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ABSTRACT

Dyscalculia is a learning disability that affects
many children and adults. It has negative
consequences for the children, youth and society
at large. Research evidence has shown a number
of causal factors responsible for dyscalculia. These
areimpairmentsin number sense also called “core
deficit hypothesis”, accessing numerical
magnitudes from symbols known as “access
hypothesis” and neurological impairment in the
horizontal intra parietal sulcus. Many researchers
have developed game based intervention
programs showing their effectiveness in
improving children numerical abilities. Research
and interventions evidence to alleviate
dyscalculia is very scarce in Pakistan. Future
research directions and suggestion have been
mentioned to carry out and to improve
dyscalculic children's numerical abilities.
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INTRODUCTION

Number skills are very important for human beings. Poor numeracy skills result in
restricted job access, unemployment, low paying manual workers, lifelong struggle at
workplace and in dealing with day to day demands of life, poorer educational access,
homelessness, low self-esteem etc. Deficiency in numerical skills is called dyscalculia. It
is very critical to identify the dyscalculic children as soon as possible, so that the
reasons and required interventions could be identified and implemented to avoid
lifelong effects of being low at math. Researchers have used different terminology for
defining dyscalculia such as developmental dyscalculia'?, mathematical disabilities™,
arithmetic learning difficulties®” and math learning difficulties®.

Developmental dyscalculia has been defined as “mathematical ability that falls
substantially below then expected level for the individual's chronological age,
measured intelligence and age appropriate education. It interferes with academic
achievement and daily living activities that require math skills”. Developmental
dyscalculia is a structural disorder, resulting from genetic or congenital disorder in
those parts of the brain involved in mathematical cognition without a general
difficulty in cognitive functions'. Dyscalculia appears in early school years in children
asdelayin learning, counting and arithmetic strategies, and continues into adulthood.
Dyscalculic adults were significantly slower and low on accuracy in answering simple
arithmetic problems, counting sets of objects even after controlling for co morbidity
factorsand above average IQ.

CAUSES OF DYSCALCULIA

Developmental Dyscalculia (DD) is not an outcome of dysfunctions in general domain
or basic cognitive abilities like semantic or working memory, spatial abilities or
linguistic abilities*". There is well established behavioral, neuropsychological and
neuro imaging evidence for domain specific and brain based impairments as cause of
dyscalculia.

Human shares approximate representation of numerosity with non-human
animals'*”. Approximate number system (ANS) is already present in newborns
infants'" and its acuity increases over the period of development'®”. ANS isimportant
forthe acquisition of mathematical knowledge". Symbolic tasks such as subtraction or
approximation activate and map on to the number sense’. Number sense is
correlated and predictive of later math achievement** Number sense can be
measured through non symbolic tasks like arrays of dots or sequence of sounds/tones,
involving addition, subtraction, comparison, and estimation*. An impairment of
approximate number system (ANS), is the core deficit of DD***. Children with
dyscalculia or math learning difficulties (MLD) have impaired ANS acuity” ' **.
However, the core deficit is notalways found by other researchers* .
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Children with MLD have problem in representation of closer
magnitudes like discriminating a set of five objects from six and
respond to these sets as if they were the same as compared with the
normally developing children®. Deficit in number sense is related to
structural or functional impairment in the horizontal intra parietal
sulcus (HIPS) region.

Alternatively, researchers think that DD results because of deficit to
automatically linking and mapping symbols on to magnitude
representations called “access hypothesis”, reflecting a specific
impairment in symbolic processing*“*. Children with MLD were
slower at accessing the quantities from numerical symbols as
compared with their peers, suggesting a mapping deficit™*“*,
Children with dyscalculia showed impairments on reaction time and
accuracy while processing arithmetic facts’.

