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Abstract

Although observational motor learning is one method of skill acquisition, this
type of motor learning is not equally effective for all individuals. To clarify fac-
tors associated with the effectiveness of motor learning, we examined the asso-
ciation between model-observational skill acquisition and the Autism-Spectrum
Quotient (AQ), which is reportedly associated with motor learning via visual
information. Twenty healthy adults performed the Kendama task. The par-
ticipants practiced under three conditions: using their own methods (self),
following observation of model actions (model-observation), and following
observation of their own actions (self-observation). Measurement trials were
performed 20 times prior to self-practice sessions and after each practice ses-
sion. Success ratios were calculated for each measurement trial. All partici-
pants completed the AQ. The difference in success ratios for measurement
sessions following practices between the self and model-observation condi-
tions was significantly negatively correlated with AQ scores. Individuals with
low AQ values can more easily acquire skills via model-observational motor
learning than those with relatively higher AQ values.

Keywords
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1. Introduction

Skills can be acquired via motor learning. Although there are various methods of

motor learning [1], these methods are not equally effective for all individuals.
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Observational motor learning is one method of motor learning; it involves phys-
ical practice following observation of self-actions or actions of another [2] [3]
[4]. This type of motor learning is applied not only in sport-related scenarios [5],
but also during balance training following stroke [6] [7]. Since direct skill acqui-
sition may be difficult for athletes or patients undergoing rehabilitation, in-
structors and therapists must determine the type of motor learning most suited
to each patient (e.g., model-observational motor learning). Model-observational
motor learning is one of the effective methods for skill acquisition [8]. Hence, a
specialized tool is needed to determine whether model-observational motor
learning is appropriate.

While observing another’s actions, individuals collate the characteristics of the
observed action with internal models [9] [10] or motor representations in the
brain [11]. Previous researchers have suggested that, while practicing the action,
individuals correct their movement based on the collation via physical practice
[12]. Previous studies have reported that this correction is associated with cere-
bellar activity [10] [12]. Among the types of motor learning dependent on the
cerebellum, motor learning via visual information is impaired in children with
autism spectrum disorder (ASD), relative to that in typically developing children
[13]. ASD is characterized by impairments in social and communication skills,
corresponding with repetitive, stereotyped behaviors [13]. Based on the impair-
ment of motor learning in ASD children, we speculate that the capacity for visu-
al observational motor learning would be lower in healthy individuals with high
levels of autistic traits than in those with low levels of autistic traits.

Recent studies have verified that autism exists along a spectrum, and the boun-
daries between typical development and autism remain unclear [14] [15]. De-
veloped by Baron-Cohen et a/. [16], the Autism-Spectrum Quotient (AQ) is used
to assess levels of autistic traits in healthy individuals. We speculated that the
AQ would be useful for selecting participants suited for skill acquisition via ob-
servational motor learning, especially following observation of another’s actions.
Because children with ASD face greater difficulty with motor learning via visual
information than typically developing children [13], we hypothesized that the
AQ—which can be used to assess continuity between typical development and
ASD—would be associated with the capacity for skill acquisition via model-obser-
vational motor learning.

Another type of observational motor learning involves the observation of one’s
own actions (Ze., self-observational motor learning). We speculated that there
would be differences in skill acquisition between self-observational motor learn-
ing and model-observational motor learning. Skill acquisition via the observa-
tion of self-actions should be associated with motor imagery abilities, whereas
skill acquisition via model-observational motor learning should be associated
with AQ scores. That is, individuals who cannot imagine how their own bodies
move should be able to acquire skills via observation of their own actions.

Moreover, there are two types of motor imagery: kinesthetic and visual. Kines-

DOI: 10.4236/jbbs.2020.104011

180 Journal of Behavioral and Brain Science


https://doi.org/10.4236/jbbs.2020.104011

Y. Sato, K. Kageyama

thetic motor imagery, also known as first-person motor imagery, is associated
with learning via somatosensory information obtained during self-performance
of an action. In contrast, visual or third-person motor imagery is associated with
observational ability [17]. Individuals with low kinesthetic motor imagery ability
fail to grasp their own actions. In such cases, skill acquisition can be improved
by having participants review their own actions using a video recording. Hence,
we hypothesized that skill acquisition via self-observational motor learning would
be associated with motor imagery abilities, especially kinesthetic rather than visual
abilities, because low kinesthetic imagery ability should be correlated with poor
processing of somatosensory information.

