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The Characteristics and Its Neural Background of Numerical Order
Cognition

GAO Hang, ZHOU Luping

Department of Psychology, College of Education and Science, Hunan Normal University, Changsha 410081, China

Abstract: Numerical order cognition is one of the most important parts of numerical cognition. Research shows that it has its roots
both in evolution and individual’s development, and has similar behavioral effects as numerical magnitude cognition. But they are
associated with different spatio—temporal courses in parietal and prefrontal cortices. It is inconclusive as to whether the numerical
order cognition and the numerical quantity cognition are related with some common underlying mechanisms, or they are related
with (at least partially) distinct processes.

Key Words: numerical order; numerical magnitude; numerical cognition; neural background; parietal cortex

CLC Number: B342 Document Code: A Article ID: 1000-7857(2007)17-0061-04
0 8); ,

’ - “ 7 b ( 8 ) o

o N 9’ ( 8 ) o ’
Fuson , 3 .0 ( (Non—numerical
. ;@ ;@ order) 5 . 5
( ) o 9’ ’
, Wiese , . o , Butterworth”'
(Cardinal) . (Ordinal) (Nominal )3 ;Dehaene™ “ ” (Number
N o sense ) “©or o ,
, “ ” , ( ,
: 2007-05-13

5 s ; E-mail: gaohanna@gmail.com

( ) : : ( N )JE
E-mail: zhlup01@163.com



J‘CMK

B —
.
. eview
(Articles)
o Wiese
2
1 2.1
( N )
B s N s (Numerical Distance
5 Effect), Moyer  Landauer™
[13]
’ . , [13,14] . [15] . ’ [16] . [17] ’
o Chen & SwartZ sy ,
, (Number Line)
oBrannon Terrace!” s s s
[19] [20] ,
5 , 1~4, ( )
( 1-2-3-4). ,
, 1~9( 2.2 SNARC
5~9) o 810 Dehaene®!
. , Wiese? (Spatial Numerical Association of Response
(Prelinguistic) Codes,SNARC) ., SNARC
, ; ; (
o , Do 5
Brannon!! “ ” 5 o C 7))
,11 C /7)) 5
.9 & 11 . ICR [20]
9 11 . 3 (
5 ) ( ),
, SNARC ,
. , Brannon” 2 3 5
, ,2
5 6 3
e . 3.1
o (Place—coding Models)!®: *
Fuson! , ,
o Wynn!" s ,
; ) 5 , 5 5 :
, 4 6, 5 , 8
( 5 4 , 5 4 ), , (
)5 .
o Nieder'?! o



J‘CMK

— %
.
, eview
(Articles)
2007 25 17 ( 239 )
, “ ” (IPS) ,
) ) -
9] .
, ° , 8 8 ERP
7 9, 3 23 4, Ll (1,4,6,9 5
3 8 ( ) (a,d,f,i e ),
, 2-3-4  7-8-9), N2p
3.2 Turconi & Jemel™! ERP
(Magnitude—coding Models )™ , o
5 11 19C 15) 15
: ( I Q(
° 4 1.2.3.4, M) M )3 o )
3 1.2.3, 4 8 :
, . N1  N2;
) P2
) o ; ;3
) ) 3 5 3 5 ) o
4 , .
) , IPS
(Intraparietal Sulcus ,IPS), Dehaene™ , ( ) o
b 3 o @ |29] b b
(Horizontal Segment of the (
Intraparietal Sulcus), , s N
' ’ « ” 132] :
(number line), @ S
(Left Angular Gyrus and Left—hemispheric Perisylvian) ,
o @ 9’ o
(Bilateral Posterior Superior Parietal System) ,
- Dehaene HIPS 8 .
o Marshuetz*" , 0
5 5 (References)
(functional Magnetic Resonance [1] FUSON K C. Children’s counting and concepts of number
Imaging, fMRI) e8], [M]. New York, USA: Springer—Verlag, 1988.



J‘CMK

(Articles)
Science & Technology Review 2007 Vol. 25 No. 17 (Sum No. 239)

[2] WIESE H. Numbers, language and the human mind [M].
Cambridge: Cambridge University Press, 2003.

[3] BUTTERWORTH B. The mathematical brain [M]. London,
UK: Macmillan, 1999.

[4] DEHAENE S, COHEN L. Cerebral pathways for calcula-
tion: double dissociation between rote verbal and quanti-
tative knowledge of arithmetic [J]. Cortex, 1997, 33(2):
219-250.

[5] PIAZZA M, DEHAENE S. From number neurons to mental
arithmetic: The cognitive neural science of number sense
[M)/IGAZZANIGA M S, LEDOUX J E, BIZZI E, et al. The
cognitive neuroscience. 3rd Edition. MA Cambridge: MIT
Press, 2004: 865-875.

[6] CHEN S, SWARTZ K B, TERRACE H S. Knowledge of the
ordinal position of list items in rhesus monkeys [J].
Psychological Science, 1997, 8(2): 80-86.

