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Two numerical systems—the analogue magnitude system and verbal retrieval—were investigated in Williams
syndrome (WS) with three numerical tasks: simple addition, simple multiplication, and number comparison. A
new matching technique was introduced in selecting the proper control groups. The WS group was relatively fast
in the addition and multiplication tasks, but was slow in number comparison. No reverse numerical effect was
observed in the comparison task, and the distance effect was stronger than that in the control groups. The findings
indicate a profile with an impaired analogue magnitude system and less impaired verbal retrieval in Williams
syndrome.

Keywords: Williams syndrome; Numerical ability; Analogue magnitude system; Matching by target task.

INTRODUCTION

Numerical abilities

Numerical abilities comprise several representa-
tions and mechanisms that are responsible for dif-
ferent numerical processes. The value of numerals
is processed by a domain-specific mechanism: the
analogue magnitude system. This system is
involved in several numerical tasks like estimation,
approximation, and number comparison
(Dehaene, Spelke, Pinel, Stanescu, & Tsivkin,
1999; Spelke & Tsivkin, 2001). However, this mag-
nitude system is also activated in numerical tasks
in which the semantics of the numerals is not essen-
tial (Dehaene, 1997). This representation is associ-
ated with the activation of the intraparietal sulcus
(Chochon, Cohen, van de Moortele, & Dehaene,

1999; Eger, Sterzer, Russ, Giraud, & Kleinschmidt,
2003; Piazza & Dehaene, 2004). In comparison
tasks the contribution of the magnitude system is
indicated by the numerical distance effect (Moyer
& Landauer, 1967): The smaller the numerical dis-
tance is between the two numerals to be compared,
the longer the response latency.

Exact addition and multiplication heavily rely
on the overlearned addition and multiplication
table (Campbell, 1994) based on verbal retrieval
(Spelke & Tsivkin, 2001). It is characterized by the
size effect, which reflects search time in the addi-
tion or multiplication table: The response latency is
proportional to the size of the operands (Ashcraft,
1992; Groen & Parkman, 1972). The verbal
retrieval also shows a tie effect in multiplication
and addition: Response latencies are shorter when
the two operands are the same (e.g., 3 × 3 or 5 + 5)
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Hungary (E-mail: krajcsi@gmail.com).
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2 KRAJCSI ET AL.

than when they are different (3 × 4 or 5 + 2).
Besides the retrieval mechanism, arithmetical
problems can be solved by several other strategies
as well (Siegler, 1999). A well-known mechanism
relies on rules: Adding and multiplying by 0 or 1 can
be solved by simple rules like 1 × n = n or 0 × n = 0
(Ashcraft, 1992; McCloskey, 1992). Such a detailed
specification of numerical representations and pro-
cessing allows us to study developmental disorders
at a fine-grained level.

Numerical abilities in Williams syndrome

Williams syndrome (WS) is a rare (1 in 20,000)
genetically based condition caused by the microde-
letion of genes on the long arm of chromosome 7
(Arnold, Yule, & Martin, 1985; Monaco, 1996;
Williams, Barratt-Boyes, & Lowe, 1961). Children
with this syndrome are characterized by mild to
moderate mental retardation and impaired spatial
cognition and motor skill learning, but relatively
well-functioning language and social disinhibition
(Bellugi, Lichtenberger, Jones, & Lai, 2000; Brock,
2007; Mayer-Lindenberg, Mervis, & Berman,
2006). The WS IQ range is between 40 and 90
(Bellugi, Wang, & Jernigan, 1994). In contrast to
relatively good linguistic abilities, spatial-visual
cognition is highly impaired in people with WS
(Bellugi et al., 2000; Lukács, Pléh, & Racsmány,
2004). WS persons show an impaired performance
on the Block Design task of the Wechsler test
(Wang, Doherty, Rourke, & Bellugi, 1995). A lon-
gitudinal study of verbal and spatial abilities
revealed that the two cognitive domains develop in
a divergent way, and the difference between the
two abilities increases with age in these subjects
(Jarrold, Baddeley, & Hewes, 1998).

