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Presentation Goals:

1. Discuss the primary numeric abilities inherent in all species, not just human

             beings.

2. Introduce a brain-based educational model of math by identifying three basic 



neural codes which format numbers in the brain.

3.   Explore the role of three primary neurocognitive processes: working memory, 

visual-spatial functioning, and executive functioning, with respect to math problem solving ability.  

4. Explore the role of anxiety as it relates to gender differences in math aptitude.

5.   Introduce the 90-minute assessment model of mathematics and interventions.  

*Copyright c 2004 by School Neuropsych Press, LLC

4 COMMON FALLACIES ASSOCIATED WITH MATH

(1) Math abilities are a by-product of IQ:

* Numeric abilities are evident in most animals including quantitative knowledge.   Primates, parrots, pigeons, and raccoons can subitize, estimate numbers, and perform simple addition and subtraction (Lakoff & Nunez, 2000).

* Numeric abilities in babies include the ability to discriminate up to four objects the first week of life (Antell & Keating, 1983).  Most three-day old newborns can also discriminate sound cadences of two and three syllables (Bijeljac-Babic, Bertoncini, & Mehler, 1991).

* Savant skills are defined by an uncanny mathematical ability in the presence of low cognitive skills.  Overwhelming number are male, and one-third autistic (Anderson,1992).   Calendrical calculations most common trait.

(2) Math is a right hemispheric task:
*  “Triple-Code Model” of mathematics suggest that multiple neural networks are involved in the processing of stored quantitative knowledge (Dahane & Cohen, 1997).

(3) Boys outperform girls in math:
*  No evidence at the elementary level, though some differences noted in high 

school and college (Hyde, Fennema, & Lamon, 1990).

*  Males tend to be over-represented at both the high and low end of the

 distribution (Casey, Nuttall, & Pezaris, 1997).

*  NAEP (2000) revealed gap between boys and girls evident only at high school,

             and has remained relatively small over the past ten years.

(4) Math is independent of language:

*  Verbal mechanisms vital for the retrieval of over-learned math facts such as 

 multiplication tables and basic addition and subtraction facts.

*  The language of math is critical to comprehending basic word problems 

(Levine & Reed, 1999).

PRIMARY NUMERIC ABILITIES
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(1) Subitizing - the ability to determine the quantity of small sets of items without 

counting.  In humans, numerosity judgments are typically limited to sets of four items.  


(2) Ordinality - a basic understanding of more than and less than, as well as a 

rudimentary understanding of specific ordinal relationships.  For instance, infants appear to have ordinality up to four sets of objects. 

(3) Counting - early in development there appears to be a pre-verbal counting

system that can be used for the enumeration of up to 4 sets of objects.  With the advent of language and learning words, this system is expanded upon to count and measure objects.  In many respects, the serial ordering of numbers represents a sort of innate mathematical syntax of numbers.


(4) Arithmetic -  early in development, there appears to be a certain sensitivity to 

combining and decreasing quantities of small sets.


WHAT IS A MATH DISABILIITY

Math Disability (Dyscalculia)- refers to children with markedly poor skills at deploying basic computational processes used to solve equations (Haskell, 2000). These may include deficits with:



  Language skills










       Working memory

              Executive functioning skills



  Poor verbal retrieval skills


  Faulty visual-spatial skills
THE LANGUAGE OF MATH

Key Point #1:   Not only is there a spatial ordering to linguistic information in our brain, but there is also a linguistic algorithm to spatial information.. In essence, mathematics is very much a verbally encoded skill for younger children as “number-words” allow for more complex arithmetic properties to emerge at a later date.  

Key Point #2:   Most European derived languages such as English or French do not correspond to the base-10 ordinal structure of the Arabic number system (Geary, 2000).  For instance, most Asian languages have linguistic structures much more consistent with a numeric counting system, and thus counting past ten is a much more standard feature of the language.. 
Key Point #3:  Shalev et al. (2000)  reported that children who demonstrated a math disability frequently had delays in their overall language development skills as well.  For instance, children who exhibited pervasive problems in both expressive and receptive language also had deficits in number reasoning and arithmetic problems.  On the other hand, children with just expressive language deficits only, seemed to have delays with just their overall counting skills. 


