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Abstract 

Over the last three decades, a large amount of experimental research aimed at determining the 

optimal motor imagery practice guidelines, and provided a comprehensive overview of the main 

recommendations to develop effective interventions. Yet, the scientific literature paid little attention to 

transfer effects resulting from motor imagery practice. In the present paper, we examined whether 

performance gains following motor imagery were task-specific or likely to be transferred to partially 

distinct motor skills. Twenty-eight golf players of intermediate level were involved in a 12-weeks test-

retest design, where swing and putting performances were measured. All participants were subjected to 

three 4-week imagery interventions (internal visual imagery, external visual imagery and kinesthetic 

imagery), which were contrasted to a control pre-test measure. During each imagery intervention, they 

were requested to imagine only the swing shot. All imagery interventions contributed to enhance swing 

performance, and gains largely transferred to the putting performance in spite of a complete absence of 

training. A slight superiority of external visual imagery was observed for both shots. Interestingly, 

individual motor imagery ability scores predicted performance gains under the corresponding motor 

imagery training condition. Taken together, present findings support transfer effects of motor imagery 

interventions. Practically, this effect should be considered to achieve optimally effective interventions 

to enhance performance in relation to individual motor imagery ability profiles. 
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Introduction 

Motor imagery is a multisensory experience during which athletes mentally represent a 

movement by either recalling previously perceived situations or elaborating on forthcoming events. 

Motor imagery is performed by athletes of varying levels of expertise, and meets a large range of 

purposes including achieving excellence and improving motor performance, learning skills and 

strategies, increasing confidence and intrinsic motivation, managing stress and anxiety, or promoting 

motor recovery (Guillot & Collet, 2008). Specifically, motor imagery training has been show to 

substantially transfer to sport performance. A large amount of experimental studies provided strong 

evidence that motor imagery involves overlapping patterns of cerebral activation with the physical 

performance of the same movement, which laid ground to the neurofunctional equivalence theory (for 

review, see Munzert & Zentgraf, 2009). Functional brain imaging data further demonstrated that 

connectivity patterns between recruited brain regions were also largely similar (e.g., Gao et al., 2014; 

Xu et al., 2014). Henceforth, motor imagery can be considered an intermediate form of motor behavior 

in the continuum extending from the pure mental evocation to the physical execution of the 

corresponding movement. Practically, motor imagery thus represents a specific action state with the 

potential to leverage experience based plasticity in case of repeated practice intended to impact motor 

performance (Kraeutner et al., 2014). Over the last three decades, a large amount of research has been 

designed to investigate how to effectively deliver appropriate imagery training interventions. Several 

theoretical frameworks were proposed to summarize consensus imagery guidelines to maximize 

effectiveness of motor imagery training interventions (e.g., Martin et al., 1999; Munroe et al., 2000; 

Holmes & Collins, 2001; Morris et al., 2005; Guillot & Collet, 2008; Weinberg, 2008; MacIntyre et al., 

2010; Schuster et al., 2011; Cumming & Williams, 2013; Guillot, 2019). For instance, researchers 

addressed the most effective duration of imagery sessions, the number of repetitions per session, and the 

ideal number of sessions per week (Driskell et al., 1994; Paravlic et al., 2018; Schuster et al., 2011; for 

an extensive review, see Morris et al., 2012; Itoh, 2020). They also questioned the influence of the 

environmental context in which motor imagery training is administered (Holmes & Collins, 2001; 

Guillot et al., 2005a; Callow et al., 2006: Mizuguchi et al., 2013; MacIntyre et al., 2018), and how 



physical fatigue elicited during training might affect motor imagery ability (Guillot et al., 2005b; 

Demougeot & Papaxanthis, 2011; Di Rienzo et al., 2012; Kanthack et al., 2016, 2020; 2021). Based on 

this research, several recommendations were provided to athletes to potentiate the benefits of motor 

imagery training interventions. Yet, the hypothesis of a positive transfer of performance gains following 

motor imagery training has received little attention.  

