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An important body of evidence has shown that reading comprehension ability is related to working
memory and, in particular, to the success in Daneman and Carpenter's (1980) reading and listening
span test. This research tested a similar hypothesis for arithmetic word problems, since, in order to
maintain and process the information, they require working memory processes. A group of children
possessing average vocabulary but poor arithmetic problem-solving skills was compared with a group
of good problem solvers, matched for vocabulary, age, and socioeconomic status. Poor problem solvers
presented lower recall and a greater number of intrusion errors in a series of tasks testing working
memory and memory for problems. The results obtained over a series of six experimental phases, con
ducted during a 2-school-year period, offer evidence in favor of the hypotheses that groups of poor
problem solvers may have poor performance in a working memory test requiring inhibition of irrele
vant information (Hypothesis 1), but not in other short-term memory tests (Hypothesis 2), that this dif
ficulty is related to poor recall of critical information and greater recall of to-be-inhibited information
(Hypothesis 3), that poor problem solvers also have difficulty in remembering only relevant informa
tion included in arithmetic word problems (Hypothesis 4) despite the fact that they are able to identify
relevant information (Hypothesis 5). The results show that problem-solving ability is related to the abil
ity of reducing the memory accessibility of nontarget and irrelevant information.

The present study examined the relationship between
working memory and arithmetic word problem solving.
This issue reflects an increasing interest in the role ofcog
nitive abilities in problem solving (for reviews, see Lu
cangeli & Passolunghi, 1995, and Mayer, 1992). In the last
decade, a variety oftheoretical frameworks has been pro
posed to describe the cognitive processes necessary to
solve a word problem. Many ofthese theories focused on
the comprehension and construction of a representation
of the problem (e.g., Nathan, Kintsch, & Young, 1992;
Passolunghi, Lonciari, & Cornoldi, 1995) and of control
processes (e.g., Lucangeli & Cornoldi, 1997; Pressley,
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1990): All these processes seem to involve the use of
working memory.

These results are consistent with further evidence sug
gesting that working memory can be involved in different
aspects of arithmetic (Leather & Henry, 1994; Logie,
Gilhooly, & Wynn, 1994; Passolunghi, Cornoldi, &
De Liberto, 1996; Siegel & Ryan, 1989; Swanson, Cooney,
& Brock, 1993). Indeed, the different operations required
in arithmetic tasks typically require that the subject main
tain some information in short-term memory (e.g., data,
task requests, operations, partial results, etc).

The controlled components ofworking memory can be
involved in arithmetic word problem solving even when
the written text is still available. Comprehension ofa text
implies that the incoming information is integrated with
the previous information maintained in the working mem
ory system (Baddeley, 1990; Cornoldi, De Beni, & Paz
zaglia, 1996; Oakhill & Yuill, 1996). Furthermore, the
complete comprehension ofthe problem requires that the
solvers build up a mental representation that involves the
capacity of the working memory system. From the point
ofview ofBaddeley's (1986) three-components model, the
central executive could be more specifically and strongly
involved than the articulatory loop. Indeed, problem solv
ing does not simply involve the maintenance ofgiven in-
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formation but requires its control-that is, that this in
formation is examined for relevance, selected or inhib
ited (according to its relevance), integrated, used, and so
on (see also Turner & Engle, 1989).

The assumption of a relationship between working
memory and children's word problem solving has been
considered by Swanson and his coauthors in a series of
studies. In particular, Swanson et al. (1993) tested third
and fourth graders with normal achievement in a series
of memory tasks. As a working memory measure, they
used a modification of the Daneman and Carpenter's
(1980) reading span task. This task requires the child to
read and semantically process an increasing set of sen
tences and to memorize the last word of each sentence.
Typical measures considered for the reading span test are
accuracy in answering the verification questions, number
of sentence-final words correctly recalled, and the span
level (i.e., the highest number of sentence-final words cor
rectly recalled). Swanson et aI., using the proportion of
words retrieved in each set as a measure of working
memory, found that working memory ability was signif
icantly correlated with problem-solving accuracy; how
ever, the relationship between the two measures was low,
especially when the influence of other abilities was par
tialed out. In a further study, Swanson (1994) proposed
the listening span task, which has the same procedure as
the reading span task described above with the only dif
ference being that the subject listens to the sentences and
does not read them.

An increasing body of evidence shows that inhibition
can playa role in reading comprehension. De Beni, Pal
ladino, Pazzaglia, and Cornoldi (1998) pointed out that
the relationship between listening/reading span and read
ing comprehension could be attributed to a failure of in
hibition, identified by an inability to control intrusive,
irrelevant information. Similarly, Hasher and colleagues
(e.g., Hasher, Stoltzfus, Zacks, & Rypma, 1991; Hasher
& Zacks, 1988) suggested that elderly people have poor
inhibition and have difficulty in selecting and retrieving
the antecedent information necessary to form an infer
ence. With a different line of research, Gernsbacher and
colleagues (e.g., Gernsbacher, 1993; Gernsbacher &
Faust, 1991) found that less skilled readers have less ef
ficient suppression mechanisms. For example, in a task
presenting sentences with ambiguous words, less skilled
comprehenders are slower to reject the inappropriate
meaning ofambiguous words (see also Meiran, 1996). Al
together, these results suggest that a difference in work
ing memory span might be related not to the quantity of
information that working memory can hold at the same
time but to the efficiency of an inhibition mechanism
that eliminates irrelevant or no-longer-relevant informa
tion from working memory.

The aim ofthis study was to extend this line ofresearch
to the relationship between working memory and prob
lem solving, suggested also by the research on the role of
control processes (Montague, 1992; Pressley, 1990) and
selection ofrelevant information in problem solving (Low

& Over, 1992; Low, Over, Doolan, & Mitchell, 1994).
However, this indirect evidence requires more direct proof
of a relationship between the ability to solve arithmetic
word problems and the ability to control irrelevant infor
mation in working memory. In our view, word problem
solving requires that working memory hold the relevant
information conveyed by the problem. In order to do this
effectively, the person has to reduce the accessibility of
less relevant information, which could overload working
memory and interfere during the processing of the infor
mation. Subjects with poor problem-solving ability could
have difficulty controlling irrelevant information.

In the present study, we compared the memory perfor
mance of groups of children who were poor at problem
solving and those who were good at problem solving. This
methodology has been used in a few studies, in particular
by Siegel and colleagues (Shafrir & Siegel, 1994; Siegel
& Linder, 1984; Siegel & Ryan, 1988), who found that
children with specific difficulties in arithmetic presented
memory difficulties and, in particular, relied to a lesser
extent on short-term memory phonetic encoding than did
control groups.