Thus, the present study aimed to demonstrate our hypotheses regarding mod-
el- and self-observational motor learning, that there is an association between
AQ scores and skill acquisition via observation of another’s actions, as well as
an association between motor imagery and skill acquisition via observation of

self-actions.

2. Methods

Participants

Twenty students were enrolled in the present study (10 men and 10 women).
All participants were native Japanese speakers with typical development. They
were selected randomly from 120 adult students within the department of phys-
ical therapy. The mean (standard deviation [SD]) age of the participants was
20.5 (0.5) years. All participants were healthy and had experienced no physical
ailments within the preceding year. Inclusion criteria were as follows: right-
handedness, familiarity with the Kendama task without significant practice.
Prior to the experiments, participants read a description of the basic procedures
of the experiments and provided written informed consent. The experimental
procedures of this study were approved by the ethics committee of Hokkaido
University of Science in Sapporo, Japan (No. 194).

Tasks

The Tomeken skill of the Kendama task was adopted for the present experi-
ments (Figure 1). As shown in Figure 1(a), the Kendama task involves a sword
and a cup. The top of the sword is sharp, whereas the cup contains a hole. Par-
ticipants were required to perform the Tomeken skill (Figure 1(b) and Figure
1(c)), which involved lifting the cup attached to the string (Figure 1(a)) and in-
serting the top of the sword into the hole in the cup. The Kendama task was uti-
lized to elucidate the effect of model-observational motor learning on skill ac-
quisition. This task is ideal for representing actual clinical situations, in which
whole-body actions are common. Furthermore, the task does not necessarily
depend on muscular strength, in contrast to throwing actions. In addition, acci-
dental success is not possible during the Tomeken task, which exhibits a level of
difficulty suitable for Kendama novices.

Procedures

The experimental protocol is shown in Figure 2. After the 1 measurement
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(a) (b)

Figure 1. Whole-body scheme of task action. (a) Starting position; (b) Middle step of the
task action, which is to tip up the ball; (c) Finish the task successfully (ie., the sword is
inserted into the hole).

| Measurement (20 trials)/Practice (50 trials) |

| 1st measurement (20) I

/|

| 1st practice (50, self-directed) |

N\

| Pre-observation measurement (20) |

/

2nd practice (50, following observation of model’s action)

Y\

| Post-observation measurement (20) |

| 3rd practice (50, following observation of self-action) |

P

| Self-observation measurement (20) |

Figure 2. Flowchart of the experiment. The measurements were performed four times,
and practice trials were performed three times. After the 1* measurement session, three
types of practice were performed prior to each measurement. All participants completed a
total of 230 trials.

session, participants were instructed to practice three methods. A basic explana-
tion of the task (ie, insert the top of the sword into the hole in the cup) was
provided to the participants, without explaining how to move the sword or one-
self. Each participant was allowed to practice three times prior to the first mea-
surement. Measurements were performed during 20 trials, and the number of
successful attempts was recorded during each trial. Next, each participant en-
gaged in 50 self-directed practice trials (1* practice). This practice session was
designed to distinguish skill acquisition after model-observational motor learn-
ing based on physical practice or observation of the model only. After the 1%
practice session, a second round of measurements was performed (pre-observation

measurements). All participants were then allowed to rest for 1 min, following
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which they watched a video depicting the desired model’s actions (URL:
https://www.youtube.com/watch?v=zYiygA24Hi4). Although one previous study

indicated that representations of another’s actions are stronger for real actions
than for those observed via video [18], performance of the action may differ
among those modeling the action. Therefore, the present study utilized video
observation.

