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Evidence has shown that athletes with high motor skill proficiency possess 

higher motor imagery ability than those with low motor skill proficiency. 

However, less is known whether this superiority in motor imagery ability 

emerges over amateur athletes. To address the issue, the present study aimed 

to investigate the individual differences in motor imagery ability between 

amateur dancers and non-dancers. Forty participants completed a novel 

dance movement reproduction task and measures of the vividness of visual 

imagery questionnaire (VVIQ) and the vividness of motor imagery questionnaire 

(VMIQ). The results showed that, relative to non-dancers, amateur dancers had 

higher ability of motor imagery to reproduce the lower-limb and upper-limb 

dance movements during the dance movement reproduction task. Besides, 

amateur dancers displayed higher abilities of the visual motor imagery and the 

kinesthetic imagery, but comparable visual imagery ability as the non-dancers. 

These findings suggest that the mental representation of motors but not the 

visual is affected by the motor skill levels, due to the motor imagery practice 

in sports amateurs.
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Introduction

Motor imagery refers to the mental rehearsal of movements in absence of overt 
muscular activation (Jeannerod, 1994). Motor imagery is divided into kinesthetic imagery 
(KIN; or termed “internal visual imagery”) and visual motor imagery (EVI; or termed 
“external visual imagery”; Lang, 1979; Hardy and Callow, 1999; Féry, 2003; Stevens, 2005; 
Roberts et al., 2008). KIN is defined as “a person actually imagines being inside his or her 
body and experiences those sensations which might be expected in the actual situation” 
(Mahoney and Avener, 1977, p. 137). As the name implies, KIN means that a person 
imagines conducting a task from the self-centered frame of reference, which is associated 
with a kinesthetic representation of movement. In contrast, EVI reflects viewing the 
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movement in a viewer-centered frame of reference, which involves 
a visual motor representation of movement (Gaggioli et al., 2013).

Mental practice with motor imagery

Motor imagery practice is defined as the mental practice of 
motor imagery contents aimed to improve motor performance. 
Considerable research has shown that motor imagery practice is 
a widely used psychological skills for enhancing performance and 
motor skills learning in a variety of sport settings, suggesting that 
the ability to represent internal representations of motor can 
improve following exposure to imagery practice (Bohan et al., 
1999; Cumming and Hall, 2002; Mizuguchi et al., 2012; Gaggioli 
et al., 2013; Frank et al., 2014; Dana and Gozalzadeh, 2017). For 
example, 70–90% athletes report that regular motor imagery 
practice remarkably improves their motor performance 
(Mizuguchi et al., 2012). Moreover, evidence from non-athletes 
has established the usefulness of motor imagery practice in motor 
rehabilitation among healthy people (Macuga and Frey, 2012; 
Guillot et al., 2014) and patients with Parkinson’s disease (Helmich 
et  al., 2007; Roosink and Zijdewind, 2010) and poststroke 
hemiparesis (Guttman et al., 2014), suggesting that the ability to 
generate mental imagery of movement can also be  greatly 
improved even when actual motor function is impaired or lost.

The benefits of motor imagery practice in motor performance 
can be  explained by the functional equivalence hypothesis 
(Johnson, 1982; Williams et  al., 2011). According to the 
hypothesis, motor imagery, and motor execution are functional 
equivalent. They conform to fitts’ law (Fitts, 1954), and take the 
similar time to complete motor tasks (Decety and Michel, 1989). 
Behaviorally, the mental effort required during simulating 
movements is highly associated with the amount of force which is 
carried out in motor execution (Decety and Lindgren, 1991). 
Neurally, motor imagery and motor execution elicit similar brain 
networks of motor-related regions, such as the supplementary 
motor area (SMA), premotor cortex (PM), and cerebellum 
(Hanakawa et al., 2003; Lacourse et al., 2005; Guillot et al., 2009). 
To put it differently, although without any real movement or 
muscle activation, motor imagery induces analogous physiological 
responses and neural networks that share with those activated by 
actual motor execution, and then facilitates the acquisition or 
improvement of motor skills (Ruffino et al., 2017).

Empirical evidence has shown that motor imagery practice 
exerts a positive influence on dance performance (Girón et al., 
2012; Abraham et al., 2016, 2017). Motor imagery practice offers 
dancers great potential benefits, such as improving mean strength 
(Fontani et  al., 2007), dance skill accuracy (Yoo et  al., 2001), 
increasing self-confidence (Guillot and Collet, 2008), and 
decreasing stress (Magill and Anderson, 2007). KIN and EVI are 
two independent components of the motor imagery (Roberts 
et al., 2008), and Girón et al. (2012) showed that the KIN and EVI 
contribute to different aspects of dance performance. Especially, 
KIN provided dancers with much proprioceptive feedback 

information, leading to the increased hip rotation for pliés, while 
EVI offered dancers much salient information, leading to the 
increased hip rotation for sautés. Given that KIN and EVI are two 
related but independent constructs of the motor imagery (Roberts 
et al., 2008), it remains to be demonstrated whether and how these 
two motor imagery abilities are affected in amateur dancers with 
differences in motor imagery practice or experience. Research on 
this domain is still insufficient. To address the gap, the present 
study aimed to extend existing research by examining the effect of 
motor imagery practice on motor imagery ability between 
amateur dancers and non-dancers.

Motor imagery practice and imagery 
ability

A large body of research has empirically confirmed that 
imagery practice shapes the imagery ability or the capability for 
“forming vivid, controllable images and retaining them for 
sufficient time to affect the desire imagery rehearsal” (Hall et al., 
1992; Isaac and Marks, 1994; Morris, 1997; Eton et al., 1998; Oishi 
and Maeshima, 2004; Yu et al., 2016). Studies have shown that 
frequent use of the imagery improve individuals’ ability to imagery 
vivid actions (Isaac and Marks, 1994; Stefanello et al., 2010). Isaac 
and Marks (1994), using vividness of visual imagery and 
movement imagery questionnaires, for example, provided 
evidence that individuals with higher motor skills possessed a 
better capacity of motor imagery. They found that elite athletes 
(e.g., gymnastics and trampoline) reported significantly higher 
vivid imagery than control groups. In addition, non-athletes, such 
as physical education students, also exhibited higher vivid 
movement imagery (i.e., KIN) than students from other disciplines 
(e.g., English and physics; Isaac and Marks, 1994). Similar results 
are obtained with approach of mental chronometry (Ozel et al., 
2004; Malouin et al., 2008). For example, Ozel et al. (2004) showed 
that both open- and closed-skilled athletes performed significantly 
faster than non-athletes on discrimination and actual rotation, 
two subprocesses of the mental rotation task. The authors 
attributed these findings to the possibility that athletes have 
developed greater ability to perform mental imagery 
transformation (i.e., imagery controllability) due to the imagery 
practice. Arvinen-Brown et  al. (2007) provided evidence that 
athletes and novice differ on imagery use regardless of whether 
participating in either open- or closed-skilled sports. Taken 
together, these findings above suggest that individuals with high 
motor skills possess a higher motor imagery ability, compared 
with those with low motor skills. One potential reason for the 
superiority in motor imagery is that individuals with high motor 
skill levels expose to much motor imagery practice in daily life, 
due to the cognitive and physical demands of movement (Gregg 
and Hall, 2006; Yu et al., 2016).