We examined this hypothesis in a selected group of
fourth graders, poor and good at arithmetic word prob
lems, tested with a series ofworking memory tasks, over
a 2-school-year period. The group ofpoor problem solvers
met criteria that made it possible to reject the risk that
possible differences found between them and a compar
ison group ofgood problem solvers were due to other con
current factors rather than working memory.

In the first two phases ofour study, we verified that the
group ofpoor problem solvers performed worse than did
the group ofgood problem solvers in listening spans. We
hypothesized that this difference was caused by the chil
dren having difficulty in avoiding memory intrusions of
irrelevant information (i.e., the parts of the sentences, or
nouns, which are not to be recalled). In a third phase, we
hypothesized that we might find the same pattern ofdata
in a task requiring the subjects to remember the informa
tion contained in arithmetic word problems. In a fourth
phase, we checked the subjects' capacity to distinguish the
relevant and irrelevant information included in the text
of the word problems and their working memory/short
term memory ability. In the fifth and sixth follow-up
phases, we ruled out the possibility that some maturation
effect (concerning memory and mathematical abilities),
over the course of the two school years, might have af
fected the results. Moreover, in the sixth phase, we also
looked at the recognition test of irrelevant information
presented in a working memory test similar to that used
in the second phase.

THE LONGITUDINAL STUDY

The subjects were 33 fourth graders divided into a
group of 15 poor problem solvers and a group of 18 good
problem solvers. These groups were formed on the basis
ofa wide-scale screening proposed to a group of300 stu-



Table 1
Mean Performance and Standard Deviations of the Group
of Poor Problem Solvers and the Group of Good Problem

Solvers on a Working Memory Listening Span Test

Poor Problem Solvers Good Problem Solvers

Index M SD M SD

T/F 17.67 0.62 17.89 0.32
Correct Rec. 10.47 2.36 13.22 2.13
Intrus. 3.60 2.50 I.J I 1.02
Sequen. 0.53 0.74 1.72 1.45

Note-T/F,number of correct true/false responses in the verification of
sentences; Correct Rec., number of correctly recalled sentence-final
words; Intrus., number of intrusions (i.e., words recalled despite the
fact that they were not at the end of a sentence); Sequen., number of se
quences of sentence-final words that were completely recalled.

dents from two different cities in Northern Italy (Milano
and Trieste), during the fall semester oftheir fourth grade.
In this screening, we collected, in group testing admin
istered in the classes, scores on arithmetic word problem
solving achievement in a standardized test (Amoretti,
Bazzini, Pesci, & Reggiani, 1994), the vocabulary sub
test of the PMA battery (Thurstone & Thurstone, 1941),
which is considered a measure ofverbal intelligence, and
we asked teachers to indicate the children's problems re
lated to behavior, arithmetic problem solving, emotional
ity, and sociocultural level. The standardized mathemat
ical test included 12 short word written arithmetical
problems. One example is the following: "On Pascoli
Street there are 45 shops. ~5 of them sell clothes. How
many clothes shops are there in Pascoli Street?" Chil
dren were included in the group of poor problem solvers
if they were in the 20th percentile or below on the math
ematical test and the teachers had mentioned corre
sponding problems, whereas the good problem solvers
were between the 50th and the 80th percentile on the
same mathematical test and were considered to be with
out any particular problem in mathematics by their
teachers. The two groups were matched for sociocultural
level, behavior, and their scores on the vocabulary test.
Mean scores on the vocabulary test were respectively
51.5 (SD = 5.7) for the group of poor problem solvers
and 54.2 (SD = 5.3) for the group of good problem
solvers, the difference not being statistically significant.
In particular, the IQ ofchildren, as inferred from the vo
cabulary score, was never lower than 90. The mean age
of the two groups was the same (9 years and 6 months).

Children selected in this screening were tested in three
sessions between January and April oftheir fourth grade.
At the beginning of their fifth grade, between late Sep
tember and early October, the children underwent a fourth
test session. Finally, the same children (except a few chil
dren who could not be retested) were tested a fifth and a
sixth time during the last 2 months of their fifth grade.

Phase 1
Phase 1 tested the hypothesis that poor problem

solvers have a worse listening span than children good at
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arithmetic word problem solving. Furthermore, it tested
the hypothesis that poor problem solvers were less able
to eliminate the not-to-be-remembered items (i.e., words
that were not placed at the end of the sentence).

Method
Materials. We devised an Italian adaptation ofthe listening span

test of Daneman and Carpenter (1980). Stimuli were reduced in
number and complexity in order to be age-appropriate for young
children. A pilot administration of the procedure to groups of chil
dren of the same age confirmed that the test was easily understood
and was able to differentiate children. The materials consisted of
two series of two sentences, two series of three sentences, and two
series of four sentences. For each two-series set, there was a prac
tice series. The sentences were either true statements or false state
ments. An example of true sentence was "The cow has four legs
and one TAIL"; an example of false sentence was "Eyeglasses help
to better listen to the SOUNDS."

Procedure. The experimenter presented the task and checked the
child's comprehension. Each sentence was presented at a rate ofap
proximately I sec per content word, followed by an interval for the
child's answer concerning the truth of the sentence. The child was
instructed to give the answer as soon as possible. Hislher answer
was followed by the presentation ofthe next sentence. At the end of
each set of sentences, immediately after the veri fication answer for
the last sentence, the child was asked to recall the last word ofeach
sentence. The subjects were instructed to avoid mentioning
non-sentence-final words. For example, the correct responses were
"TAIL" and "SOUNDS" for the sentences mentioned above.

Results
The mean performance on the listening span task of

the two groups is presented in Table 1. Both groups of
children did not have particular difficulty in the verifi
cation task (the maximum possible score was 18). All the
children had difficulty in remembering the complete sets
offinal words. The good problem solvers had a mean span
score (i.e., the number of sequences of sentence-final
words that were completely recalled) that was three times
greater than that of the poor problem solvers (1.72 vs.
0.53). The difference was significant, as shown by at-test
comparison for unequal variances [t(26.27) = 3.04, p =
.005] (variances were deemed significantly different by the
Levene's test). Good problem solvers recalled more nouns
correctly [t(31) = 3.53, p = .001] and more nouns when
order was considered. The mean number of order errors
was similar in the two groups (3.87 for the group ofpoor
problem solvers and 3.39 for the group ofgood problem
solvers). Despite the fact that the poor problem solvers
recalled fewer correct nouns, they erroneously remem
bered three times more non-sentence-final words than the
good problem solvers [t(31) = 3.80,p < .001].