[71 BRANNON E M, TERRACE H S. Ordering of the
numerosities 1 to 9 by monkeys [J]. Science, 1998(282):
746-749.

[8] BRANNON E M, TERRACE H S. Representation of the
numerosities 1-9 by rhesus monkeys (Macaca mulatta)
[J]. Journal of Experimental Psychology: Animal Behavior
Processes, 2000(26): 31-49.

[9] BRANNON E M. The development of ordinal numerical
knowledge in infancy [J]. Cognition, 2002(83): 223-240.

[10] BRANNON E M, TERRACE H S. The evolution and
ontogeny of ordinal numerical ability [M]// BECHOFF M,

ALLEN C, BURGHARDT G M, Eds. The cognitive animal.
Cambridge, MA: MIT Press, 2002: 197-204.

[11] BRANNON E M. The development of ordinal numerical
competence in young children [J]. Cognitive Psychology,
2001(43): 53-81.

[12] WYNN K. Addition and subtraction by human infancies
[J]. Nature, 1992(358): 749-750.

[13] DEHAENE S, DUPOUX E, MEHLER J. Is numerical com-
parison digital —analogical and symbolic effects in 2 —
digit number comparison [J]. Journal of Experimental
Psychology: Human Perception and Performance, 1990,
16 (3): 626-641.

[14] LINK S. Modeling imageless thought-the relative
judgment theory of numerical comparisons [J]. Journal of
Mathematical Psychology, 1990, 34 (1): 2-41.

[15] JOHNSON D M. Confidence and speed in the two
category judgment [J]. Archives of Psychology, 1939
(241): 1-52.

[16] BUCKLEY PB, GILLMAN C. Comparisons of digits and
dot patterns [J]. Journal of Experimental Psychology,
1974, 103 (6): 1131-1136.

[17] MOYER R S. Comparing objects in memory evidence
suggesting an internal psychophysics[J]. Perception and
Psychophysics, 1973, 13(2): 180-184.

[18] DEHAENE S. Varieties of numerical abilities[J].

eview

Cognition, 1992(44): 1-42.

[19] GEVERS W, REYNVOET B, FIAS W. The mental repre-
sentation of ordinal sequence is spatially organized [J].
Cognition, 2003(87): B87-95.

[20] GEVERS W, REYNVOET B, FIAS W. The mental repre-
sentation of ordinal sequence is spatially organized:
evidence from days of the week [J]. Cortex, 2004 (40):
171-172.

[21] DEHAENE S, BOSSINI S, GIRAUX P. The mental repre-
sentation of parity and number magnitude. Journal of
Experimental Psychology [J]. General, 1993(122): 371 -
396.

[22] VERGUTS T, FIAS W, STEVENS M. A model of exact
small number representation [J]. Psychonomic Bulletin &
Review, 2005, 12(1): 66-80.

[23] NIEDER A, MILLER E K. A parieto—frontal network for
visual numerical information in the monkey [C]. Proceed-
ings of the National Academy of Science, USA, 2004
(101): 7457-7462.

[24] GALLISTEL C R, GELMAN R. Preverbal and verbal
counting and computation [J]. Cognition, 1992 (44). 43—
74.

[25] DEHAENE S, COHEN L. Towards an anatomical and
functional model of numerical processing [J]. Mathemat-
ical Cognition, 1995(1): 83-120.

[26] DEHAENE S, PIAZZA M, PINEL P, et al. Three parietal
circuits for number processing [J]. Cognitive Neuropsy-
chology, 2003(20): 487-506.

[27] MARSHUETZ C, SMITH E E, JONIDES J, et al. Order
information in working memory: fMRI evidence for pari-
etal and prefrontal mechanisms [J]. Journal of Cognitive
Neuroscience, 2000(12, suppl.2): 130-144.

[28] CALABRIA M, ROSSETTI Y. Interference between
number processing and line bisection: a methodology
[J]. Neuropsychologia, 2005(43): 779-783.

[29] SZUCS D, CSEPE V. Similarities and differences in the
coding of numerical and alphabetical order using
acoustic stimulation as revealed by event-related poten-
tials in humans [J]. Neuroscience Letters, 2004 (360):
65-68.

[30] HUBBARD E M, PIAZZA M., PINEL P, et al. Interaction
between number and space in parietal cortex [J]. Nature
Review Neuroscience, 2005(6): 435-448.

[31] TURCONI E, JEMEL B, ROSSION B, et al. Electrophysi-
ological evidence for differential processing of numerical
quantity and order in humans[J]. Cognitive Brain
Research, 2004(21): 22-38.

[32] ZORZI M, BUTTERWORTH B. A computational model of
number comparison [C]/HAHN M, STONESS S C Eds.
Proceeding of the twenty first annual conference of the
cognitive science society. Mahwah, New Jersey:
Erlbaum, 1999: 778-783. (iEH%E I iLHR)