To our knowledge, it is unclear whether amateur dancer with 
much motor imagery practice shows high ability of motor 
imageries, such as KIN and EVI, compared with non-dancers. 
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Previous studies have shown that the benefits of KIN in closed 
motor skills learning (e.g., gymnastics and figure skating), and 
EVI in open motor skill learning (e.g., football, basketball, and 
squash; Spittle, 2001; Coelho et al., 2007; Dana and Gozalzadeh, 
2017). In addition, studies showed that KIN was more effective 
than EVI for the rapidly changed movements (Callow et al., 2013) 
and the precise spatial locations of movements (Hardy and Callow, 
1999). Given that dance movement such as ballet and hip-hop 
relies heavily on closed skills, using KIN, rather than EVI, should 
be more effective for the acquisition and performance of dance. 
One study found that the learning of aerobics based on EVI was 
more effective for the novice, yet, as they practice more, the 
training based on KIN was better (Zhang, 2015). The reason is that 
once the amateur dancers are familiar with the motor skills, the 
KIN will gradually take the advantage to gain a more accurate and 
sophisticated motor (Hardy and Callow, 1999). Hence, following 
this logic, we hypothesized that the ability to utilize KIN would 
be higher for amateur dancers than non-dancers. While for the 
EVI, though it could provide additional visuospatial information 
which might enable individuals to “see” the precise spatial 
positions and movements of the dance, it is not always effective for 
dancer to mentally rehearse the relative complex movements of 
dance. Therefore, it is reasonable to postulate that the ability to use 
EVI to improve dance performance may be same for amateur 
dancer and non-dancers.

The present study

In the previous studies, motor imagery ability was measured 
mainly using subjective self-report questionnaires. Although 
subjective self-report questionnaires, such as vividness of visual 
imagery questionnaire (VVIQ; Isaac et al., 1986) and movement 
imagery questionnaire (VMIQ; Hall and Martin, 1997), are 
widely used for measuring individual differences in motor 
imagery, the validity of these subjective measures have criticized 
by theorists, who reported that subjective measures of motor 
imagery have little to do with spatial test performance (Dean and 
Morris, 2003). Besides, self-report measures of motor imagery 
are sensitive to individual differences in verbal comprehension. 
Given the weaknesses of subjective self-report measures, 
researchers proposed the combination of subjective and 
objective measures for dance research on motor imagery (Carey 
et al., 2019). Regarding objective measure of motor imagery, 
previous studies measured the individual differences in motor 
imagery ability based on the accuracy of actual movement, by 
using the scores on various mental chronometry tasks such as 
ballet (Lemos et al., 2017) and stepping movements (Malouin 
et al., 2008). However, the results of these studies are likely to 
mirror different aspects of motor imagery, other than vividness 
or accurate imagined movement, since participants can generate 
the start and the end of motor imagery even when their 
movements are not accurate. In the present study, a novel dance 
movement reproduction task as the objective measure was used 

to assess the individual differences in motor imagery ability 
between amateur dancers and non-dancers. In this task, 
participants were asked to learn novel dance movements that 
were presented by cartoons, and then to reproduce dance 
movements as correctly as possible. Motor imagery ability was 
measured by evaluating the number of actual correct movements 
based on the motor representation that was obtained by 
referencing the working memory for dance movement. The 
dance movement reproduction task is valid, since the procedure 
of the task is exactly the same as the one used by Cortese and 
Rossi-Arnaud (2010). Previous studies using the similar dance 
movement reproduction task reported that kinesthetic and 
visual motor imageries were likely to be used by participants 
(Mizuguchi et al., 2016; Orlandi et al., 2020a). According to the 
model of motor skill learning proposed by Hikosaka and 
colleagues, specific aspects of motor imagery such as visual and 
kinesthetic motor imageries are reported to be used to improve 
actual performance of dance movements (Hikosaka et al., 1999, 
2003). Participants may use kinesthetic motor imagery to 
mentally rehearse the muscle contractions and stretching, and 
use visual motor imagery to visualize the dance movements 
(Guillot et al., 2009). As studies showed the validity of the dance 
movement reproduction task in measuring the motor imagery 
ability (Mizuguchi et al., 2019, 2021), we hypothesized that the 
motor imagery ability measured by the dance movement 
reproduction task would differ in terms of the dance-related 
movement experiences (i.e., motor imagery practice). More 
precisely, if the abilities to generate mental motor imagery was 
significantly higher in amateur dancers than in non-dancers, the 
actual performance of the dance movement reproduction task 
would be better in amateur dancers than non-dancers.

We chose amateur dancers as the sample population for the 
following reasons: (1) dancers were reported to use imagery 
more than athletes (Cumming and Williams, 2013); (2) dancers 
of all ages and skill levels use motor imagery practice for 
improving the performance of dance movements in their daily 
practices (Pavlik and Nordin-Bates, 2016); (3) skill levels of 
dancers are associated with the frequency of the motor imagery 
use. For example, more proficient dancers reported using motor 
imagery more frequently than their less proficient counterparts, 
leading to a higher ability of motor imagery (Nordin and 
Cumming, 2006; Paris-Alemany et  al., 2019a; Orlandi et  al., 
2020a); and (4) to the best of our knowledge, no previous studies 
have investigated the individual differences in motor imagery 
between amateur dancers and non-dancers who vary in dance 
skill levels and experience.

Taken together, an objective measure (i.e., a dance movement 
reproduction task) in combination of subjective measures (i.e., 
VVIQ and VMIQ) was used in the present study to assess the 
individual differences in motor imagery ability between amateur 
dancers and non-dancers. We aimed to determine whether and 
how motor imagery ability could be influenced in individuals with 
differences in dance-related movement experience (i.e., motor 
imagery practice).
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Materials and methods

Participants

In the present study, we used a convenient sampling method to 
recruit forty college students from one university in Guangxi 
province, China. There were 18 amateur dancers (i.e., hip-hop dance 
students; 8 men and 10 women, aged 18–22 years, mean age 
19.67 years, SD = 2.03). All participants were elementary level 
dancers and had completed a dancing program of 1.5 years on 
average with 6.2 h per week of training. There were another 22 aged 
matched control participants (10 men and 12 women, aged 
19–23 years, mean age 20.1 years, SD = 2.18), who had no dance 
training experience. All participants were right-handed and had 
normal or corrected-to-normal vision. This study was approved by 
the Research Ethics Committee of the Guangxi university for 
nationality, and all the participants signed an informed consent form.

Measures

The vividness of visual imagery questionnaire
The vividness of visual imagery questionnaire developed by 

Marks (1973) was used to measure participants’ visual imagery. It 
has shown a satisfactory reliability and validity among Chinese 
adolescents (Song and Zhang, 2002; He et al., 2012). The VVIQ 
consists of 16 items which are clustered in four groups in which 
participants visualize and rates the vividness of the image formed 
in the mind when thinking about specific scenes and situations 
(e.g., figures and sky). Each item was rated on a 5-point Likert scale 
ranging from 1 (perfectly clear and vivid as normal vision) to 5 (no 
image at all, you only know that you are thinking of the skill). Each 
item was imaged and rated once with open and once with closed 
eyes. Responses across the 16 items were summed, with lower score 
indicating a higher visual imagery. In the present study, the internal 
consistency reliability for the scale was 0.89, the test reliability was 
0.76, and the content validity was 0.77 (McKelvie, 1995).

The vividness of movement imagery 
questionnaire

The vividness of movement imagery questionnaire (VMIQ) 
compiled by Isaac et  al. (1986) was used to assess movement 
imagery ability. The questionnaire contains 24 items which are 
divided into six groups, with four items in each group. The groups 
range from items relating to basic body movements (e.g., jumping) 
to items relating to demanding control in aerial situations (e.g., 
jumping off a high wall). Participants were required to image each 
item twice: first by imagining watching somebody else perform 
the movement (i.e., visual motor imagery) and second by 
imagining performing the movement themselves (i.e., kinesthetic 
imagery). Each item is rated on a 5-point Likert scale ranging from 
1 (perfectly clear image and vivid as normal vision) to 5 (no image 
at all, you only know that you are thinking of the skill), with lower 
summed scores indexing higher vividness of movement imagery. 

The VMIQ has shown acceptable reliability and validity. The test–
retest reliability of VMIQ was 0.76 and the concurrent validity 
with VVIQ was 0.81 (Isaac et al., 1986).