Since information on reading comprehension ability
(scores in a standardized test; Cornoldi & Colpo, 1981)
was made available at the end ofthe school year for 14poor
problem solvers and 17 good problem solvers, we exam
ined its implications for our results. The good problem
solvers had significantly better scores (M = 9.00, SD =
1.37) than the poor problem solvers (M= 7.86, SD = 1.35)
in the standardized reading comprehension test [t(29) =
2.33,p = .027]. However, when we used comprehension
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as a covariate of the listening span test in an analysis of
covariance, we still found a significant difference be
tween the groups, both for the number of correct re
sponses [F(1,28) = 16.18,p < .001] and for the number
of intrusions [F(I,28) = 13.05,p = .001].

Discussion
The results ofthis phase showed that the children with

low arithmetic word problem-solving abilities had a
lower performance in the listening span test. A consistent
body ofevidence had shown that reading comprehension
ability is related to success in the listening span test. Ev
idence related to problem-solving ability was still required,
since the only available data, concerning a group ofnor
mal youngsters tested by Swanson et al. (1993), did not
completely clarify the problem. The more clear-cut data
found in this research might have been due to differences
either in the groups or in scoring and procedure.

Successful performance on the listening span task re
quires that the subject avoid intrusions in memory of
non-sentence-final words. Good problem solvers were
better able to avoid intrusion errors. It is worthwhile to note
that, if we sum the number of correct last words and the
number of intrusions, the total number ofwords recalled
was similar for the poor problem solvers (14.07) and the
good ones (14.33). Therefore, we hypothesize that the
differences between the groups' performances could
have been due to an inability to inhibit the non-sentence
final words.

The poor problem solvers' performance in the listening
span might be attributed to reasons other than inhibition
difficulties. For example, it could be argued that the poor
problem solvers had a memory problem (e.g., they for
got the information order and, therefore, were not able to
discriminate between items placed in the last position in
the sentences and items in other positions). However, the
slight difference in the number of order reversals errors
(this number was even lower in the case ofpoor problem
solvers) suggests that performance differences were not
due to a greater loss oforder information in the group of
poor problem solvers.

Another possibility for why poor problem solvers
scored lower on the listening span test is that they may
have had more difficulty in processing sentences. A sim
ilar semantic-elaboration hypothesis was proposed to ex
plain the relationship between reading comprehension
abilities and listening span (Daneman & Carpenter, 1980,
1983), which could be extended to the case of children
weak in arithmetic word problem solving. Indeed, lan
guage comprehension is related to arithmetic word prob
lem solving, and children weak in arithmetic word problem
solving might also be weak in language comprehension.
Despite the fact they were able to verify the proposed sen
tences, the poor problem solvers might have had more
difficulty in the task, thus drawing more resources from
the general working memory system and then leaving
less resources for the span task. In the second phase, we

checked this aspect. Since our groups were matched for
a vocabulary test involving lexical competence, in Phase 2,
we thought it was appropriate to use a memory task, using
single words instead of sentences, devised for examining
poor comprehenders (De Beni et al., 1998).

Phase 2
We presented a revised listening span test to the two

groups that required the subjects to remember the last
item ofdifferent series ofwords. The subjects listened to
series of strings ofwords (rather than series of sentences)
and performed a simple categorization task (i.e., they
tapped the table when the name of an animal was pre
sented). Only concrete highly familiar words (including
names of animals) were presented.

Memory performance is affected by the responses re
quired in the orienting task. For example, Craik and Tul
ving (1975) found that items subjected to a deeper se
mantic encoding on the basis ofthe request ofa semantic
judgment had higher memory activation if the semantic
judgment was affirmative. Therefore, we hypothesized that
animal nouns might be more difficult to inhibit and in
crease the number of intrusions in poor problem solvers,
as has been shown for poor readers (De Beni et al., 1998).

Method
Materials. The materials consisted of 12 sets of stimuli, each

composed of a string of four words. The strings were used in place
ofthe sentences typically used in the listening span test. There were
4 sets with 2 strings, 4 sets with 3 strings, and 3 sets with 4 strings,
for a total of32 strings and 128 words. Ofthese words, 36 were an
imal nouns (10 in the final positions, and 26 within the string). An
example of a string was the following: stone, desk, father. mouse.

Procedure. The children were individually tested a few days
after the first testing ofPhase I, following a similar procedure. The
words were presented at an approximate rate of I sec per word, with
a 2-sec interval after each string of words (the end of each string
was indicated with a stress in the voice, after the last word in the
string). When the name ofan animal was given, the child had to tap
the table. At the end ofeach series, the child was asked to recall the
last word in each string in the series.

Results
A small group of children (4 subjects in the group of

poor problem solvers and 4 subjects in the group ofgood
problem solvers) could not be tested in the entire sequence,
and, thus, 3 series had to be dropped. For this reason, we
computed the overall performances in mean proportion.
Table 2 presents the mean proportion ofsequences of the
last items that were completely recalled in the right order,
the mean proportion of the correct last items, the mean
proportion of animal intrusions, and the mean propor
tion of other intrusions.

Poor problem solvers remembered fewer completely
correct sequences [t(31) = 2.56,p = .016] and fewer words
in the last position [t(31) = 2.24, P = .032]. Further
analysis counted the number ofanimal names situated in
the last position that were correctly recalled: animal names
were remembered very well (75% correct recall [SD =



Table 2
Mean Proportions and Standard Deviations of

Different Items Recalled in the Word Listening Span Test
by the Poor Problem Solvers and the Good Problem Solvers

Poor Problem Solvers Good Problem Solvers

Index M SD M SD

Sequen. .10 .08 .25 .24
Correct Rec. .44 .11 .56 .13
Animal Intrus. .13 .09 .06 .09
Other Intrus. .09 .08 .03 .04

Note-Sequen., proportion of sequencesthat werecompletelyrecalled;
Correct Rec., proportion of correctly recalled list-final words; Animal
Intrus., proportion of animal (name) intrusions (i.e., words recalled that
were not at the end of the strings); Other Intrus., proportion of nonani
mal intrusions (i.e., recalled words that were not animal names and
were not at the end of the strings).