  Linguistic Complexities in Math Word Problems

(Adapted from Levine & Reed, 1999)

(1) Direct Statements:   Ricky had three apples.  Judy had four apples.  How many apples did Ricky and Judy have altogether?

(2) Indirect Statements:   Ricky had three apples.  Judy had the same number as Ricky.  How many apples did Ricky and Judy have altogether?

(3) Inverted Sequence:  After Ricky went to the store, he had ten dollars.  He spent six dollars on groceries.  How much money did Ricky take to the store?

(4) Inverted Syntax:  Sixteen kittens were given to Ricky.  Judy had four kittens.  Together how many kittens did they have?

(5) Too much information:  Ricky and Judy bought nine pieces of candy.  Each piece of candy costs ten cents.  They ate four pieces of candy on the way home from school.  How many pieces of candy were left when they got home?       

(6) Semantic ambiguity:   Ricky has four pencils.  He has three more pencils than Judy.  How many pencils does Judy have?

(7) Important “little” words:   Ricky, Judy, and Jason bought pizza for supper.  They each ate two slices, and there six slices left.  How many slices of pizza did they buy?

(8) Multiple Steps:   Ricky sold 50 tickets to the football game.  He sold twice as many as Judy.  How many tickets did the sell in all?

(9) Implicit Information:   An airplane flies east between two cities at 300 miles per hour.  The cities are 1200 miles apart.  On its return flight, the plane flies at 450 miles per hour.  What was the plane’s average flying speed?
WORKING MEMORY AND MATHEMATICS

BADDELEY’S (1998) MODEL OF WORKING MEMORY




    


WORKING MEMORY AND MATHEMATICS
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EXECUTIVE FUNCTIONING AND MATHEMATICS
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(1)  The dorsolateral circuit,  whose primary projections go through the basal ganglia, helps to organize a behavioral response to solve complex problem solving tasks (Chow & Cummings, 1999).  


(2) The orbitofrontal cortex mediates empathic, civil, and socially appropriate behavior, with acute personality change being the hallmark feature of orbitofrontal dysfunction (Chow & Cummings, 1999).  It has rich interconnections with limbic regions and helps modulate affective problem solving, judgement, and social skill interaction (Blair, Mitchell, & Peschardt, 2004). 

(3)  The anterior cingulate cortex serves a multitude of functions linking attention capabilities with that of a given cognitive task.  According to Carter (1998), this region helps the brain divert its conscious energies toward either internal cognitive events, or external incoming stimuli.  In addition, the anterior cingulate cortex also functions to allow us to both feel and interpret emotions.
EXECUTIVE FUNCTIONING AND MATHEMATICS

Salient Features of Executive Functioning and Math

EXECUTIVE DYSFUNCTION
 BRAIN REGION
         MATH SKILL

(1)   Sustained Attention
          Anterior Cingulate
   * Procedure/algorithm

   







           knowledge impaired



   
.




   * Poor attention to math

          operational signs









   * Place value mis-aligned

(2)  Planning Skills

          Dorsolateral PFC
   * Poor estimation skills

    * Selection of operational 

          processes impaired









   * Difficulty determining 

          salient information in 


          word problems



(3)  Organization Skills
         Dorsolateral PFC
   * Inconsistent lining up 

         math equations









   * Frequent erasers









   * Difficulty setting up 

problems

(4)  Self-Monitoring

        Dorsolateral PFC
   *  Limited double-checking 

of work

*  Unaware of plausibility 

to a response.

*  Inability to transcode 

operations such as (4X9) = (4X10) -4.