The video was edited into four original-speed clips (two whole-body segments
and two close-up segments of the acting hand) and one low-speed clip (original
speed x 0.25). Each participant viewed the edited clips three times in succession.
The duration of the edited movie was approximately 2 min. Moreover, the ex-
planation regarding the task was erased from the video to ensure that partici-
pants could learn the Tomeken task via observation only. After viewing the clips,
participants engaged in 50 practice trials attempting to imitate the modeled ac-
tions (2" practice), following which the third measurement session was per-
formed (post-observation measurements). All trials during this session were
recorded using a digital video camera (Panasonic, HC-V480M, 60 frames/s). If
participants could not acquire the skill via observational motor learning, we as-
sumed that they were unable to perceive how their body moved. Hence, each
participant was then allowed to view the movies displaying the modeled actions
and his or her own actions in parallel (parallel movie) on a personal computer
(PC). This was to ensure that individuals who could not imagine their own ac-
tions could intuitively compare self-actions with those of another. There was no
audio in the parallel movie. These procedures took approximately 5 min. After
viewing the parallel movie, participants engaged in 50 practice trials while at-
tending to differences between their performance and the model’s (3™ practice),
following which the 4™ set of measurements was obtained (self-observation
measurements). Each participant performed a total of 230 trials, including prac-
tice and measurement sessions.

AQ and motor imagery questionnaire

After completing all trials, each participant completed a paper version of the
AQ and the Japanese Movement Imagery Questionnaire-Revised (JMIQ-R).

The AQ consists of 50 items. Each participant selected from among four res-
ponses (Ze., definitely agree, slightly agree, slightly disagree, definitely disagree).
One point was awarded when participants responded with definitely agree or
slightly agree (for inverse items, one point was awarded for responding with
definitely disagree or slightly disagree), whereas no points were awarded for
other responses. The maximum score of the AQ is 50 points, with higher scores
reflecting higher levels of autistic traits [16].

The Movement Imagery Questionnaire (MIQ) was developed by Hall & Mar-
tin [19], and the JMIQ-R was translated by Hasegawa in 2004 [20]. The MIQ has
been widely used to investigate motor imagery abilities in patients with stroke
[21] and athletes [22]. The JMIQ-R assesses kinesthetic and visual imagery based
on the performance of four motions. The JMIQ-R involves the following proce-

dures: 1) the participant poses in the initial posture for each motion, 2) the par-
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ticipant performs each motion only one time, and 3) the participant sits in a
chair and imagines each motion performed as in (2). During kinesthetic im-
agery, participants imagine that they have performed each motion, whereas in
visual imagery, they imagine that they have observed their motions from the
third-person perspective. Scores on the kinesthetic imagery component range
from very difficult to perform (1 point) to very easy to perform (7 points). Scores
on the visual imagery component ranged from very difficult to imagine (1 point)
to very easy to imagine (7 points). The maximum score on the JMIQ-R is 28
points, with higher scores indicative of better motor imagery ability. Each par-
ticipant listened to recorded explanations of the JMIQ-R via PC, following which
they answered questions regarding visual and kinesthetic imagery.

Data analysis

In each measurement session, we calculated the success (e, insertion of the
top of the sword into the hole) ratios across 20 trials for each participant. We
calculated differences in the success ratio between post-observation and pre-
observation measurements (post-pre residual) in order to elucidate how skill
acquisition can change via observation of the model’s action only. We also cal-
culated the difference between self-observation and post-observation measure-
ments (self-post residual) in order to elucidate how skill acquisition can change
via observation of both model- and self-actions.

Statistical analysis

The Shapiro-Wilk test was used to investigate the normality of each variable.
To investigate skill acquisition via observational motor learning in the model
condition, Spearman rank correlation coefficients were calculated to examine
the association between post-pre residuals and AQ. To investigate the associa-
tion between skill acquisition via observational motor learning in the self-observation
condition, Spearman rank correlation coefficients were calculated to examine
the association between self-post residuals and JMIQ-R scores. The level of sta-
tistical significance was set at p < 0.05. All statistical analyses were performed
using SPSS version 20.0 (IBM Corporation, Armonk, NY, USA).