There are specialized brain areas in the parietal lobe responsible for
numerical and arithmetic abilities™. Horizontal Intra Parietal Sulcus
(HIPS) gets activated in number sense tasks such as estimating,
subtracting approximating and comparing the size of numbersin the
arithmetic and numerical processing'®*"*. Research evidence from
patients with brain lesions showed that left Intra Parietal Sulcus (IPS)
and the angular gyrus are critical for normal mathematical
performance*. Reduced grey matter has been observed in areas
involved in basic numerical processing, in the right IPS* and in the IPS
bilaterally* and deficient recruitment of neural resources while
processing analogue magnitude of numbers”. Neuro imaging
evidence showed that parietal cortex regions are structurally or
functionallyimpaired in dyscalculics™*****,

Dyscalculia can be identified through standardized tests like PAT,
WoodcockJohnson, WRAT, Key Math, TEMA-3, CMAT.

REMEDIATION AND INTERVENTION

For the remediation of dyscalculia adaptive computerized training
programs have been developed based on behavioral and cognitive
neuroscience evidence. Number race was developed to improve the
precision of numerical magnitude representation in dyscalculics by
retraining the approximate number system and cementing its link
with symbols®. Five weeks of computer assisted training of number
race game improved subitizing, number comparison, and
subtraction performance of children with math learning difficulties™.
Computer based training program with DD children showed
improved spatial representation of numbers and the number of
correctly solved mathematical problems®.

Neuro scientific, behavioral and intervention research evidence can
be used to develop new ways to strengthen the sense of number
using learning technologies®.These findings provide support for
remediation programs to be used for developmental dyscalculia
involving exercises to retrain the approximate number system and to
strengthen its links with symbols®. Computer based intervention
(number race and Graphogame-math) with low numeracy skill
childrenimproved children skillsin number comparison only and not
in otherareas of number skills*

DYSCALCULIA IN PAKISTAN.

There is dearth of researches carried out in Pakistan on dyscalculia.

There is no systemic research evidence reflecting upon the studies
carried out on Pakistani children and adults.

Few studies have been conducted in Pakistan on overall learning
disabilities in terms of validation of checklists to measure learning
disabilities. Researchers conducted a validation study of learning
disabilities checklist in public schools of Pakistan, and reflected on
overall coexistence of reading, writing and mathematical disability®".
However, this study did not specifically reflected on dyscalculia. No
studies have been found specifically on the topic of dyscalculia with
respect to Pakistani population. So it is extremely important to
identify the current situation of dyscalculia, its causes with research
evidence and plan intervention studies for Pakistani children
suffering from dyscalculia.

REFERENCES

1. Butterworth B. Dyscalculia Screener. London: Nelson Publishing
Company Ltd; 2003.

2. Landerl K, Bevan A, Butterworth B. Developmental dyscalculia
and basic numerical capacities: a study of 8-9-year-old students.
Cognition.2004;93(2):99-125.

3. Geary DC. Mathematical disabilities: Cognitive,
neuropsychological and genetic components. Psychological
Bulletin. 1993; 114(2):345-362.

4. Geary DC, Bailey, DH, Hoard MK. Predicting mathematical
achievement and mathematical learning disability with a
simple screening tool: The Number Sets Test. Journal of
Psychoeducational Assessment.2009; 27:265-279.

5. Jordan N, Hanich LB, Kaplan D. A longitudinal study of
mathematical competencies in children with specific
mathematics difficulties versus children with co-morbid
mathematics and reading difficulties. Child Development. 2003;
74:834-850.

6. Koontz KL, Berch DB. Identifying simple numerical stimuli:
Processing inefficiencies exhibited by arithmetic learning
disabled children. Mathematical Cognition. 1996;2(1):1-23.

7. McLean JF, Hitch GJ. Working memory impairments in children
with specific arithmetical difficulties. Journal of Experimental
Child Psychology. 1999; 74: 240 - 260.

8.  Berch D, Mazzocco MMM. Why is Math Hard for Some Children:
The Nature and Origins of Mathematics Learning Difficulties and
Disabilities. Baltimore, MD: Brookes Publishers; 2007.