18] by good problem solvers and 72% correct recall
[SD = 10] by poor problem solvers); there was signifi
cantly more correct recall of animal names than ofother
words (p = .00 I). The difference in the recall of animal
names between the two groups was not significant (p =
.50). In contrast, the poor problem solvers recalled fewer
nonanimal words situated in the last positions [t(31) =
2.95, p = .003].

The comparison of correct recall of animal names in
the last position versus the recall of nonanimal names in
the last position (the results of the groups of poor and
good problem solvers taken together) clearly indicates
that animal names were particularly well remembered:
74% correct recall (SD = 15) ofanimal names in the last
positions and 62% correct recall (SD = 20) of nonani
mal names in the last position; the difference was signif
icant [t(32) = 5.005,p = .0001].

The results concerning the intrusions presented the
same data pattern as in Phase I. Poor problem solvers
made more intrusion errors. Furthermore, intrusion errors
were particularly prevalent with animal names. A 2 X 2
analysis of variance (ANOVA) for a mixed design on the
number ofintrusions revealed a significant main effect of
groups [F(l ,31) = 7.82, MSe = 0.06, p = .009] and a sig
nificant main effect of intrusion types [F(l ,31) = 4.85,
MSe = 0.02, p = .035], due to more errors with animal
names than with other nouns.

Discussion
The results ofPhase 2 extend the generality of the lis

tening span effect found in Phase I. Poor problem solvers
scored lower than good problem solvers on the listening
span task even when the role of sentence comprehension
was eliminated. The verification task was particularly easy
for both groups; they did it without any difficulty and with
no mistakes. The span task was perfectly understood by
all subjects but created some difficulties. In particular,
poor problem solvers had difficulty in remembering the
last words of the word strings, reporting less than half of
the correct stimuli and reporting a significant number of
nontarget items.
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This phase offers more evidence against the hypothesis
that intrusion errors are related to memory degradation:
Animal names had higher memory strength than the
other names but, nevertheless, produced more intru
sions. It is interesting to note that the two groups ofprob
lem solvers were similar in the recall of animal names,
whereas the poor problem solvers had lower overall per
formance with nonanimal names.

With respect to memory intrusions, both groups pro
duced more animal names as intrusion errors than nonan
imal words. This suggests that inhibition is particularly
difficult for items subjected to more extended encoding
(Craik & Tulving, 1975).

Phase 3
Phase 3 tested the conclusions that poor problem

solvers are characterized by inadequate inhibitory pro
cessing in a more direct way (i.e., looking directly at the
subjects' memory for more relevant and less relevant in
formation in arithmetic word problems). Memory for
problems has not been extensively studied, but the liter
ature on the subject offers some evidence in favor of the
hypothesis that memory can vary in selectivity (Hegarty,
Mayer, & Monk, 1995; Mayer, 1982).

We predicted that the poor problem solvers would have
worse recall of relevant information and greater recall of
irrelevant information than the good problem solvers.

Method
Materials. We devised two parallel series of 12 problems. The

problems were taken from typical arithmetic word problem sets in
fourth-grade classes. An example of a problem was the following:

Fourgood friends go to a "pizzeria." Eachof themeats a pizzawhich
costs8,500Lirasandordersa drinkwhichcosts2,500Liras. Whatdoes
the bill cometo? If one of thempayswith a bill of 50,000 Liras,how
muchchangewillhe receive?

Procedure. The children were individually tested in two separate
sessions, the second approximately I week after the first. In each
session, they were presented with 6 ofthe 12 problems from one se
ries. One of four possible presentation order problems was ran
domly assigned to each subject. The experimenter informed the
child that he/she had to listen carefully to each problem in order to
remember the problem, focusing on the relevant information in
cluded in the problem. The instructions included a short example
and questions in order to check that the child had understood the
task. The problem was read to the child once at the standard rate
using a normal intonation (e.g., the problem presented above took
about 35 sec). At the end of each problem presentation, the child
was asked to recall its relevant information, and the child's answers
were tape recorded. At the end of this task, the child was given a
booklet with the 6 problems presented in that session and was asked
to solve them. The children were allowed as much time as needed
to solve the problems.

Results
The subjects' recall protocols were scored by calcula

tion of the relevant and irrelevant information recalled.
For example, the "good friends" and the "pizzeria" men
tioned in the "pizza" problem were considered irrelevant,
whereas the prices of the pizza and drink, the number of
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Table 3
Mean Scores and Standard Deviations of the

Poor Problem Solvers and the Good Problem Solvers in
the Memorization and Solution of Arithmetic Word Problems

Poor Problem Solvers Good Problem Solvers

Index M SD M SD

Relevant 30.13 9.94 39.94 6.68
Irrelevant 9.00 6.22 5.17 3.75
Correct Probs. 2.53 2.64 8.78 2.24
Correct Ops. 7.87 3.80 23.67 3.80

Note-Relevant, number of relevant elements recalled; Irrelevant,
number of irrelevant elements recalled; Correct Probs., number of
problems correctly solved; Correct Ops., number of arithmetic opera
tions correctly indicated.

friends, the value of the bank note, and the question were
considered relevant. Table 3 presents the mean scores of
the relevant and irrelevant information recalled by the two
groups. A 2 X 2 ANOVA for a mixed design, groups X
kind ofinformation (relevant, irrelevant), revealed a sig
nificant group effect [F(I,31) = 4.574, MSe = 31.96,p =

.04], a significant effect of information kind [F(1,31) =
204.94, MSe = 62.40,p = .0001], and a significant inter
action [F(1,31) = 12.205, MSe = 62.40,p = .0015].

The poor problem solvers recalled less relevant infor
mation and more irrelevant information. Both differences
were significant [relevant information, t(31) = 3.37,p =
.002; irrelevant information, t(31) = -2.19,p = .03].

The data on problem solving (Table 3) confirmed that
the poor problem solvers had difficulty in solving prob
lems. They solved fewer problems perfectly than did the
good problem solvers [t(31) = 7.35, P < .001] and made
fewer correct choices of the operations required by the
problems [t(21.40) = 8.17,p < .001]. Analysis ofthe sub
jects' protocols found that the correctly solved problems
corresponded frequently to the problems that were more
adequately remembered. More precisely, we observed that
recall for correctly solved problems was approximately
double that for unsolved ones.

