This article was downloaded by: [Florida International University]
On: 3 March 2011
Access details: Access Details: [subscription number 931319204]
Publisher Psychology Press
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 3741 Mortimer Street, London W1T 3JH, UK

Developmental Neuropsychology

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t775653638

Memory Abilities in Children With Subtypes of Dyscalculia
Monica Rosselli; Esmeralda Matute; Noemi Pinto; Alfredo Ardila
Online publication date: 08 June 2010

To cite this Article Rosselli, Monica , Matute, Esmeralda , Pinto, Noemi and Ardila, Alfredo(2006) 'Memory Abilities in

Children With Subtypes of Dyscalculia', Developmental Neuropsychology, 30: 3, 801 — 818
To link to this Article: DOI: 10.1207/s15326942dn3003_3
URL: http://dx.doi.org/10.1207/s15326942dn3003_3

PLEASE SCROLL DOWN FOR ARTICLE
Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf
This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

DEVELOPMENTAL NEUROPSYCHOLOGY, 30(3), 801–818
Copyright © 2006, Lawrence Erlbaum Associates, Inc.

Downloaded By: [Florida International University] At: 20:39 3 March 2011

Memory Abilities in Children With
Subtypes of Dyscalculia
Mónica Rosselli
Department of Psychology
Florida Atlantic University, Davie

Esmeralda Matute and Noemí Pinto
Institute of Neuroscience
University of Guadalajara, Mexico

Alfredo Ardila
Department of Communication Sciences and Disorders
Florida International University, Miami

This study examines (a) mathematical skills of 2 subgroups of children with developmental dyscalculia (DD)—1 group with DD only and a second group with DD
plus reading disorders (RDD)—and (b) analyzes the memory skills of both groups
of children. Fifty 11- and 12–year-old children were selected from public schools
in Guadalajara, Mexico. Seventeen children had DD only, 13 had RDD, and 20
were normal controls. Testing included 10 calculation and 6 memory subtests
taken from the Evaluación Neuropsicológica Infantil (Matute, Rosselli, Ardila, &
Ostrosky, in press). Results indicated that children with DD and children with
RDD show a similar pattern of mathematical impairment. Both subgroups had significantly lower scores than the control group in working memory tasks. In addition, the RDD group had significantly lower scores than the control group in visual
learning and semantic memory. Although the RDD group scored lower than the
DD group in most memory tests, this difference did not reach significance.
Working memory tests (digits backwards and sentence repetition) appeared to be
the best predictors of mathematical test scores and may represent a major cognitive
defect in children with specific defects in mathematics.
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Dyscalculia is a developmental disorder characterized by difficulty in learning and
remembering arithmetic facts (Geary & Hoard, 2001; Rosselli & Matute, 2005;
Shalev & Gross-Tsur, 2001), differences in executing calculation procedures, and
poor problem-solving strategies (Landerl, Bevan, & Butterworth, 2004). Children
with developmental dyscalculia (DD) may present difficulties understanding simple number concepts, lack an intuitive grasp of numbers, and have problems learning number facts and procedures (United Kingdom Department for Education and
Skills, 2001). The prevalence of DD in different countries has been estimated to
range from 1% to 6.5% (American Psychiatric Association, 1994; Badian, 1983;
Ramaa & Gowramma, 2002; Shalev & Gross-Tsur, 2001).
Kosch (1974) emphasized in the initial definition of DD that this disability appears within the context of normal general mental abilities. The term DD is used in
many cases to distinguish it from the acquired form of dyscalculia (Butterworth,
2004). Other terminology that has also been used to define the disorder includes
arithmetic learning disabilities (Koontz & Berch, 1996), specific arithmetic difficulties (Lewis, Hitch, & Walker, 1994), specific arithmetic learning difficulties
(McLean & Hitch, 1999), mathematical disabilities (Geary, 1993), and mathematics difficulties (Jordan, Kaplan, & Hanich, 2002).
The American Psychiatric Association (1994) uses the term mathematics disorder to describe children whose mathematical abilities fall substantially below that
expected for the individual’s age, measured intelligence, and age-appropriate education. Mathematics disorder and DD can be considered equivalent terms (Ta’ir,
Brezner, & Ariel, 1997). We use the term DD to refer to children with mathematical
disabilities that are defined by mathematical test scores at 2 SD below the normative
mean (about 2nd to 3rd percentile) and whose academic difficulties are confirmed by
the child’s teacher. We refer to mathematical difficulties or mathematical learning
disability for children with mathematical test scores at or below the 35th percentile,
but not more than 2 SD below the mean; these are children that do not present with
DD. Few of the research articles published thus far focus specifically on children
with DD (e.g., Landerl et al., 2004); the majority of the research has been done in
children with learning mathematics difficulties using math test scores in the 35th
percentile as cut-off criterion (e.g., Geary, Hamson & Hoard, 2000; Jordan &
Hanich, 2000; Jordan & Montani, 1997; Mazzoco & Myers, 2003).
Most researchers agree that at least two subtypes of children with mathematical
difficulties can be identified: one subtype also involves reading (verbal) deficits and
the other is limited to nonverbal difficulties (Geary et al., 2000; Jordan & Hanich,
2000; Ramaa & Gowramma, 2002). Rourke and his colleagues (e.g., Collins &
Rourke, 2003; Rourke & Conway, 1997; Rourke et al., 2002) also identified two major subgroups of children with mathematical difficulties; the first subgroup is characterized by verbal deficiencies and reading and spelling problems (reading and
spelling subgroup) in the context of relatively better, but nonetheless impaired, arithmetic performance. This subgroup has been shown to have a primary deficit in pho-
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nological processing. The second subgroup is characterized by nonverbal defects
along with normal or superior reading and spelling skills and relativelyimpaired performance in arithmetic (arithmetic subgroup). Individuals in this nonverbal learning-disabled group have shown to have primary deficits in tactile and visual perceptual skills as well as problems with complex psychomotor skills. These two subtypes
also have been reported to differ in terms of math skills or solving strategies (Hanich,
Jordan, Kaplan, & Dick, 2001; Jordan, Hanich, & Kaplan, 2003b) with the combined group presenting more severe computational and numerical deficits than the
group with mathematical difficulties and no reading deficits (Geary, Hamson, et al.,
2000). Furthermore, children with comorbid math and reading difficulties have also
been found to score lower on Verbal IQ tests (Shalev, Manor, & Gross-Tsur, 1997). It
is noteworthy that some authors (e.g., Landerl et al., 2004) failed to find differences
in test performance between children with mathematical difficulties only and mathematical difficulties and reading disorders.