Early work investigated whether motor imagery might facilitate the transfer of physiological 

training to performance (Van Gyn et al., 1990). Far less attention, however, has been paid on the transfer 

of motor imagery-related benefits per se. For instance, a motor skill trained on one body side may lead 

to improvement in the untrained side. Contralateral performance gains after unilateral training reflect a 

cross-education or sparing effect. Such effect has been extensively demonstrated in the motor learning 

literature (e.g., Munn et al., 2004, 2005; Hendy & Lamon, 2017). Although not systematically 

(Romkema et al., 2018), similar effects were reported sporadically after motor imagery practice (e.g. 

Yue & Cole, 1992; Bouguetoch et al., 2021), most especially in case of intermanual transfer paradigms 

illustrating changes in motor performance from dominant hand training to non-dominant hand 

performance (Kohl et al., 1992; Amemiya et al., 2010; Lohse et al., 2010; Land et al., 2016; Oosawa et 

al., 2019). These results support that cross-education is possible even in the absence of muscle activity 

in the trained limb, which could have meaningful practical applications in the rehabilitation of motor 

impairments. Another type of transfer following imagery practice consists in examining whether the 

benefits provided by a motor imagery intervention might contribute to improve performance of another 

motor skill. Although this was not the primary aim of their experiment, Lejeune et al. (1994) early 

explored this issue by examining the effectiveness of mental training in table tennis performance. They 

compared counterattacked forehand and backhand performances before and after one week of motor 

imagery intervention, whereby novice players successively and separately repeated each movement 

mentally (i.e., mirroring a classical learning situation of many successive repetitions of the same motor 

skill). Interestingly, physical performance was evaluated both in a repeated and an alternated 

forehand/backhand condition, which was expected to more closely reflect real-game situations. Data 

revealed that motor imagery contributed to improve performance in both experimental conditions, hence 



suggesting that the benefits of motor imagery transferred to real-game scenarios. While these results 

were promising, however, one may question whether the two situations were of increasing difficulty, as 

the alternation condition did not include the high degree of uncertainty that players usually encounter 

during real matches. This finding might thus reflect a possible transfer of imagery benefits, however 

mainly between two situations of comparable difficulties. In a sample of older adults, Nicholson et al. 

(2018) later supported this hypothesis, as they found that motor imagery of an obstacle course resulted 

in a positive transfer to the Time Up and Go task. As outlined by the authors, motor elements of the 

latter task were partially involved in the obstacle course (sit to stand, walking, turning, and stand to sit), 

therefore confirming a partial transfer of imagery benefits between two motor tasks composed by 

skilled-elements of the same difficulty. 

 The study by Roure et al. (1998) is, to our knowledge, the only experimental design investigating 

whether the benefits provided by an imagery training intervention might be transferred to another 

sporting situation with different level of difficulty. Using a test-retest procedure, they looked at the effect 

of imagining a specific volleyball action (returning serve) in a sample of 24 intermediate-level volleyball 

players. Participants were first evaluated in two game scenarios, namely returning the serve towards a 

motionless target player standing about 5 m in front of him (simple condition), and towards the same 

target player who could freely move 2 m to his right/left side when the serve was hit (difficult condition). 

Participants were assigned to a control or an imagery group for 30-min training sessions including either 

social conversation with the experimenter or mental rehearsal of the serve return, three times per week 

over 8 weeks. Participants from the imagery group mentally simulated only the simple condition, i.e. 

returning the serve toward the motionless target player. Finally, all players were retested in the two game 

situations at the end of the experimental procedure. Data revealed no performance gains in participants 

from the control group, while players assigned in the imagery group substantially enhanced their motor 

performance, but only in the simple fixed-target modality. Taken together, these data not only confirmed 

the benefits of engaging in a motor imagery training, but also primarily highlighted that to be effective, 

motor imagery needs to closely mimic the spatiotemporal features of the corresponding movement. This 

result is of critical importance as it questioned the effect of the intrinsic content of the imagery task, 



revealing that the transfer of the imagery benefits from a simple to a difficult motor skill did not occur. 