The dance movement reproduction task
In the dance movement reproduction task, participants were 

required to generate the mental representations of dance movements 
and then reproduce (or retrieve) the dance movements based on the 
movements on picture in the dance movement learning phase. Ten 
cartoons in form of GIF were used in this study as experimental 
materials to control the individual differences in familiarity with 
dance movements (Paris-Alemany et  al., 2019b). Each cartoon 
depicts both upper and lower body movements (or gestures) and no 
body movement repeated twice. The individual differences in 
familiarities with dance movements were examined on a 5-point 
Likert scale from 1 (unfamiliar) to 5 (highly familiar), and no 
statistically significant difference was observed, suggesting that 
amateur dancers and non-dancers were similarly familiar with the 
dance movements (t < 1, p > 0.05). Besides, the difficulty of dance 
movements on cartoons was rated by three professional dancers who 
had a dance experience of at least 8 years, with the results showing 
that the difficulty of dance movements was classified as easy, since 
the movements to learn requires low cognitive demands of attention.

Procedure

Firstly, participants filled measurements of VVIQ and 
VMIQ. After completing the measurements, a dance movement 
reproduction task was conducted by participants. In the task, each 
cartoon was presented for 5 s, then a white fixation cross (+) was 
presented during which participants were asked to form mental 
representation of dance movements on picture and then reproduce 
them as correctly as possible. The time interval between cartoons 
ranged from 20 s to 30 s to prevent interference from dance 
movements in spatial working memory (Smyth and Pendleton, 
1994). The whole process of the task was video-taped (Gaggioli 
et al., 2013). Participants’ dance performance was evaluated by three 
professional dancers in reference to the actual dance movements on 
cartoons. If a dance movement was correctly reproduced by 
participants, participants scored one point, otherwise, they scored 
zero point. The experiment was conducted single blind in that the 
raters did not know which participants were dancers or non-dancers 
(Lemos et al., 2017). The inter-rater reliability among three raters 
was calculated, and results showed that the reliability was acceptable 
with Cronbach’s alpha coefficient ranging from 0.87 to 0.93.

Results

The results of the VVIQ

We analyzed the participants’ vividness of the VI, the results 
were presented in Table  1 and Figure  1. A 2 group (Amateur 

https://doi.org/10.3389/fpsyg.2022.899724
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Mao et al. 10.3389/fpsyg.2022.899724

Frontiers in Psychology 05 frontiersin.org

dancers vs. Non-dancers) × 2 imagery condition (eyes closed vs. 
eyes open) analysis of repeated measures ANCOVAs (with gender 
as a covariate) for the VVIQ scores showed that neither the main 
effect for group [F(1, 37) = 1.868, p = 0.18, η2 = 0.048] nor the main 
effect for imagery condition (F < 1) reached statistical significance. 
Similarly, the interaction effect between group and imagery 
condition did not reach statistically significant difference (F < 1).

Due to the problems with null hypothesis significance testing 
(NHST), it is difficult for researchers to draw inferences from null 
findings. Bayesian analysis offers a clear estimate of the degree of 
confidence that the data support the null hypothesis on the 
condition that NHST fails to reject this hypothesis (Masson, 2011). 
Bayesian analysis can directly evaluate the relative strength of 
evidence favoring either the null or alternative hypothesis. The 
value of the Bayes factor greater than 3 (i.e., BF01 > 3 or BF10 < 1/3) 
is considered as “some evidence” supporting the null findings 
(Jeffreys, 1961). For example, the value of the Bayes factor is 
equivalent to 3 indicating that the data are 3 times more likely 
under null hypothesis than under alterative hypothesis. In the 
present study, the Bayesian analysis was conducted by computing 
ANCOVAs for the factors of group and imagery condition, and 
their interaction term. The results showed that for the main effects 
of group and imagery condition, the Bayes factor is 1.833 and 4.108, 
respectively, and for the interaction term, the Bayes factor is 1.547. 
Thus, there is some evidence favoring the null hypothesis over the 
alternative hypothesis. These results above indicated that in some 
ways the visual imagery for both dancers and non-dancers is 
virtually identical, both in the eyes closed and eyes open conditions.

With respect to the total scores of VVIQ, comparisons 
between two groups were tested by one-way ANCOVA analysis 
with gender as a covariate. The result revealed that the ability of 
VI was approximately the same for both amateur dancers and 
non-dancers [F(1, 37) = 1.868, p = 0.18, η2 = 0.048]. This outcome 
was further supported by the Bayesian analysis, showing that the 
Bayes factor of group was 1.701. In the following statistical 
analysis, Bayesian analysis was also applied.

The results of the VMIQ

We analyzed the vividness of motor imagery, the results were 
presented in Table 2 and Figure 2. A 2 group (Amateur dancers vs. 
Non-dancers)  ×  2 type of imagery (Visual motor imagery vs. 
Kinesthetic imagery) analysis of repeated measures ANCOVAs 
(with gender as a covariate) for the VMIQ scores showed that the 

main effect for group was significant [F(1, 37) = 98.587, p < 0.001, 
η2 = 0.727; Bayes factor BF10 = 2.47 × 109]. The imagery scores were 
lower in amateur dancers compared with non-dancers. However, 
neither the main effect for type of imagery (F < 1; Bayes factor 
BF10 = 0.294) nor the interaction effect between group and type of 
imagery did reach statistically significant difference (F < 1; Bayes 
factor BF10 = 0.231). The results suggest that, irrespective of the 
type of imagery, the motor imagery performance was better in the 
dancers compared to that in the non-dancers.

With respect to the total scores of VMIQ, comparisons 
between two groups were tested by one-way ANCOVA analysis 
with gender as a covariate. The result showed that the ability of 
motor imagery was higher for amateur dancers than non-dancers 
[F(1, 37) = 98.59, p < 0.001, η2 = 0.727, Bayes factor BF10 = 1.50 × 109].

The results of the dance movement 
reproduction task

We then analyzed the participant’ motor imagery based on the 
actual dance movements reproduced, the results were presented  
in Table  3 and Figure  3. A 2 group (Amateur dancers vs. 
Non-dancers)  ×  2 body position (upper body vs. lower body) 
analysis of repeated measures ANCOVA (with gender as a 
covariate) showed that the main effect for group was significant 
[F(1, 37) = 66.647, p < 0.001, η2 = 0.643; Bayes factor BF10 = 76133.47], 
indicating the ability of motor imagery was higher for amateur 
dancers than non-dancers. However, both the main effect for body 
position (F < 1; Bayes factor BF10 = 0.635) and the interaction effect 
between group and body position [F(1, 37) = 3.769, p = 0.06, 
η2 = 0.092; Bayes factor BF10 = 1.777] did not reach statistically 
significant. With respect to the total scores of motor imagery, 
comparisons between two groups were tested by one-way ANCOVA 
analysis with gender as a covariate, again showing that the ability of 
motor imagery is higher for amateur dancers than for non-dancers 
[F(1, 37) = 66.83, p < 0.001, η2 = 0.569; Bayes factor BF10 = 246938.37].

To illustrate the specific components of imagery underlying 
dance movement reproduction, we examined the correlations 
between total scores on dance movement reproduction task and 
imagery scores for VVIQ and VMIQ, respectively. To be specific, 
there was no significant correlation between total scores on 
dance movement reproduction task and imagery scores for 
VVIQ [r(40) = −0.237, p = 0.141], suggesting that visual imagery 
might play little role in reproducing dance movements. 
However, the results found significantly negative correlations 
between total scores on dance movement reproduction task and 
imagery scores for VMIQ, with the correlations between 
performance of dance movement and visual motor imagery 
[r(40) = −0.342, p = 0.031] and between performance of dance 
movement and kinesthetic motor imagery [r(40) = −0.381, 
p = 0.015] being −0.342 and − 0.381, respectively. These results 
suggest that visual and kinesthetic components of motor 
imagery may be  used by participants during dance 
movement reproduction.

TABLE 1 Mean VVIQ scores for eyes closed and open conditions 
(M ± SD).