MATHEMATICAL DEFICITS
Children with DD have been described as doing well in simple counting or adding tasks but performing significantly less well than their same age peers in
more complex oral and writing arithmetic problems. Some children with DD
cannot master basic arithmetic facts despite strong problem-solving skills
(Hanich et al., 2001), whereas others present a weakness in problem solving as
well as arithmetic fact mastery. Differences in speed of processing and counting
abilities have also been observed between children with DD subtypes and normal controls (Landerl et al., 2004).
Some researchers have suggested that cognitive systems that support number
production and comprehension are intact in children with learning problems in
mathematics while other cognitive systems might be dysfunctional (Geary &
Hoard, 2001). For the most part children with leaning disabilities understand the
features of counting but younger children can present difficulties in identifying
and producing numbers greater that 10 (Geary, Hoard, & Hamson , 2000). They
present difficulties in learning basic mathematics with consistent differences in the
procedural- and memory-based processes used by normal children in solving arithmetical problems (Geary & Hoard, 2001).
The definition of the underlying cognitive processes in DD is complicated by of
the compound linguistic, memory, and spatial abilities that are required by mathematical tasks (Ardila & Rosselli, 2002; Landerl et al., 2004). According to the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association, 2000), four types of skills may be impaired in children with a mathematic
disorder: linguistic, perceptual, attentional, and mathematical. Other researchers
have also found abnormal semantic and working memory (Geary & Hoard, 2001).
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Moreover, Geary and Hoard suggested that children with deficits in learning math
present difficulties in the inhibition of irrelevant information and that this inhibitory problem results in activation of irrelevant information that functionally lowers
working memory capacity. This inhibitory difficulty was first described by
Barrouillet, Fayol, and Lathuliere (1997) in adolescents with learning disabilities.
Inhibitory problems manifested in other cognitive domains have been also reported in children with lower mathematical ability (Bull & Scerif, 2001).

