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Abstract. This study was designed to test whether there are
differences between children with arithmetic learning disabili-
ties, garden-variety (G-V) poor performance and typically
achieving children in strategy choice when solving arithmetic
word problems. Using the standard-score discrepancy method
(differences between IQ and achievement standard scores), sam-
ples were selected of dyscalculic, G-V poor mathematics per-
formance, and typically achieving students. The groups were
compared to analyze whether there were differences in their
strategy choice when solving arithmetic word problems. No sig-
nificant differences were found between dyscalculic and G-V
children, both groups relying more on backup strategies than the
nonimpaired group. Thus, the IQ-achievement discrepancy does
not seem to be a relevant criterion for differentiating between
individuals with dyscalculia and those with garden-variety poor
mathematics performance.
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Arithmetic, reading and writing make up the basic
instrumental learning of the early school years. Under-
standing the basic ideas about arithmetic is the first
step toward acquiring the higher levels of mathemati-
cal knowledge required in the labor or academic fields
of our increasingly technological society. However,
despite the importance of these first steps, results
reflect high levels of failure, with mathematics seen as
an unattractive subject ill adjusted to children’s inter-
ests or possibilities (Ginsburg, 1997). This may partly
be because mathematics is a complex subject with

many cognitive demands (Riviere, 1990) that are not
always taken into account in the teaching methodol-
ogy used, or are not always within a subject’s abilities
when first taught mathematics.

In addition, traditionally, some of the individuals
who fail at mathematics show a specific inability for
mathematics. For example, many researchers have
found that students with arithmetic learning disabili-
ties (ALD) have more difficulty with mathematics than
their peers without this difficulty (Ackerman, Anhalt, &
Dykman, 1986; Goldman, 1989). Badian (1983) and
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Kosc (1974) found that about 6.4% of children have
specific difficulties with mathematics. One of the areas
where children with ALD have deficits is in solving
simple story problems (Miller & Mercer, 1997; Ostad,
1998; Parmer, Cawley, & Frazita, 1996; Russell &
Ginsburg, 1984). Solving arithmetic word problems
(SAWP) has been considered an important area of indi-
vidual differences (Cummins, 1991; Cummins, Kintsch,
Reusser, & Weimer, 1988; Hegarty, Mayer, & Green,
1992; Hegarty, Mayer, & Monk, 1995; Jaspers &
van Lieshout, 1994; Swanson, Cooney, & Brock, 1993)
as well as an area of deficiency in children with ALD
(Mercer & Miller, 1992; Miller & Mercer, 1997; Russell &
Ginsburg, 1984). However, fewer studies have been con-
ducted on problem-solving abilities in young children
with mathematics difficulties than on computational
skills (Jordan & Hanich, 2000).

A number of studies (e.g., Carpenter & Moser, 1982;
Carpenter, Hiebert, & Moser, 1981) have demonstrated
that semantic structure is more relevant than syntax in
studying children’s solutions of addition and subtrac-
tion problems. Carpenter and Moser (1983) proposed a
classification of word problems as a function of seman-
tic structure: Change, Combine, Compare and Equalize.

In the Change problems there is an initial quantity and
a direct or implied action that causes an increase or
decrease in that quantity. For example, “Antonio had
18 stickers. His friend Paco gave him 6 more stickers. How
many stickers does Antonio have altogether?” Combine
problems involve the static relationship among a partic-
ular set and its two disjoint subsets. For example, “There
are 12 sheep in a van, 4 are black and the rest are white.
How many white sheep are there?” Compare problems
also involve a static relationship, with a comparison of
two distinct, disjoint sets — “Oscar’s bicycle has 14 gears
and Anita’s bicycle has 9 gears. How many fewer gears
does Anita’s bicycle have than Oscar’s?” Finally, the same
sort of action is found in the Equalize problems as is in
the Change problems, but based on the comparison of
two disjoint sets. For example: “My dress has 12 buttons.
If my sister’s dress has 5 buttons more, it will have the
same number of buttons as my dress. How many buttons
does my sister’s dress have?”