Imagery conditions Eyes 
closed 
scores

Eyes open 
scores

Total 
scores

Group Amateur dancers 33.28 ± 7.08 33.94 ± 9.53 67.22 ± 12.12

Non-dancers 35.94 ± 8.30 35.85 ± 9.83 71.95 ± 11.61
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Discussion

The present study examined whether and how the motor 
imagery ability is affected by the individual differences in dance 
skill levels, using the combined approaches of self-report measures 
and a dance movement reproduction task. The results showed that 
amateur dancers outperformed non-dancers at the number of 
correctly reproduced dance movements. Besides, amateur dancers 
displayed higher abilities of visual motor and kinesthetic motor 
imageries, but comparable ability of visual imagery over 
non-amateurs. The study provides evidence for the higher levels of 
motor imagery ability in individuals with high levels of motor skill, 
due to much motor imagery experience in exercise and sports.

The individual differences between 
amateur dancers and non-dancers in 
visual imagery ability

The results showed that the visual imagery scores were 
equivalent to amateur dancers and non-dancers, suggesting that 
participants are equally able to use visual imagery, and the visual 

imagery may not be affected by dance skill levels. The possible 
reason for this null effect is that the sport skill in the present study 
is dance, which is treated as a closed skill sport characterized by 
repetitive movements in a relatively unchanging environment 
(Nuri et al., 2013). Compared with other imageries such as motor 
imagery, visual imagery practice has been shown to be  less 
effective in closed motor skill and sport performance (Coelho 
et al., 2007; Yu et al., 2016). Thus, amateur dancers may expose less 
to visual imagery during mental practice in dance movement 
learning, leading to a similar result as the non-dancers regarding 
visual imagery scores. The result is consistent with previous 
studies using the same measures conducted by Eton et al. (1998). 
Especially, Eton et al. (1998) used the VMIQ and the VVIQ to 
measure the vividness of motor imagery and visual imagery 
among three athletic categories, including elite athletes, non-elite 
athletes, and non-athletes, and they found that VMIQ was able to 
differentiate these categories, while the VVIQ did not, indicating 
that no significant difference in visual imagery between the three 
group. In addition, the result that visual imagery scores were 
slightly higher in the non-dancers than the amateur dances, 
though the trend was not significant is consistent with studies 
reporting that individuals lower in motor imagery ability may  
use visual imagery more to enhance motor performance 
(Luzzeri, 2014).

The individual differences between 
amateur dancers and non-dancers in the 
EVI and KIN

The results in relation to vividness of motor imagery revealed 
that amateur dancers scored significantly lower than non-dancers 

FIGURE 1

Individual differences in mean VVIQ scores between amateur dances and non-dancers. N.S indicates no significant difference, p > 0.05.

TABLE 2 Mean VMIQ scores (M ± SD).

Types of imagery Visual 
motor 

imagery 
(EVI)

Kinesthetic 
imagery 

(KIN)

Total 
scores

Group Amateur dancers 31.50 ± 6.68 34.66 ± 11.15 66.17 ± 15.94

Non-dancers 69.00 ± 11.92 68.86 ± 17.54 137.86 ± 26.73
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on EVI and KIN, suggesting that amateur dancers have higher 
ability to use visual motor and kinesthetic imageries. The reason 
for the superiority in abilities of EVI and KIN is that amateur 
dancers have more visual motor and kinesthetic imagery practice 
in dance movement learning and understand its benefits on dance 
performance. The results support the bioinformational theory 
proposed by Lang (1979). According to the theory, those who have 
greater experience of motor skills develop higher ability to 
produce the mental representation of movements (Barley, 2011). 
The present findings are compatible with recent studies using the 
high temporal resolution of event-related potentials (ERPs) to 
investigate the effects of expertise on dance movement 
representation (Orlandi et al., 2020a,b). Specifically, Orlandi et al. 
(2020a) revealed that professional dance practice may led to a 
refined kinesthetic motor representation of similar dance 
movements acquired during dance movement practice. Besides, 
the present findings are consistent with previous studies showing 
that athletes and professional musicians with higher levels of 
motor skills display higher ability of motor imagery (Cumming 
and Hall, 2002; Lotze et  al., 2003; Gregg and Hall, 2006) and 
kinesthetic imagery (Féry and Morizot, 2000; Weinberg et al., 
2003; Morris et al., 2005; Barley, 2011; Yu et al., 2016). The present 
study extends the literature by showing that amateur dancers who 
participate in dance activities just in a short time can display the 
superiority of their motor imagery ability in dance skill learning 

(Malouin et al., 2009). The results provide evidence for the notion 
that motor imagery ability is highly dynamic and modulated by 
imagery practice and levels of motor skills.

Amateur dancers were expected to better use of KIN than 
EVI. However, present results showed that amateur dancers 
equally used KIN and EVI. This unexpected result may 
be explained at least in part by dance movement characteristics, 
as performing a floor routine requires a reference frame 
integrating both motor visual and kinesthetic imageries to regulate 
posture and control body movement. These findings are in 
support of Guillot et al. (2004) who failed to found the significant 
differences between the use of EVI and KIN in gymnasts.

The individual differences between 
amateur dancers and non-dancers in the 
dance movement reproduction task

The results showed that amateur dancers outperformed 
non-dancers on the dance movement reproduction task, which 
suggest a higher levels of motor imagery ability for amateur 
dancers than non-dancers. The inter-difference in dance 
performance may be ascribed in part to the different switching 
abilities between motor and visual imageries. In the present study, 
participants were required to learn the dance movements on 
cartoons, and then to reproduce the dance movements. To this 
end, participants may firstly use visual imagery to rehearse the 
gross form of body dance movements, and then switch to motor 
imagery from visual imagery to form the fine form of dance 
movements, such as the direction, speed, and gestures (Hardy and 
Callow, 1999; Barley, 2011). As this had already been shown in 
group of professional dancers (Golomer et al., 1999) and gymnasts 
(Guillot et  al., 2004) who are thought to shift sensorimotor 

FIGURE 2

Individual differences in mean vividness of motor imagery questionnaire (VMIQ) scores between amateur dances and non-dancers. Asterisks 
indicate significance of the difference, ***p < 0.001.

TABLE 3 Mean motor imagery scores for upper and lower body 
movements (M ± SD).

Body positions Upper 
body

Lower 
body

Total 
scores

Group Amateur dancers 7.17 ± 1.30 7.39 ± 1.20 14.56 ± 2.20

Non-dancers 4.90 ± 1.45 4.45 ± 1.32 9.35 ± 2.43
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dominance from visual to motor imageries. Amateur dancers 
compared with non-dancers might have developed a higher 
switching ability from visual imagery to motor imagery during 
motor imagery practice in dance movement learning. This is 
congruent with the previous research which showed that 
participants switched backwards and forwards between visual 
imagery and motor imagery rather than use them concurrently 
(Collins et al., 1998; Olsson et al., 2008), since limited information 
are allowed to be displayed in working memory (Pylyshyn, 2003). 
However, studies provided evidence supporting that the 
experience of visual imagery and motor imagery can 
be  concurrently (Cumming and Ste-Marie, 2001; Callow and 
Roberts, 2010; Floridou et  al., 2022). Therefore, whether the 
individual differences in dance performance between amateur 
dancers and non-dancers is associated with the switching ability 
between visual imagery and motor imagery remain to be explored. 
It is worth noting that the present study has introduced a novel 
methodology for assessment of the motor imagery ability based 
on the video-analysis of target movements. This methodology 
could reduce the bias related to self-report measures.