WORKING MEMORY
Working memory refers to the mental capacity responsible for the temporary processing and storage of information. Working memory is presumed to consist of a
central executive that controls how information is subserved around the system and
visual and phonological slave systems that temporarily process and retain the information appropriate to their two modes. The phonological system has a phonological
store that can hold information for about 2 sec and an articulatory loop that recycles
information back through the store to extend its life by repeating information over
and over (Baddeley, 1986, 1992). The structure of working memory is present from 6
years of age although functional capacity changes are observed in the middle school
years and adolescence (Gathercole, Pickering, Ambridge, & Wearing, 2004). It is
noteworthy that age-related differences in working memory have been reported in
both normal and learning-disabled populations (Swanson, 1999, 2003).
Several studies have supported a role for working memory deficits in children
with poor attainment in mathematics (Keeler & Swanson, 2001). Siegel and Ryan
(1989) showed that children with dyscalculia do less well than controls on working
memory tasks such as remembering digits but not on nonnumerical working memory tasks. McLean and Hitch (1999) found a trend toward poorer digit span in children with dyscalculia whereas no difference was found on a nonnumerical working
memory task. Geary, Hamson, and Hoard (2000) found shorter numerical forward
and backward digit spans in children with DD but no difference in spatial tasks when
compared with normal peers. Links between phonological short-term memory and
the development of mathematical skills have also been reported (Fazio, 1999; Hecht,
Torgesen, Wagner, & Rashotte, 2001). The phonological short-term memory constitutes one of the components of working memory and includes coding and temporary
storage of sounds (Baddeley & Hitch, 1974), and it is measured by tasks such as digit
span and nonword repetition (Gathercole, Willis, Baddeley, & Emslie, 1994). An association between phonological processing and simple arithmetic problem solving
speed in elementary school children has been proposed (Hecht et al., 2001).
In a recent study Gathercole, Tiffany, Briscoe, Thorn, and the ALSPAC team
(2005) used a longitudinal design to investigate the influence of poor phonological
short-term memory performance over the children’s academic attainments. The
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authors concluded that the impairments found in mathematical learning disabilities do not result directly from phonological memory deficits but from other associated cognitive defects.
A relation between working memory and mathematical ability has been found
in numerous studies (see LeFreve, DeStafano, Coleman, & Shanahan, 2005, for a
review), and it is not specific to individuals with severe mathematical problems.
For example, Fazio (1999) found that number recall was correlated with arithmetic
and written calculation tasks in children with specific language impairment. Moreover, the association between working memory and mathematical performance remains stable across a broad age span in normal children and in children with mathematical disabilities (Wilson & Swanson, 2001).
Retrieval errors could partially account for arithmetical defects. Two types of
retrieval deficits, however—one potentially related to the phonological loop and
the other with the central executive (i.e., inhibitory function)—could be assumed.
Previous studies have shown that children with mathematical disabilities use the
same type of strategies as typically developing children but differ in the use of developmentally immature strategies (i.e., finger counting) and in the presence of
more counting and retrieval errors (Jordan et al., 2003a, 2003b).
Most studies of learning difficulties in math have been carried out with children
attending the first, second, and third grades, but little is known of the underlying
deficits of different types of dyscalculia in middle school children, when the developmental disorder is well-established. Moreover, most of these studies have been
carried out with children who have minor difficulties in learning math (35th percentile), but little is known about children with scores below 2 SD.