Research has shown that skill in solving these types
of story problems gradually increases during elemen-
tary school, with Change and Combine problems being
the easiest and Compare problems the most difficult
(Riley & Greeno, 1988). Moreover, each of these types
of word problems, though having the same semantic
structure, varies in difficulty depending on which value
in the problem is unknown. Therefore, to understand
children’s problem-solving skills, the identity of the
unknown quantity must also be taken into account
(Riley, Greeno, & Heller, 1983).

Cognitive analysis of the mathematics abilities of
children with ALD also shows deficiencies in their use
of strategies to retrieve number facts from memory
(Geary, Brown, & Samaranayake, 1991; Jordan &
Oettinger, 1997; Russell & Ginsburg, 1984). Various
studies have shown that young children use a wide
variety of strategies to resolve basic arithmetic opera-
tions. These strategies are organized in three basic cate-
gories: direct modeling, counting and number facts
(Carpenter & Moser, 1982, 1983, 1984; De Corte &
Verschaffel, 1987; Hiebert, Carpenter, & Moser, 1982;
Siegler, 1986; Wynn, 1990).

Material strategies or direct modeling refers to situa-
tions where the child uses physical objects to represent
the quantities that appear in the problem and to work
out the answer. In verbal strategies, or counting, the child
uses his or her fingers as a register or control of the verbal
sequence, counting up or down, either silently or aloud.
This can be detected by observation of the child’s nod-
ding, foot- or pencil-tapping, and so on. There are two
categories of mental strategies: (a) strategies based on direct
memory (number facts). These present no difficulties for
the child as there are combinations of numbers stored in
long-term memory and automatic; and (b) strategies based
on the use or application of derivation rules, rules of numeri-
cal composition and decomposition. These strategies are
acquired in a developmental sequence, with the pattern
of acquisition varying within age groups depending on
arithmetic competence (Geary, 1990; Geary & Brown,
1991; Groen & Parkman, 1972; Siegler, 1986; Siegler &
Robinson, 1982).

Russell and Ginsburg (1984) found that children with
ALD differ from typically achieving children in the
retrieval of number facts. More recent research (Geary,
1990; Geary & Brown, 1991; Geary et al., 1991; Geary,
Widaman, Little, & Cormier, 1987; Goldman, Pellegrino,
& Mertz, 1988) has suggested that children with ALD use
strategies that tend to be developmentally immature;
that is, they tend to use strategies that are often used by
younger typically achieving children. The use of less
mature problem-solving strategies is partly related to an
immature or abnormal development of representations
of the number facts in long-term memory (Garnett &
Fleischner, 1983; Geary et al., 1987; Goldman et al.,
1988). Jordan and Oettinger (1997) studied calculation
and problem solving in two subgroups of children with
ALD: one group with specific difficulties in mathematics
and another with deficiencies in reading as well as math-
ematics. Their results confirmed that the difficulties of
children with specific deficiencies were related to the
retrieval of number facts from memory, whereas the
group with more general difficulties had deficiencies
that were more associated with the conceptualization
and resolving of problems.
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Another factor contributing to ALD is the existence
of relatively poor working memory resources. In fact,
this deficit contributes to the failure to develop ade-
quate representations of number facts in memory
(Geary & Brown, 1991). Empirical evidence suggests
that the difficulties of individuals with ALD are related
to problems in retrieving information from working
memory (Hitch & McAuley, 1991; Siegel & Ryan, 1989;
Swanson, 1994).

However, none of the previously mentioned studies
of ALD analyzed the cognitive differences between indi-
viduals with ALD and “garden-variety poor mathemat-
ics performance” (G-V) children — those who show
poor arithmetic achievement in accordance with their
intellectual capacity. Therefore, the recent question of
the cognitive nature of ALD has been left unanswered:
whether IQ should be taken as the selection criterion for
individuals with ALD; that is, whether discrepancy (the
difference between IQ and achievement standard
scores) is a decisive criterion in identifying these sub-
jects (Siegel, 1989; Stanovich, 1989). The discrepancy
criterion necessarily implies certain assumptions (Siegel
1989; Toth & Siegel, 1994): (a) intelligence tests are able
to measure intellectual potential, (b) intelligence and
performance are independent and the presence of learn-
ing difficulties does not affect IQ scores, and (c) dyslexic
individuals defined as such according to the discrep-
ancy criterion are qualitatively different from poor
learners with low IQ scores (i.e., no discrepancy).

