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Abstract

Neuroimaging studies have identi®ed cognitive tasks that can selectively activate speci®c parts of the brains. However,
the subsequent effect of localized brain activation on the cognitive functioning remains unclear. We discovered that after
being engaged in the novel picture encoding task to activate hippocampus for 2 min, individuals demonstrated better
memory, but not motor function. Similarly, after performing the ®nger sequencing task to activate the primary motor
cortex, individuals showed improvement in motor function, but not in memory. These double dissociation results suggest
that when we selectively activate speci®c part of the brain, the cognitive function mediated by that particular region but not
the others can consequently be improved. q 2000 Elsevier Science Ireland Ltd. All rights reserved.
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Functional imaging techniques can detect signal changes

of the brain when individuals undergo some cognitive tasks.

Scientists suggest that these signal changes represent an

increase of biochemical activity of the synapses and neurons

in this particular region associated with the cognitive tasks

[11]. Intense activation of the synapses, as demonstrated by

some neurophysiological studies, induces potentiation

making the neurons highly responsive to the upcoming

inputs [1,20]. In the light of such ®ndings, we hypothesized

that if a speci®c region of the brain was activated for doing a

particular cognitive task, this part of the brain would be

more sensitive and active, and thus more ready for later

cognitive functioning. The subsequent cognitive processing

mediated by that brain region would be facilitated.

To test the effect of the brain activation, triggered by

cognitive tasks, on subsequent cognitive processing, we

incorporated the ®ndings of neuroscience to localize the

brain functions and those of neuroimaging to identify the

tasks that serve to selectively activate different brain

regions. The critical role of the primary motor cortex for

voluntary body movement has been recognized since 1950's

when electrical stimulation on particular parts of the motor

cortex causes movement of their corresponding body parts

[7]. Regarding memory, evidences from studies of neurolo-

gical patients [16,18] and animals [16] with medial temporal

lesions suggest that the hippocampus and its surrounding

areas are crucial for the short-term `declarative memory'.

In speci®c, these areas are responsible for consolidating

newly learned facts and events into the long-term storage.

With recent advances in using functional magnetic reso-

nance imaging technique to investigate cognitive proces-

sing, certain cognitive tasks that can selectively activate

speci®c parts of the brain have been identi®ed [12]. After

many attempts to explore and identify tasks associated with

activation in the hippocampus [14,17], Stern and his collea-

gues reported that robust signal changes were detected in

bilateral posterior hippocampal formation and parahippo-

campal gyrus when subjects were performing the novel

picture encoding task (NPET) [19]. Tasks associated with

the activation of primary motor cortex have also been docu-

mented. Among them [1,5,8], the ®nger sequencing task

(FST) [5,8] has been more extensively studied and is

found to be associated with bilateral motor cortex activa-

tion. Accordingly, we utilized the NPET and FST as the

cognitive tasks to activate the hippocampus and primary

motor cortex, respectively.

The present study included 170 students from the Chinese

University of Hong Kong. They were randomly assigned to

®ve groups (n � 34) and matched in terms of their age

(F�4;169� � 0:39, n.s.), education (F�4;169� � 0:81, n.s.) and

grade point average (F�4;169� � 0:59, n.s.). Their memory

as determined by the Hong Kong List Learning Test [3]

Neuroscience Letters 283 (2000) 162±164

0304-3940/00/$ - see front matter q 2000 Elsevier Science Ireland Ltd. All rights reserved.
PII: S0304-3940(00)00947-2

www.elsevier.com/locate/neulet

* Corresponding author. Tel.: 186-852-2609-6654; fax: 186-852-
2603-5019.

E-mail address: aschan@psy.cuhk.edu.hk (A.S. Chan).



(F�4;169� � 1:09, n.s.), and their motor function as measured

by the Grooved Pegboard Test [6] (F�4;169� � 0:99, n.s.)

were matched at the baseline level (Table 1). In the 2-min

brain activation paradigms, subjects in group 1 performed

the NPET while those in group 2 carried out the FST. Then

their motor speed was assessed by the Finger Tapping Test

[10]. Subjects in group 3, like group 1, did the NPET while

those in group 4, as group 2, did the FST. After ®nishing the

brain activation paradigms, memory of the subjects in these

two groups was evaluated by means of a verbal learning task

consisting of 20 two-character Chinese words selected from

a set of normative data for bilingual students in Taiwan [4].

The ®fth group, the control group, sat quietly for 2 min.

Their memory and motor speed were assessed by the

same verbal learning test and Finger Tapping Test.

To investigate the effect of activating the primary motor

cortex on motor function, we compared the performances of

subjects in group 1, 2 and 5 on the Finger Tapping Test [10].

The motor speed of individuals who had done the FST was

approximately 20% higher than that of subjects who had

performed the NPET and who had sat quietly

(F�2;99� � 18:76, P , 0:01). Similar result pattern was

observed across ten trials (F�9;891� � 10:58, P , 0:01; Fig.

