect size. It should be noted that the mean gen-

ral basketball practice hours for the control condition was noticeably

ower than for the three imagery conditions, but was still a substantial

uration of practice per week. 

magery manipulation check 

We instructed participants to rate the quality of their visual and ki-

aesthetic imagery on 5-point Likert scales. We summed the ratings for

isual and kinaesthetic imagery, then averaged them. The means and

Ds for each condition on each of the four weeks of the imagery train-

ng program are presented in Table 2 . We used a mixed-design, two-

ay ANOVA, and found no significant main effect of conditions, F (2,

7) = 1.666, p > .05, 𝜂2 = .21, with a very large effect size. However,

here was a significant main effect of occasions, F (3, 81) = 22.879,

 < .001, 𝜂2 = .15, with a very large effect size. There was no signifi-

ant interaction between conditions and occasions, F (6, 81) = .597, p

 . 05, 𝜂2 = .04, with a small effect size. Tukey’s post-hoc tests showed

hat imagery manipulation check means at Week 3 ( p = .01) and Week

 ( p = .001) were significantly higher than at Week 1, and the means at

eek 3 ( p = .05) and Week 4 ( p = .001) were also significantly higher

han Week 2. Moreover, the mean of Week 4 ( p = .05) was significantly

igher than Week3. 

erformance outcome 

The means and standard deviations in the four research conditions

cross the six weeks of the study (pre-test, Weeks 1, 2, 3, and 4, and the

etention test at the end of Week 5) are illustrated in Table 3 . Overall,

he FTS scores in the three imagery conditions increased monotonically

hroughout the weeks when participants performed imagery (See Fig. 1 ),

hat is, from Week 1 to Week 4. Then, in Week 5, when there was no
126 
ormal imagery training, means in all three conditions declined in com-

arison to Week 4 means. Importantly, for all three imagery conditions,

eans in Week 5 were still higher than they were in Week 1, at pre-test.

TS scores in the control condition did not improve at all from week

o week (see Fig. 1 ). One-way ANOVA results showed that there was

o significant difference between FTS performance in the four research

onditions at pre-test, F (3, 36) = .082, p > .05, 𝜂2 = .01, with a small

ffect size. 

A two-way mixed-design ANOVA showed that there was a signifi-

ant main effect of conditions, F (3, 36) = 3.215, p < .05, 𝜂2 = .21, on

TS performance data, with a very large effect size. In addition, there

as a significant main effect of occasions, F (5, 180) = 20.746, p < .001,
2 = .37, with a very large effect size. Finally, there was also a signifi-

ant interaction between conditions and occasions, F (15, 180) = 1.886,

 < . 05, 𝜂2 = .14, with a very large effect size. 

Tukey’s HSD post-hoc tests showed that, at post-test, participants in

he 3 imagery sessions per week condition ( p = .004), 4 imagery ses-

ions per week condition ( p = .005), and 5 imagery sessions per week

ondition all had significantly higher FTS means than the control condi-

ion ( p = .035). For the retention test, the 4 imagery sessions per week

ondition was the only condition that was significantly higher than the

ontrol condition ( p = .005), with no significant differences between the

hree imagery conditions. Tukey’s post-hoc tests revealed that all the im-

gery conditions’ FTS means at post-test were significantly higher than

he corresponding pre-test means. Moreover, the 4 imagery sessions per

eek condition and the 5 imagery sessions per week condition had sig-

ificantly higher retention test means than their pre-test FTS means. The

ontrol condition showed no significant changes from pre-test to Weeks

, 2, 3, 4 or the retention test. 

iscussion 

The aim in this study was to examine the effects of three different

requencies of imagery sessions per week (3-, 4-, 5-days) on FTS perfor-

ance. The results showed that, during the 4-week imagery training pro-

ram, all three imagery frequency conditions positively affected basket-

all FTS performance. This is in line with the previous research literature

upporting positive effects of imagery training on sports or motor skill

erformance ( Calmels et al., 2004 ; Lindsay et al., 2021 ; Post et al., 2015 ;

imonsmeier et al., 2020 ; Toth et al., 2020 ). Participants in all three im-

gery conditions did continue their usual general basketball practice of

TS during imagery training, which might have improved imagery train-

ng effects ( Driskell et al., 1994 ; Fazel et al., 2018 ; Post et al., 2010 ) or

upported improved FTS performance. Participants in the control condi-

ion, however, also continued their usual general basketball practice of

TS but did not improve their FTS performance during the same period,

uggesting that the effects for the three imagery conditions reflect more



S. Itoh, T. Morris and M. Spittle Asian Journal of Sport and Exercise Psychology 2 (2022) 122–130 

Table 3 

Means and standard deviations of FTS scores from pre-test to retention test in all four conditions. 