Until now, there have been only a few studies
investigating numerical abilities in WS. Most of the
studies have shown a general deficit in mathemat-
ics without investigating numerical abilities at a
fine-grained level. In a study by Howlin, Davies,
and Udwin (1998) adults with WS performed at the
level of 7–8-year-old children in the Wechsler
Adult Intelligence Scale–Revised (WAIS–R) arith-
metical task. They also found that development
reaches a plateau at about 8 years of mental age.
Bellugi, Marks, Bihrle, and Sabo (1988) tested 3
participants with WS on two classical Piaget tasks.
Children with WS had problems with the seriation
task and the conservation task.

In an experiment by Paterson and her colleagues
(Paterson, Girelli, Butterworth, & Karmiloff-
Smith, 2006) participants had to compare two
arrays of dots. The WS group showed a somewhat

reduced distance effect in reaction time (RT) than
did participants with Down syndrome (DS) and
two control groups matched on chronological and
mental age. In another experiment of Paterson
et al. (2006) participants with WS solved several
numerical problems. Their performance was com-
pared to that of a DS group. A simple counting
task (counting from 1 to 20) was solved correctly,
but the WS group showed impaired performance
in counting from 25, counting backward, the
“what comes next/before” task (e.g., say the
number followed by 14), reading Arabic numerals,
a seriation task (ordering four Arabic stimuli or
ordering four patterns of dots), and arithmetic
tasks (especially in the multiplication task).

Ansari, Donlan, and Karmiloff-Smith (2007)
presented arrays of dots to WS participants and
found that WS performance was delayed. Further-
more, the distribution of the answers was atypical
in WS.

All of the studies presented above reveal equally
weak performance in all aspects of numerical abili-
ties or at least were unable to differentiate between
relatively good and bad performing functions. How-
ever, there is some evidence that individuals with
WS show selective impairment of numerical skills,
which suggests possible dissociations between vari-
ous components of the human numerical system.

Ansari and his colleagues (2003) studied the
How many (counting small set of items) and Give a
number (participants should give a certain number
of marbles to a puppet) tasks in WS and a control
group matched on a spatial–visual task. Counting
performance was very similar in the WS and con-
trol groups. While in the control group, the best
predictors of counting performance were chrono-
logical age and spatial–visual abilities; in the WS
group the best predictors of counting performance
were verbal abilities. This result reveals that count-
ing performance highly relies on verbal abilities in
WS, as the result of compensation for weak spatial–
visual and probably impaired semantic magnitude
system.

O’Hearn and Landau (2007) tested several
mathematical skills in WS with the Test of Early
Mathematical Ability (TEMA-2). Overall mathe-
matical performance did not differ between WS
participants and a control group matched for men-
tal age. However, the WS group performed more
poorly in tasks that rely on magnitude system, like
number comparison. On the other hand, partici-
pants with WS showed an improved performance
in verbal numerical tasks—for example, in reading
numbers.

When investigating numerical disabilities, a
methodological issue arises regarding interpreting
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NUMERICAL ABILITIES IN WILLIAMS SYNDROME 3