THIS STUDY
The first aim of this study is to examine the mathematical skills of two subgroups
of children with DD—one group with DD only and a second group with DD and a
reading disorder (RDD). Sixth graders were chosen to be the participants of this
study because typically DD is well-established by age 11, whereas younger children may show mathematical difficulties that will later disappear (Geary, 1990).
The prediction was that both DD groups would perform within the normal range in
counting tasks but the RDD would perform significantly below the other groups in
reading and writing numbers. The second aim is to analyze the memory skills of
children with DD. Our prediction was that all children with DD would present
working memory deficits for numbers but that children with RDD would show significant lower scores in verbal memory tests such as sentence repetition or confrontation naming objects. An additional goal of this study is to determine if memory tests are significant predictors of scores in mathematics tests.
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Participants
The sample included fifty 11- to 12-year-old Spanish monolingual children selected from five public schools in Guadalajara, Mexico. The sample was selected from a group of 1,482 fifth and sixth graders from five selected public
schools who were screened for mathematical difficulties. The Wide Range
Achievement Test (WRAT–3; Wilkinson, 1993) was used to assess mathematical problems. Sixty-two children (4.2%) from this sample were identified as
having WRAT–3 scores below 2 SD from the mean for their school grade (Pinto
& Matute, 2003; Matute, Pinto Rodríguez, & Zarabozo, in press); children in
this group were selected and invited to participate in the study. Confirmation of
the interference of mathematical difficulties with academic achievement was
obtained through the children’s teachers. Nineteen of the children declined participation. The remaining 43 participants received the Performance subtests of
the Wechsler Intelligence Scales for Children–Mexican version (WISC–RM;
Wechsler, 1984). Thirteen of those children were excluded from the sample because they obtained a Performance IQ score (PIQ) below 90. The remaining 30
children constituted the dyscalculia group (DD). The control group (n = 20)
was selected from the group of children with WRAT scores between 0.5 and 1.5
SD above the mean for the corresponding age group (Matute, Pinto Rodríguez,
et al., in press). According to the teachers’ report, none of the control children
had academic difficulties in math or reading. The DD group was further divided
into two subgroups based on their performance in two reading tests: (a) Oral
Reading Test, a 290-word text designed for and used with Mexican children by
Matute, Leal, and Zarabozo (2000); and (b) Reading a Text Aloud, from the
Evaluación Neuropsicológica Infantil (Matute, Rosselli, et al., in press).
Children with test scores 2 SD below the mean compared to their age peers in
both tests were assigned to the RDD group and the remaining children to the
DD group. The description of the sample is presented in Table 1. Fourteen girls
and 16 boys constituted the two dyscalculia groups, and 8 boys and 12 girls
composed the control group. The RDD group had an average PIQ score 5 points
lower than the DD only group and 6.5 points lower than the normal group. No
significant group effect on PIQ scores was found, and post hoc comparisons did
not disclose significant differences between the groups’ means (Tukey >.01).
The RDD group scored below the DD group on the WRAT–3, but this difference did not reach statistical significance (Tukey > .01). The average scores for
the RDD group were significantly below those in the DD and control groups in
all reading measures (Tukey <.01). No statistically significant difference was
found between the average reading scores of the DD and the control group
(Tukey <.01).
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TABLE 1
Sample Characteristics
RDDa
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Variable
Age (in years)
WRAT
PIQ
Reading a text (ENI)
Oral reading test
Reading time (in seconds)
Words per minute
Errors
Girls:boys

DDb

Control

M

SD

M

SD

M

SD

ANOVA F

11.36
23.92
102.01
61.38

1.08
3.12
8.3
10.74

11.44
25.59
107.47
101.41

0.53
1.06
5.70
22.10

11.25
36.35
108.56
108.10

0.59
1.53
8.90
23.05

0.31
209.73*c
2.85
22.80*d

311.38
59.45
22.77
4:9

101.43
15.54
10.88

197.12
90.92
10.88
10:7

35.46
18.91
5.63

179.95
102.65
8.00
12:8

44.41
31.97
5.58

19.41*d
12.58*d
16.93*d

Note. RDD = developmental dyscalculia with reading disorders; DD = developmental dyscalculia; ANOVA = analysis of variance; WRAT = Wide Range Achievement Test (Wilkinson, 1993); PIQ =
Performance IQ; ENI = Evaluación Neuropsicológica Infantil.
an = 13. bn = 17. cRDD and DD group’s means are significantly different from the control group’s
mean (Tukey < .01). dRDD significantly different from DD and control (Tukey < .01).
*p < .001.

