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Abstract

Observational learning based on imitation is one of the effective methods for developing motor skills
in sports. Thus, many researchers have attempted to find the effective modeling for motor learning.
However, it is unclear as to what imitation systems are involved in the observational learning in sports.
Recently, some researchers found that the human motor cortex becomes active when individuals observe
an action performed by another individual. This brain activity is mediated by the mirror neuron system
(Rizzolatti et al. 1996), which supports imitation. Therefore, the purpose of this study is to clarify the
relationship between the human mirror neuron system and observational learning in sports, by observing
the p rhythms of the brainwave, which reflect the mirror neuron activities with regard to sensorimotor
processing. Our findings can be summarized as follows: the u rhythm under normal observation conditions
(where the participants observe a basketball free throw or a dart throw under natural settings)was
significantly lower than that under the nonobject conditions(where the participants observe the gesture
or throwing action performed by another individual, with the object being occluded), but not under the
nontarget conditions(where the targets such as a hoop or a marker were absent, but the ball or the darts
were visible). These results indicate that the mirror neuron was activated by the object presentation.
Therefore, effective modeling for motor learning in sports requires the presentation of an object that
directly interacts with the model.
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& Craighero, 2004; Rizzolatti & Sinigaglia, 2006).
MNIZ, FEEEICEBHZTHIHETH, WEFZL
ERCEBZIT) OHETL2HETHHEET S

Za2—u 7T (eg, Gallese et al. 1996; Rizzolatti et
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Fig.1. Participants observed four types of pictures on the computer screen for each movement conditions.
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Fig.2. Grand-averaged mu rhythm amplitudes at C3 and C4 obtained for each condition.
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,20,



I—FIIIRIRFT 5N E

Z 2T, AR TIEREZITHOSINEDMND
WHE AR 572010, EEERIFE FICFE Sz
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DLEOFERE, BEDOBAEEIZ & o T u O
TP B SN WD, BIET 2B EICHEER
TLBRBEERPBLL 7256, uEOBEORED
BpbZ xR LTWAD, BFIZ, wEORENK
Do IR R BEME RO = AT v —Fh1E,
WIS BE L A EER T 2 ST E S
TWALEMTHDL I DS, HEMDOHFEIENINA
oy P AR=IVERFOMNOEEICEEE 5 27280
25,

V. £ =

KO0 B, SIMEOFOSBEOBHE (N
ZER), KU, BT 58EICE T 5 BRBEEHR
(MOZEH - %W B L O EAER) 2SR
REJI DIRIE T ZMNDIE I G- 2 5B 2 #Et§
HIETholze, TOHMEERT 72012, Kb
FECIE, BIEE TR B OTEH R BAE L 7R
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RIFFEDOHIRNE, FEBIBIGRFE DL L 7R
Eut OEEEBEI L T anZ Eps, BER
DRI IRE SN E Wi, SHRFEEE2 &0
M ALEE WZ L. 72, MNO Y AT AHPEE
BRI L > THGET 5 2 ENEERBE S L Cw
%5 Z &5 (Catmur et al, 2007), #Y)Z/REE12 &
BB FEHNROMREIN R, FEBEMOBMAES)
REOLHEEBGT AL OLEL VLD,

SE B
Baudura, A. (1969) Principles of behavior

modification. Holt, Rinehart & Winston: New
York.
Blandin, Y., & Proteau, L. (2000) On the cognitive

,22,



I—FIIIRIRFT 5N E

basis of observational learning: Development
of mechanisms for the detection and
correction of errors. Quart J Exp Psychol, 52A,
846-867.

Buccino, G., Binkofski, F., Fink, G.R., Fadiga, L.,
Fogassi, L., Gallese, V., Seitz, R.]., Zilles, K.
Rizzolatti G., & Freund, H.J. (2001) Action
observation activates premotor and parietal
areas in a somatotopic manner: an fMRI study.
Eur J Neurosci, 13, 400-404.

Buccino, G., Lui, F., Canessa, N., Patteri, I,
Lagravinese, G., Benuzzi, F., Porro, C.A., &
Rizzolatti, G. (2004) Neural circuits involved
in the recognition of actions performed
by nonconspecifics: an fMRI study. J Cog
Neurosci, 16, 114-126.

Calvo—Merino, B., Glaser, D.E., Grezes, J.,
Passingham, RR., & Haggard, P. (2005) Action
observation and acquired motor skills: An
fMRI study with expert dancers. Cerebral
Cortex, 15, 1243-1249.

Catmur, C., Walshi, V., & Heyes, C. (2007)
Sensorimotor learning configures the human
mirror system. Current Biol, 17, 1527-1531.

Di Pellegrino, G., Fadiga, L., Fogassi, L., Gallese, V.,
& Rizzolatti, G. (1992) Understanding mortor
events: a neurophysiological study. Exp Brain
Res, 91, 176-180.

Fogassi, L., Ferrari, P.E., Gesierich, B., Rozzi, S,
Chersi, F., & Rizzolatti, G. (2005) Parietal
lobe: from action organization to intention
understanding. Science, 308, 662-667.

Gallese, V., Fadiga, L., Fogassi, L., & Rizzolatti,
G. (1996) Action recognition in the premotor
cortex. Brain, 119, 593-609.