3. Results

The success ratios for the 1%, pre-observation, post-observation, and self-observation
measurement sessions were 9.0%, 15.0%, 19.0%, and 22.0%, respectively (Figure
3). Although the ratios increased systematically, the main effect of measurement
condition was not significant (A3,76) = 2.027, p = 0.117, n,*= 0.074). The me-
dian AQ score was 20 (25% - 75% tiles: 15.25 - 22). Median scores on the visual
and kinesthetic imagery scales were 24 (25% - 75% tiles: 21.25 - 28) and 24 (25%
- 75% tiles: 21.25 - 27), respectively (Table 1). Spearman rank correlation analy-
sis revealed no significant correlations between AQ and either imagery scale, as
well as a significant correlation between motor imagery scales (r = 0.765, p <
0.001) (Table 1). The relationship between AQ score and post-pre residuals is
shown in Figure 4(a), while that between each JMIQ-R scale and self-post resi-
duals is shown in Figure 4(b). The AQ score significantly decreased as the
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Figure 3. The success ratios in each measurement session. The error bars represent the
standard deviation. N.S.: not significant. 1*: first measurement (Z.e., no practice); Pre-Obs:
pre-observational measurement; Post-Obs: post-observational measurement; Self-Obs:
self-observational measurement.
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Figure 4. (a) The relationship between AQ scores and post-pre residuals (post mod-
el-observational measurement minus pre-model-observational measurement); (b) The
relationship between JMIQ-R scores and self-post residuals (self-observational measure-
ment minus post model-observational measurement). AQ: Autism Spectrum-Quotient;
JMIQ-R: Japanese Movement Imagery Questionnaire-Revised.

Table 1. AQ scores, motor imagery scores, and correlation coefficients.

Spearman Coefficient

Median (25 - 75 tiles)
AQ Visual
AQ 20 (15.25 - 22)
Visual 24 (21.25 - 28) -0.117
Kinesthetic 24 (21.25-27) -0.009 0.765**

**p < 0.001; AQ: Autism-Spectrum Quotient; Visual: Visual imagery; Kinesthetic: Kinesthetic imagery.

DOI: 10.4236/jbbs.2020.104011 185 Journal of Behavioral and Brain Science


https://doi.org/10.4236/jbbs.2020.104011

Y. Sato, K. Kageyama

post-pre residual increased (r= —0.463, p = 0.040). In contrast, there was no sig-
nificant correlation between self-post residuals and either JMIQ-R score (kines-

thetic imagery: r= —0.269, p = 0.251; visual imagery: —0.061, p = 0.799).

4. Discussion

In the present study, we investigated the association between AQ scores and
model-observational skill acquisition, as well as the association between motor
imagery and self-observational skill acquisition. We observed a significant cor-
relation between AQ scores and post-pre residuals (post-observation success ra-
tio minus pre-observation success ratio), although neither visual nor kinesthetic
motor imagery exhibited a significant correlation with self-post residuals (self-
observation success ratio minus post-observation success ratio).

AQ scores and skill acquisition

The AQ scores observed in the present study were similar to those reported by
Wakabayashi ef al. [23], who investigated AQ scores in more than 1,000 college
students. Furthermore, there was no significant correlation between AQ scores
and motor imagery scales (Table 1), indicating that AQ score does not reflect
the same aspects as motor imagery scores. The present AQ scores exhibited a
significant negative correlation with post-pre residuals (post-observation success
ratio minus pre-observation success ratio) (Figure 4(a)). Moreover, the session
condition had no significant main effect on success ratios across all participants.
Such findings indicate that success ratios for model-observational motor learn-
ing increased as AQ scores decreased, and that healthy individuals with low AQ
scores (Ze., low levels of autistic traits [16]) may be more suited to skill acquisi-
tion via motor learning than individuals with relatively higher AQ scores (‘e.,
high levels of autistic traits). Thus, model-observational motor learning may be
effective for individuals with low AQ scores. In contrast, other methods of motor
learning, such as self-observational motor learning, may be more appropriate for
individuals with high AQ scores. To the best of our knowledge, no studies have
investigated the types of motor learning most appropriate for individual pa-
tients. Notably, our findings suggest that AQ score can be used to determine
which athletes or patients are most suited to model-observational motor learn-
ing.