9. American Psychiatric Association. Diagnostic and statistical
manual of mental disorders. Washington, DC: Author; 1994.

10. Kosc L. Developmental Dyscalculia. Journal of Learning
Disabilities.1974;7(3): 164-177.

11. Butterworth B. Developmental dyscalculia. In Campbell JID.
(Ed.). Handbook of Mathematical Cognition. Hove Psychology
Press; 2005:455-467.

12. Dehaene S.Précis of the number sense. Mind & Language. 2001;
16:16—36.

13. Feigenson L, Dehaene S, Spelke ES. Core systems of number.
Trends Cognitive Science.2004;8(7):307-314.

14. lzard V, Sann C, Spelke ES, Steri A. Newborn infants perceive
abstract numbers. Proceedings of the National Academy of
Sciences.2009; 106(25):10382-10385.

15. Xu F, Spelke ES. Large number discrimination in 6-month-old
infants. Cognition.2000; 74:B1-B11.

16. HalberdaJ, Feigenson L. Developmental Changein the Acuity of

OCTOBER - DECEMBER 2016 | VOLUME 13 NUMBER 4

PAGE 39




20.

21.

22.

23,

24.

25;

26.

27.

28.

29.

30.

31.

32.

33,

34,

35,

the “Number Sense”: The Approximate Number System in 3-, 4-,
5-, and 6-Year-Olds and Adults. Developmental Psychology.
2008;44(5):1457-1465.

Piazza M, Facoetti A, Trussardi AN, Bertelettil, Conte S, Lucangeli
D. Developmental trajectory of number acuity reveals a severe
impairment in developmental dyscalculia. Cognitio.2010; 116
(1):33-41.

Dehaene S, Piazza M, Pinel P, Cohen L. Three parietal circuits for
number processing. Cognitive Neuropsychology. 2003; 20: 487-
506.

Bugden S, Ansari D. Individual differences in children's
mathematical competence are related to the intentional but
not automatic processing of Arabic numerals. Cognition. 2011;
118:35-47.

Gilmore CK, McCarthy SE, Spelke ES. Non-symbolic arithmetic
abilities and achievement in the first year of formal schooling in
mathematics. Cognition.2010; 115:394-406.

Halberda J, Mazzocco MMM, Feigenson L. Individual differences
in nonverbal number acuity predict maths achievement.
Nature.2008;455:665-668.

Libertus M, Odic D, Halberda J. Intuitive sense of number
correlates with scores on college-entrance examination.
ActaPsychologica.2012;141:373-379.

Nosworthy N, Bugden S. Archibald, L.A., Evans, B. Ansari, D. A
two-minute paper and pencil test of symbolic and nonsymbolic
numerical magnitude processing explains variability in primary
school children's arithmetic competence. PLoS ONE. 2013; 8(7):
€67918

Barth H, La Mont K, Lipton J, Spelke ES. Abstract number and
arithmetic in preschool children. Proceedings of the National
Academy of Sciences.2005; 102: 14116-14121.

Barth, H., La Mont, K, Lipton, J., Dehaene, S., Kanwisher, N.,
Spelke, E. S. Nonsymbolic arithmetic in adults and young
children. Cognition.2006;98:199-222.

Izard V, Dehaene S. Calibrating the number line. Cognition.
2008;106(3):1221-1247.

Butterworth B. The mathematical brain. London: Macmillan;
1999.

Butterworth B, Varma S, Laurillard D. Dyscalculia: from brain to
education.Science.2011;332:1049-53.

Dehaene S, Cohen L. Towards an anatomical and functional
model of number processing. Mathematical Cognition. 1995;
1(1):83-120.

Dehaene S. The number sense (2nd edition). New York: Oxford
University Press; 2011.

Gersten R, Chard D. Number sense: Rethinking arithmetic
instruction for students with mathematical disabilities. The
Journal of special education.1999; 33(1): 18.2860-2865.

