
 
 

ARTICLES 

Chinese Science Bulletin  Vol. 50  No. 3  February  2005 235 

Acknowledgements  This work was supported by the National Natural 
Science Foundation of China (Grants Nos. 30225016 and 30330200), the 
National Basic Research Program (Grants Nos. G1999053908, 
2004CB720003), the Peking University Special Funds (985), and the 
Scientific Research Foundation for the Returned Overseas Chinese 
Scholars, State Education Ministry.  

References 

1. Balasubramanian, M. K., Bi, E., Glotzer, M., Comparative analysis 

of cytokinesis in budding yeast, fission yeast and animal cells, Curr. 
Biol., 2004, 14: R806—R818. 

2. Rappaport, R., Experiments concerning the cleavage stimulus in 
sand dollar eggs, J. Exp. Zool., 1961, 148: 81—89. 

3. Hiramoto, Y., Analysis of cleavage stimulus by means of microma-
nipulation of sea urchin eggs, Exp. Cell Res., 1971, 68: 291—298. 

4. Rappaport, R., Establishment of the mechanism of cytokinesis in 
animal cells, Int. Rev. Cytol., 1986, 105: 245—281. 

5. Murata-Hori, M., Wang, Y. L., Both midzone and astral micro-
tubules are involved in the delivery of cytokinesis signals: Insights 

from the mobility of Aurora B, J. Cell Biol., 2002, 159: 45—53. 
6. Kaitna, S., Mendoza, M., Jantsch-Plunger, V. et al., Incenp and an 

Aurora-like kinase form a complex essential for chromosome seg-
regation and efficient completion of cytokinesis, Curr. Biol., 2000, 

10: 1172—1181. 
7. Bonaccorsi, S., Giansanti, M. G., Gatti, M., Spindle self-organi- za-

tion and cytokinesis during male meiosis in asterless mutants of 
Drosophila melanogaster, J. Cell Biol., 1998, 142: 751—761. 

8. Canman, J. C., Hoffman, D. B., Salmon, E. D., The role of pre- and 

post-anaphase microtubules in the cytokinesis phase of the cell cy-
cle, Curr. Biol., 2000, 10: 611—614. 

9. Wheatley, S. P., Wang, Y., Midzone microtubule bundles are con-
tinuously required for cytokinesis in cultured epithelial cells, J. Cell 

Biol., 1996, 135: 981—919. 
10. Rieder, C. L., Khodjakov, A., Paliulis, L. V. et al., Mitosis in verte-

brate somatic cells with two spindles: Implications for the meta-
phase/anaphase transition checkpoint and cleavage, Proc. Natl. 

Acad. Sci. USA, 1997, 94: 5107—5112. 
11. Canman, J. C., Cameron, L. A., Determining the position of the cell 

division plane, Nature, 2003, 424: 1074—1078. 
12. Satterwhite, L. L., Lohka, M. J.,Wilson, K. L. et al., Phosphoryla-

tion of myosin-Ⅱ regulatory light chain by cyclin-p34cdc2: A 

mechanism for the timing of cytokinesis. J Cell Biol, 1992, 118: 
595—605. 

13. Straight, A. F., Cheung, A., Limouze, J. et al., Dissecting temporal 

and spatial control of cytokinesis with a myosinⅡ inhibitor, Sci-
ence, 2003, 299: 1743—1747. 

14. Gerisch, G., Weber, I., Cytokinesis without myosinⅡ, Curr. Opin. 
Cell Biol., 2000, 12: 126—132. 

15. Neujahr, R., Albrecht, R., Kohler, J. et al., Microtubule-mediated 

centrosome motility and the positioning of cleavage furrows in 
multinucleate myosinⅡ-null cells, J. Cell Sci., 1998, 111: 1227—

1240. 