Measures
The following screening, calculation abilities, and memory tests were individually
administered.
A. Screening measures
1. WISC–RM PIQ: The six nonverbal subtests of the WISC–RM (Wechsler,
1984) were used to estimate the PIQ.
2. The WRAT–3 Arithmetic subtest (Wilkinson, 1993): This test includes two
section: an oral arithmetic section with 15 items and a written arithmetic section
with 40 items. The test was used following the manual application guideline and
the adaptation to Spanish presented by Matute, Pinto Rodríquez, et al. (in press).
Maximum score is 55.
B. Measure of Calculation Abilities from the Evaluación Neuropsicológica
Infantil
1. Counting and number. The child was requested to count drawings of objects
presented on cards.
2. Reading Arabic numbers. The child was asked to read eight Arabic numbers
written on a card (2; 6; 18; 263; 5,003; 70,049; 930,116; 402,005).
3. Writing Arabic numbers. The child had to write under dictation the following numbers 1; 7; 61; 235; 8,037; 42,001; 100,013; 6,050,010. One point is given
to each number correctly written.
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4. Magnitude judgments (Number comparisons). Two cards containing eight
numbers each (e.g., 301 31 310; 13 103 130) are presented one at the time. The
child is asked to say the larger of the two numbers.
5. Ordering of numbers. Eight numbers (123, 64, 89, 23, 110, 55, 46, 101) are
shown to the child, and the child is required to order them from the smallest to the
largest.
6. 1+3 series. Starting from 1, the child had to count adding 3s each time up to
31. (1, 4, 7, 10, 13, 16, 19, 22, 25, 28, 31).. The first three numbers of the series are
used as an example, and no points are given.
7. 100–3 series. The child is asked to subtract 3s starting from 100 and finishing at 70 (100, 97, 94, 91, 88, 85, 82, 79, 76, 73, 70). One point is given for each
correct number given.
8. Mental math. Children were orally given individual additions, subtractions,
multiplications, and divisions to solve (e.g., 23 + 14). One point is given for each
arithmetical operation conducted correctly.
9. Written math. The child solves basic written arithmetical operations. One
point is given for each correct answered arithmetical operation (e.g., 32 – 23).
10. Arithmetical problems. The child is presented orally with eight arithmetical problems (e.g., A second hand motorcycle was sold in $8,700, which is
three-fourths of its original price. What is its original price?).
C. Short-term memory (STM) and working memory measures
1. Digits: Digit forward was used to asses STM following the instruction of the
WISC–RM (Wechsler, 1984). Digit backward was used to assess the ability to manipulate information in verbal working memory. The digit forward cluster is related
to phonological measures and digits backward with variables that assess a central executive factor (see Gathercole & Pickering, 2000a, 2000b; Gathercole et al., 2005).
2. Sentence repetition. The purpose of this test is to assess STM for sentences of
increasing length. Previous research has used this type of test to assess verbal STM
(Alloway& Gathercole, 2005). Eight sentences were spoken aloud to the child one at
the time. The first sentence has 5 syllables and 3 words. The last sentence has 28 syllables and 17 words. A score of 1 is given for each sentence correctly repeated.
D. Learning tasks
1. Word learning (Matute, Rosselli, et al., in press). This type of test assesses
verbal learning (Lezak, Howieson, & Loring, 2004). It consists of 12 words (4
body parts, 4 animals, and 4 fruits) that are read aloud to the child (with 1 sec interval between words) for four consecutive trials. Each trial followed by a free recall
test. The final score is the number of correct words recalled on all four trails.
2. Story recall (Matute, Rosselli, et al., in press). The child is asked to remember as many details as possible from a story previous read. One point is given for
each narrative unit correctly recalled, and 0.5 if it is partially recalled. Maximum
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score is 15. Story recall tests provide a measure of the amount of information that
is retained when the material exceeds immediate memory span and gives information about the contribution that meaningful sentences has on retention of new information (Lezak et al., 2004) and has been previously used with learning disadvantaged children (Wilkinson, Elkins, & Bain,1995).
3. Naming (semantic memory; Matute, Rosselli, et al., in press). The child is
asked to name 15 drawings of objects that are presented in a card. Naming pictures
of common objects has been used in previous research to measure semantic memory (Baddeley, 1999).
4. Visual learning (Matute, Rosselli, et al., in press). Twelve geometrical figures are presented on cards with 1 sec interval between figures for four consecutive
trials. Each trial followed by a free recall test. One point is given for each correct
figure. The final score is the number of correct figures recalled on all four trails.
Maximum score is 48. Similar procedures have been shown to be valid and reliable
measures of visual leaning (Glosser, Goodglass, & Biber, 1989).
Procedure
School principals were approached to participate in this study. Teachers from those
schools selected were fully informed of all aspects of the study. The parents of the
identified children were interviewed by phone and consents were obtained person-to-person. Each child was tested individually by one of the authors (Noemí
Pinto) in a quiet room at the child’s school or home. Each child received a small
gift (e.g., a box of crayons or candy) for participating in the study.
Statistical Analyses
To calculate the group effect for each of the mathematical and memory dependent
measures, analyses of variance (ANOVAs) with adjusted alphas were performed,
using group (RDD, DD, and controls) as the independent variable and calculation
and memory test as dependent variables. Partial η2were used to estimate the effect
size measures for the univariate Fs. Post hoc analyses (Tukey tests) were used to
identify significant differences between group means. Linear regression analyses
were utilized to assess the predictive value for calculation tests of those memory
measures that reached significance. To avoid Type I error the level of confidence
was set at .01 for all comparisons.