The validity of the last assumption, in particular, has
been questioned. Many studies have shown no evidence
that dyslexics and poor readers are different in reading or
spelling skills or other basic cognitive processes (Jiménez
& Rodrigo, 1994; Stanovich & Siegel, 1994). Siegel (1992)
showed that the areas where subjects with dyslexia and
poor readers differ were less related to the fundamental
processes involved in reading than the areas where there
were no differences. Further, Toth and Siegel (1994)
found after reviewing 21 studies that explicitly com-
pared poor readers and dyslexics, more similarities than
differences between these groups in reading tasks such as
word recognition, decoding, comprehension, and ortho-
graphic and phonological awareness. Most of the differ-
ences between the dyslexics and poor readers were
limited to IQ-correlated tasks such as mathematics,
vocabulary, and syntax.

The term ALD has been reserved for children with dis-
crepancies between intelligence and mathematical abil-
ity. As in the case of reading disability, it has been
assumed that there are important etiological, neurologi-
cal, and cognitive differences between high-IQ and low-
IQ poor mathematics performance children. However,
Jiménez and Garcia (1999) did not find significant dif-
ferences between dyscalculic subjects classified accord-

ing to the discrepancy criteria and subjects who were
poor in arithmetic but did not show 1Q-performance
discrepancy. In solving arithmetic word problems
(SAWP), both groups were equally affected by the
semantic structure and the position of the unknown
quantity in the problems.

In the present study, we wanted to test whether
there were differences between ALD and G-V poor
mathematical performance children in other cognitive
processes involved in the solution of arithmetic word
problems, such as the strategies used to resolve basic
arithmetic operations (modeling, counting or number
facts retrieval). We only considered the strategies used
by the students during the solution execution phase
(Mayer, 1986; Mayer, Larkin, & Kadane, 1984).

In summary, the main purpose of this research was to
examine whether children with ALD and those with G-V
poor mathematics performance differ in cognitive
processes such as strategy choice when solving arith-
metic word problems. If these groups are not different in
strategy choice when solving arithmetic word problems,
the criterion based on the IQ-achievement discrepancy is
not relevant to the differentiation of the groups.

METHOD

Participants

A sample of 148 Spanish children was obtained. The
children came from urban zones and from average
socioeconomic backgrounds, from several state schools.
Their ages ranged from 7 years 1 month to 9 years
4 months (M =7.81; SD = .67). Using the standard-score
discrepancy method, the children with mathematics
difficulties were classified into two groups based on the
difference, or lack of it, between their IQ scores and
standard scores on the arithmetic subtest of the Bateria
de Aptitudes Diferenciales y Generales (BADYG; Yusté,
1985). Children with mathematics difficulties were
defined as those who had percentile scores of < 25 on
the BADYG Arithmetic subtest. Children were classified
as having ALD (24 male, 36 female), if their arithmetic
standard score was more than 15 points lower than
their 1Q score (N = 60) and if their score on an IQ test
was > 80. Children were considered G-V poor mathe-
matics performance (22 males, 22 females), if their
arithmetic score was less than 15 points lower than their
IQ score (N = 44) and if their score on an IQ test was
> 80. The remainder of the children were defined as
nondisabled (15 male, 29 female) because of scores
> 30th percentile on the BADYG Arithmetic subtest
(N = 44) and if their score on an IQ test was > 80.

There were no significant statistical differences in the
distribution of the subjects as a function of gender

2 =2.36, p < .30. Neither was there a significant effect
of age in solving arithmetic word problems, ¢t = 1.13;
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p < .26. Children with mathematics difficulties were
receiving educational support in the resource class-
room a few hours a week. Children who had sensory
deficits, acquired neurological deficits, or other prob-
lems traditionally used as exclusionary criteria for LD
were excluded.