1). The motor speed of subjects who had been engaged in

the NPET and had sat quietly was not signi®cantly different

(post hoc t-test at 0.05 level).

The present result may be explained as a practice effect in

which practicing one motor task could improve the perfor-

mance of another motor task because the earlier exercise

may increase the ¯exibility of the ®ngers and thus improve

the later motor performance. To rule out the practice effect

and better understand the immediate effect of brain activa-

tion on cognitive functions, we utilized visual materials to

activate the hippocampus and evaluated its function by

verbal materials. Since visual and verbal processing tends

to be modality speci®c [15], practice on the visual modality

should not be associated with improvement on the verbal

processing.

Our ®ndings suggested that subjects who had engaged in

the NPET learned approximately 22% more words in the

verbal learning task than subjects who had done the FST or

who had sat quietly, and the difference was signi®cant

(F�2;99� � 10:94, P , 0:01); results were consistent across

three trials (F�2;198� � 474:11, P , 0:01; Fig. 2a). The

performance of the latter two groups was not different

signi®cantly. In addition, we compared the subjects' rates

of learning which was calculated as the difference between

the number of words learned in the ®rst and third trials in

proportion to the number of words learned in the ®rst one.

As indicated in Fig. 2b, individuals who had performed the

NPET demonstrated a signi®cant higher rate of learning

than those who had done the FST or had sit quietly

(F�2;99� � 4:20, P � 0:02).

It should be emphasized that the memory ability between

groups was not signi®cantly different before activation.

Thus, subjects' improved performance on the verbal learn-

ing task cannot be simply attributed to a baseline difference.

Moreover, these results are also unlikely to be explained by

a practice effect, given that the activation and testing para-

digms were across modalities.

While the present results are analogous to previous notion

of brain plasticity in which the neural organization and

processing is constantly altered in response to some external

factors [2,9,13], it further demonstrated a double dissocia-

tion phenomenon to indicate that the effect is quite speci®c.

That is, after performing a cognitive task that activates the

hippocampus, subjects demonstrated improvement in
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Table 1
Demographic characteristics and baseline measurementa

Group 1 Group 2 Group 3 Group 4 Group 5

Age (years) 20.41 ^ 1.18 20.74 ^ 1.58 20.62 ^ 1.72 20.94 ^ 2.64 20.59 ^ 1.67
Gender (M/F) 18/16 18/16 18/16 18/16 18/16
Education (years) 17.29 ^ 1.19 17.58 ^ 1.25 17.09 ^ 1.16 17.18 ^ 1.17 17.32 ^ 1.15
GPA (points) 2.98 ^ 0.48 2.99 ^ 0.42 3.06 ^ 0.36 2.91 ^ 0.49 3.04 ^ 0.42
HKLLT (words) 34.32 ^ 5.44 32.68 ^ 4.97 32.03 ^ 4.21 32.35 ^ 6.35 31.82 ^ 6.43
GPT (s) 132.03 ^ 18.39 127.94 ^ 15.55 126.91 ^ 14.49 125.79 ^ 14.11 125.32 ^ 15.68

a All values, except the variable gender, are reported as mean ^ SD. No signi®cant different between groups (n � 34) for all variables,
(ANOVA, n.s.). GPA, grade point average; GPT, grooved pegboard test; HKLLT, Hong Kong list learning test.

Fig. 1. Performance in the ®nger tapping test across ten trials.
Subjects who had done the ®nger sequencing task (®lled
squares), when compared with those who had performed the
novel picture encoding task (®lled circles) or sat quietly (®lled
triangles), made signi®cantly more taps across ten trials.



memory, but not in motor function. Similarly, after enga-

ging themselves in a cognitive task that activates the

primary motor cortex, subjects demonstrated better motor

function, but not memory. It should be caution that although

it may be a very attractive proposition that a 2-min stimula-

tion of the brain with a speci®c cognitive task can improve

learning and memory, the long-term effect of this type of

stimulation is still unknown, and the optimal duration and

interval of these brain stimulation exercises remain unclear.

We thank Professor Joseph Hung for valuable comments.

This study is partially supported by the CUHK Direct Grant.

[1] Bliss, T.V.P. and Lomo, T., Long-lasting potentiation of synap-
tic transmission in the dentate area of the anaesthetized
rabbit following stimulation of the perforant path, J.
Physiol., 232 (1973) 331±356.

[2] Chan, A.S., Ho, Y.C. and Cheung, M.C., Music training
improves verbal memory, Nature, 396 (1998) 128.

[3] Chan, A.S. and Kwok, I., The Hong Kong List Learning Test,
Department of Psychology, CUHK, Hong Kong, 1999.