RT differences and numerical effect differences
between atypical and control groups. Absent or
atypical numerical effects can be the sign of
impaired functions in developmental disorders.
More specifically, an altered distance effect as a
symptom of an impairment of the analogue magni-
tude system is cited most frequently as the possible
cause of numerical disabilities (Bruandet, Molko,
Cohen, & Dehaene, 2004; Butterworth, 1999;
Paterson et al., 2006). The question is what the dir-
ection of this change is when a function is
impaired. According to the most radical view,
impaired functions could be replaced by compen-
satory mechanisms; thus the effect can even reverse
(Butterworth, 1999). For instance, when partici-
pants are unable to compare two numerals with the
magnitude system, they can use an alternative
counting strategy—for example, by choosing one
number and counting on until one reaches the
other number. The response latency increases as
the distance between the two numbers increases,
and this way this compensatory mechanism would
predict a reversed distance effect. A second possib-
ility is that impaired functions are reflected in
longer response latencies (Bruandet et al., 2004;
Landerl, Bevan, & Butterworth, 2004), regardless
of the effects. A third position suggests that weak
performance is signaled by decreased effect sizes
(Paterson et al., 2006). Rethinking the second and
third possibilities, we have to consider that faster
RTs generally show a smaller distance effect, and
slower RTs are associated with a larger distance
effect. One can argue then, on the one hand, that
the deficit of the magnitude system is revealed in
slow comparison RTs (and thus a large distance
effect) or, on the other hand, impairment can be
seen in a decreased distance effect (and thus fast
RTs). These two interpretations clearly contradict
each other.

Our main goal in the study was to test whether
there is dissociation in WS between performance
on numerical tasks that rely on the verbal system
and those that exploit the analogue magnitude sys-
tems. To answer this question, error rates and
response latencies were collected both from tasks
that require verbal retrieval (simple one digit addi-
tion and simple one digit multiplication) and from
a task that requires the activation of the parietal
magnitude system (one digit number comparison).
Former studies showed that typically developing
children use the retrieval strategy in multiplication
by the end of second grade (Lemaire & Siegler,
1995). Based on previous findings on numerical
abilities (Dehaene et al., 1999) and WS (Ansari
et al., 2003; O’Hearn & Landau, 2007) we expected
to find a relative advantage of simple addition and

multiplication mediated by verbal systems, and a
relative disadvantage of comparison mediated by
the analogue magnitude system.

METHOD

Participants

We tested 8 participants with Williams syndrome.
All of them were positively diagnosed by the fluo-
rescence in situ hybridization (FISH) test. Partici-
pants were selected from a larger pool of all
diagnosed Hungarian-speaking individuals with
WS. Only those individuals who could solve the
simple arithmetical tasks required by the test partic-
ipated in the study. Mean age of the participants (5
female and 3 male) was 17 years 8 months (17;8;
range: 12;0 to 23;1). Informed consent was obtained
from participants and parents. We selected three
groups of typically developing children as potential
control groups from the three youngest age groups
that could solve the three numerical tasks: 10 second
graders (5 females, mean age 8;5), 10 third graders
(5 females, mean age 9;7), 11 fourth graders (6
females, mean age 10;3). Control groups were
recruited through a general primary school for typi-
cally developing children.

Matching by target task

Matching the control group on mental age would
have been inappropriate for our study, as the con-
trol group would have included preschool children,
who would have had less experience with numbers
and arithmetical education. This is a general prob-
lem with matching by mental age: A younger
group always has less experience, leading to an
inevitable methodological confound. For this rea-
son, we had to find a novel way of matching.

The matching technique used in our study relies
on the aim to find dissociations between abilities.
The most frequent matching method controls one
ability (control variable on which the control group
is matched), and measures another ability (target
variable). This method allows an inference that the
clinical group has a deficit on the target variable
compared with the control group matched on con-
trol variable. In other words it means that the defi-
cit in the target variable cannot be attributed to a
more general deficit that is measured by the con-
trol variable. This conclusion reveals dissociations
between the abilities measured by the control and
the target variables.

In the present study an alternative and more
effective technique of matching was used. To find a
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4 KRAJCSI ET AL.