Procedure

A first sample of children was selected according to
teachers’ opinions about (a) which children had spe-
cific difficulties with mathematics but did not have a
school history of reading problems, (b) those who had
difficulties in all subjects and (c) those who had aver-
age performance in all subjects. We studied only chil-
dren who were typically achieving or children with
poor mathematics performance according to the results
obtained from the administration of the BADYG
Arithmetic subtest.

The children received all the word problems in
three individual sessions of 20 minutes each. Subjects
were tested individually in a quiet room. The order in
which the problems were presented was counterbal-
anced. Each word problem was read to the partici-
pant, whose task it was to tell how he or she would
solve the problem and carry out any actual arithmetic
operations. Subjects were instructed to listen to the
single auditory presentation of each problem; they
were allowed to make notes while the examiner read
each problem. No time limitations were imposed.
The subjects were asked to solve 40 word problems,
preceded by four practical problems to familiarize
them with the task (for a description, see Jiménez &
Garcia, 1999).

Counters, paper and pencils were offered to the chil-
dren by the examiner. Sentence length, syntactic com-
plexity and vocabulary difficulty were controlled when
the arithmetic word problems were designed. The
quantity magnitude was also controlled because all
word problems always included combinations of units
and tens. Solutions to the word problems were consid-
ered correct when the child carried out counting pro-
cedures correctly and there was no operation error.

A reliability analysis was carried out on the different
word problems, and the alpha coefficient was calcu-
lated for each category. The alpha for all categories was
.93. In the Change problem it was .85. In the Combine
problem it was .64. For the Equalize problem it was .77,
and for Compare problem it was .80.

Instruments

Bateria de Aptitudes Diferenciales y Generales (General
and Differential Aptitudes Tests) (BADYG; Yusté, 1985).
The BADYG Arithmetic subtest consists of a written
section with increasingly difficult computations.
Level 2 (ages 6 to 7) consists of 35 items, each of which

has four alternative responses to assess basic addition
and subtraction operations. Level 3 (ages 8 to 9) con-
sists of 32 items, each of which has five alternative
responses to assess calculation speed, numerical judg-
ment, and operation in logical-numerical problems. A
reliability analysis using the split-half procedure gave a
coefficient result of .86 in Level 2 and .91 in Level 3,
and the correlation between BADYG Arithmetic subtest
and class grade was .53 for Level 2 and .44 for Level 3.
Test of intelligence. The Wechsler Intelligence Scale for
Children-Revised (WISC-R) (Wechsler, 1989) was admin-
istered. In a reliability analysis using the split-half pro-
cedure for the Spanish revision of the WISC, the
correlation coefficient (Spearman-Brown) was .93.
Arithmetic word problems. Two items were
designed for each arithmetic word problem category
and a total of 40 problems were used. Each of the arith-
metic word problems describes a simple situation
involving either addition or subtraction. The categories
included Change, Combine, Equalize and Compare,
which are representative of categorical schemes that
several investigators (e.g., Carpenter & Moser, 1982)
have used to analyze simple addition and subtraction
problems. In addition to the various semantic relations,
there are other ways in which the problems differ:
In each kind of problem there are three items of
information. In Change problems, the three items of
information are the start, change, and result sets.
Any of these can be found if the other two are given,
yielding three different cases: the unknown may be
the start, the change, or the result. Furthermore, the
direction of change can either be an increase or a
decrease, so there are a total of six kinds of Change
problems. A similar set of variations exists for
Compare problems, where the direction of differ-
ence may be more or less and the unknown quantity
may be the amount of difference between the refer-
ent set and the compared set, or either of the two
sets themselves. In Combine problems there are
tewer possible variations: the unknown is either the
combined set or one of the subsets. Equalizing prob-
lems usually restrict the unknown to the difference
between the given quantity and the desired quan-
tity, although a total of six variations are possible.
(Riley et al., 1983, p. 161)

RESULTS

The mean full-scale 1Q test of the children with ALD,
G-V poor mathematics performance children and typi-
cal achievement children were 99.7, 89.3 and 110.7,
respectively. The mean arithmetic achievement of the
children with ALD, G-V poor mathematics perform-
ance and typical achievement children were 11.1, 13.4
and 28.3, respectively.
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Figure 1. Counting strategies mean scores of the ALD, G-V and typical achievement students
on different semantic structure word problem solutions.