[4] Jen, C., Lai, M. and Liu, I., Category norms in Chinese and

English from bilingual subjects, Acta Psychol. Taiwanica, 15
(1973) 81±153.

[5] Karni, A., Meyer, G., Jezzard, P., Adams, M.M., Turner, R. and
Ungerleider, L.G., Functional MRI evidence for adult motor
cortex plasticity during motor skill learning, Nature, 377
(1995) 155±158.

[6] Matthews, C.G. and Klove, H., Instruction Manual for the
Adult Neuropsychology Test Battery, University of Wiscon-
sin Medical School, Madison, WI, 1964.

[7] Pen®eld, W. and Rasmussen, T., The Cerebral Cortex of Man:
A Clinical Study of Localization of Function, Macmillian,
New York, NY, 1950.

[8] Rao, S.M., Binder, J.R., Bandettini, P.A., Hammeke, T.A.,
Yetkin, F.Z., Jesmanowicz, A., Lisk, L.M., Morris, G.L., Muel-
ler, W.M., Estkowski, L.D., Wong, E.C., Haughton, V.M. and
Hyde, J.S., Functional magnetic resonance imaging of
complex human movements, Neurology, 43 (1993) 2311±
2318.

[9] Rauscher, F.H., Shaw, G.L., Levine, L.J., Wright, E.L., Dennis,
W.R. and Newcomb, R.L., Music training causes long-term
enhancement of preschool children's spatial-temporal
reasoning, Neurol. Res., 19 (1997) 2±8.

[10] Reitan, R.M. and Wolfson, D., The Halstead-Reitan Neurop-
sychological Test Battery: Theory and Interpretation,
Neuropsychology Press, Tucson, AZ, 1993.

[11] Roland, P.E., Application of imaging of brain blood ¯ow to
behavioral neurophysiology: the cortical ®eld activation
hypothesis, In L. Sokoloff (Ed.), Brain Imaging and Brain
Function, Raven Press, New York, 1985, pp. 87±106.

[12] Roland, P.E., Brain Activation, Wiley-Liss, New York, 1997.
[13] Sakai, K. and Miyashita, Y., Neural organization for the long-

term memory of paired associates, Nature, 354 (1991) 152±
155.

[14] Saykin, A.J., Riordan, H.J., Burr, R.B., Flashman, L.A., Maer-
lender, A.C., Flannery, K.A. and Weaver, J.B., Functional
magnestic resonance imaging: study of memory, In E.D.
Bigler (Ed.), Neuroimaging II: Clinical Applications, Plenum
Press, New York, 1996, pp. 331±348.

[15] Saykin, A.J., Robinson, L.J., Sta®niak, P., Kester, B., Gur, R.,
O'Connor, M.J. and Sperling, M., Neuropsychological
changes after anterior temporal lobectomy: acute effects
on memory, language, and music, In T.L. Bennett (Ed.),
The Neuropsychology of Epilepsy, Plenum Press, New
York, 1992, pp. 263±290.

[16] Squire, L.R., Memory and the hippocampus: a synthesis
from ®ndings with rats, monkeys, and humans, Psychol,
Rev., 99 (1992) 195±231.

[17] Squire, L.R., Ojemann, J.G., Miezin, F.M., Petersen, S.E.,
Videen, T.O. and Raichle, M.E., Activation of the hippocam-
pus in normal humans: a functional anatomical study of
memory, Proc. Natl. Acad. Sci. USA, 89 (1992) 1837±1841.

[18] Squire, L.R. and Zola-Morgan, S., The medial temporal lobe
memory system, Science, 253 (1991) 1380±1386.

[19] Stern, C.E., Corkin, S., Gonzalez, R.G., Guimaraes, A.R.,
Baker, J.R., Jennings, P.J., Carr, C.A., Sugiura, R.M., Vedan-
tham, V. and Rosen, B.R., The hippocampal formation parti-
cipates in novel picture encoding: evidence from functional
magnetic resonance imaging, Proc. Natl. Acad. Sci. USA, 93
(1996) 8660±8665.

[20] Weinberger, N.M., Javid, R. and Lepan, B., Heterosynaptic
long-term facilitation of sensory-evoked responses in the
auditory cortex by stimulation of the magnocellular medial
geniculate body in guinea pigs, Behav. Neurosci., 109 (1995)
10±17.

A.S. Chan et al. / Neuroscience Letters 283 (2000) 162±164164

Fig. 2. Performance in the verbal learning test across three trials.
(a) Subjects who had engaged in the novel picture encoding task
(®lled circles) recalled signi®cantly more words than subjects
who had done the ®nger sequencing task (®lled squares) or sat
quietly (®lled triangles). (b) Subjects who had done the novel
picture encoding task (solid) demonstrated a signi®cant higher
rate of learning than those who had performed the ®nger sequen-
cing task (hatched) or sat quietly (open).