(Received November 16, 2004; accepted December 31, 2004) 

Chinese Science Bulletin 2005 Vol. 50 No. 3 235—239 

Functional brain laterality for 
sequential movements: Impact 
of transient practice 
ZHU Yihong1, DONG Zongwang2,3, WENG Xuchu1,3 

& CHEN Yizhang1,4 

1. Medical School, Zhejiang University, Hangzhou 310006, China;  
2. Department of Psychology, School of Education, Hebei Normal Uni-

versity, Shijiazhuang 050091, China;  
3. Laboratory for Higher Brain Function, Institute of Psychology, Chi-

nese Academy of Sciences, Beijing 100101, China;  
4. Institute of Neuroscience, Second Military Medical University, 

Shanghai 200433, China 
Correspondence should be addressed to Weng Xuchu (e-mail: wengxc@ 
psych.ac.cn) 

Abstract  The impact of learning on brain functional 
laterality has not been systematically investigated. We em-
ployed an event-related functional magnetic resonance im-
aging combined with a delayed sequential movement task to 
investigate brain activation pattern and laterality during a 
transient practice in 12 subjects. Both hemispheres, involving 
motor areas and posterior parietal cortex, were engaged 
during motor preparation and execution, with larger activa-
tion volume in the left hemisphere than in the right. Activa-
tion volume in these regions significantly decreased after a 
transient practice, with more reduction in the right hemi-
sphere resulting increase in left lateralization. The theoretical 
implications of these findings are discussed in relation to the 
physiological significance of brain functional laterality.  

Keywords: brain, laterality, learning, sequential movement, func-
tional magnetic resonance imaging (fMRI). 
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The laterality of brain function is one of fundamental 
questions in the field of neuroscience. Traditional view 
holds that language processing primarily depends on the 
left cerebral hemisphere, whereas processing of spatial 
information is mainly associated with the right hemisphere. 
This view has been challenged by more recent studies, 
which suggest the involvement of both hemispheres in 
language as well as spatial processing. Until most recently, 
voluntary movement of unilateral limb was believed to be 
controlled solely by contralateral hemisphere. However, 
neuroimaging studies of this group and others have dem-
onstrated that ipsilateral hemisphere also plays important 
roles in various movement tasks[1— 5]. 

The origin and physiological significance of func-
tional hemispheric laterality remain poorly understood. It 
has been widely accepted that the functional brain lateral-
ity results from evolutionary, developmental and experien-
tial factors. However, empirical data for the impact of ex- 
perience, including learning, are sparse. While several 
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studies did observe functional brain lateralization along 
with long-term learning[6,7], the effect of short-term learn-
ing has not yet been systematically investigated. It has 
been shown that short-term learning can increase effec-
tiveness of information processing, and information trans-
fer within a hemisphere appears to be more effective than 
inter-hemispheric communications[8]. Therefore, we hy-
pothesize that even transient practice could increase func-
tional laterality. 

Traditional research techniques, including dichotic 
listening, Wada test, neuropsychological assessment of 
split-brain patients, can only provide behavioral measures 
and are unable to look insight into brain activities. In the 
present study, event-related functional MRI was used to 
directly examine changes of brain activity during learning 
processing, in order to provide empirical data for further 
understanding the physiological significance of this phe-
nomenon.  

1  Materials and methods 
( ) Subjects.  Twelve healthy volunteers (9 males, ⅰ

3 females), ages 18— 23, served as subjects. All were 
right-handed as determined by a Chinese version of a 
standardized inventory [9]. None had any history of psy-
chiatric and neurological problems. 

( ) Motor task.  We employed an eventⅱ -related 
functional magnetic resonance imaging combined with a 
delayed sequential movement task to investigate brain 
activation associated with motor preparation and execu-
tion respectively[10,11]. A trial began with a CUE signal, 
which provided a random sequence for movement. The 
subjects were asked to remember the sequence and to 
make a movement. After a delay of 14 s, an imperative 
GO signal was presented and the subject tapped the fin-
gers (except the thumb) of the right hand as quickly as 
possible according to the prepared sequence. Each finger 
moved once in the each trial. There were 9 trials in each 
run, which lasted 4 min and 20 s. Three runs were con-
ducted for each subject and activation during the first and 
third runs was examined. 

( ) MRI equipments and scanning parameters.  A ⅲ
1.5 GE magnetic resonance imaging system was used. The 
following 3 types of images were collected in all sub-
jects[2,10]. 