Pre-test Week 1 Week 2 Week 3 Week 4 Retention test (Week 5) 

Conditions M SD M SD M SD M SD M SD M SD 

3-day frequency 63.20 5.59 63.80 4.10 65.50 5.54 67.70 5.76 71.70 5.14 69.90 5.07 

4-day frequency 63.10 3.93 66.10 6.49 67.30 3.65 69.60 5.91 73.00 5.58 70.30 2.50 

5-day frequency 62.90 8.06 65.00 10.03 66.10 7.98 68.50 7.44 71.60 6.75 69.80 6.89 

Control 62.00 5.94 61.70 8.38 61.80 4.57 62.50 4.03 62.60 2.71 62.50 4.40 
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han a general basketball practice effect. A noteworthy result was that

 imagery sessions per week had the greatest effect on FTS performance

n this study. Therefore, subject to replication, we conclude that using

0 repetitions in a 13-minute session for four days a week over 4 weeks

ould be an appropriate imagery training program design to enhance

asketball FTS performance. 

The FTS performance increase in the 3 imagery sessions per week

ondition supported previous research that found 3 sessions of imagery

raining per week was more effective than 1 or 2 sessions per week

 Schuster et al., 2011 ; Wakefield & Smith, 2009b , 2011 ) by showing a

trong increase at post-test, much of which was sustained at retention.

owever, the findings that both 4 and 5 imagery training sessions per

eek were more effective than 3 sessions per week are new findings

n sport imagery research. Although visual inspection of the results in

ig. 1 indicates that the effects of the three imagery intervention con-

itions were similar, we drew this conclusion because both the 4 and 5

magery sessions per week conditions showed significantly higher per-

ormance at post-test than the control condition, but the 3 imagery ses-

ions per week condition was not significantly different to the control

ondition at post-test. All participants already had skill in FTS before

articipating in this imagery training program, but their skill level was

oderate rather than high-level, as evidenced by their FTS accuracy,

hich was between 41% and 60% at pre-test. Hence, these participants

ad potential to increase their skill by participating in the imagery train-

ng program. This is supported by the results, which showed that mean

asketball FTS performance in all three imagery intervention conditions

ncreased by 7.2% from 63.2 (52.6%) at pre-test to 71.70 (59.8 %) at

ost-test for the 3 imagery sessions per week condition, 8.1% from 63.1

52.7%) at pre-test to 73.00 (60.8%) at post-test for the 4 imagery ses-

ions per week condition, and by 7.1% from 62.9 (52.6%) at pre-test to

1.60 (59.7%) at post-test for the 5 imagery sessions per week condition.

Basketball FTS means for all the imagery training conditions de-

reased from post-test to retention test, when there was no-imagery

raining for a week. This result was expected for several reasons. First,

here is a long history of research on motor skills that has used reten-

ion tests to examine how effectively various interventions, including

magery, were sustained during periods when the interventions were

emoved ( Harris & Hebert, 2015 ; Ste-Marie et al., 2011 ). The vast ma-

ority of such studies show decreases in performance of the skill during

he retention period ( Spittle & Kremer, 2010 ). This has also been re-

orted in imagery research ( Wright & Smith, 2007 ), where decrements

uring retention periods appear to vary with the length of the reten-

ion period; the longer the retention period the greater the decrement

rom post-test ( Arnaud et al., 2013 ; Dunsky et al., 2008 ; O et al., 2019 ).

nother reason this decrease was expected was that participants’ FTS

erformance accuracy was not at the elite level after the imagery train-

ng program; in other words, the participants still had potential to im-

rove FTS accuracy. However, for 1-week retention periods, percentage

ecrements typically vary from 1.5% to 2.3% ( Ram et al., 2007 ). The

ercentage decrements from post-test to retention test for the three im-

gery intervention conditions in the present study were about 1.5% for

he 3 imagery sessions per week condition; about 2.3% for the 4 im-

gery sessions per week condition; and about 1.5% for the 5 imagery

essions per week condition. Thus, the 3 and 5 imagery sessions per

eek showed smaller reductions at retention test than the 4 imagery
127 
essions per week condition. The smaller decrease shown in the reten-

ion period for 3 and 5 sessions could in part be due to the higher scores

or the 4 imagery session condition at post-test. However, for the 4 im-

gery session per week condition, it had a significantly higher FTS score

t the retention test than the Control condition. In addition, the mean of

TS at the retention test in 4 session frequency was the highest between

onditions. By comparison with previous imagery research that has in-

luded a retention period, this represents relatively strong retention in

ll three imagery intervention conditions in the present study. 