Limitations and contributions

Some limitations should consider addressing in the future study. 
First, the cross-sectional design in the study limited causal inferences. 
Thus, future studies could use multiple measures such as longitudinal 
design and intervention to determine the causality between individual 
differences in motor imagery ability and dance performance. Second, 
the conclusion was drawn only in a group of amateur dancers with 
relatively short 1.5 years dance experience, thereby, the generalization 

of the results to other dancer population is limited. The future study 
can explore the issue with dancers who have exposure to long-term 
dance training. Third, in the dance movement reproduction task 
we cannot determine the specific components of motor imagery. 
Hence, future research can use different motor imagery tasks (e.g., 
finger-tapping task using visual motor and kinesthetic imagery, 
respectively) to differentiate different components of motor imagery, 
i.e., the visual motor and kinesthetic imagery.

Despite limitations, this research has several theoretical and 
practical contributions. From a theoretical perspective, this 
research expands the knowledge on individual differences in 
motor imagery ability in non-athletes who vary in motor skill 
level, especially regarding visual and kinesthetic motor imageries, 
which might be implemented in motor imagery interventions and 
training programs. This study has the potential to advance our 
insights into why and which motor imagery ability contributes to 
the motor performance. This research also provides an empirical 
framework and approach to incorporate the objective measures of 
motor imagery into subjective measures of different aspects of 
motor imagery. From a practice perspective, our findings help us 
better understand the beneficial effect of motor imagery practice 
as an imagery technique on motor imagery during motor skill 
learning and sport performance. Given that motor imagery 
practice and motor imagery ability are significantly associated, 
more specialized and operationalized motor imagery practice 
should be developed, such as Neuromotor Task Training (NTT; 
Schmidt and Lee, 1999), motor teaching principles taxonomy 
(MTPT; Niemeijer et al., 2003), and PETTLEP-Based imagery 
interventions (Smith et al., 2007). For example, a recent study 
provided evidence that a 3-day training in dynamic neuro-
cognitive imagery (DNI) greatly improved motor performance in 

FIGURE 3

Individual differences in motor imagery between amateur dances and non-dancers assessed by the dance movement reproduction task. Asterisks 
indicate significance of the difference, ***p < 0.001.
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college dance students (Abraham et  al., 2019). Moreover, this 
research reveals that amateur athletes who have relatively high 
skill proficiency possess superior motor imagery ability, especially 
in visual and kinesthetic motor imageries. This indicates that the 
ability to imagine performing a movement improves as a function 
of acquired expertise with the motor skill, which could be treated 
as the basis of enhancing motor imagery ability.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and 
approved by Ethics committee of Guangxi Minzu University. The 
patients/participants provided their written informed consent to 
participate in this study.

Author contributions

XM, YX, and SH: conceptualization, software, and writing– 
original draft. XT: review and editing. MO: writing, supervision, 
and validation. All authors contributed to the article and approved 
the submitted version.

Funding

This work was supported by the National Science 
Foundation of China (grant number: 61563003) to YX, the 2021 
Research Project of Philosophy and Social Science Planning of 
Guangxi Zhuang Autonomous Region of China (grant number: 
21FYY008), the Guangxi University Young and Middle-aged 
Teachers Scientific Research Basic Ability Improvement Project 
(grant number: 2021KY0143), and the Scientific Research Fund 
of Guangxi Minzu University (grant number: 2021MDSKYB03 
and 2021SKQD31) to MO.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
Abraham, A., Dunsky, A., and Dickstein, R. (2016). Motor imagery practice for 

enhancing elevé performance among professional dancers: A pilot study. Med. Probl. 
Perform. Art. 31, 132–139. doi: 10.21091/mppa.2016.3025

Abraham, A., Dunsky, A., and Dickstein, R. (2017). The effect of motor imagery 
practice on elevé performance in adolescent female dance students: A randomized 
controlled trial. J. Imagery Res. Sport Phys. Act. 12, 1–18. doi: 10.1515/
jirspa-2016-0006

Abraham, A., Gose, R., Schindler, R., Nelson, B. H., and Hackney, M. E. (2019). 
Dynamic neuro-cognitive imagery (DNITM) improves developpé performance, 
kinematics, and mental imagery ability in university-level dance students. Front. 
Psychol. 10:382. doi: 10.3389/fpsyg.2019.00382

Arvinen-Brown, M., Weigand, D. A., Thomas, S., Hemmings, B., and Walley, M. 
(2007). Elite and novice athletes’ imagery use in open and closed sports. J. Appl. 
Sport Psychol. 19, 93–104. doi: 10.1080/10413200601102912

Barley, K. (2011). A Comparison of Imagery Modality and Perspective between 
elite and non-elite Athletes, Doctoral dissertation, University of Wales.

Bohan, M., Pharmer, J. A., and Stokes, A. F. (1999). When does imagery practice 
enhance performance on a motor task? Percept. Motor Skills 88, 651–658. doi: 
10.2466/pms.1999.88.2.651

Callow, N., and Roberts, R. (2010). Imagery research: An investigation of 
three issues. Psychol. Sport Exerc. 11, 325–329. doi: 10.1016/j.psychsport.2010. 
03.002

Callow, N., Roberts, R., Hardy, L., Jiang, D., and Edwards, M. (2013). Performance 
improvements from imagery: evidence that internal visual imagery is superior to 
external visual imagery for slalom performance. Front. Hum. Neurosci. 7:697. doi: 
10.3389/fnhum.2013.00697

Carey, K., Moran, A., and Rooney, B. (2019). Learning choreography: An 
investigation of motor imagery, attentional effort, and expertise in modern dance. 
Front. Psychol. 10:422. doi: 10.3389/fpsyg.2019.00422

Coelho, R. W., De Campos, W., Da Silva, S. G., Okazaki, F. H., and Keller, B. 
(2007). Imagery intervention in open and closed tennis motor skill 
performance. Percept. Mot. Skills 105, 458–468. doi: 10.2466/pms.105.2. 
458-468

Collins, D. J., Smith, D., and Hale, B. (1998). Imagery perspectives and karate 
performance. J. Sports Sci. 16, 103–104.

Cortese, A., and Rossi-Arnaud, C. (2010). Working memory for ballet moves and 
spatial locations in professional ballet dancers. Appl. Cogn. Psychol. 24, 266–286. doi: 
10.1002/acp.1593

Cumming, J., and Hall, C. (2002). Deliberate imagery practice: The development 
of imagery skills in competitive athletes. J. Sports Sci. 20, 137–145. doi: 
10.1080/026404102317200846

Cumming, J. L., and Ste-Marie, D. M. (2001). The cognitive and motivational 
effects of imagery training: A matter of perspective. Sport Psychol. 15, 276–288. doi: 
10.1123/tsp.15.3.276

Cumming, J., and Williams, S. E. (2013). Introducing the revised applied model 
of deliberate imagery use for sport, dance, exercise, and rehabilitation. Move. Sport 
Sci. Mot. n° 82, 69–81. doi: 10.3917/sm.082.0069

Dana, A., and Gozalzadeh, E. (2017). Internal and external imagery effects on tennis 
skills among novices. Percept. Mot. Skills 124, 1022–1043. doi: 10.1177/0031512517719611

Dean, G. M., and Morris, P. E. (2003). The relationship between self-reports of 
imagery and spatial ability. Br. J. Psychol. 94, 245–273. doi: 10.1348/000712603321661912

Decety, J., and Lindgren, M. (1991). Sensation of effort and duration of mentally 
executed actions. Scand. J. Psychol. 32, 97–104. doi: 10.1111/j.1467-9450.1991.
tb00860.x