Discussion
The results ofPhase 3 show that problem-solving abil

ity is related to the capacity to remember the relevant in
formation contained in a problem. Whereas a subject usu
ally has the written text of a problem available, we note
that, for our memory task, the problem was presented au
ditorily and was given in a written version to the subject
only when he/she had to solve it. Despite this difference,
problem memory was related to problem-solving ability.
This result suggests that the working memory operations
required in this task are also critical in problem solving.
In particular, having to base their memory on a single au
ditory presentation, the subjects could not remember the
whole text ofthe problem and were forced to focus on its
most relevant elements and to eliminate the less relevant
elements. These results are congruent with Hegarty et al.'s
(1995) research showing that successful problem solvers

are more efficient and selective in problem recall. On the
contrary, the data are not congruent with Swanson et al.'s
(1993) observation that problem-solving ability is not re
lated to memory differentiation between relevant and
extraneous information. However, it is possible that
Swanson et al.'s task motivated the subjects to study the
overall text, adopting a strategy capable of memorizing
all the information. This strategy is useful in study tasks,
but it is not critically related to the problem-solving pro
cess.

Our task largely mirrored the tasks we used in the pre
ceding phases. The subjects had to listen to auditorily
presented information and to recall relevant information.
We can assume that the subjects processed all the mate
rial: Comprehension of the problem requires that all the
sentences are to be processed (Mayer, Larkin, & Kadane,
1984). Therefore, as in the span tasks used in Phases 1 and
2, the subjects had to select target (relevant) information
and to inhibit (irrelevant) information, which they had ear
lier processed. However, unlike the preceding span tasks,
where target and nontarget information was clearly de
fined on the basis ofa simple rule, in this task, the subjects
had to determine the relevant information themselves.
Therefore, our results might have been due to the poor
problem solvers being unable to identify the irrelevant in
formation included in the problems, rather than being un
able to reduce its accessibility. In order to examine this
issue, we ran a further phase.

Phase 4

Phase 4 tested our subjects' capacity to differentiate
between the relevant and irrelevant information in arith
metic word problems. For each of a series of problems,
presented in written format, the children had to underline
the parts they thought were most relevant. Furthermore,
they were asked to write down the problem data, a pro
cedure taught in Italian schools.

A second check concerned our children's working
memory abilities. Our data showed that the poor problem
solvers had, in general, good memory, having (on the
whole) as much recall as the good problem solvers. How
ever, some researchers have shown that disabled child
learners have a deficit in short-term memory, and this
also applies to children with specific mathematical prob
lems (e.g., Siegel & Linder, 1984; Siegel & Ryan, 1988).

In Phase 4, we examined our children's memory by
using two versions of a word span test: a simple version
and a dual-task version. Span tests are common means of
examining short-term memory, and their psychometric
properties have been largely demonstrated with slightly
different procedures and materials (e.g., Reynolds &
Biegler, 1987). We used familiar words rather than dig
its (used in some experiments with children with specific
difficulty with arithmetic calculation; e.g., Hitch &
McAuley, 1991) in order to have a task directly compa
rable with the task used in Phase 2. The span test was im-

. plemented in a simple standard version (simple auditory



Table 4
Mean Proportions and Standard Deviations of Relevant

and Irrelevant Problem Information Indicated by the Poor
Problem Solvers and the Good Problem Solvers, in an

Underlining and in a Data Selection Task, and
the Mean Performances of Both Groups in Two Span Tests

Poor Problem Solvers Good Problem Solvers

Index M SD M SD

Underlining
Relevant .95 .10 .99 .02
Irrelevant .31 .30 .21 .23

Data
Relevant .96 .08 .98 .04
Irrelevant .16 .23 .6 .07

Span Tests
Simple Span 4.13 0.52 4.12 0.33
Dual Span 4.33 0.62 4.18 0.39

presentation and immediate repetition of the words) and
in a dual-task version. In the dual-task version, the child
was required to tap the table when the name ofan animal
was presented (during the presentation of the stimuli).
This task exactly replicated the task used in Phase 2. The
two versions provided us the possibility to test whether
the results obtained in Phase 2 were due to poor problem
solvers' difficulty in paying attention to two simultaneous
requests.

In Phase 4, we were able to test the same children who
had participated in the previous three phases, with the ex
ception of I ofthe good problem solvers, who had moved
to another school. The subjects were tested while they
were attending the first months of their fifth grade.

Method
Materials. The materials were six new arithmetic word prob

lems, similar to the problems used in the preceding phase and cor
responding to the school level reached by the subjects, including
both relevant and irrelevant information. An example of a problem
was the following:

Duringthe summerMarisa helped her parentsat home by doing the
cleaning andasa reward received 22,500 Liras. Marisa wasverygreedy
and decided to buy 12specialalmond sweets. Eachsweetcosts 1,500
Liras. How manyalmondsweets canMarisa affordto buy with the re
maining money?

For the memory task, we used different strings of familiar words,
varying in length from three to eight words per string (two strings
for each length) for a simple word span task and a similar set of
strings for the dual word span task.

Procedure. The children were tested individually. The presenta
tion order ofthe tasks was balanced between subjects, in such a way
that approximately half of the subjects started with the problems
and then did the simple span task, followed by the dual span task,
whereas the other half started with the simple span task and then did
the dual span task and, finally, the problems. In the problems situ
ation, the children received a booklet with one problem per page.
They were required to underline the relevant information contained
in the problem (i.e., the elements necessary to solve the problem).
The children also wrote below the text the data for each problem as
they were taught by their teacher. A typical example of data de
scription required in Italian schools is the following: (for the ex
ample of "Marisa's" problem, see the Materials section above)
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22,500 Lira = Marisa's money; 12= number ofsweets; 1,500 Lira =

cost of each sweet.
In the simple span task, strings of words of increasing length

were presented at a rate of I sec per word until the child made a
mistake for both series of the same length. A string was considered
to have been recalled if all the nouns were recalled in their correct
order. The experimenter started with a string of three nouns. If the
repetition was correct, the experimenter moved to a longer string;
if the repetition was incorrect, the child had the opportunity of try
ing again with another string of the same length. In the dual span
task, the procedure was identical, but, in each string, there was an
animal word, and, in correspondence with its presentation, the child
had to tap the table. The animal word could be in any position ex
cept the last one, in order to avoid the tapping delaying the repeti
tion of the words.

Results
Table 4 presents the mean performance of the two

groups involved in the tasks. The two groups performed
similarly on the span tasks (in fact, the poor problem
solvers were even slightly better), with no significant
difference between the two groups. The standard span test
was always presented before the dual task because we were
concerned that the children would confuse the instructions.
For this reason, direct comparison between the two span
tests is potentially confounded by order effects. Never
theless, the data suggest that the dual task did not create
any interference for either good problem solvers or poor
problem solvers, since the performance with the dual span
was no lower than the performance with the simple span.