RESULTS
Table 2 shows the group effect for each of the dependent measures. A significant
group effect was observed for all the mathematical measures except counting, ordering of numbers, and adding by 3 sec. Post hoc analyses of mean differences
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TABLE 2
Univariate ANOVA for Each Mathematical Test
RDDa
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Subtest
Counting (8)
Reading numbers (8)
Writing numbers (8)
Magnitude judgments (8)
Ordering numbers (8)
1 + 3 (8)
100 – 3 (8)
Mental math (12)
Written math (14)
Arithmetic problems (8)

DDb

Controlc

ANOVA

M

SD

M

SD

M

SD

F

p

6.15
4.92
5.23
4.07
7.46
7.53
4.53
7.23
4.76
4.15

1.30
1.11
1.23
2.62
1.33
0.51
2.47
1.83
1.42
1.34

6.29
5.47
5.47
4.82
8.00
7.11
4.88
7.58
5.00
4.41

1.14
1.62
1.06
2.60
0.00
0.69
2.44
1.80
1.76
1.27

6.75
7.30
6.85
7.00
8.00
7.50
6.90
10.40
8.70
5.40

1.16
0.98
1.09
1.62
0.00
0.60
2.02
1.04
2.40
0.82

1.12
16.67d
10.66d
7.70d
3.08
1.99
5.44d
21.11d
22.12d
5.82d

.330
.001
.001
.001
.060
.140
.007
.001
.001
.006

2

.05
.40
.30
.27
.09
.06
.18
.48
.50
.19

Note. Maximum possible score for each subtest is indicated in parentheses. RDD = developmental
dyscalculia with reading disorders; DD = developmental dyscalculia; ANOVA = analysis of variance.
an = 13. bn = 17. cn = 20. dRDD and DD group’s means are significantly different from the control
group’s mean (Tukey < .01).

showed that both DD groups significantly differed from their control peers on the
remaining seven tests, but no significant differences were observed between the
DD and RDD groups in any of the tests (Tukey tests, p > .01).
The univariate analyses of the group effects for each memory test (digits, sentence repetition, word learning, story recall, semantic memory and visual memory)
are presented in Table 3. Although the RDD group presented a trend toward lower
scores on all memory tests when compared to the DD group, no statistically significant differences were observed for any of subtests. The RDD group scored significantly below the control in digit backwards, sentence repetition, semantic memory,
and visual learning. The DD group test scores were significantly lower than the
controls in digits backwards, and sentence repetition subtests. No significant group
effect was observed for the other measures. It is relevant to mention that the RDD
group scores in semantic memory and visual memory were close to 1 SD lower
than the scores of the DD, but the difference did not reach significance.
Linear regression analyses, using the whole sample, showed that mental math
scores were predicted by digits backwards, sentence repetition and semantic memory; written math scores were successfully predicted from digits backward only
and arithmetical problems were predicted from semantic memory and visual learning scores (see Table 4).
To establish the influence of the memory variables over the group mean differences in the calculation tests, analyses of covariance (ANCOVAs) were run using
as covariates the memory tests scores in which significant group effects were observed (i.e., digits backwards, sentence repetition, semantic memory and visual
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TABLE 3
Performance on the Different Memory Tests of the Three Groups
RDDa
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Subtest
Short-Term Memory
Digits Forward
Working Memory
Digits Backwards
Sentence Repetition
Verbal Learning
Word Learning
Story Recall
Semantic Memory
Visual Learning
Visual Memory

DDb

Controlc

ANOVA
2

M

SD

M

SD

M

SD

F

p

5.07

1.25

5.29

1.26

5.70

0.80

1.38

.250

.06

3.38
4.61

0.31
1.12

3.58
4.94

0.27
0.89

5.05
5.80

0.25
1.10

11.01d
5.86d

.001
.005

.32
.20

30.92
7.15
8.92

5.05
2.60
2.72

32.58
8.32
10.29

3.79
1.95
1.79

32.45
8.95
10.60

4.05
2.38
1.27

0.67
2.39
3.23e

.510
.100
.040

.03
.09
.12

26.61

6.31

31.05

5.67

33.00

6.60

4.19e

.020

.15

Note. RDD = developmental dyscalculia with reading disorders; DD = developmental dyscalculia; ANOVA = analysis of variance.
an = 13. bn = 17. cn = 20. dRDD and DD significantly different from control (p < .01). eRDD
significantly different from control (p < .01).