However, we may postulate that transfer did not happen because the matched task was quite easy, 

whereas the transfer task was more difficult. Hence, we think that retesting such effects is required as if 

participants had imagined the difficult task during the motor imagery intervention, and then performed 

the easy and difficult tasks, there may have been some positive transfer to the easier task. 

 Although promising, the scientific literature looking at the transfer effect of the imagery benefits 

in motor learning paradigms remains sparse. Further experimental contribution is required to understand 

in greater details the effective/lack of transfer of motor imagery-related gains in motor performances, 

and to investigate whether the transfer could be systematic from difficult to simple motor skills. This 

latter question has, to our knowledge, never been considered. As well, the selective influence of the 

imagery modality on the possible imagery transfer effect has not been measured. A great amount of 

experimental imagery studies were designed to evaluate the selective effectiveness of different imagery 

types and perspectives, but there is no data investigating whether performing motor imagery training in 

a pre-determined motor imagery modality might facilitate the transfer of imagery benefits in relation to 

individual motor imagery ability profiles. The present study therefore aimed at testing whether 

performing internal visual, external visual or kinesthetic imagery of a full swing golf shot contributed 

to enhance the accuracy of this motor skill, and if such benefits on hitting at a long distance (complex 

motor skill) might be transferred to putting more accurately on the green (simple motor skill).      

 

Methods 

Participants 

Twenty-eight golf players of regional level (16 men, 12 women, mean age 37.24 ± 12.38 years) 

volunteered to participate in this study. Before the experiment, they completed the French third-version 

of the Movement Imagery Questionnaire (MIQ-3f; Robin et al., 2020). Participants’ scores (Mean ± 

Standard Deviation) was 24.04 ± 2.86 for the EVI dimension, 23.43 ± 5.01 for the IVI dimension, and 



24.03 ± 3.00 for the KI dimension. Written informed consent was obtained from all participants before 

data collection. 

Experimental design 

 The effects of a 12-weeks imagery training intervention were evaluated using a test-retest 

design, with motor performance testing procedures scheduled every 4 weeks (Figure 1). In this repeated 

measures design, all 28 participants participated to three distinct motor imagery conditions, i.e. internal 

visual imagery (IVI), external visual imagery (EVI), and kinesthetic imagery (KI), which were 

contrasted to a control pre-test measure. All participants were subjected to each imagery condition 

within a counterbalanced order to prevent carryover effects, which means that each imagery modality 

was trained in sequence over 4 weeks, making the 12 weeks for the three imagery modalities. 

Participants’ allocation to one of the 6 (3*2*1) possible order for imagery conditions was achieved using 

block randomization. We used the blockrand package in R (Snow, 2020reference). Blockrand achieves 

block randomization with random block size selection to prevent randomization bias (Efird, 2011). 

During each period of 4 weeks separating the testing procedures, they were subjected to two sessions 

per week of one motor imagery condition. Players were requested to systematically imagine the swing 

performance, using the imagery type which was randomly pre-determined in the corresponding period 

(i.e. IVI, EVI, or KI; Figure 1). Each session lasted 25 min and included 15 min of imagery trials. An 

imagery script was systematically read to ensure that all participants received similar imagery 

instructions. Individual oral debriefings were regularly scheduled to control adherence of the 

participants to the imagery instructions, and determined whether they encountered difficulty in 

simulating the motor skill. 

During the pre-test measures, as well as each post-motor imagery test (i.e., every 4 weeks), 

motor performance accuracy of both swing and putting shots were measured. Practically, participants 

were required to strike five swings at a 100m-distance from the hole, as well as 3 putts (respectively at 

80cm, 200cm, and 350cm from the hole) for 5 successive holes. The average distance from the hole was 

collected and quantified to provide a score for the swing (from 0 point when the ball stopped at more 

than 50cm from the hole, to 10 points when the ball arrived less than 10cm from the hole). A score was 



also computed based on the number of shots performed to successfully complete the putts (from 0 point 

when participants struck more than 27 strokes to 10 points when they completed each hole in less than 

6 strokes, in average). As the swing performance was performed during both pre and post-test measures 

and the motor imagery intervention, it was considered the congruent task with expected imagery-related 

performance gains. The putting performance, which was not practice through MI, but only evaluated 

during pre and post-test measures, was rather a control task designed to measure the transfer effect of 

the motor imagery intervention. 