dissociation, it should be enough to show that
there is no difference between the clinical and con-
trol groups in one task, while there is a difference
in another task. This way, performance on one
task (on which performance is similar) serves as a
control variable, and performance on the other
task is the target variable. The performance pat-
tern on the two tasks can reveal a dissociation
between the two tasks in the two groups. In our
study participants had to solve three tasks. If there
is one task among the three on which there is no
difference between the clinical and control groups,
then we use that specific task for matching (i.e., as
a control variable). If we find a difference between
the groups in the other task(s), that is a sign of a
dissociation between the two tasks. On the other
hand, if there is no difference between the clinical
and control groups on any of the tasks, that may
be the sign of a general delay (based on the age dif-
ferences between the groups). In traditional match-
ing terminology the first task serves as a control
variable, and the second task is a target variable.
However, the first task is also a target variable at
the same time, because the task is evaluated as part
of the dissociation. Matching by mental age
requires an extra variable that can be used only as
a control variable, while in matching by target task
it is enough to use one of the target variables as a
control variable. In the present study three numeri-
cal tasks are used: comparison, addition, and mul-
tiplication. To take an example, if the performance
of the WS group and one control group is at the
same level on the comparison task and differs on
addition, we can conclude that addition dissociates
from comparison.

Matching by target task has another advantage
compared to matching by mental age, as it is easier
to find a control group: Any of the target tasks can
be used as a control task as none of them has a dis-
tinguished role. However, in matching by mental
age only mental age (e.g., nonverbal IQ) could be
the control task. As control groups are found post
hoc in both the mental age control method and tar-
get task control method, and there are several pos-
sible candidates for control tasks in the target task
method, it is less time consuming to find appropri-
ate control participants with the latter. Further-
more, if mental age is not required for matching,
we can also get around the problem of finding the
appropriate test to measure mental age validly.

For the above reasons, we believe that the
matching technique used in our study fits the aim
of finding dissociations between abilities better
than matching on some sort of mental age: (a) The
comparison of target variables is more direct than
that using an indirect control variable, and thus the

measurement of dissociation is more valid; (b) the
technique of matching does not require the fre-
quently debated measurement of mental age; (c)
more specifically, in our study the control group
could be older than preschool children are.

Stimuli

In the comparison task, participants had to decide
which one of two Arabic numerals had a larger
value. The two numerals appeared simultaneously
on the left and right sides of a computer screen.
Numbers were between 1 and 8. The stimulus
pairs contained all the possible combinations with
a distance of 1, 3, 4, 6, and 7 between the two
numerals and all possible pairings with the larger
number both on the left side and on the right side.
All number pairs were presented three times in a
task, resulting in 114 trials in the comparison task
altogether.

In the addition task the participants had to
decide whether an addition with its result was cor-
rect or not—for example, 5 + 3 = 7. The operands
were between 0 and 8, and thus the results were
between 1 and 16. The task contained all the pos-
sible combinations of the operand (the 0 + 0 tie
problem excluded) with the greater operand in the
first position. There were two trials for each addi-
tion: one with the correct, and one with an incor-
rect result. In the incorrect addition trials the result
differed from the correct result by one. The task
included 88 trials.

In the multiplication task participants also had
to decide whether a multiplication with a result
was correct or not. The operands were again
between 0 and 8. The task contained all the pos-
sible combinations of the operand (the 0*0 tie
problem excluded) with the greater operand in the
first position. There were two trials for each multi-
plication: one with the correct, and one with an
incorrect result. In the incorrect multiplication tri-
als the result was a number in a neighboring cell to
the correct result in the multiplication table. The
task included 88 trials.

In the addition and multiplication tasks all trials
were tagged according to the following criteria: (a)
Trials with same operand are tie trials (e.g., 3 × 3);
(b) trials with an operand 0 are operand 0 trials
(e.g., 4 + 0); (c) trials with an operand 1 are oper-
and 1 trials (e.g., 1 × 8); (d) trials with both oper-
and smaller than 6 and not tie, operand 0, or
operand 1 trials are small trials (e.g., 3 + 5); (e) tri-
als with at least one operand with 6 or larger and
not tie, operand 0, or operand 1 trials are large
trials (e.g., 6*3).
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NUMERICAL ABILITIES IN WILLIAMS SYNDROME 5

Procedure

All participants solved the simple comparison,
simple addition, and multiplication tasks in this
order. The order of the three tasks was fixed, but tri-
als in a task were randomized within that specific
task. All stimuli appeared in white fonts on a black
background on a standard computer monitor. In
each task after the instruction the participants had
to indicate the correct answer by pressing one of the
two response buttons on the keyboard. The stimuli
were visible until the response button was pressed.
No feedback was given. There was a 1,000-ms delay
between pressing the response button and the begin-
ning of the next trial. Presentation of the stimuli and
measurement of RT were managed by Presentation
software (Neurobehavioral Systems, 2003).