Decety, J., and Michel, F. (1989). Comparative analysis of actual and mental 
movement times in two graphic tasks. Brain Cogn. 11, 87–97. doi: 10.1016/0278- 
2626(89)90007-9

https://doi.org/10.3389/fpsyg.2022.899724
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.21091/mppa.2016.3025
https://doi.org/10.1515/jirspa-2016-0006
https://doi.org/10.1515/jirspa-2016-0006
https://doi.org/10.3389/fpsyg.2019.00382
https://doi.org/10.1080/10413200601102912
https://doi.org/10.2466/pms.1999.88.2.651
https://doi.org/10.1016/j.psychsport.2010.03.002
https://doi.org/10.1016/j.psychsport.2010.03.002
https://doi.org/10.3389/fnhum.2013.00697
https://doi.org/10.3389/fpsyg.2019.00422
https://doi.org/10.2466/pms.105.2.458-468
https://doi.org/10.2466/pms.105.2.458-468
https://doi.org/10.1002/acp.1593
https://doi.org/10.1080/026404102317200846
https://doi.org/10.1123/tsp.15.3.276
https://doi.org/10.3917/sm.082.0069
https://doi.org/10.1177/0031512517719611
https://doi.org/10.1348/000712603321661912
https://doi.org/10.1111/j.1467-9450.1991.tb00860.x
https://doi.org/10.1111/j.1467-9450.1991.tb00860.x
https://doi.org/10.1016/0278-2626(89)90007-9
https://doi.org/10.1016/0278-2626(89)90007-9


Mao et al. 10.3389/fpsyg.2022.899724

Frontiers in Psychology 10 frontiersin.org

Eton, D. T., Gilner, F. H., and Munz, D. C. (1998). The measurement of imagery 
vividness: A test of the reliability and validity of the vividness of visual imagery 
questionnaire and the vividness of movement imagery questionnaire. J. Ment. Imag. 
22, 125–136.

Féry, Y. A. (2003). Differentiating visual and kinesthetic imagery in mental 
practice. Can. J. Exp. Psychol. 57, 1–10. doi: 10.1037/h0087408

Féry, Y. A., and Morizot, P. (2000). Kinesthetic and visual image in modeling 
closed motor skills: The example of the tennis serve. Percept. Mot. Skills 90, 707–722. 
doi: 10.2466/pms.2000.90.3.707

Fitts, P. M. (1954). The information capacity of the human motor system in controlling 
the amplitude of movement. J. Exp. Psychol. 47, 381–391. doi: 10.1037/h0055392

Floridou, G. A., Peerdeman, K. J., and Schaefer, R. S. (2022). Individual differences 
in mental imagery in different modalities and levels of intentionality. Mem. Cogn. 
50, 29–44. doi: 10.3758/s13421-021-01209-7

Fontani, G., Migliorini, S., Benocci, R., Facchini, A., Casini, M., and 
Corradeschi, F. (2007). Effect of mental imagery on the development of skilled 
motor actions. Percept. Mot. Skills 105, 803–826. doi: 10.2466/pms.105.3.803-826

Frank, C., Land, W. M., Popp, C., and Schack, T. (2014). Mental representation 
and mental practice: experimental investigation on the functional links between 
motor memory and motor imagery. PLoS One 9:e95175. doi: 10.1371/journal.
pone.0095175

Gaggioli, A., Morganti, L., Mondoni, M., and Antonietti, A. (2013). Benefits of 
combined mental and physical training in learning a complex motor skill in 
basketball. Psychology 4, 1–6. doi: 10.4236/psych.2013.49A2001

Girón, E. C., McIsaac, T., and Nilsen, D. (2012). Effects of kinesthetic versus visual 
imagery practice on two technical dance movements: A pilot study. J. Dance Med. 
Sci. 16, 36–38. PMID: 22390952

Golomer, E., Crémieux, J., Dupui, P., Isableu, B., and Ohlmann, T. (1999). Visual 
contribution to self-induced body sway frequencies and visual perception of male 
professional dancers. Neurosci. Lett. 267, 189–192. doi: 10.1016/S0304-3940(99) 
00356-0

Gregg, M., and Hall, C. (2006). Measurement of motivational imagery abilities in 
sport. J. Sports Sci. 24, 961–971. doi: 10.1080/02640410500386167

Guillot, A., and Collet, C. (2008). Construction of the motor imagery 
integrative model in sport: A review and theoretical investigation of motor 
imagery use. Int. Rev. Sport Exerc. Psychol. 1, 31–44. doi: 10.1080/ 
17509840701823139

Guillot, A., Collet, C., and Dittmar, A. (2004). Relationship between visual and 
kinesthetic imagery, field dependence-independence, and complex motor skills. J. 
Psychophysiol. 18, 190–198. doi: 10.1027/0269-8803.18.4.190

Guillot, A., Collet, C., Nguyen, V. A., Malouin, F., Richards, C., and Doyon, J. 
(2009). Brain activity during visual versus kinesthetic imagery: An fMRI study. 
Hum. Brain Mapp. 30, 2157–2172. doi: 10.1002/hbm.20658

Guillot, A., Di Rienzo, F., and Collet, C. (2014). The Neurofunctional architecture 
of motor imagery. In Advanced Brain Neuroimaging Topics in Health and Disease-
Methods and Applications. InTech.

Guttman, A., Burstin, A., Brown, R., Bril, S., and Dickstein, R. (2014). Motor 
imagery practice for improving sit to stand and reaching to grasp in individuals 
with poststroke hemiparesis. Top. Stroke Rehabil. 19, 306–319. doi: 10.1310/
tsr1904-306

Hall, C. R., Buckolz, E., and Fishburne, G. J. (1992). Imagery and the acquisition 
of motor skills. Can. J. Sport Sci. 17, 19–27. PMID: 1322764

Hall, C. R., and Martin, K. A. (1997). Measuring movement imagery abilities: A 
revision of the movement imagery questionnaire. J. Ment. Imag. 21, 143–154.

Hanakawa, T., Immisch, I., Toma, K., Dimyan, M. A., Van Gelderen, P., and 
Hallett, M. (2003). Functional properties of brain areas associated with motor 
execution and imagery. J. Neurophysiol. 89, 989–1002. doi: 10.1152/
jn.00132.2002

Hardy, L., and Callow, N. (1999). Efficacy of external and internal visual imagery 
perspectives for the enhancement of performance on tasks in which form is 
important. J. Sport Exerc. Psychol. 21, 95–112. doi: 10.1123/jsep.21.2.95

He, L. G., Zhou, A. B., Guo, T. Y., and Bao, X. H. (2012). Effect of task information 
accessibility on visual imagery eye-movement. Acta Psychol. Sin. 44, 910–923. doi: 
10.3724/SP.J.1041.2012.00910

Helmich, R. C., de Lange, F. P., Bloem, B. R., and Toni, I. (2007). Cerebral 
compensation during motor imagery in Parkinson’s disease. Neuropsychologia 45, 
2201–2215. doi: 10.1016/j.neuropsychologia.2007.02.024

Hikosaka, O., Nakahara, H., Rand, M. K., Sakai, K., Lu, X., Nakamura, K., et al. 
(1999). Parallel neural networks for learning sequential procedures. Trends Neurosci. 
22, 464–471. doi: 10.1016/S0166-2236(99)01439-3

Hikosaka, O., Nakamura, K., Sakai, K., and Nakahara, H. (2003). Central 
mechanisms of motor skill learning. Curr. Opin. Neurobiol. 12, 217–222. doi: 
10.1016/S0959-4388(02)00307-0

Isaac, A. R., and Marks, D. F. (1994). Individual differences in mental imagery 
experience: developmental changes and specialization. Br. J. Psychol. 85, 479–500. 
doi: 10.1111/j.2044-8295.1994.tb02536.x

Isaac, A., Marks, D. F., and Russell, D. G. (1986). An instrument for assessing 
imagery of movement: The vividness of movement imagery questionnaire (VMIQ). 
J. Ment. Imag. 10, 23–30.

Jeannerod, M. (1994). The representing brain: neural correlates of motor intention 
and imagery. Behav. Brain Sci. 17, 187–202. doi: 10.1017/S0140525X00034026

Jeffreys, H. (1961). Theory of Probability (3rd Edn.). Oxford: Oxford University Press.