In the underlining task, both groups were able to dif
ferentiate between relevant and irrelevant information.
An inspection ofthe data (Table 4) makes this point self
evident. A 2 X 2 ANOVA (groups X relevance) revealed
a significant relevance effect [F(l,30) = 226.13, MSe =
0.04, p < .00 I]. No significant group (p = .62) or inter
action (p = .15) effects were found. Similarly, for the data
selection task, there was a significant relevance effect
[F(l,30) = 792.85, MSe = 0.01, p < .001], there was no
group difference effect (p = .25), but there was a marginal
interaction effect [F(l,30) = 3.52,p = .07].

Discussion
The data on the span tests are compelling, since the

poor problem solvers were not significantly worse than
the good problem solvers but were even slightly better.
This confirms that our poor problem solvers' short-term
memory ability was as good as that of the good problem
solvers. Furthermore, the data using the dual span task
show that the tapping request, introduced here and in
Phase 2, did not create any particular problem for our chil
dren. Therefore, the group differences obtained in the
first two phases were not due to general short-term mem
ory problems in our poor problem solvers. Other studies
(Shafrir & Siegel, 1994; Siegel & Linder, 1984; Siegel &
Ryan, 1989) have shown differences in short-term mem
ory between mathematical disabled children and a con
trol group. However, in the latter cases, the selection of
the disabled groups was based on difficulties in arith
metic calculation, and they were tested using digit span,
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whereas, in our study, the selection was based on problem
solving difficulties and the children (all good in vocabu
lary ability) were tested with word span.

The check introduced in this phase showed that, in
general, the poor problem solvers did not have difficulty
in the selection of relevant information in the problems.
The data concerning the comparison between groups
(where no significant differences were found) are open
to different interpretations. Acceptance of the null hy
pothesis must always be treated with caution, because
the testing procedures or statistical tests might be insuf
ficiently discriminative. Since we presented problem
types that were very familiar to our children and similar
to the problems presented in the preceding phases, we ob
tained values close to the ceiling for relevant information.
This suggests that the task of selecting relevant informa
tion was very easy for all ofour subjects. For this reason,
the most appropriate statistical comparison between the
groups concerns the case ofirrelevant information. In this
case, we found a slightly greater (but not significantly
different) tendency in the poor problem solvers to select
irrelevant information. This tendency was slight and can
not completely explain, in our opinion, the data obtained
in Phase 3 but could have contributed to them.

We should note another possible explanation. Poor
problem solvers are able to activate relevant information,
but the "level of activation" of this information is not as
high as it is for good problem solvers. More precisely, the
good problem solvers may have activated the relevant in
formation highly above threshold, whereas the poor prob
lem solvers activate it barely above threshold. If so, it is
possible that good and poor problem solvers have the ir
relevant information active at the same level. The reason
why poor problem solvers perform worse could be be
cause the relevant information is active to a lesser degree
than for good problem solvers; therefore, they could have
more difficulty discriminating the information (irrele
vant vs. relevant), which has similar activation.

Phase 5
The goal of Phase 5 was to verify the persistence of

the mathematical disability and of the working memory
deficit in our group ofpoor problem solvers in a follow
up study at the end of the 2-school-year period (the sub
jects were retested at the end ofthe fifth grade ofprimary
school).

The subjects were the same as those in the previous
phases, although 3 poor problem solvers and 5 good prob
lem solvers were not allowed (by their teachers) to con
tinue the study. Altogether, 13 good problem solvers and
12 poor problem solvers were tested.

Method
Materials and Procedure. The listening test was similar to that

used in Phase I, except that the sentence contents were different
and there were two more series of five sentences each. The procedure
was the same as that used in the Phase I. During testing, the teach
ers were interviewed for information about the problem-solving
achievement of their students.

Results
The mean performance of the two groups is presented

in Table 5. The data pattern replicates that obtained in
Phase 1. The children in both groups did not have any
particular difficulty in the verification task (the perfor
mance approximated the maximum possible score of 27
for both groups). But all the children (despite some im
provements with respect to the preceding year) experi
enced difficulty in the listening span test, with the mean
scores far below the maximum score. The good problem
solvers made more correct responses than did the poor
problem solvers (3.08 vs. 1.42) [t(23) = 2.66,p = .014].
The good problem solvers also correctly recalled more
words [t(23) = 3.14, p = .005] and recalled more words
in perfect order (17.77 vs. 11.75; p < .002). The poor
problem solvers erroneously remembered three times
more words embedded in the sentences than did good
problem solvers [t(23) = 2.64,p = .015]. The data con
cerning the subjects' mathematical ability collected
from the teachers' interview confirmed all the diagnoses
given in the preceding school year.

Discussion
In Phases 1,2, and 3, we found that the group of poor

problem solvers had worse working memory; however, it
might be argued that they might have changed over the
course of the school year and that the cognitive failures
of our poor problem solvers were not due to a persistent
problem. Results of this phase reject this possibility. We
found that the children diagnosed as poor problem solvers
at the beginning ofthe fourth grade were still included in
a mathematical disability group at the end of the fifth
grade, whereas the good problem solvers were not. Fur
thermore, even the observations concerning the listening
span test collected in Phase 1 were replicated here, con
firming the permanence of the centrality of the effects
found in that phase. The successive phase included a sim
ilar check for the observations obtained in Phase 2.

Phase 6
The main goal of Phase 6 was to investigate the reten

tion ofirrelevant information that had to be processed ini-

TableS
Mean Performances and Standard Deviations of the
Poor Problem Solvers and the Good Problem Solvers

in a Working Memory Listening Span Test

Poor ProblemSolvers Good ProblemSolvers

Index M SD M SD

T/F 26.42 0.67 26.54 0.52
Correct Rec. 16.17 5.21 21.08 2.06
Intrus. 3.08 2.43 1.15 0.99
Sequen. 1.42 1.44 3.08 1.66

Note-TIF,numberof correct true/false responsesin the verificationof
sentences; Correct Rec., number of correctly recalled sentence-final
words; Intrus., number of intrusions (i.e., words recalled despite the
fact that they were not at the end of a sentence); Sequen., numberof se
quences of sentence-final words that were completelyrecalled.
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Table 6
Mean Scores, Standard Deviations, and Mean Proportions