Previous research comparing 1, 2, and 3 sessions per week, on shoot-

ng performance in netball ( Wakefield & Smith, 2009b ), and on strength

erformance in the biceps curl activity ( Wakefield & Smith, 2011 ) re-

orted that 3 imagery sessions per week were more effective than 1 or

 imagery sessions per week. The main findings of the present study

ere that 4 imagery sessions per week was more effective than 3 and 5

magery sessions per week, while 5 sessions was also somewhat more ef-

ective than 3 sessions. A noteworthy aspect of these results is that effec-

iveness of the imagery training did not simply increase with the number

f sessions per week because we found that 4 sessions was more effec-

ive than 5 sessions. Tests of dose effects, such as those for frequency

f imagery sessions, are more informative when they include maximum

erformance outcomes that are not the largest frequency tested in the

tudy. Thus, for example, the studies by Wakefield and Smith (2009b ,

011 ), which found 3 sessions per week to be superior to 1 or 2 sessions,

eft open the possibility that 4, 5, or more sessions would be even more

ffective. In the present study, we found that 4 sessions was more effec-

ive than 3 or 5 sessions, suggesting that 4 sessions per week might be

he optimal number, at least for enhancing FTS performance. It must be

cknowledged that differences between the effectiveness of 3, 4, and 5

essions per week were relatively small. This reinforces the conclusion

hat there is a need for further studies to be conducted with a variety of

iscrete skills to determine whether 4 sessions per week is the optimal

umber for this type of task. 

There are a number of possible reasons why the 4 sessions per week

requency was the most effective in the present study. The total number

f imagery training sessions was different between imagery conditions.

n other words, participants in the 4 imagery sessions per week condi-

ion had a total of 16 sessions in the 4-week imagery training program,

hich was more than the 3 imagery sessions per week condition, which

ad 12 sessions, so that the 4 sessions per week participants had more

xperience of imagery overall, which might be related to a greater in-

rease in their FTS accuracy. However, participants in the 5 imagery ses-

ions per week condition had even more experience of imagery training

essions overall at 20 sessions, but the 5 sessions condition was not as

ffective as the 4 sessions per week condition. Thus, a simple explana-

ion that more sessions leads to greater improvement in performance is

ot viable. It is possible that increasing the number of sessions per week

eads to an increase in performance up to 4 sessions per week, based

n the findings for 1, 2, and 3 sessions in the studies by Wakefield and

mith (2009b , 2011 ) and the present study, but that participants in the

resent study found that 5 imagery training sessions per week was too

emanding for their commitment level. In addition, all participants had

o systematic imagery training experience before participating in this

tudy. Thus, it is possible that a combination of limited commitment to

mproving performance of the skill, and a lack of experience of perform-
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ng a large amount of non-physical training, in this case imagery, might

ave led participants in the 5 sessions of imagery per week condition

o attain a performance outcome a little lower than participants in the

 imagery sessions per week condition. Thus, the results of the present

tudy might be explained by an increase in the effect of imagery up to

 tipping point, dependent on the skill level and experience with im-

gery of participants. Beyond that tipping point, effectiveness reduced.

his explanation can be examined in future research, which varies skill

evel and imagery experience independently, along with the frequency

f imagery sessions. 

The imagery dose-response protocol applied in this study has not

reviously been used to examine frequency of imagery sessions. Based

n the proposition made by ( Morris et al., 2012 ), we have also examined

umber of repetitions (Itoh et al., submitted, a) and duration of imagery

essions (Itoh et al., submitted, b), but the present study is the first to

ur knowledge to examine frequency using this protocol. Thus, there is

ow mounting evidence that this approach can be employed to examine

he effectiveness of imagery dose variables, including frequency. This

an be achieved in a context that will make different studies compara-

le. In previous imagery training studies, researchers examined different

magery frequency dosages in their imagery training, but they left other

ey imagery variables uncontrolled, especially the number of repetitions

nd imagery duration in a session ( Ely et al., 2020 ; Lindsay et al., 2021 ;

aravlic et al., 2018 ; Schuster et al., 2011 ; Simonsmeier et al., 2020 ;

akefield & Smith, 2009b , 2011 ). This meant that there could have

een very different combinations of imagery dose variables, potentially

xplaining the great diversity of results in earlier research ( Smith et al.,

007 ; Smith et al., 2008 ; Tenenbaum et al., 1995 ; Yue & Cole, 1992 ).

ence, it is important to control imagery dose variables, by systemati-

ally varying the imagery variable of interest, while other key dose vari-

bles are held constant ( Morris et al., 2012 ). In the present study, we

ompared 3, 4, and 5 imagery sessions per week, while keeping num-

er of repetitions and session duration constant at 20 repetitions and

3 minutes, based on the results of the previous dose-response study

f repetitions (Itoh et al., submitted, a) and of session duration (Itoh

t al., submitted, b), respectively. In all studies, the task, FTS, was the

ame, participants skill level, moderate FTS performance, was very sim-

lar, and we controlled for gender variations by restricting the study

o males. This substantially limits the number of variables that could

xplain the differences between the 3, 4, and 5 imagery sessions per

eek conditions, aside from frequency of sessions. It is important that

esearchers conducting imagery dose-response research in the future

learly describe at least the variables controlled in the present study,

o that a strong evidence base can be constructed by examining a large

umber of studies, in which variations between studies are limited, and,

ecause those variations are stated, researchers who review this topic

an factor them into their analyses. 