(5)  Retrieval Fluency
       Orbitofrontal PFC
   * Slower retrieval of 

learned facts


 
               *  Accuracy of recall of 

learned facts is inconsistent



MATH FLUENCY (Russell, 1999)




THREE NEURAL CODES WHICH FORMAT NUMBERS IN THE BRAIN
(1)  Verbal Code:  Numerals are encoded as sequences of words in a particular order (e.g. twenty-four instead of 24).  Hence, a module exists where numbers are merely represented as number-words, primarily along the self-same brain regions which modulate most linguistic skills; namely, the left perisylvian areas along the temporal lobes (Dehaene & Cohen, 1997).  Specific deficits in this region can hinder the ability to name digits, and disrupt verbal memory of basic math facts (i.e. nine time nine equals eighty-one).  According to Dehaene & Cohen (1997), mathematic operations such as rote addition facts and rote multiplication facts can most easily be transformed into a verbal code, and are often housed in this particular module. 

(2) Procedural Code: (e.g. 1,2,3, instead of one-two-three). Here, numbers represent fixed symbols, instead of merely words, and this visual representation allows for the internal representation of a number value line (von Aster, 2000). According to Dehaene and Cohen (1997), this type of numeric representation occurs in both the left and right occipital-temporal regions. Hence, mathematical properties and concepts can be represented in either a verbal code, or in a procedural code, though the interplay of both neural systems working together aids in the development of higher level math abilities.

(3)  Magnitude Code: refers to representations of analog quantities.  Thus, value judgements between two numerals, such as 9 is bigger than 3, can be determined as well as estimation skills (Chocon, et. al., 1999).  According to Dehaene and Cohen (1997), this type of numeric value representation occurs mainly along the inferior parietal regions in both cerebral hemispheres.  Interestingly, some research has suggested that both hemispheres become activated rather robustly during approximation tasks and when calculating large numbers, while the left hemisphere becomes activated only during recall of exact, over-learned mathematical facts (Stanescu-Cosson, 2000).  

Triple Code Model of Mathematics

(Dehaene & Cohen, 1997)
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SUMMARY OF TRIPLE CODE MODEL
MATH SKILL



BRAIN REGION

Addition Facts


Perisylvan Region Left Hemisphere

Multiplication Facts


Perisylvan Region Left Hemisphere

Subtraction



Bi-lateral Occipital-Temporal 

Number Recognition


Bi-lateral Occipital-Temporal

Estimation Skills


Bi-lateral Inferior Parietal Lobe

Division



Bi-lateral Inferior Parietal Lobe


Fractions



Bi-lateral Inferior Parietal Lobe
SUBTYPES OF MATH DISORDERS
(1) Verbal Dyscalculia:  consists of students who have difficulty with counting, rapid number identification skills, and deficits retrieving or recalling stored mathematical facts of over-learned information.  In essence, the verbal subtype of dyscalculia represents a disorder of the verbal representations of numbers, and the inability to use language-based procedures to assist in arithmetic fact retrieval skills. In fact, these students may have difficulties in reading and spelling as well (von Aster, 2000). Interestingly, Dehaene and Cohen (1997), noted that lesions along the left-hemispheric perisylvian areas, a similar brain region also responsible for processing linguistic endeavors such as reading and written language, often result in an inability to identify or name digits. 

Verbal Dyscalculia Interventions: Wright, Martland, & Stafford, (2000)

 Distinguish between reciting number words, and counting (words correspond to number concept).

 Develop a FNWS and BNWS to ten, twenty, and thirty without counting back. Helps develop automatic retrieval skills.

 Develop a base-ten counting strategy whereby the child can perform addition and subtraction tasks involving tens and ones.  

 Reinforce the language of math by re-teaching quantitative words such as more, less, equal, sum, altogether, difference, etc.. 


KEY CONSTRUCTS TO MEASURE:   
LANGUAGE DEVELOPMENT SKILLS 









  AND







  VERBAL RETRIEVAL ABILITIES

SUBTYPES OF MATH DISORDERS
(2) Procedural Subtype: While children with verbal dyscalculia frequently have difficulty learning language arts skills, children with a procedural subtype tend to have learning difficulties solely related to math (von Aster, 2000).  In essence, there is a breakdown in the syntax rules for comprehension of a numeric symbol system; 

however, there is not necessarily a breakdown in the syntax rules associated with the alphabetic symbol system used for reading.  Furthermore, while the verbal subtype tends to hinder the retrieval of over-learned math facts from memory, the procedrual subtype is more related to deficits in the processing and encoding of numeric information.  According to Dehaene and Cohen (1997), the procedural coding of numbers is localized to both the left and right inferior occipital-temporal regions.  Consequently, the fundamental breakdown in procedural dyscalculia is more in the execution of arithmetical procedures. 