Gray, J. T., Neisser, U., Shapiro, B.A., & Kouns,
S. (1991) Observational learning of ballet
sequences: the role of kinematic information.
Ecological Psychology, 3, 121-134.

Greenwald, A.G. (1970) Sensory feedback

mechanism in performance control: With
special reference to the ideomotor mechanism.
Psychological Review, 77, 73-99.

Hodges, N., Williams, A.M., Hayes, S., & Breslin, G.
(2007) What 1s modelled during observational
learning? ] Sport Sci, 25, 531-545.

lacoboni, M., Molnar-Szakacs, 1., Gallese, V.,
Buccino, G., Mazziotta, J.C., & Rizzolatti,
G. (2005) Grasping the intentions of others
with one’s own mirror neuron system. PLoS
Biology, 3, 1-7.

Ishikura, T., & Inomata, K. (1998) An attempt to
distinguish between two reversal processing
strategies for learning modeled motor skill.
Perceptual & Motor Skills, 86, 1007-1015.

Janelle, C.M., Champenoy, ].D., Coombes, S.A.,,
& Mousseau, M.B. (2003) Mechanisms of
attentional cueing during observational
learning to facilitate motor skill acquisition. J
Sports Sci, 21, 825-838.

Knuf, L., Aschersleben, G., & Prinz, W. (2001)
An analysis of ideomotor action. Journal of
Experimental Psychology: General, 130, 779-
778.

Lee, T.D.,, & White, M.A. (1990) Influence of
an unskilled model’s practice schedule
on observational motor learning. Human
Movement Science, 9, 349-367.

Lepage, J.F., & Théoret, H. (2006) EEG evidence
for the presence of an action observation—
execution matching system in children. Eur J
Neurosci, 23(9), 2505-2510.

Maeda, F. Kleiner—Fisman, G., & Pascual-Leone,
A. (2002) Motor Facilitation While Observing
Hand Actions: Specificity of the Effect and
Role of Observer’s Orientation. ] Neurophysiol,
87, 1329-1335.

Magill, R.A., & Schoenfelder—Zohdi, B. (1996) A
visual model and knowledge of performance

as sources of information for learning a

,23,



AR, B, ORI, THRET, AR

rhythmic gymnastics skill. Int J Sport Psychol.
27, 7-22.

Muthukumaraswamy, S.D., Johnson, BW., &
McNair, N.A. (2004) Mu rhythm modulation
during observation of an object—directed
grasp. Cog Brain Res, 19, 195-201.

Pineda, J.M. (2005) The functional significance
of mu rhythms: Translating “seeing” and
“hearing” into “doing” . Brain Res Review, 50,
57-68.

Pollock, B.]J., & Lee, T.D. (1992) Effects of the
model’s skill level on observational motor
learning. Res Q Exercise & Sport, 63, 25—29.

Rizzolatti, G. (2005) The mirror neuron system and
its function in humans. Anat. Embryol., 210,
419-421.

Rizzolatti, G., & Craighero, L. (2004) The mirror—
neuron system. Annu. Rev. Neurosci,, 27, 169-
192,

Rizzolatti, G., Fadiga, L. Gallese, V., & Fogassi, L.
(1996) Premotor cortex and the recognition of
motor actions. Brain Res Cogn Brain Res., 3(2),
131-141.

, G., & Luppino, G. (2001) The Cortical
Motor System. Nuron, 31, 889-901.

Rizzolatti, G., & Sinigaglia, C. (2006) Mirrors in

Rizzolatti

the brain: How our minds share actions and
emotions. Oxford University Press: New York,
pp. 139-171.

Scully, D.M., & Newell, KM. (1985) Observational
learning and the acquisition of motor skills:
Toward a visual perception perspective. ]
Hum Movement Studies, 11, 169-186.

Shcemidt, R.A., & Wrisberg, C.A. (2008) Motor
learning and performance: A situation-based
learning approach (4th ed.). Human Kinetics:
Champaign, IL, PP. 231-233.

Stevens, J.A., Fonlupt, P., Shiffrar, M., & Decety,
J. (2000) New aspects of motion perception:

selective neural encoding of apparent human

,24,

movements. Neuroreport, 11, 109-115.

IR B (2003) EEPFEEO.LEY. BB L E
FR=Taryhbofl. RIBEEHIE @ 8
pp.90 —96.

Umilta M.A., Kohler E., Gallese V., Fogassi
L., Fadiga L., Keysers C., & Rizzolatti G.
(2001) T Know What You Are Doing - A
Neurophysiological Study. Neuron, 31, 155-165
(11)

Vogt, S., & Thomaschke, R. (2007) From visuo-
motor interactions to imitation learning:
Behavioral and brain imaging studies. ] Sport
Sci, 25(5), 497-517.

AT AKX, ]G - EEFE 1995) ETY LT
HEIZHED CEBFEMEOBIR. KF O
%, 45, 405-408.

=

1 OH S BIE 2T % % % observational
practice, BiZ2L HRHE OMAEDEIZL
5 5 8 #%observational learning (imitation

EHETLHIELHBHD (eg,

Vogt & Thomaschke, 2007), AL T4

THEI%27Y (observational learning) D&

EN

learning)

£ 2 Rizzolatti & Sinigaglia (2006) &, #i&#EE

MHFHOE 2 &2 F AN BT, B ES
2E L7\ X0 AR 2 HIE &SRB 4
Lo THELLZLEEZREL TS,