Change Combine

«««&+ typically achieving

Analyses of variance (ANOVAs) for one factor (typi-
cally achieving vs. ALD vs. G-V poor mathematics per-
formance) and a Scheffé test were performed. When
individual comparisons are reported as significant, it
was p < .05. The F value for the various ANOVAs were
as follows: Full Scale 1Q, F(147,2) = 59.3, p < .001;
BADYG Arithmetic subtest, F(147,2) = 283.7, p < .001;
counting strategies to resolve Combination problems,
F(147,2) = 8,107, p < .0001; counting strategies to
resolve Comparison problems, F(147,2) = 18,358,
p < .0001; counting strategies to resolve Change prob-
lems, F(147,2) = 12,836, p < .0001; counting strategies
to resolve Equalizing problems, F(147,2) = 10,624,
p <.0001; number facts strategies to resolve Combina-
tion problems, F(147,2) = 22,393, p < .0001; number
facts strategies to resolve Comparison problems,
F(147,2) = 16,774, p < .0001; number facts strategies to

= ® = G-V poor mathematics performance

Compare Equalize

—e—ALD

resolve Change problems, F(147,2) = 20,244, p < .0001;
and number facts strategies to resolve Equalizing prob-
lems, F(147,2) = 14,605, p < .0001.

Differences were found between children with ALD
and G-V poor mathematics performance on full-scale
IQ. Children with ALD were significantly superior on
the intelligence test. Individuals with average perform-
ance had significantly higher scores than students with
ALD and those with G-V poor mathematics perform-
ance. No differences were found between children with
ALD and G-V poor mathematics performance when
counting strategies were used in Change, Combination,
Comparison and Equalizing problems. However, indi-
viduals with average performance obtained significantly
higher scores than children with ALD and those with
G-V poor mathematics performance in the use of
Counting to solve the four semantic categories of
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arithmetic word problems. Figure 1 shows the means of
the counting strategies used to solve the word problems
in the four semantic categories.

No differences were found between children with
ALD and G-V poor mathematics performance in the
use of number facts strategies in Change, Combination,
Comparison and Equalizing problems. However, indi-
viduals with average performance had significantly
higher scores than children with ALD and those with
G-V poor mathematics performance in the use of num-
ber facts strategies to solve the four semantic categories
of arithmetic word problems. Figure 2 ilustrates the
means of the number facts strategies used to solve the
word problems in the four semantic categories

In the use of modeling strategies, no differences were
found between the groups. Table 1 includes the means

and standard deviations of the strategies of modeling,
counting and number facts used in SAWP in the four
semantic categories for the three groups. Figure 3 shows
the means of the modeling strategies used in the four
semantic categories.

DISCUSSION

The aim of this study was to test whether the strategies
used by children with low achievement in arithmetic
and high IQ (discrepant) differ from those of children
with low achievement and also low IQ (nondiscrepant)
when solving arithmetic word problems. We compared
the behavior of these two groups of children when solv-
ing word arithmetic problems during the execution
phase, when the problem solver carries out the compu-
tations he or she needs in order to execute the plan

Figure 2. Number facts strategies mean scores of the ALD, G-V and typical achievement students
on different semantic structure word problem solutions.

Combine

= B = G-V poor mathematics performance

Compare Equalize

++«&++ typically achieving
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Figure 3. Modeling strategies mean scores of the ALD, G-V and typical achievement students
on different semantic structure word problem solutions.

Change Combine

e ALD

developed previously, and also compared them with the
performance of typically achieving children.