For instance, a student may have difficulty recalling the sequences of steps necessary to perform multi-digit tasks such as division, or there may be a breakdown in procedural operations such as an inability to start at the right-hand column when doing subtraction (van Harskamp & Cipolotti, 2001).   Indeed, there is a syntactical system for  mathematical procedures which allows for multiple step calculations.

2)  Procedural Dyscalculia Interventions:

 Freedom from anxiety in class setting.  Allow extra time for assignments and

 eliminate fluency drills.

 Color code math operational signs and pair each with pictorial cue.

 Talk aloud all regrouping strategies.

 Use graph paper to line up equations.

 “Touch math” to teach basic facts. 

   Attach number-line to desk and provide as many manipulatives as possible when

             problem solving.

  Teach skip-counting to learn multiplication facts.



KEY CONSTRUCTS TO MEASURE:       WORKING MEMORY SKILLS 








       AND








  ANXIETY

SUBTYPES OF MATH DISORDERS
(3) Semantic Subtype:  The third subtype of dyscalculia is referred to as the semantic subtype, and reflects an inability to decipher magnitude representations among numbers (Dehaene & Cohen, 1997).   The semantic comprehension of mathematics becomes extremely useful when monitoring the plausibility of a result automatically retrieved by the verbal route (Dehaene & Cohen, 1997). Furthermore, the semantic comprehension of numbers also allows for transcoding mathematical operations into more palatable forms of operations.  For example, taking the operation 9 X 4 and recoding it as (4 X 10) - 4 requires a basic conceptual framework for interpreting the magnitude of numbers. The bilateral inferior parietal areas remain critical because they hold semantic knowledge about numeric qualities which allow for estimation skills, making quantity judgments, determining strategy formation, and allow us to check the plausibility of our results.  


Semantic Dyscalculia Interventions:

 Reinforce basic pattern recognition skills by sorting objects by size and shape.

 Have students explain their strategies when problem solving to expand problem

 solving options.

 Teach estimation skills to allow for effective previewing of response. 

 Have students write a math sentence from a verbal sentence.

 Construct incorrect answers to equations and have students discriminate correct vs.

 incorrect responses.

 Incorporate money and measurement strategies to add relevance.  Use “baseball”

 examples as well.



KEY CONSTRUCTS TO MEASURE:   EXECUTIVE FUNCTIONING SKILLS 







  
          AND






         VISUAL-SPATIAL FUNCTIONING


3 Subtypes of Mathematics Disabilties
SUBTYPE


DEFICIT



PRESERVED



(1)  Verbal Dyscalculia 

(Left Perisylvan Region )
*Counting



* Numeric qualities


* Rapid number identification
* Comparisons

     between numbers


* Retrieval of stored facts

* Understanding basic 

     concepts

* Addition and multiplication facts
* Visual spatial skills

* May have co-existing reading and writing difficulties

(2)  Procedural Dyscalculia: 







 (Bilateral Occipital-temporal lobes)

* Writing numbers from dictation
* Retrieval of over-

      learned facts






*  Reading numbers aloud

* Comparisons

      between numbers
    

* Math computational procedures
* Magnitude   

      comparisons





* Syntactical rules of problem solving






* Deficits with division and regrouping 






procedures in subtraction

(3)  Semantic Dyscalculia:





 (Bilateral inferior parietal lobes)

* Magnitude representations

* Reading and writing

        numbers
 

* Transcoding math operations
* Computational 

       procedures

      

* Higher level math proofs
* Retrieval of over- 

 








      learned facts





* Conceptual understanding of math 











* Estimation skills
THE ANXIOUS BRAIN AND MATHEMATICS

Anxiety:   serves as almost a biochemical sponge, sapping the oil from the neural machinery of cognition which thus prevents the human brain from shifting gears when manipulating more complex data. From a neuroanatomical viewpoint, the overproduction of norepinephrine by the locus coeruleus coupled with distorted cognitive perceptions is thought to underlie most anxiety states (Stahl, 2000).  Furthermore, cortisol is also released while under stress, and tends to block hippocampul functioning.  