Two-dimensional anatomical images.  T1-weighted 
spin echo sequence (axial, TR/TE = 380/9 ms, Slice 
thickness = 5 mm, Skip = 0 mm, Slices number = 7, FOV 
= 240 mm × 240 mm, matrix = 256 × 256) was used to 
acquire 2-D anatomical data. 

Functional images.  A T2*-weighted gradient-echo 
echo planar sequence was used for fMRI scans (TR/TE= 
2000/50 ms, Flip Angle = 90°, matrix = 64 × 64) at the 
same positions of 2-D anatomical images. For each slice, 
126 images were acquired with a total scan time of 260 s 

in a single run. 
Three-dimensional whole-brain anatomical images.  

124 contiguous T1-weitghted sagittal images, covering the 
whole brain volume, were collected with a spoiled gradi-
ent-recalled at steady-state (SPGR) sequence (TR/TE = 
30/6 ms, Flip Angle = 35°, thickness = 1.3 mm, FOV = 
240 mm × 240 mm, matrix = 256 × 256).  

( ) Data analysis.  Analysis of data, only briefly ⅳ
described here, was similar to that reported in our previ-
ous study[12]. First, functional images were preprocessed, 
including motion correction, spatial normalization, and 
spatial smoothing (with an isotropic Gaussian kernel of 
full width at half-maximum (FWHM) 5 mm). Impulse 
response function (IRF) of each voxel was then estimated 
by deconvolve algorithms and IRF was convolved with 
the function of stimuli. Finally, multiple linear regression 
analysis was used to calculate the fitness between the es-
timated model and the observed data, and F value of each 
voxel was obtained. Only those voxels whose F value 
equaled or was larger than 19 (P < 1.4×10−15) were con-
sidered as active and superimposed on the normalized 
3-dimensional whole-brain anatomic images to produce 
statistical parametric maps of preparation and execution 
respectively. P values of activated voxels were coded by 
pseudo-colors. 

Activation volumes in each hemisphere were meas-
ured under the following conditions: preparation before 
and after learning, and execution before and after learning. 
Laterality index (LI) was calculated under each condition 
as follows: LI = (left − right)/(left + right), where left is 
the number of activated voxels in the left hemisphere and 
right in the right hemisphere[13]. The value of LI ranges 
from −1 to +1, with a negative value indicating right 
hemispheric dominance and a positive value indicating 
left hemispheric dominance.  
2  Results 

Figure 1 shows average activation maps of 12 sub-
jects for motor preparation and execution before (the first 
run) and after (the third run) learning. Before learning (Fig. 
1, upper panels), the secondary motor areas, such as bilat-
eral anterior supplementary motor area (SMA), premotor 
cortex (PMC) and posterior parietal cortex (PPC), were 
significantly activated during motor preparation, while 
primary motor cortex (M1), bilateral PMC and anterior 
part of PPC were activated during motor execution (Fig. 1, 
lower panels). Activation volume in the left hemisphere 
was larger than that in the right in both tasks. However, in 
individual level, this was true in only 8 out of 12 subjects 
during preparation, and 11 out of 12 during execution. 
Although essentially same brain areas were activated be-
fore and after learning, during motor preparation as well 
as during motor execution, activation volumes in both 
hemispheres significantly decreased after learning, with 
more reduction in right hemisphere (for preparation: the  
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Fig. 1.  Averaged activation maps for a delayed sequential motor task before and after learning. (a) Motor preparation; (b) motor execu-
tion. Note that areas activated before learning (upper panels) were larger than those after learning (lower panel) for both tasks. P value is 
coded with pseudo-color. Z is the distance (mm) from the slice shown to the zero panel in the standard coordinates defined by Talairach 
and Tournoux atlas. 1: before learning; 2: after learning. 

 
decrease rates of left and right hemispheres were 23% and 
45% respectively, and the difference was statistically sig-
nificant, P<0.05. For execution: the decrease rates of left 
and right hemispheres were 19% and 41% respectively, P 
< 0.05). 