Oliveira LFS, Santos AQ, Vianna GS, Di Ninno CQMS, Giacheti CM,
Carvalho MRS, Wood G, Pinheiro-Chagas P, Haase VG. Impaired
acuity of the approximate number system in 22q11.2
microdeletion syndrome. Psychology & Neuroscience. 2014;
7(2):151-158.

Wilson AJ, Dehaene S. Number sense and developmental
dyscalculia. In Coch D. et al,, (eds.), Human Behavior, Learning
and the Developing Brain The Guilford Press. 2007;pp. 212-238.
Butterworth B. The development of arithmetical abilities.
Journal of Child Psychology & Psychiatry. 2005;46(1): 3-18.
Butterworth B, Reigosa Crespo V. Information processing
deficits in dyscalculia. In;Berch DB and Mazzocco MMM(eds.),

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51,

52.

Why Is Math So Hard for Some Children? The Nature and Origins
of Mathematical Learning Difficulties and Disabilities. Paul H
Brookes Publishing; 2007,65-81,

Mazzocco M, Feigenson L, Halberda J. Impaired acuity of the
approximate number system underlies mathematical learning
disability. Child Development.2011a;82(4): 1224-1237.

Landerl K, Fussenegger B, Moll K Willburger E. Dyslexia and
dyscalculia: Two learning disorders with different cognitive
profiles. Journal of Experimental Child Psychology. 2009; 103:
309-324.

Mazzocco MMM, Thompson RE. Kindergarten predictors of
math learning disability. Learning Disabilities Research and
Practice.2005;20(3): 142-155.

Mussolin C, Mejias S, & Noél MP. Symbolic and nonsymbolic
number comparison in children with and without dyscalculia.
Cognition.2010;115(1):10-25.

Rubinsten O, Henik A. Developmental dyscalculia:
heterogeneity might not mean different mechanisms. Trends in
Cognitive Science.2009; 13:92-99.

Holloway ID, Ansari D. Mapping numerical magnitudes onto
symbols: the numerical distance effect and individual
differences in children's mathematics achievement. Journal of
Experimental Child Psychology.2009; 103:17-29.

luculano T, Tangl, Hall CW, Butterworth B. Core information
processing deficits in developmental dyscalculia and low
numeracy. Developmental Science.2008; 11:669-680.

Landerl K, Kolle C. Typical and atypical development of basic
numerical skills in elementary school. Journal of Experimental
Child Psychology.2009; 103:546-565.

Roussellel, Noél M-P. Basic numerical skills in children with
mathematics learning disabilities: A comparison of symbolic vs
non symbolic number magnitude processing. Cognition.
2007;102:361-395.

Geary DC. Early foundations for mathematics learning and their
relations to learning disabilities. Current Directions in
Psychological Science.2013;22:23-27.

De Smedt B, Noel MP, Gilmore C, Ansari D. The relationship
between symbolic and non- symbolic numerical magnitude
processing and the typical and atypical development of
mathematics: evidence from brain and behavior.Trends in
Neuroscience and Education.2013;2:48-55.

Noél M-P, Rousselle L. Developmental changes in the profiles of
dyscalculia: an explanation based on a double exact-and-
approximate number representation model. Frontiers in
Human Neuroscience.2011;5:165.

RubinstenO, Henik A. Automatic Activation of Internal
Magnitudes: A Study of Developmental Dyscalculia.
Neuropsychology.2005; 19 (5):641.

Mundy E, Gilmore CK. Children's mapping between symbolic
and non-symbolic representations of number. Journal of
Experimental Child Psychology. 2009; 103(4):490-502.
Deheane S, Deheane-Lambertz G, Cohen L. Abstract
representation of numbers in the animal and human brain.
Trendsin Neuroscience.1998;21(8):355-361.

Dehaene S, Spelke ES, Pinel P, Stanescu R, Tsivkin S.Sources of
mathematical thinking: Behavioral and brain-imaging
evidence.Science. 1999;284:970-974.