SUMMARY OF CASEY, ET AL. (1997) STUDY:

(  Girls reported more anxiety and less self-confidence on visual spatial problem solving tasks.
· Math anxiety alone not solely responsible for differences between boys and girls.

(  Students with cognitive flexibility to use either a verbal 
or a visual-spatial strategy when solving a math problem are inherently less likely to become 
anxious than students with a singular methodology. 

(  Anxiety itself may serve a double-edged sword in that the more anxious we become, the less cognitive flexibility we have to use alternative problem solving strategies.
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Correct answers: The first and second

Figure 1. A sample test item from the Vandenberg Test of Mental
Rotation with the standard on the left and the four choices on the right.
From Vandenberg Test of Mental Rotation by S. G. Vandenberg, 1978,
unpublished test. Copyright 1978 by S. G. Vandenberg. Reprinted with
permission.




ANXIETY SUMMARY:

(  Students with elevated levels of math anxiety perform more poorly than students with lower math anxiety on all levels of mathematical problem solving 
(Kellogg et al, 1999).

Central executive system, which functions to inhibit negative distracters, is often rendered useless when anxious (Anterior Cingulate).  This paves the way for worrisome and negative thoughts which overburden the system (Hopko et al, 1998).
90 MINUTE ASSESSMENT OF MATHEMATICS
1. INTELLIGENCE MEASURES: * Wechsler Intelligence Scales for Children- IV

   *  Stanford-Binet Intelligence Scale-V

   *  Differential Ability Scales

   *  Woodcock-Johnson III

2.   VISUAL-SPATIAL FUNCTIONING:




*  WISC IV (Block Design, Matrices)

*  SB5  (Visual-Spatial Processing, Quantitative Reasoning)

*  DAS  (Matrices, Recall of Designs, Pattern Construction)




*  WJIII (Spatial Relations, Visual Matching)



* NEPSY (Arrows)




* Rey Complex Figure Test




* TONI-3




* C-TONI




* RIAS (NIX Index)

* K-BIT (Matrices)

3.  WORKING MEMORY:




* WISC IV (Digit Span, Letter-Number Sequencing)




* SB5 ( Verbal & Nonverbal Working Memory)




* Test of Memory and Learning (Digits & Letters Backwards)




* Trailmaking Test (Halstead-Reitan)




* Cognitive Assessment System (Planned Connections)




* Children’s Memory Scale (Dot Locations, Sequences)




* Woodcock Johnson III (Auditory Working Memory, Numbers

 


Reversed)




* WISC PI ( Spatial span, Arithmetic & Sentence Arrangement)




* Wechsler Memory Scale (Visual Reproduction & Paired 







Associate)




* Paced Auditory Serial Addition Test (PASAT)




* Wide Range Assessment of Memory and Learning – 2nd Ed.

      (Verbal Working Memory & Symbolic Working Memory)

4.  EXECUTIVE FUNCTIONS:




* Wisconsin Card Sort Test




* Stroop Test




* BRIEF (Behavior Rating Inventory of Executive Functions)




* Children’s Color Trails Test


 

* Woodcock Johnson III (Planning)




* Delis-Kaplan Executive Function Scale




90 MINUTE ASSESSMENT OF MATHEMATICS
4.  EXECUTIVE FUNCTIONS: (Continued)

* NEPSY (Tower)




* Booklet Category Test for Children




* CANTAB (ID-ED Shift)

5.  MATHEMATIC SKILLS & NUMBER SENSE:




* Wechsler Individual Achievement Test- 2nd Edition




* Woodcock Johnson III Achievement Test




* Woodcock Johnson III Cognitive (Number Series & Matrices)