We then performed 2(before and after learning)×2 
(left and right hemisphere) analysis of variance (ANOVA) 
with repeated measure for the activation volume (number 
of activated voxels) during preparation and execution re- 
spectively (Fig. 2). Because data before and after learning 
were obtained from all subjects studied, the learning vari-
able was treated as repeated measure factor to increase 
statistical power. During motor preparation, activation 
volume after learning was smaller than that before learn-
ing (P < 0.05), with larger activation volume in the left 
hemisphere than in the right both before and after learning 
(P < 0.01). During motor execution, the mean activation 
volume after learning was also smaller than that before 
learning, but the difference was not significant (P = 0.11). 
Similarly, activation volume for execution in the left 
hemisphere was larger than in the right hemisphere either 
before or after learning (P < 0.01). The interaction be-
tween learning and hemisphere was not significant (P > 
0.05). 

LIs during preparation and execution before and after 

learning are shown in Fig. 3. Single sample t-tests showed 
that LIs in all conditions were not equal to zero. Before 
learning, LI for preparation was 0.14 ± 0.18 (significantly 
larger than 0, P < 0.02) and 0.18 ± 0.17 (P < 0.004) for 
execution. After learning, LI changed to 0.35 ± 0.29 (P < 
0.001) for preparation and 0.42 ± 0.30 (P <0.001) for 
execution. The differences of LI before and after learning 
were then compared using paired-sample t-test, and LI 
significantly increased after learning for both tasks (for 
preparation: P < 0.003; for execution: P < 0.001). 

3  Discussion 

Brain activations during movement preparation and 
execution were characterized using event-related fMRI 
combined with a delayed sequential finger movement task, 
and activation volume and laterality indices before and 
after a transient practice were quantitatively analyzed. 

The results showed that the secondary motor areas 
such as anterior SMA, PMC, and PPC were engaged dur-
ing motor preparation, whereas M1, bilateral PMC, and 
anterior part of PPC were activated during motor execu-
tion. Toni and his colleagues[14] conducted the first study 
to identify the brain structures associated with motor 
preparation and execution by use of event-related fMRI 
and a delayed motor task. They found that PMC, PPC, and 

 

 
Fig. 2.  Activation volume (M±SD) (shown as the number of voxels, 27 mm3 per voxel) in the left and right hemisphere during motor 
preparation (left) and execution (right) before and after learning. (a) Motor preparation; (b) motor execution. 
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Fig. 3.  Laterality Index (M±SD) for motor preparation and execution 
before and after learning. ** indicates P < 0.001, before vs. after learn-
ing. 
 
SMA were mainly involved in motor preparation, whereas 
M1 was activated during motor execution. In contrary to 
the present study, Toni and associates failed to detect 
significant activation in PMC and anterior part of PPC 
during movement execution, nor did they describe the 
function of anterior SMA[14]. This discrepancy is possibly 
due to methodological difference in that they employed a 
single-finger movement task, a much simpler task than 
that used in the present study. Indeed, using the sequential 
movement task, a paradigm similar to ours, Hanakawa et 
al.[15] reported activation pattern almost identical to that 
found in the current study, although movement imagina-
tion rather than preparation was engaged in their experi-
ment. 

An interesting finding of the present study is that 
both sides of cerebral cortex were significantly activated 
either during motor preparation or during execution and 
only slightly left lateralization was found. This finding 
suggests that sequential movement is not exclusively con-
trolled by the contralateral hemisphere. At the first look, 
this result seems to conflict with the traditional view, but 
they can be easily reconciled. Our previous study showed 
that activation was confined to contralateral PMC and 
SMA in a single-finger movement task with the dominant 
hand[1]. However, when the subjects were asked to per-
form the same single-finger movement task with the non-
dominant hand or to execute a randomized sequential 
movement task with the dominant hand, ipsilateral secon-
dary motor areas also became active[1,2]. Collectively, 
these results suggest that unilateral limb movement is 
controlled by contralateral movement cortex while per-
forming simple movement tasks, but when the task diffi-
culty increases, ipsilateral secondary motor areas are also 
recruited[4].  