We speculated that AQ scores were associated with model-observational mo-
tor learning due to the motor learning characteristics of individuals with ASD.
Children with ASD exhibit impairments in the cerebellum, and have greater dif-
ficulty with motor learning via visual information than typically developing
children [13]. Naturally, observational motor learning relies on visual informa-
tion. Thus, participants with high AQ scores in the present study may face
greater difficulty with motor learning via visual information than those with low
AQ scores due to high levels of autistic traits. Future studies should examine the
relationships between cerebellar function/volume and observational motor
learning in healthy individuals. In addition, impairments in skill acquisition via

model-observational motor learning in participants with high AQ scores may be
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associated with mirror neuron activity. Indeed, mirror neurons have been asso-
ciated with the observation of another’s actions [10] [24] [25]. Furthermore,
mirror neuron activity occurs when participants observe actions with a specific
goal in mind for themselves [26] [27] [28]. Individuals with ASD exhibit low le-
vels of mirror neuron activity [25] [28] [29] and have difficulty grasping the in-
tentions of another’s actions [25] [30]. Thus, in the present study, individuals
with high levels of autistic traits (Ze, high AQ score) may have had difficulty
grasping the intentions of the model’s action, and they may not have understood
how to practice a multi-joint action such as the Tomeken skill. Taken together,
these findings indicate that individuals with high AQ scores may exhibit low
mirror neuron activity, inhibiting their ability for physical practice and skill ac-
quisition via model-observational motor learning.

Motor imagery and skill acquisition

Neither kinesthetic nor visual motor imagery was correlated with self-post re-
siduals (self-observation success ratio minus post-observation success ratio,
Figure 4(b)). We hypothesized that kinesthetic imagery, rather than visual im-
agery, would be associated with skill acquisition via self-observational motor
learning. Individuals who can improve skills via self-observational motor learn-
ing may not be able to use somatosensory information regarding how their bo-
dies move. However, although the present study demonstrated that the correla-
tion between motor imagery scores and self-post residuals was greater for ki-
nesthetic imagery than for visual imagery, we observed no significant correla-
tions between motor imagery scores and self-post residuals. This discrepancy
may be related to the motor imagery scores themselves. The median scores on
the visual and kinesthetic imagery subscales were high (Table 1), with some par-
ticipants attaining perfect scores (28 points). The lack of association may there-
fore have been due to the relatively small differences among participant scores.
Future studies should include a larger number of participants to expand the dis-
tribution of motor imagery scores. It is also possible that the upper limit of skill
acquisition had been reached by the post-observational practice stage. Indeed,
the participants engaged in two 50-trial practice sessions and two 20-trial mea-
surement sessions prior to self-observational practice (i.e., observing one’s own
actions and the model in parallel), for a total of 140 trials. Thus, participants
may have already acquired the Tomeken skill. However, some participants exhi-
bited increases in the success ratio even after self-observational practice (i.e., the
mean success was higher for the self-observation session than for the post-observation
session, Figure 3), indicating that skill improvement could be observed even af-
ter 140 trials. Hence, the experimental setting of this study was valid.

Limitations

Our results suggested that the relationship between AQ scores and mod-
el-observational motor learning may involve impairments in the cerebellum and
mirror neuron system. However, we did not utilize brain imaging systems to in-
vestigate these associations. Future studies should utilize such systems to deter-

mine whether brain function (Ze., the cerebellum or mirror neuron system) is
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associated with observational motor learning. Nonetheless, our findings indi-
cated that AQ scores were significantly correlated with model-observational skill
acquisition, suggesting that AQ scores can be used to determine whether indi-
viduals are suited to model-observational motor learning. The small sample size
of the present study may have been a limitation, but the association between AQ
score and model-observational motor learning was statistically significant. This
finding may be applicable in clinical situations.

Research implications

The present findings are useful for coaching athletes and patients regarding
strategies to acquire skills in sports and clinical situations. For instance, the
model-observation strategy may be effective for individuals with low AQ scores
to acquire skills, whereas it may not be effective for individuals with high AQ

scores.
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