* Test of Early Mathematics Ability – 3rd Edition (TEMA)



* Comprehensive Mathematical Abilities Test (CMAT)




* Test of Mathematical Abilities – 2nd Edition (TOMA)




* WRAT-3




* KeyMath 2




* NUCALC

6.  MATH ANXIETY SCALES:




* Math Anxiety Rating Scale (98 items)




* Abbreviated Math Anxiety Rating Scale (9 items)




* State-Trait Anxiety Inventory




* Behavior Assessment System for Children (BASC)




* Achenbach Child Behavior Checklist




* Piers-Harris Children’s Self Concept Scale




* Devereux Scales of Mental Disorders




* Personality Inventory for Children-Second Edition

7. FAMILY/DEVELOPMENTAL HISTORY: 
MATH INTERVENTION TREE

LOW COGNITIVE SKILLS:

( Manipulatives and hands-on type of instruction.

( Number-line situated on student’s desk.

( Drill and repetition.

( Focus on algorithm.

( Skip counting.

( Tap a drum beat when counting.

( Check for plausibility of response.

( Have student tell a number story to insure comprehension.

( Teach “math vocabulary”

( Utilize music, especially rap, to over-learn facts.

( Incorporate an area of passion in all lessons (e.g. 
baseball statistics, Yu-Gi-Oh life points NASCAR standings, etc.)


POOR VISUAL SPATIAL SKILLS:

( Turn a visual problem into a verbal problem.

( Have students talk through a problem.

( Use graph paper to help line up equations.

( Make sure problems are written vertically as 


 opposed to horizontally.

( Attach number-line to desk.

( Greater emphasis teaching estimation skills

 and magnitude representations.

LOWER WORKING MEMORY:

     (   Number-line situated on student’s desk.

      (  Use a calculator.

      (  Reduce anxiety in the classroom.

      (  Increase number sense through games such as dice, domino’s, cards, etc..

      (  Encourage paper and pencil use while calculating equations.

      (  Use mnemonic techniques to teach math 
algorithm’s and sequential steps


     
                    ELEVATED ANXIETY LEVELS:
(  Teach multiple ways to problem solving 

(  Avoid skill drills and focus on strategy drills

(  Link problem solving with passion

(  Set algorithmic procedures to a song

( Encourage visual cues
References

Anderson, M.  (1992).  Intelligence and development: A cognitive theory. Blackwell  

     Publishers. Oxford, UK.

Antell, S.E. & Keating, D.P.  (1983).  Perception of numeric invariance in neonates. 

     Child Development, 54, 695-701.

Baddeley, A.  (1998). Working memory, C.R. Academy of Sciences III, 321 (2-3): 167-   

      173.

Bijeljac-Babic, R.,  Bertoncini, J., & Mehler, J.  (1991).  How do four day-old infants  

     categorize multisyllabic tterances?  Developmental Psychology, 29:  711-721.

Blair, R.J., Mitchell, D.G.V., & Peschardt, K.  (2004)  The Psychopath: Brain & 

     Behavior.  Blackwell; Oxford, U.K.

Carter, R.  (1998).  Mapping the mind.  Berkeley: University of California Press.

Casey, M.B., Nuttall, R.L., &  Pezaris, E. (1997).  Mediators of gender differences in 

     mathematics college entrance test scores: A comparison of spatial skills with 

     internalized beliefs and anxieties.  Developmental Psychology, 33(4), 669-680.

Chochon, F., Cohen, L., van de Moortele, P.F., & Dehaene, S.  (1999).  Differential    

     contributions of the left and right inferior parietal lobules to number processing.    

     Journal of Cognitive Neuroscience, 11(6), 617-630.

Chow, T. W., & Cummings, J.L.  (1999).  Frontal-subcortical circuits. In B.L. Miller

     & J.L. Cummings: The human frontal lobes: functions and disorder, (p.4), New York:   

     Guilford Publications.

Dehaene, S., & Cohen, L.  (1997).  Cerebral pathways for calculation double dissociation 

     between rote verbal and quantitative knowledge of arithmetic. Cortex,33, 219-250.