We further observed that activation volumes both for 
motor preparation and execution in all regions activated 
before learning significantly reduced after a transient 

practice, suggesting that motor cortices including M1 are 
engaged in learning process[16,17]. It has been well docu-
mented that transient practice can enhance the selectivity 
of neuronal populations: only those neurons that represent 
the stimuli become active, while other neurons that less 
relevant to the stimuli are inhibited[17,18]. Consequently, 
the number of activated neurons decrease and activation 
volume reduces along with learning processing. 

The most interesting finding of the present study is 
that the degree of laterality (left lateralization) for volun-
tary movement substantially increased after a transient 
practice of merely several minutes. Although enhance-
ment of lateralization induced by learning has been re-
ported both in humans and animals, quantitative analysis 
of the difference between two hemispheres and observa-
tion of transient practice have been lacking[6,19— 21]. Sub-
sequent analyses of changes in activation volume and the 
change rates of two hemispheres indicated that the in-
creased left lateralization was resulted from more reduc-
tion in the right hemisphere (ipsilateral hemisphere of 
movement limb). These findings, combined with our pre-
vious studies using single-finger and sequential motor 
tasks, suggest that laterality of brain function may be re-
lated to task difficulty. Before learning, the task is rela-
tively difficult, thus depending on bilateral brain areas. 
After learning, task difficulty decreases and unilateral 
brain area can accomplish the task, thus less depending on 
the other side of the brain. The impact of learning and 
evolutionary on laterality therefore appears to share many 
common mechanisms: both can be regarded as the process 
of reorganization and optimization of the utility of brain 
resources. Functional lateralization can increase effec-
tiveness of information transfer and reduce the competi-
tion and interference between hemispheres[8]. On the other 
hand, if a task is more difficult, it has to depend on the 
cooperation of two hemispheres, though at the cost of time 
and efficiency of processing. Although further study is 
needed to verify this hypothesis, the present study pro-
vided preliminary data that would be helpful to refine our 
understanding of physiological significance and the origin 
of functional laterality in the brain.  

It should be noted that a relatively longer practice 
and other types of learning tasks might lead to activation 
patterns different to that reported here[22]. For example, 
Grafton and colleagues found that long-term learning re-
sulted in increasing of the cerebral blood flow (CBF) in 
left PMC and bilateral SMA in right-handed subjects 
while performing a motor task with their left or right 
hand[19,20]. There are two general types of learning, im-
plicit and explicit learning. Classical conditioning and 
simple motor skill are typical implicit learning, while se-
quential movement learning is thought to be related to 
both types of learning. In the early stage, implicit learning 
is dominant; in the late stage, explicit learning plays a 
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more important role because the subjects become aware of 
the goal of the learning task along with practice[23]. It has 
been shown that during classical conditioning, CBF sig-
nificantly decreased in the right cerebellum, right prefron-
tal areas, right parietal cortex, and insula, but increased in 
a number of the left cortical areas[6]. Taken together, al-
though learning shows the same trend, i.e., increased lat-
erality, across different types of learning with different 
durations of practice, the regional changes of brain activ-
ity are greatly variable. Accordingly, further study is 
needed to investigate to what degree the difference is re-
lated to type and duration of learning, and number of 
practice trial. Furthermore, the current study only exam-
ined the impact of transient practice on functional lateral-
ity in the whole brain level, lateralization in individual 
brain regions are under investigation. 

Acknowledgements  This work was supported by the National Natural 
Science Foundation of China (Grant Nos. 30425008, 30128005, and 
30170325), the National Basic Research Program of China (Grant No. 
G1999054000) and the Health Bureau of Zhejiang Province (Grant No. 
2002B019). 

References 
1. Gu, Y., Weng, X. C., Li, E. Z. et al., The secondary motor areas 

participate in simple movement, Chinese Science Bulletin, 2003, 

48: 1569— 1575.  
2. Jia, F. C., Zhang, M. M., Zhu, Y. H. et al., Brain activity during 

simple and sequential movements as revealed by event-related 

fMRI, NeuroImage, 2001, 13: S1198. 
3. Kawashima, R., Matsumura, M., Sadato, N. et al., Regional cere-

bral blood flow changes in human brain related to ipsilateral and 
contralateral complex hand movements— a PET study. Eur. J. Neu-
rosci., 1998, 10: 2254— 2260. 