Johnson, P. D. (1982). The functional equivalence of imagery and movement. Q. 
J. Exp. Psychol. 34, 349–365. doi: 10.1080/14640748208400848

Lacourse, M. G., Orr, E. L., Cramer, S. C., and Cohen, M. J. (2005). Brain 
activation during execution and motor imagery of novel and skilled sequential 
hand movements. NeuroImage 27, 505–519. doi: 10.1016/j.neuroimage. 
2005.04.025

Lang, P. J. (1979). A bio-informational theory of emotional imagery. 
Psychophysiology 16, 495–512. doi: 10.1111/j.1469-8986.1979.tb01511.x

Lemos, A., Wulf, G., Lewthwaite, R., and Chiviacowsky, S. (2017). Autonomy 
support enhances performance expectancies, positive affect, and motor learning. 
Psychol. Sport Exerc. 31, 28–34. doi: 10.1016/j.psychsport.2017.03.009

Lotze, M., Scheler, G., Tan, H. R., Braun, C., and Birbaumer, N. (2003). The 
musician’s brain: functional imaging of amateurs and professionals during 
performance and imagery. NeuroImage 20, 1817–1829. doi: 10.1016/j.
neuroimage.2003.07.018

Luzzeri, M. (2014). Motor Imagery and Performance: The Role of Movement and 
Perspective. University of Louisiana at Lafayette.

Macuga, K. L., and Frey, S. H. (2012). Neural representations involved in observed, 
imagined, and imitated actions are dissociable and hierarchically organized. 
NeuroImage 59, 2798–2807. doi: 10.1016/j.neuroimage.2011.09.083

Magill, R. A., and Anderson, D. I. (2007). Motor Learning and Control: Concepts 
and Applications. New York: McGraw-Hill.

Mahoney, M. J., and Avener, M. (1977). Psychology of the elite athlete: An 
exploratory study. Cogn. Ther. Res. 1, 135–141. doi: 10.1007/BF01173634

Malouin, F., Richards, C. L., Durand, A., Descent, M., Poiré, D., Frémont, P., et al. 
(2009). Effects of practice, visual loss, limb amputation, and disuse on motor 
imagery vividness. Neurorehabil. Neural Repair 23, 449–463. doi: 10.1177/ 
1545968308328733

Malouin, F., Richards, C. L., Durand, A., and Doyon, J. (2008). Reliability of 
mental chronometry for assessing motor imagery ability after stroke. Arch. Phys. 
Med. Rehabil. 89, 311–319. doi: 10.1016/j.apmr.2007.11.006

Marks, D. F. (1973). Visual imagery differences in the recall of pictures. Br. J. 
Psychol. 64, 17–24. doi: 10.1111/j.2044-8295.1973.tb01322.x

Masson, M. E. (2011). A tutorial on a practical Bayesian alternative to null-
hypothesis significance testing. Behav. Res. Methods 43, 679–690. doi: 10.3758/
s13428-010-0049-5

McKelvie, S. J. (1995). The VVIQ as a psychometric test of individual differences 
in visual imagery vividness: A critical quantitative review and plea for direction. 
J. Ment. Imag. 19, 1–106.

Mizuguchi, N., Nakata, H., and Kanosue, K. (2016). Motor imagery beyond the 
motor repertoire: activity in the primary visual cortex during kinesthetic motor 
imagery of difficult whole body movements. Neuroscience 315, 104–113. doi: 
10.1016/j.neuroscience.2015.12.013

Mizuguchi, N., Nakata, H., Uchida, Y., and Kanosue, K. (2012). Motor imagery 
and sport performance. J. Phys. Fit. Sports Med. 1, 103–111. doi: 10.7600/
jpfsm.1.103

Mizuguchi, N., Suezawa, M., and Kanosue, K. (2019). Vividness and accuracy: two 
independent aspects of motor imagery. Neurosci. Res. 147, 17–25. doi: 10.1016/j.
neures.2018.12.005

Mizuguchi, N., Tsuchimoto, S., Fujii, H., Kato, K., Nagami, T., and Kanosue, K. 
(2021). Recognition capability of one’s own skilled movement is dissociated from 
acquisition of motor skill memory. Sci. Rep. 11, 1–10. doi: 10.1038/
s41598-021-96381-w

Morris, T. (1997). Psychological Skills Training in sport: An Overview (2nd Edn.). 
Leeds: National Coaching Foundation.

Morris, T., Spittle, M., and Watt, A. (2005). Imagery in Sport, Champaign IL: 
Human Kinetics.

Niemeijer, A. S., Smits-Engelsman, B. C., Reynders, K., and Schoemaker, M. M. 
(2003). Verbal actions of physiotherapists to enhance motor learning in children 
with DCD. Hum. Mov. Sci. 22, 567–581. doi: 10.1016/j.humov.2003.09.010

Nordin, S. M., and Cumming, J. (2006). The development of imagery in dance part 
II: quantitative findings from a mixed sample of dancers. J. Dance Med. Sci. 10, 
28–34.

https://doi.org/10.3389/fpsyg.2022.899724
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1037/h0087408
https://doi.org/10.2466/pms.2000.90.3.707
https://doi.org/10.1037/h0055392
https://doi.org/10.3758/s13421-021-01209-7
https://doi.org/10.2466/pms.105.3.803-826
https://doi.org/10.1371/journal.pone.0095175
https://doi.org/10.1371/journal.pone.0095175
https://doi.org/10.4236/psych.2013.49A2001
https://doi.org/22390952
https://doi.org/10.1016/S0304-3940(99)00356-0
https://doi.org/10.1016/S0304-3940(99)00356-0
https://doi.org/10.1080/02640410500386167
https://doi.org/10.1080/17509840701823139
https://doi.org/10.1080/17509840701823139
https://doi.org/10.1027/0269-8803.18.4.190
https://doi.org/10.1002/hbm.20658
https://doi.org/10.1310/tsr1904-306
https://doi.org/10.1310/tsr1904-306
https://doi.org/1322764
https://doi.org/10.1152/jn.00132.2002
https://doi.org/10.1152/jn.00132.2002
https://doi.org/10.1123/jsep.21.2.95
https://doi.org/10.3724/SP.J.1041.2012.00910
https://doi.org/10.1016/j.neuropsychologia.2007.02.024
https://doi.org/10.1016/S0166-2236(99)01439-3
https://doi.org/10.1016/S0959-4388(02)00307-0
https://doi.org/10.1111/j.2044-8295.1994.tb02536.x
https://doi.org/10.1017/S0140525X00034026
https://doi.org/10.1080/14640748208400848
https://doi.org/10.1016/j.neuroimage.2005.04.025
https://doi.org/10.1016/j.neuroimage.2005.04.025
https://doi.org/10.1111/j.1469-8986.1979.tb01511.x
https://doi.org/10.1016/j.psychsport.2017.03.009
https://doi.org/10.1016/j.neuroimage.2003.07.018
https://doi.org/10.1016/j.neuroimage.2003.07.018
https://doi.org/10.1016/j.neuroimage.2011.09.083
https://doi.org/10.1007/BF01173634
https://doi.org/10.1177/1545968308328733
https://doi.org/10.1177/1545968308328733
https://doi.org/10.1016/j.apmr.2007.11.006
https://doi.org/10.1111/j.2044-8295.1973.tb01322.x
https://doi.org/10.3758/s13428-010-0049-5
https://doi.org/10.3758/s13428-010-0049-5
https://doi.org/10.1016/j.neuroscience.2015.12.013
https://doi.org/10.7600/jpfsm.1.103
https://doi.org/10.7600/jpfsm.1.103
https://doi.org/10.1016/j.neures.2018.12.005
https://doi.org/10.1016/j.neures.2018.12.005
https://doi.org/10.1038/s41598-021-96381-w
https://doi.org/10.1038/s41598-021-96381-w
https://doi.org/10.1016/j.humov.2003.09.010


Mao et al. 10.3389/fpsyg.2022.899724

Frontiers in Psychology 11 frontiersin.org

Nuri, L., Shadmehr, A., Ghotbi, N., and Attarbashi Moghadam, B. (2013). 
Reaction time and anticipatory skill of athletes in open and closed skill-dominated 
sport. Eur. J. Sport Sci. 13, 431–436. doi: 10.1080/17461391.2012.738712