TABLE 4
Predictive Value of Memory Tests on Mathematical Ability Subtests
Mental Math
Variable
Digits Backwards
Sentence Repetition
Semantic Memory
Visual Learning

B

SE B

0.88
0.74
0.45
0.09

.18
.24
.13
.04

Written Math

.57*
.40*
.42*
.28

B

SE B

1.21
0.74
0.32
0.12

.22
.32
.19
.05

Arithmetic Problems

.61*
.31
.24
.29

B

SE B

0.27
0.35
0.22
0.06

.12
.14
.08
.02

.30
.32
.36*
.34*

Note. Only memory tests in which significant group differences were founded are included in
these analyses.
*p < .01.

learning) as covariables. The group effect resulting from these ANCOVAs were
compared with the group effects under the ANOVAs presented on Table 2. Using
ANCOVA, the significant group effect previously found using ANOVAs disappeared for magnitude judgment, F(2, 43) = 2.85, p = .07, η2 = .12; 100–3, F(2, 43)
= 2.54, p = .09, η2 = .11; written numbers, F(2, 43) = 3.45, p = .04, η2 = .14; and
arithmetic problems, F(2, 43) = 1.69, p = .19, η2 = .07, when the memory variables
are covaried. However, the group effect persisted for the following three calculation tests even after controlling for the memory test scores: reading numbers, F(2,
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43) = 7.56, p = .002, η2 = 26; writing numbers, F(2, 43) = 7.99, p = .001, η2 = .27;
and mental calculation, F(2, 43) = 8.05, p = .001, η2 = .27.
The pattern of errors was analyzed in both subgroups taking into account the
percentage of each type of responses. In total, there were 90 items in the calculation tasks. Because 13 children were in the RDD group, the total of possible responses for this group was 1,170. Twenty-two items were not used because in
those items a discontinue rule applied on magnitude judgments, 100–3 series, and
mental math tasks for several RDD children. Seventeen children were in the DD
group; thus, the total of possible responses for this group was 1,530. Forty-four
items were not used on this group for the same reason and in the same tasks as
RDD group. The percentages were thereby calculated only with the items used.
Overall, both groups had approximately the same percentage of total errors
(RDD = 24% vs. DD = 23%) and the same percentage of nonresponses (RDD = 9%
vs. DD = 8%). Written calculation was the hardest task for both groups (RDD =
42% of nonresponses and 24% of errors vs. DD = 36% of nonresponses and 26%
of errors), follow by arithmetical problems task (RDD = 6% of nonresponses and
32% of errors vs. DD = 7% of nonresponses and 37% of errors), whereas 1+3 series (RDD = 4% vs. DD = 12% of errors) and ordering numbers (RDD = 6% vs.
DD = 0% of errors) were the easiest task for both DD groups.