 

Figure 1. Experimental design. A. Swing performance scoring. B. Putting performance scoring. C. Time-

course of the imagery intervention. 

 

Data analysis 

 We used the R freeware (R Core Team, 2020) to conduct statistical analyses. R is an open-

source software dedicated to statistical computing. It benefits from a decentralized development 

community with leading experts in their field regularly developing, implementing and updating 



packages (i.e. binaries for specific functions intended to work in the R environment). We first used the 

nlme package (Pinheiro et al., 2020) to run a linear mixed effects analysis of swing and putt performance 

data, with a by-subjects random intercept. As fixed effects, we entered CONDITION (EVI, IVI KI; as 

well as the first pre-imagery performance, i.e. CONTROL) and its interaction with MIQ IVI, MIQ EVI 

and MIQ KI scores (numeric regressor). Post-hoc investigations were carried on using general linear 

hypotheses testing of planned contrasts from the multcomp package (Hothorn et al., 2008). As effect 

sizes, we calculated the partial coefficients of determination (R2P) using had hoc procedures for linear 

mixed effects models implemented in the effectsize package (Ben-Shachar et al., 2020). We applied 

Holm’s corrections to control the false discovery rate (Holm, 1979). The level of significance was set at 

p ≤ .05.  

  



Results 

Swing performance 

There was a main effect of condition (F(3, 44) = 110.32, p < 0.001, R2P = 0.88). Post-hoc 

analyses revealed that MIQ-IVI scores had a stronger positive predictive relationship on swing 

performance after IVI compared to CONTROL (+0.62 ± 0.21, p = 0.02), EVI (+0.67 ± 0.22, p = 0.01) 

and KI (+0.60 ± 0.23, p = 0.04) conditions (Figure 2). MIQ-EVI scores had a stronger positive predictive 

relationship on swing performance after EVI compared to CONTROL (+0.94 ± 0.25, p = 0.001) and IVI 

(+1.24 ± 0.27, p < 0.001) conditions. Likewise, MIQ-KI scores had a stronger positive predictive 

relationship on swing performance after the KI condition compared to CONTROL (+1.15 ± 0.29, p < 

0.001), IVI (+0.98 ± 0.32, p = 0.01) and EVI (+1.53 ± 0.36, p < 0.001) conditions. Participants achieved 

overall a greater swing performance after IVI (+8.05 ± 0.75, p < 0.001), EVI (+11.17 ± 0.72, p < 0.001) 

and KI (+8.12 ± 0.75, p < 0.001) compared to CONTROL (Figure 3). EVI performances also 

outperformed those after IVI (+3.12 ± 0.85, p = 0.001) and KI (+3.05 ± 0.85, p = 0.002). The linear 

mixed effects analysis further revealed that swing performance was affected by the CONDITION*MIQ-

IVI (F(3, 44) = 2.86, p = 0.04, R2P = 0.16), CONDITION*MIQ-EVI (F(3, 44) = 10.36, p < 0.001, R2P 

= 0.41) and CONDITION*MIQ-KI (F(3, 44) = 7.11, p < 0.001, R2P = 0.33) two-way interactions. 



 

Figure 2. Predictive relationship of imagery ability on swing performance. Individual motor imagery 

ability scores predicted performance gains under the corresponding motor imagery training 

condition. IVI: internal visual imagery; EVI: external visual imagery; KI: kinesthetic imagery. 



 

Figure 3. Swing and putt efficacy following imagery interventions. IVI: internal visual imagery; EVI: 

external visual imagery; KI: kinesthetic imagery. 