Oishi, K., and Maeshima, T. (2004). Autonomic nervous system activities during 
motor imagery in elite athletes. J. Clin. Neurophysiol. 21, 170–179. doi: 10.1097/ 
00004691-200405000-00005

Olsson, C. J., Jonsson, B., Larsson, A., and Nyberg, L. (2008). Motor 
representations and practice affect brain systems underlying imagery: An fMRI 
study of internal imagery in novices and active high jumpers. Open Neuroimag. J. 2, 
5–13. doi: 10.2174/1874440000802010005

Orlandi, A., Arno, E., and Proverbio, A. M. (2020a). The effect of expertise on 
kinesthetic motor imagery of complex actions. Brain Topogr. 33, 238–254. doi: 
10.1007/s10548-020-00760-x

Orlandi, A., D’Incà, S., and Proverbio, A. M. (2020b). Muscular effort coding in 
action representation in ballet dancers and controls: electrophysiological evidence. 
Brain Res. 1733:146712. doi: 10.1016/j.brainres.2020.146712

Ozel, S., Larue, J., and Molinaro, C. (2004). Relation between sport and spatial 
imagery: comparison of three groups of participants. Aust. J. Psychol. 138, 49–64. 
doi: 10.3200/JRLP.138.1.49-64

Paris-Alemany, A., La Touche, R., Agudo-Carmona, D., Fernández-Carnero, J., 
Gadea-Mateos, L., Suso-Martí, L., et al. (2019a). Visual motor imagery 
predominance in professional Spanish dancers. Somatosens. Mot. Res. 36, 179–188. 
doi: 10.1080/08990220.2019.1641480

Paris-Alemany, A., La Touche, R., Gadea-Mateos, L., Cuenca-Martínez, F., and 
Suso-Martí, L. (2019b). Familiarity and complexity of a movement influences motor 
imagery in dancers: A cross-sectional study. Scand. J. Med. Sci. Sports 29, 897–906. 
doi: 10.1111/sms.13399

Pavlik, K., and Nordin-Bates, S. (2016). Imagery in dance: A literature review. J. 
Dance Med. Sci. 20, 51–63. doi: 10.12678/1089-313X.20.2.51

Pylyshyn, Z. W. (2003). Seeing and Visualizing: It’s Not What You Think. London: 
The MIT Press.

Roberts, R., Callow, N., Hardy, L., Markland, D., and Bringer, J. (2008). Movement 
imagery ability: development and assessment of a revised version of the vividness 
of movement imagery questionnaire. J. Sport Exerc. Psychol. 30, 200–221. doi: 
10.1123/jsep.30.2.200

Roosink, M., and Zijdewind, I. (2010). Corticospinal excitability during 
observation and imagery of simple and complex hand tasks: implications for motor 
rehabilitation. Behav. Brain Res. 213, 35–41. doi: 10.1016/j.bbr.2010.04.027

Ruffino, C., Papaxanthis, C., and Lebon, F. (2017). Neural plasticity during motor 
learning with motor imagery practice: review and perspectives. Neuroscience 341, 
61–78. doi: 10.1016/j.neuroscience.2016.11.023

Schmidt, R. A., and Lee, T. D. (1999). Motor Control and Learning: A Behavioral 
Emphasis. Champaign, IL: Human Kinetics.

Smith, D., Wright, C., Allsopp, A., and Westhead, H. (2007). It’s all in the mind: 
PETTLEP-based imagery and sports performance. J. Appl. Sport Psychol. 19, 80–92. 
doi: 10.1080/10413200600944132

Smyth, M. M., and Pendleton, L. R. (1994). Memory for movement in professional 
ballet dancers. Int. J. Sport Psychol. 25, 282–294.

Song, L. B., and Zhang, H. C. (2002). Developmental patterns of visual imagery 
of mentally disabled. Chin. J. Spec. Educ. 35, 57–63.

Spittle, M. (2001). Preference for Imagery Perspective, Imagery Perspective 
Training and task Performance, Doctoral Dissertation, Victoria University, 
Australia.

Stefanello, J. M. F., Marques, C. P., and Rodacki, A. L. F. (2010). Assessment of 
motor imagery ability and training. Revista Brasileira de Cineantropometria & 
Desempenho Humano 12, 395–400. doi: 10.5007/1980-0037.2010v12n6p395

Stevens, J. A. (2005). Interference effects demonstrate distinct roles for visual and 
motor imagery during the mental representation of human action. Cognition 95, 
329–350. doi: 10.1016/j.cognition.2004.02.008

Weinberg, R., Butt, J., Knight, B., Burke, K. L., and Jackson, A. (2003). The 
relationship between the use and effectiveness of imagery: An exploratory 
investigation. J. Appl. Sport Psychol. 15, 26–40. doi: 10.1080/10413200305398

Williams, S. E., Cumming, J., and Edwards, M. G. (2011). The functional 
equivalence between movement imagery, observation, and execution influences 
imagery ability. Res. Q. Exerc. Sport 82, 555–564. doi: 10.1080/02701367.2011. 
10599788

Yoo, E., Park, E., and Chung, B. (2001). Mental practice effect on line-tracing 
accuracy in persons with hemiparetic stroke: A preliminary study. Arch. Phys. Med. 
Rehabil. 82, 1213–1218. doi: 10.1053/apmr.2001.25095

Yu, Q. H., Fu, A. S., Kho, A., Li, J., Sun, X. H., and Chan, C. C. (2016). 
Imagery perspective among young athletes: differentiation between external 
and internal visual imagery. J. Sport Health Sci. 5, 211–218. doi: 10.1016/j.
jshs.2014.12.008

Zhang, Y. (2015). The experimental study of visual imagery and kinesthetic 
imagery on different learning stages of aerobics motor skill, Master’s Degree, Ningbo 
University, China.

https://doi.org/10.3389/fpsyg.2022.899724
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1080/17461391.2012.738712
https://doi.org/10.1097/00004691-200405000-00005
https://doi.org/10.1097/00004691-200405000-00005
https://doi.org/10.2174/1874440000802010005
https://doi.org/10.1007/s10548-020-00760-x
https://doi.org/10.1016/j.brainres.2020.146712
https://doi.org/10.3200/JRLP.138.1.49-64
https://doi.org/10.1080/08990220.2019.1641480
https://doi.org/10.1111/sms.13399
https://doi.org/10.12678/1089-313X.20.2.51
https://doi.org/10.1123/jsep.30.2.200
https://doi.org/10.1016/j.bbr.2010.04.027
https://doi.org/10.1016/j.neuroscience.2016.11.023
https://doi.org/10.1080/10413200600944132
https://doi.org/10.5007/1980-0037.2010v12n6p395
https://doi.org/10.1016/j.cognition.2004.02.008
https://doi.org/10.1080/10413200305398
https://doi.org/10.1080/02701367.2011.10599788
https://doi.org/10.1080/02701367.2011.10599788
https://doi.org/10.1053/apmr.2001.25095
https://doi.org/10.1016/j.jshs.2014.12.008
https://doi.org/10.1016/j.jshs.2014.12.008

	Effect of skill proficiency on motor imagery ability between amateur dancers and non-dancers
	Introduction
	Mental practice with motor imagery
	Motor imagery practice and imagery ability
	The present study

	Materials and methods
	Participants
	Measures
	The vividness of visual imagery questionnaire
	The vividness of movement imagery questionnaire
	The dance movement reproduction task
	Procedure

	Results
	The results of the VVIQ
	The results of the VMIQ
	The results of the dance movement reproduction task

	Discussion
	The individual differences between amateur dancers and non-dancers in visual imagery ability
	The individual differences between amateur dancers and non-dancers in the EVI and KIN
	The individual differences between amateur dancers and non-dancers in the dance movement reproduction task
	Limitations and contributions

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	 References