DISCUSSION
First Hypothesis
Contrary to our first prediction, the results of this study show no significant difference in the arithmetic test performance of 11-year-old children with DD only when
compared with children with DD plus comorbid reading disability. However, DD
children with and without concomitant reading disorders showed significantly
lower performance than the control group in mathematical tasks that required reading and writing of numbers, mental and written math, and problem solving.
The pattern of errors in the written calculation subtest was similar in both subgroups; RDD presented 42% nonresponses compared with 36% in the DD subgroup. In the RDD subgroup, 88% of the errors were procedural errors, 7% of the
errors were due to confusion about the required operation, 2% were due to errors in
the decimal point, and 3% were retrieval errors. In contrast, in the DD subgroup,
92% of the errors were due to procedural errors, 1% of the errors were due to confusion about the required operation, 2% were due to errors in the decimal point,
and 5% were retrieval errors. In the arithmetical problems subtest, the errors observed in the RDD subgroup were in 78% of the cases procedural errors and 22%
retrieval errors, whereas in the DD subgroup 86% of the errors were procedural errors and 14% retrieval errors. Retrieval errors have been reported in younger chil-
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dren with mathematic difficulties and have been interpreted as developmental delay that might be linked to poor working memory and counting skills (Geary, 1990,
1996). The procedural errors might be also linked to poor long-term memory
skills. It appears that the ability to retrieve arithmetical facts from long-term memory is defective in children with DD and RDD (Jordan et al., 2003a), and this disability does not seem to improve across the academic school year for many children with DD or DD with reading disabilities (Geary & Hoard, 2005).
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Second Hypothesis
We predicted that the DD children would present memory deficits in tests that include numbers whereas the RDD children would show significant lower scores in
verbal memory tests such as sentence repetition or naming. Our predictions were
not supported by the results. We did not find significant differences between the
two DD groups in memory tasks, although the RDD presented a trend of lower
scores in semantic memory and visual learning compared with the DD group, but
the differences were not significant, F(1, 28) = 2.76, p = .10; and F(1, 28) = 4.09, p
= .05, respectively. Previous research has shown that children with mathematical
difficulties plus a reading disorder show more pervasive deficits in exact math and
story problems and written math than children with mathematical disabilities and
no reading learning problems (Fuchs & Fuchs, 2002; Jordan & Hanich, 2000; Jordan et al., 2003a). Moreover, mathematical growing from second to fourth grade
seems to be better in children with mathematical disorders only than in children
with mathematical disorder and reading difficulties (Jordan et al., 2002).
Two previous studies (Landerl et al., 2004; Temple & Sherwood, 2002) analyzed the performance in digit span tasks of 11-year-old children with mathematical difficulties. Our findings are consistent with their findings in the lack of differences between DD groups and controls in digits forward but do not support their
findings in the comparisons of the performance of the DD groups and controls in
digits backwards. This result may be explained by the differences in the two samples. Our DD and RDD samples seem to be more homogeneous in test scores
(smaller standard deviations) and tend to present with a more severe mathematical
deficit (scores below 2 SD below the normal mean) than the sample described by
Temple and Sherwood. In their sample the math deficit group included 10 children,
6 of whom had Turner syndrome. All the members of our DD groups scored 2 SD
below the control group and had confirmation from their teachers of the academic
problems in math. We can assume that our sample had more significant deficits in
math than the sample in Temple and Sherwood’s study.
Landerl et al.’s (2004) groups were very similar to ours in age and in the selection criteria, and, therefore, the difference in results are difficult to explain. A difference could be found in the way the control group was selected. In our study all
the controls had math scores between 0.5 to 1.5 SD above the mean. We did not at-
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tempt to match the control group with the DD groups in reading scores. In Landerl
et al.’s study, “children with reading ages a year or more above of their chronological age were discarded, since dyscalculic children tended to be average or somewhat below on reading test” (p .11). Therefore, it may be that the control samples
of the two studies differ in that ours might have included children with scores
above average in both reading and math.

Memory Tests as Predictors of
Scores in Mathematics Tests
Results showed that digits backwards was the best predictor of mathematical test
performance. Digit backwards requires the child to keep track of ongoing mental activity and has been identified as a measure of executive control ability. This result
supports previous findings (Gathercole & Pickering, 2000b). Interestingly, digits
forward did not predict mathematical tests performance whereas sentence repetition
was the second-best predictor of math test scores. Although digits forward and sentence repetition are frequently used to assess phonological STM, they seem to be different in their content validity. The former is used in combination with nonwords to
assess phonological STM whereas the later requires—in addition to phonological
STM—support from semantic memory (Alloway & Gathercole, 2005).
Landerl et al. (2004) proposed that dyscalculia is the result of a fundamental
difficulty with numerical processing that would be manifested in problems with
using number names and comparing numerical magnitudes. These authors suggested that dyscalculia results from a fundamental difficulty with numerical processing independent of memory difficulties. Our study supports the presence of
fundamental problems in mathematics such as reading and writing problems and
magnitude comparisons in middle school children who suffer from dyscalculia.
Our results suggest that “this fundamental problem” in math seems to be independent of reading difficulties but seems to be related to working memory processes.

General Conclusions
This study finds an association between mathematical performance and verbal
working memory, semantic memory, and nonverbal learning in a sample of middle
school Spanish-speaking children with DD only, RDD, and normal controls. No
main differences in mathematical performance between the two DD groups were
found, although both groups significantly differed from the control group in most
mathematical tests. The RDD presented a higher error rate and significant lower
scores in semantic memory and visual learning. The data are consistent with previous findings obtained in younger DD samples and demonstrates that, although
some math abilities improve, others persist during the middle school years.
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A particular strength of our study is that, to our knowledge, this report is one of
the few on dyscalculia in children older than 10 years and, therefore, gives additional information about calculation and cognitive correlates during the middle
school years. Most of the previous research has examined children who are at the
lower end of a normal distribution rather than children with a diagnosis of dyscalculia. The second strength is that the study was carried out in a Spanish-speaking
sample, and the results add information to the bulk of knowledge about dyscalculia
in samples of participants who speak a language different from English.
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