(in Parentheses) of DitTerent Items Recalled In the Word Listening
Span Test by the Group of Poor Problem Solvers and the
Group of Good Problem Solvers and the Mean Scores of

the Two Groups on the Recognition Task

Poor ProblemSolvers Good ProblemSolvers

Index M SD M SD

WordListening Span Test
Sequen. 2.08 (.23) 2.35 (.26) 4.08 (.45) 1.38 (.15)
Correct Rec. 16.08(.59) 5.01 (.18) 19.31 (.71) 2.35 (.07)
Animallntrus. 3.17 (.12) 2.76(.10) 0.92 (.03) 0.86 (.03)
Other Intrus. 2.67 (.03) 2.67 (.03) 1.85 (.02) 1.62 (.0 I)

RecognitionTask
Mean Score

FalseAlarms 2.58 1.56 2.69 2.32
Misses 6.67 2.70 3.85 1.40

PercentRecognitionMisses
Animals 18.75 26.38 7.70 12.01
Nonanimals 47.91 21.36 30.13 12.05

Note-Sequen., proportion of sequences of list-final words that were completely re
called; Correct Rec., proportion of correctly recalled words; Animallntrus., propor
tion of animal (name) intrusions; Other Intrus., proportion of nonanimal intrusions
(i.e., recalled wordsthat were not animalnamesand werenot at the end of the strings).

tially in working memory but did not have to be recalled
later. The question was whether this information was com
pletely discharged from the memory system or whether
the subjects retained some memory of that information.

We contrasted the two following alternative hypothe
ses: It is possible that good problem solvers do not re
member irrelevant information; conversely, it is possible
that good problem solvers remember irrelevant informa
tion but are better able to suppress it when it is necessary
to do so than are poor problem solvers.

In order to contrast these two hypotheses, we ran a
phase in which we retested the subjects of Phase 5 with a
similar version of the listening test used in Phase 2. The
task was administered with better controlled materials
than in Phase 2 (see below), and a complete set of mate
rials was presented to all subjects. The listening task was
followed by an unexpected recognition test, in which the
subjects were requested to identify the previously pre
sented items.

Method
Materials. The listening test used strings of animal and nonan

imal nouns and was similar to that used in Phase 2. It used new
words based on the norms ofCornoldi and Pra Baldi (1978) in order
to have medium-high frequency and a medium-high level of im
agery value. Each string included four two-syllable words. There
were 3 sets with 2 strings, 3 sets with 3 strings, 3 sets with 4 strings,
for a total of 27 strings and 108 words. Ofthese words, 26 were an
imal nouns (9 in the final position, and 17 placed in the strings).
Likewise, as in Phase 2, the testing phase was preceded by examples.

The recognition list included 32 words: 16"old" words presented
in the listening test, and 16 "new" words used as distractors. The
proportion of animal and nonanimal words in the recognition list
corresponded to the proportion in the listening test material. In the
recognition test, there were 8 animal nouns (4 new animal nouns
and 4 old animal nouns, 2 placed in the string and 2 in the final po-

sition of the string) and 24 nonanimal nouns ( 12 new and 12 old, 6
in the final position and 6 placed in the string).

Procedure. The listening test procedure, with strings of animal
and nonanimal nouns, was the same as in Phase 2.

At the end of the listening test, the recognition test was given.
The subjects were presented with a recognition list, in which the
nouns were written one per row in random order. The children were
requested to mark, with a pen, the nouns that they had heard in the
previous task, regardless of whether or not the nouns had appeared
in the final position. The subjects were asked to beas accurate as
possible, and they did not have any time limitation.

Results
Table 6 presents the mean number ofcorrect sequences

of final items recalled in the right order, the mean num
ber of correct last items, the mean number ofanimal in
trusions, and the mean number of other intrusions.

The differences between poor and good problem
solvers persisted after the 2-year period. The poor prob
lem solvers remembered fewer completely correct se
quences [t(23) = 2.61,p = .0157] and fewer words in the
final position [t(23) = 2.08,p < .05].

The results concerning the intrusions were similar to
those in Phase 2: Poor problem solvers made more intru
sion errors than did good problem solvers, particularly
for animal names. A 2 X 2 ANOVA for a mixed design
on intrusion errors revealed a significant main effect of
the groups [F(I,23) = 7.47, MSe = 38.75,p = .012], a sig
nificant main effect of intrusions type [FO,23) = 11.68,
MSe = 27.94,p = .002] with more animal noun intrusion
errors than other noun errors, and a significant interaction
type ofintrusions X groups [F(I,23) = 6.50, MSe = 27.94,
p = .018].

For the correct responses, a larger proportion ofanimal
nouns was recalled than ofother nouns: 72% correct re-



788 PASSOLUNGHI, CORNOLDI, AND DE LIBERTO

call (SD = 16) for animal nouns in the final position and
65% correct recall (SD = 16) of nonanimal nouns in the
final position [t(23) =1.97,p = .03].

The two groups' mean performance on the recognition
task is presented in the lower part of Table 6. The good
problem solvers had fewer misses (i.e., the items pre
sented in the listening test not recognized by the sub
jects) than did the poor problem solvers [t(16) = 3.39,p <
.004]. There was no significant difference between the
two groups in the number offalse alarms, so we focused
the analysis on the number of misses.

A 2 (groups) X 2 (percentage of misses of animal
nouns, percentage ofmisses ofnonanimal nouns) mixed
ANOVA revealed a main group effect [F(I,23) = 7.25,
MS. = 358.14,p = .013] and a significant main effect of
items type [F(1,23) = 24.16, MS. = 343.85,p < .0001],
due to the fact that there were fewer misses of animal
nouns in both groups. The interaction between groups and
items type was not significant.

Student's t-test comparisons between groups revealed
a greater percentage ofmisses ofnonanimal nouns for the
poor problem solvers than for the good problem solvers
(48% vs. 30%) [t(23) = 2.59, p = .016], but not in the
percentage of misses of animal nouns.

Discussion
The results of the working memory test replicated the

observations of Phase 2 and showed that the poor prob
lem solvers not only performed worse on the working
memory task but also made more intrusion errors. In
Phase 6, we also found a significant interaction between
groups and type ofintrusions, due to the fact that intrusion
errors for animal nouns were more frequent in the group
of poor problem solvers than in the group of good prob
lem solvers. This result (already observed in poor com
prehenders; De Beni et al., 1998) was not observed in
Phase 2, perhaps because not all the materials were pre
sented to the subjects in Phase 2. The result implies that
intrusion errors are related to the stress given to items.
Since items receiving more stress should, in principle, be
better remembered (e.g., Craik & Tulving, 1975), the in
trusion errors appear to have resulted from an inability to
inhibit the retrieval of remembered information, rather
than from memory weaknesses. This interpretation of
the results is consistent with the observation that, on the
recognition test, poor problem solvers did not recognize
the embedded items worse than did the good problem
solvers.