Deheane S. The neural basis of the Weber-Fechner Law: A
logarithmic mental number line. Trends in cognitive sciences.
2003;7 (4):145-147.

PAGE 40

OCTOBER - DECEMBER 2016 | VOLUME 13 NUMBER 4




53.

54.

55,

56.

S7:

58.

59.

60.

61.

62.

63.

64.

65.

67.

Cohen KR, Lammertyn J, lzard V. Are numbers special? An
overview of chronometric, neuroimaging, developmental and
comparative studies of magnitude representation. Progress in
Neurobiology.2008;84 (2): 132-147.

Van HarskampNJ, Cipolotti L. Selective impairments for
addition, subtraction and multiplication. Implications for the
organization of arithmetical facts. Cortex.2001; 37:363-88.
Rotzer S, Kucian K, Martin E, Aster MV, Klaver P, Loenneker T.
Optimized voxel-based morphometry in children with
developmental dyscalculia. Neurolmage. 2008;39(1):417-422.
Rykhlevskaia E, Uddin LQ, Kondos L, Menon V. Neuroanatomical
Correlates of Developmental Dyscalculia: Combined Evidence
from Morphometry and Tractography. Frontiers in Human
Neuroscience.2009;3:51.

Kucian K, Loenneker T, Dietrich T, Dosch M, Martin E, von Aster
M. Impaired neural networks for approximate calculation in
dyscalculic children: A functional mri study. Behavioral and
Brain Functions.2006;2:31.

Ashkenazi S, Rosenberg-Lee M, Tenison C, Menon V. Weak task-
related modulation and stimulus representations during
arithmetic problem solving in children with developmental
dyscalculia. Developmental Cognitive Neuroscience. 2012; 2(1):
152-166.

Isaacs EB, Edmonds CJ, Lucas A, Gadian DG. Calculation
difficulties in children of very low birth weight: a neural
correlate.Brain.2001;124:1701-1707.

Kaufmann L, Vogel SE, Starke M, Kremser C,Schocke M. Wood
G.Developmental dyscalculia: Compensatory mechanisms in
left intraparietal regions in response to nonsymbolic
magnitudes.Behavioral and Brain Functions. 2009; 5:35.

Kucian K, Grond U, Rotzer S,Henzi B,Schonmann C,Plangger F,
Galli M, Martin E, von Aster M. Mental number line training In
children with developmental dyscalculia. Neuroimage. 2011;
57:782-795.

Price GR, Holloway |, Vesterinen M, Rasanen P, Ansari D.Impaired
parietal magnitude processing in developmental dyscalculia.
Current Biology.2007;17 (24):1024-3.

Wilson AJ, Dehaene S, Pinel P, Revkin SK, Cohen L, Cohen D.
Principles underlying the design of “the number race”, an
adaptive computer game for remediation of dyscalculia.
Behavioral and Brain Functions. 2006a; 2(19). DOI:
10.1186/1744-9081-2-19.

Wilson AJ, Revkin SK, Cohen D, Cohen L, Dehaene S. An open
trial assessment of “the number race”, an adaptive computer
game for remediation of dyscalculia. Behavioral and Brain
Functions.2006b; 2(20). DOI: 10.1186/1744-9081-2-20.
Butterworth B. Laurillard D. Low numeracy and dyscalculia:
identification and intervention. ZDM Mathematics Education.
2010;42:527-539.

66. Ra " sa nenP,Salminen J, Wilson AJ, Aunio P, Dehaene S.
Computer-assisted intervention for children with low numeracy
skills. Cognition Development. 2009; 24:450-472.

Ashraf F, Najam N. Validation of learning disabilities checklist in
public sector schools of Pakistan. Pakistan journal of
psychological research.2014;29(2):223-244.

OCTOBER - DECEMBER 2016 | VOLUME 13 NUMBER 4

PAGE 41