Geary, D.C.  (2000). From infancy to adulthood: the development of numeric abilities.  

     European Child and Adolescent  Psychiatry, 9(2), 11-16.

Haskell, S.H. (2000).  The determinants of arithmetic skills in young children: some 

     observations.  European Child and Adolescent Psychiatry,9, 1177-1186.  

References

 Hopko, D.R., Ashcraft, M.H., & Gute, J.  (1998).  Mathematics anxiety and working 

      memory: Support for the existence of a deficient inhibition mechanism.  Journal of  

      Anxiety Disorders, 12(4), 343-355.

Hyde, J.S., Femmema, E., & Lamon, S.J. (1990).  Gender differences in mathematical 

      performance: A meta-analysis.  Psychological Bulletin, 104, 53-69.

Kellogg, J.S., Hopko, D.R., & Ashcraft, M.H.  (1999).  The effects of time pressure on  

     arithmetic Performance.  Journal of Anxiety Disorders, 13(6), 591-600.

Lakoff, G., & Nunez, R.E.  (2000).  Where mathematics comes from.  New York: 

     Basic Books.

Levine M.D., & Reed M.  (1999).  Developmental variation and learning disorders.  

     Educators Publishing Service: Cambridge and Toronto.

Russell, S. J.  (1999).  Relearning to teach arithmetic:  Addition and subtraction, a 

     teacher’s guide.  Lebanon, IN:  Dale Seymour Publications.

Shalev, R.S., Auerbach, J., Manor, O., & Gross-Tsur., V.  (2000).  Developmental 

     dyscalculia: prevalence and prognosis. European Child and Adolescent Psychiatry, 9,

     1158-1164.
 Stahl, S.M.  (2000).  Essential psychopharmacology: Neuroscientific basis and practical

      Applications. Second edition.  New York: Cambridge University Press.

Stanescu-Cosson, R., Pinet, van de Moortele, P.F., Le Bihan, D., Cohen, L., & Dehaene, 

     S.  (2000).  Understanding dissociations in dyscalculia: A brain imaging study of the    

     impact of  number size on the cerebral networks for exact and approximate

     calculation. Brain, 123, 2240 – 2255.

van Harskamp, N.J., & Cipolotti, L.  (2001).  Selective impairments for addition,  

     subtraction,and multiplication:  Implications for the organization of arithmetic facts.       

     Cortex, 37,363-388.

von Aster, M. (2000) Developmental cognitive neuropsychology of number processing   

     and calculation: varieties of developmental dyscalculia.  European Child and

     Adolescent Psychiatry, 9:II/41 –11/57.

References
Wright, R.J., Martland, J., & Stafford, A.K.  (2000).  Early numeracy:  Assessment for 

     teaching and intervention. London: Paul Chapman Publishing.

Phonological Storage





* Holds acoustical information for up to 2 seconds without rehearsal





Subvocalization Rehearsal System





* The inner voice which refreshes information in the phonological store.





                PHONOLOGICAL LOOP





*  The mind’s inner voice


*  Allows for verbal rehearsal of information


*  Capacity often associated with 7 +/-2


*  Used for automatic retrieval of information 


stored in a verbal format.





VISUAL-SPATIAL SKETCHPAD





* The mind’s inner eye


*  Visual imagery


*  Mental rotation


* Facilitates mental math skills





     CENTRAL EXECUTIVE


		


*  Allocates cognitive resources to other


          memory systems.


*  Fundamental in directing, shifting, and


          sustaining attention.


              *   Inhibits negative distracters





Accuracy:  A working knowledge 


of number facts, combinations,


and other important number


relationships.


(AUTOMATIC RETRIEVAL)





FLUENCY





Efficiency: Student does not get


bogged down into too many steps


or lose track of logic or strategy.


(WORKING MEMORY)


























Flexibility:  Knowledge of more than


one approach to problem solve. 


Allows student to choose appropriate


strategy and to double check work.


(EXECUTIVE FUNCTIONING)
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