Inevitably, there were several limitations in this study. A potential

imitation of the study is the number of participants. This is the limita-

ion associated with recruiting the appropriate number of participants to

nsure that a significant result is found, if a real effect exists. The num-

er of participants in the current study was not large but was sufficient

o find an effect of imagery training and was more than in previous

magery frequency research (e.g., Wakefield & Smith, 2009b ), which

lso reported significant effects. Further research with larger samples

ould be beneficial to further explore the imagery dose-response rela-

ionship and help support the generalisability of the initial findings on

he dose-response relationship reported in this study. We employed only

ale basketball players to control for the influential variable of gender

 Burhans et al., 1988 ; Watt et al., 2018 ; Williams & Cumming, 2011 ), but

his limits generalizability of the findings to females. The study was lim-

ted to a specific skill (basketball FTS), with a specific skill level (recre-

tional level basketballers) of a specific gender (male), who were over

8 years old (M = 20.92, SD = 3.01). Thus, there is a need for fur-

her research on imagery dose-response relationships exploring a range

f potential moderators on the imagery-dose response relationship. In
128 
ddition, we only used the discrete task of FTS. It is necessary to exam-

ne different discrete tasks in future research to determine whether the

ype of discrete skill affects the effectiveness of different frequencies.

ence, researchers should replicate studies, in which they use the same

esearch design as the current study, but they should use different tasks

rom different sports. Thus, more imagery dose-response studies should

e conducted to determine optimal levels of the key dose variable of

requency, so that it is possible to describe the most effective imagery

requency per week for designing imagery training programs, under a

ange of conditions. 

Another limitation is that we limited comparison frequencies of im-

gery training sessions per week to frequencies of 3, 4, and 5 imagery

essions per week, but examining a larger range of sessions per week,

ncluding 6 or more imagery sessions, would make it possible to dis-

ern patterns more definitively. The explanation we posited for slightly

tronger results with 4 than 5 sessions, that individuals performing in

 moderate level league might not be highly committed to improving

heir FTS performance, was based on post-study interviews with partic-

pants. Those in the 5 sessions per week condition complained that 5

magery sessions per week was excessive. They observed that, outside

heir sport practice and competition commitments, club athletes who are

on-elite, like the basketball players in the present study, have limited

ime to devote to practice and competition in their sport. They are also

orking or studying, as well as undertaking domestic activities ( Farrow

 Robertson, 2017 ). Thus, asking non-elite players to perform imagery

n 6 or 7 days per week might create stress or pressure for these ath-

etes, leading to a loss of motivation. They might even drop out of the

magery program. Elite or professional athletes have greater potential

o include, in their schedule, an imagery training program comprising

 or 7 sessions per week, as their priority is their sport training, and

hey spend most of their time on activities related to enhancing sport

erformance. Cumming and Ramsey (2009) found that high-level ath-

etes used imagery every day. Orlick and Partington (1988) indicated

hat Canadian Olympic athletes used imagery every day in their prepa-

ation for training and competition. The results for this study suggest

hat 5 sessions was less effective for recreational athletes, but It is pos-

ible that this may different for different level athletes. For example, 5,

, or even 7 imagery sessions per week might produce greater imagery

raining effects than 4 imagery sessions per week over a 4-week imagery

raining program among elite athletes, who are likely to have the mo-

ivation and the time to do more imagery training, if they think it will

ake a noteworthy difference to their performance. Thus, further re-

earch is needed on the dose-response relationship with different levels

f performer. 

In conclusion, the key imagery variable of frequency should be con-

idered in the design of imagery training programs. In this study, 4 and

 imagery sessions per week were more effective than 3 sessions, while

 sessions per week was the most effective frequency. We found the new

magery dose-response protocol to be useful for examining the relative

ffectiveness of different imagery frequencies, in terms of FTS perfor-

ance. Further research is required to apply the current results to dis-

rete sports skills in general. We propose that researchers should adopt

he new imagery dose-response protocol in their imagery training re-

earch, to increase comparability and generalizability of findings. 
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