4. Solodkin, A., Hlustik, P., Noll, D. C. et al., Lateralization of motor 
circuits and handedness during finger movements, Eur. J. Neurol-

ogy, 2001, 8: 425— 434. 
5. Hlustik, P., Solodkin, A., Gullapalli, R. P. et al., Functional later-

alization of the human premotor cortex during sequential move-
ments, Brain Cogn., 2002, 49: 54— 62. 

6. Molchan, S. E., Sunderland, T., McIntosh, A. R. et al., A functional 

anatomical study of associative learning in humans, Proc. Natl. 
Acad. Sci. USA, 1994, 91: 8122— 8126. 

7. Schreurs, B. G., McIntosh, A. R., Bahro, M. et al., Lateralization 
and behavioral correlation of changes in regional cerebral blood 
flow with classical conditioning of the human eyeblink response, J. 

Neurophysiol., 1997, 77: 2153— 2163. 
8. Toga, A. W., Thompson, P. M., Mapping brain asymmetry, Nat. Rev. 

Neurosci., 2003, 4: 37— 48. 

9. Li, X. T., The distribution of left and right handedness in Chinese 

people, Acta Psychol. Sin., 1983, 3: 268— 275. 

10. Cui, S. Z., Li, E. Z., Zang, Y. F. et al., Both sides of human cere-

bellum involved in preparation and execution of sequential move-

ments, NeuroReport, 2000, 11: 3849— 3853. 

11. Zang, Y., Jia, F., Weng, X. et al., Functional organization of the 
primary motor cortex characterized by event-related fMRI during 

movement preparation and execution, Neurosci. Lett., 2003, 337: 

69— 72. 

12. Xiang, H., Lin, C., Ma, X. et al., Involvement of the cerebellum in 

semantic discrimination: An fMRI study, Hum. Brain Mapp., 2003, 

18: 208— 214. 
13. Marshall, R. S., Perera, G. M., Lazar, R. M. et al., Evolution of cor-

tical activation during recovery from corticospinal tract infraction, 

Stroke, 2000, 31: 656— 661. 

14. Toni, I., Schluter, N. D., Josephs, O. et al., Signal-, set-, and 

movement-related activity in the human brain: an event-related 

fMRI study, Cerebral cortex, 1999, 9: 35— 49. 
15. Hanakawa, T., Immisch, I., Toma, K. et al., Functional properties of 

brain areas associated with motor execution and imagery, J. Neu-

rophysiol., 2003, 89: 989— 1002. 

16. Muellbacher, W., Ziemann, U., Wissel, J. et al., Early consolidation 

in human primary motor cortex, Nature, 2002, 415: 640— 644. 

17. Karni, A., Meyer, G., Jezzard, P. et al., Functional MRI evidence for 
adult motor cortex plasticity during motor skill learning, Nature, 

1995, 377: 155— 158. 

18. Desimone, R., Neural mechanisms for visual memory and their role 

in attention, Proc. Natl. Acad. Sci. USA, 1996, 93: 13494— 13499. 

19. Grafton, S. T., Fagg, A. H., Arbib, M. A., Dorsal premotor cortex 

and conditional movement selection: A PET functional mapping 
study, J. Neurophysiol., 1998, 79: 1092— 1097. 

20. Grafton, S. T., Hazeltine, E., Ivry, R. B., Motor sequence learning 

with the nondominant left hand, A PET functional imaging study, 

Exp. Brain Res., 2002, 146: 369— 378. 

21. Kahn, M. C., Bingman, V. P., Lateralization of spatial learning in 

the avian hippocampal formation, Behav. Neurosci., 2004, 118: 
333— 344. 

22. Karni, A., Meyer, G., Rey-Hipolito, C. et al., The acquisition of 

skilled motor performance: Fast and slow experience-driven 

changes in primary motor cortex, Proc. Natl. Acad. Sci. USA, 1998, 

95: 861— 868. 

23. Keele, S. W., Ivry, R., Mayr, U. et al., The cognitive and neural ar-
chitecture of sequence representation, Psychol. Rev., 2003, 110: 

316— 39. 

(Received September 15, 2004; accepted December 22, 2004) 

 