The final memory test differed from the listening span
test both for the delay between presentation and test and
for the procedure (recognition vs. recall). Thus, we can
not determine whether the good problem solvers' ability
to avoid intrusion errors in the listening span test was due
to a reduction of the accessibility of irrelevant informa
tion or to an explicit inhibitory effort during the output
selection of the items to be retrieved.

GENERAL DISCUSSION

Research has shown that many different cognitive
abilities and processes are involved during problem solv
ing (see Mayer, 1992, for a review). This study specifi
cally considered the contribution of working memory to
arithmetic word problem solving. We were guided by two
main hypotheses: (1) arithmetic word problem-solving
ability is related to working memory ability, and (2) this
relationship mainly concerns an aspect involved in work
ing memory tasks (i.e., the ability to control irrelevant
information).

Analysis of the arithmetic word problem-solving task
suggests that the whole working memory system can be
involved. A child must perform a series ofbasic operations
to solve a problem presented in either written or oral form
(Mayer, 1982, 1992). These operations may concern pro
cessing all the material, initial understanding of the
problem typology, selection and integration ofthe critical
points, construction ofa problem model, planning of the
solution pathway, running procedures and calculations,
their monitoring, and final evaluation.

The operations require not only a short-term storage
function but also more complex active working memory
processes. These complex processes are differentiated
from the short-term memory functions. These complex
processes may be defined as working memory operations
in theories that distinguish between short-term memory
and working memory (e.g., Swanson, 1994) as examples
of active processes in models that assume the existence
ofa passive-active continuum (Cornoldi, 1995), or they
can be defined as belonging to the central executive com
ponent in Baddeley's (1986) componential model of
working memory.

Our data offer some insight into the nature ofa deficit
in working memory. In particular, they suggest that a
simple storage view (relating this deficit to a lower num
ber of units, which can be maintained in short-term
memory) is insufficient to explain why children, with low
working memory test scores, have comparable scores on
the short-term memory task to the scores of the other
children. One hypothesis is that poor problem solvers'
storage capacity remains the same, but it is used in a less
efficient way. This hypothesis is consistent with litera
ture that connects working memory capacity to the effi
ciency of inhibition mechanisms (Bjorklund & Harnish
feger, 1990). In fact, poor inhibitory mechanisms (related
to the prefrontal functions involved in the central execu
tive component of working memory; Baddeley, 1990)
have been proposed in order to explain a variety of fail
ures in control processes (e.g., Shallice, 1988) and have
also been associated to failures in text processing (Bad
deley, 1990). On the basis of our data, it is not possible
to determine whether the inhibition failure is a primary
deficit or whether it is connected to other more general
factors. In particular, our data are compatible with the



hypothesis ofConway and Engle (1994) and Engle, Con
way, Tuholski, and Shisler (1995) that low-span people
do not have the attentional resources necessary to inhibit
irrelevant information.

Actually, the data from Phases 2 and 6 offer the best
evidence of a working memory inhibitory deficit in the
poor problem solvers. Indeed, the processing required by
the secondary task was presumably very easy and was the
same for both groups. Despite this similarity in the sec
ondary task, the poor problem solvers performed worse
on the memory task. Furthermore, the secondary task had
the effect of increasing some items' probability of being
both correctly and incorrectly retrieved. It seems that this
emphasis increased the accessibility (Craik & Tulving,
1975) and the difficulty of inhibiting these items. There
fore, we found many intrusions of these items in the lis
tening task, with more intrusions for the poor problem
solvers than for the good problem solvers.

It might be questioned whether more intrusion errors
indicate a loss of inhibition processes or whether they are
related to a selective attention deficit. From a conceptual
point of view, it is difficult to disentangle the inhibition
and selective attention hypothesis, since selective inhi
bition can be considered complementary to selective at
tention. However, the materials that had to be inhibited in
our tasks were not completely discharged from the sub
jects' attention, since they had to be processed for the sec
ondary task. Therefore, the two aspects do not overlap.

Brainerd and Reyna (1988) suggested that most of the
results obtained from dual-task experiments could be ad
equately explained in terms of output interference. Sim
ilarly, our data can be interpreted with reference to the
retrieval processes and, in particular, to retrieval interfer
ence among competing responses. For our dual-task re
sults (Phases 1, 2, 5, and 6), it could be argued that our
poor problem solvers had some difficulties not in the en
coding of information but in the selection between the
competing response in the working memory.

It might also be argued that the failure ofthe poor prob
lem solvers in the listening tests was due to the fact that
they had problems discriminating between different sets
of information or maintaining the presentation order.
However, this hypothesis cannot explain the two results
we obtained-that is, why in other respects the poor
problem solvers were as good at memorizing items as the
good problem solvers and why, in Phases 2 and 4, the in
trusions were more frequent with the animal names, pre
sumably better processed and remembered than the other
nontarget names. Furthermore, the dual span condition
in Phase 4 showed that the poor problem solvers did not
have any more difficulty in handling the secondary task
together with the main memory task than did the good
problem solvers. The result with the dual span task also
offers evidence that poor problem solvers do not neces
sarily have any more difficulty when they are involved in
a more complex task. However, our secondary task was
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simple enough that it did not depress the performance with
respect to the standard span task. Therefore, we cannot
exclude that poor working memory performance and/or
inhibitory abilities are related to more demanding situa
tions, perhaps to a lower amount ofoverall available cog
nitive resources.

The results from Phases 3 and 4 of this research have
helped us to understand the relationship between working
memory failure, with the material present in arithmetic
word problem solving, and failure with other material. In
fact, the data pattern (worse memory for critical infor
mation, more memory for irrelevant information for
poor problem solvers) was present both in the working
memory and in the problem memory tasks.

The results from Phases 5 and 6 indicate that the poor
problem solvers showedthe same deficit in working mem
ory throughout 2 school years of the research and did not
improve their mathematical ability during that period.
These data allow us to rule out the possibility that our re
sults might be influenced by confounding variables con
nected with a maturation effect. Likewise, Geary (1990)
found that there were no reliable changes in the mix of
strategies or in the rate of execution of counting or in
memory retrieval strategies when testing a group ofmath
disabled children with a specific deficit in arithmetical
calculation (defined "no-change group") after a l-year
delay.
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