 

Putting performance 

Data showed a main effect of CONDITION (3, 44) = 86.42, p < 0.001, R2P = 0.85). MIQ-IVI 

scores had a stronger positive predictive relationship on the putting performance after IVI compared to 

CONTROL (+0.74 ± 0.24, p < 0.01) and KI (+0.65 ± 0.26, p < 0.05) conditions (Figure 4). Similarly, 

MIQ-EVI scores had a stronger positive predictive relationship on putting performance after EVI 

compared to CONTROL (+0.48 ± 0.11, p < 0.001) and IVI (+0.53 ± 0.12, p < 0.001) conditions. MIQ-

KI scores had a stronger positive predictive relationship on swing performance after KI compared to 

CONTROL (+0.42 ± 0.13, p < 0.01) and EVI (+0.45 ± 0.15, p = 0.01) conditions. For the main effect 



of CONDITION, greater putting performance was observed after IVI (-9.81 ± 0.84, p < 0.001), EVI (-

10.41 ± 0.82, p < 0.001) and KI (-7.78 ± 0.85, p < 0.001), compared to CONTROL. Participants also 

had a higher performance after EVI than after KI (+2.63 ± 0.95, p = 0.02; Figure 3). The linear mixed 

effects analysis carried on putting performance revealed a CONDITION*MIQ-IVI (F(3, 44) = 3.98, p 

= 0.01, R2P = 0.21), CONDITION*MIQ-EVI (3, 44) = 9.71, p < 0.001, R2P = 0.40) and 

CONDITION*MIQ-KI interaction (3, 44) = 3.97, p = 0.01, R2P = 0.21). 

 

Figure 4. Predictive relationship of imagery ability on putting performance. Individual motor imagery 

ability scores predicted performance gains under the corresponding motor imagery training 

condition. IVI: internal visual imagery; EVI: external visual imagery; KI: kinesthetic imagery. 

 

Discussion 



 The present study was designed to investigate the potential transfer of motor imagery benefits 

from a complex to a simple golf motor skill, and to explore the selective influence of different imagery 

modalities. Overall, data confirmed that mentally rehearsing hitting the ball at a long distance (swing), 

either through visual or kinesthetic imagery, enhanced performance of the corresponding movement, 

but also transferred to the putting performance. A slight superiority of EVI was observed. Interestingly, 

imagery ability scores for each imagery modality were also found as relevant predictors of performance 

gains under the corresponding motor imagery training modality.   

Data first revealed that each motor imagery intervention, regardless the imagery type, 

contributed to improve the accuracy and effectiveness of the swing, hence supporting the benefits of 

motor imagery on motor performance enhancement. In particular, these results are in line with those 

reporting the positive influence of an imagery intervention, either combined with physical practice or 

action observation, in both expert and novice golfers (Smith & Holmes, 2004; Brouziyne  Molinaro, 

2005; Smith et al., 2008; Ramsey et al., 2008; Robin & Blandin, 2021). Present data also showed the 

superiority of performing EVI, compared to both IVI and KI. The selective effects of different imagery 

modalities are well-documented in the scientific literature. Some authors recommended to combine the 

imagery modalities and perspectives (e.g., Holmes & Collins, 2001; Guillot & Collet, 2008), while 

others did not find significant differences when comparing IVI and EVI (e.g. Harris & Robinson, 1986; 

Mahoney & Avener, 1977; Spittle & Morris, 2011). In contrast, a set of experimental studies provided 

evidence that EVI may be more effective for form-based and closed skills, whereas IVI may be more 

advantageous for goal-directed and open motor skills (Hardy & Callow, 1999; Nordin & Cumming, 

2005b; White & Hardy, 1995). Finally, internal and external perspectives were found to differently 

affect performance accuracy of the serve, forehand, and backhand tennis strokes (Dana & Gozalzadeh, 

2017), which may help to punctually explain the superiority of a perspective over the other. In addition 

to the influence of the motor skill, the individual preference for a given imagery modality must also be 

considered. Accordingly, the fact that the individual preference might not systematically match the 

imagery perspective presumed to be more relevant in a given motor task may explain why there are 

equivocal findings regarding a ‘superior’ imagery perspective (Sho, 2021). In a qualitative descriptive 



study designed to investigate imagery functions, Bernier and Fournier (2010) collected data in expert 

golfers to explore their imagery use. The authors reported that IVI was principally used, and that expert 

golfers were capable to adapt the imagery modality according to the context and the rehearsed situation. 