Research in arithmetic learning disabilities suggests
that children with learning disabilities differ from typ-
ically achieving children by using strategies that are
less developed or are the same as those used by younger
typically achieving children (Fleischner, Garnett, &
Shepherd, 1982; Garnett & Fleischner, 1983; Geary,
1990; Geary & Brown, 1991; Geary et al., 1987;
Goldman et al., 1988). Our results confirm these find-
ings, as both the discrepant and the nondiscrepant
children basically used less developed strategies than
typically achieving children, such as counting and
occasionally modeling, but not mental strategies that
require the retrieval of number facts from long-term
memory. Both groups used the same set of additive and
subtractive strategies. The strategies most frequently
used were counting for the addition “counting on from
larger” and for the subtraction “counting up from
given” and less frequently “counting down from.”

= B = G-V poor mathematics performance

Compare Equalize

= typically achieving

They depended on direct modeling by means of
“counting all” for addition and “separating from” for
subtraction, when the problems were more difficult. In
contrast, typically achieving children used predomi-
nantly mental strategies to solve word problems,
although counting strategies were often used also.
Ostad (1997, 1999) found that fact-retrieval deficits in
a sample of children with mathematics difficulties per-
sisted throughout elementary school.

The finding that discrepant and nondiscrepant chil-
dren do not differ substantially in their choice of
strategies in SAWP reaffirms our belief that these two
groups are not qualitatively different as the same cog-
nitive processes underlie their performance. The use
of less developed strategies to solve word problems
has been explained in terms of immature or abnormal
development of the representation of numerical asso-
ciations in long-term memory (Garnett & Fleischner,
1983; Geary et.al., 1987; Goldman et al., 1988).
Furthermore, it has been suggested that a second
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factor contributing to learning difficulties in arith-
metic is the existence of relatively poor working mem-
ory resources (Geary & Brown, 1991; Hitch &
McAuley, 1991; Siegel & Ryan, 1989; Swanson, 1993,
1994). Our results confirm these findings, as poor
achievers in arithmetic, whether discrepant or non-
discrepant, obtained lower working memory scores
than typically achieving children (see Jiménez &
Garcia, 1999).

This deficit in working memory means that poor
achievers in arithmetic are not able to retain numer-
ical information long enough to carry out the prob-
lem-solving operations. As a result, these children
depend on strategies that are less memory-based.
Also, their deficiency does not allow them to store
retrievable number facts in long-term memory. This
explains why children with difficulties do not
depend on this numerical information, which they
have not had the opportunity to store adequately
(Geary et al., 1991). Their obvious familiarity with
counting strategies does not appear to have helped
them develop associations between a problem and its
solution in long-term memory (Geary et al., 1991;

Table 1

Siegler, 1986). This finding is also consistent with
Siegel’s (1989) studies of reading, in which perform-
ance is explained by the same underlying cognitive
processes, independently of IQ (Siegel, 1989, 1992;
Stanovich, 1989). In this case, working memory
would seem to be one of these processes (Geary &
Brown 1991; Hitch & McAuley, 1991; Siegel & Ryan,
1989; Swanson, 1993, 1994).

It is important, however, to consider the relevance of
other phases in mathematical problem solving (Mayer,
1985; Mayer et al., 1984) that involve other cognitive
and metacognitive strategies that we did not allow for
in this research, and that should be the subject of
future studies, such as, error analysis in order to
explain students’ problems during the integration or
planning phases.

In summary, we suggest that there are no reasons
to think that individuals with high- and low-1Q
poor mathematics performance differ in the cogni-
tive processes underlying solving arithmetic word
problems. Therefore, the use of the discrepancy cri-
terion to differentiate between these subjects seems
to be inadequate.

Means and Standard Deviations of the ALD, G-V and Typical Achievement Students
on Word Problem Solution Strategies by Semantic Structure

Arithmetic
Learning Disabilities

M sD
Modeling Strategy
Change
Combine
Compare
Equalize

0.40

Counting Strategy
Change

Combine

Compare

Equalize

Number Facts Strategy
Change

Combine

Compare

Equalize

Group

G-V Poor Mathematics

Performance Typically Achieving

M sD M SD
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