The superiority of EVI in the present study should therefore be interpreted with extreme caution, more 

especially since each imagery modality was found to be effective to enhance motor performance. As 

recommended by Morris et al. (2005), researchers and athletes should certainly consider the individual 

imagery type/perspective preference and match them with the desired imagery type for the performance 

skill. Another explanation for the superiority of EVI might come from the nature of the task where 

imagery effects were transferred. Accordingly, the transfer may have been slightly limited by the fact 

that KI involves imagery of the feeling of a specific action (here the swing performance), and thus 

attenuates the transfer to another task with less matched muscle-motor activity (the putting 

performance). This may be extended to IVI as well, as IVI requires to consider the body as a generator 

of forces, and previous work showed that IVI recruited more intensively the motor systems than EVI 

(Jackson et al., 2006; Lorey et al., 2009). EVI, on the other hand, may involve less precise motor 

representations that could be more easily transferred between tasks. This remains at this stage a working 

hypothesis, and future experiments should certainly question this issue and shed light on the transfer 

effects of different imagery modalities.  

The most important finding of the present work is that the imagery effects were also observed 

on the putting performance, hence highlighting a transfer of motor imagery benefits. This data adds to 

previous work by Lejeune et al. (1994), Nicholson et al. (2018), and Roure et al. (2008), by providing 

first evidence that performance gains promoted by imagery training effects of complex motor skills 

(hitting at a long distance) might generalize to more simple game situations (putting accurately on the 

green). This is a critical point for designing effective imagery interventions. It should help coaches and 

athletes to identify which situations should be practiced. In open skills, athletes cannot mentally rehearse 

every single situation or game plan. In keeping with previous experimental data supporting that motor 

imagery should primarily focus on the technical aspects of motor skills (Olsson et al., 2008), present 

results suggest that the most complex and demanding motor skills of a given sporting speciality should 



be prioritized. Spurred by these findings, future research should certainly confirm the transfer of imagery 

benefits from a complex to a simple game situation, and explore whether such effect is observed in 

different motor skills and in athletes with different levels of expertise. Future experiments dealing with 

this issue should also consider a third performance measure in which no effect of motor imagery and no 

transfer are expected. This may help to show that motor imagery improves performance, and MIQ 

moderates performance, for both the trained and the transfer tasks, but not the pure control task. This 

would definitively demonstrate that the effects are specific to the skill, and not simply a general 

improvement of motor performance.   

Finally, a predictive value of motor imagery ability on performance gains in response to the 

corresponding motor imagery modality training condition was systematically observed. The individual 

score on each imagery modality (i.e. IVI, EVI and KI) was a robust predictor of performance gains in 

the corresponding modality. In other words, when participants performed IVI during their imagery 

program, the IVI score of the MIQ-3f was the best predictor of subsequent motor performance, and so 

on for the other imagery modalities. This fundamental relationship provides strong practical support to 

this imagery questionnaire. By comparing self-report ratings and chronometric assessments of imagery 

ability using the MIQ-3, Williams et al. (2015) already provided evidence that this questionnaire may 

not only contribute to subjectively assess imagery ease and vividness, but could also be a valid tool for 

concurrently assessing the temporal features of motor imagery. Present data therefore support and 

reinforce the relevance of subjective ratings provided by athletes on their own imagery experience and 

its usefulness to look beyond the assessment of imagery ability as a proxy to the potential benefits of 

motor imagery interventions.  
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