RESULTS

The error rates were relatively low (less than 20%)
in all groups and in all conditions, and the pattern
of error rates was similar to response latency
patterns. For this reason only the reaction time
analysis is presented here. The response latencies of

the four groups in the three tasks are shown in
Figure 1. Individual performance of every single
participant with WS is presented in Table 1. Three
between-subject analyses of variance (ANOVAs)
revealed that in all of the three tasks the differences
between the groups were significant, F(3, 35) =
6.34, p = .002 in comparison, F(3, 35) = 6.19,
p = .002 in addition, and F(3, 35) = 5.52, p = .003 in
multiplication. Post hoc pairwise comparison
revealed that in the comparison task, the WS group
was slower than any other control groups, in the
addition task 4th graders were faster than any other
three groups, and in the multiplication task 4th
graders were faster than the 2nd and 3rd graders.

To summarize the results of response latency ana-
lysis, the WS group performed extremely poorly in
the comparison task, lagging significantly behind
even 2nd graders, although they performed at the
level of 2nd and 3rd graders in the addition task,
and they performed at the level of the other control
groups in the multiplication task. These results show
that based on the addition task, 2nd and 3rd graders
can be the control groups of the WS group. Based
on the multiplication task, any of the typically
developing groups in our study could serve as a con-
trol group of our WS group. Matching this way on

Figure 1. Mean response latency of four groups in comparison, addition, and multiplication tasks. Error bar represents standard
deviation.
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TABLE 1 
Error rate and response latency of the 8 individuals with Williams syndrome in the three tasks

Mean error rate Median reaction time (ms)

Participant Comparison Addition Multiplication Comparison Addition Multiplication

1 0.18 0.13 0.28 1,346 2,022 2,304
2 0.32 0.30 0.44 547 2,802 2,411
3 0.35 0.11 0.14 2,052 2,128 1,913
4 0.04 0.03 0.02 2,802 2,055 2,359
5 0.05 0.09 0.16 1,993 2,243 3,085
6 0.02 0.08 0.09 3,512 2,160 2,228
7 0.18 0.17 0.25 1,214 1,792 2,217
8 0.03 0.18 0.20 964 1,662 2,589
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6 KRAJCSI ET AL.

either addition or multiplication (which are not dis-
sociated) shows that comparison is a function of a
distinct system, which seems to be impaired in WS,
as performance on this task lags behind control
groups matched on the other two tasks.

Numerical effects

As mentioned above, a developmental deficit of
numerical abilities can also manifest itself in the
distortion of effects associated with numerical pro-
cessing. Paterson et al. (2006) found smaller dis-
tance effect in WS, and Butterworth (1999) found a
reverse distance effect.

In the comparison task we measured the distance
effect, while in the addition and multiplication tasks
the tie effect, size effect, and rule effects were tested
(see Introduction and Method for a description of
these effects). Figure 2 shows response latencies in
the three tasks as a function of numerical effects.
Three 5 (numerical effect) × 4 (groups) ANOVAs
were performed in all three tasks. The levels of the
numerical effect in the comparison task are the dis-
tances between the two numerals. The levels of the
numerical effects in addition and multiplication
tasks were (a) trials with operand 0 and (b) trials
with operand 1 (rule effect), (c) tie problems (tie
effect), and (d) trials with small result and (e) trials
with large result (size effect). (Although the five
effects of addition and multiplication originate in
two different cognitive modules, i.e., verbal retrieval
and rule production, statistically it is appropriate to
handle these trial types together.) Numerical effects
had an effect on response latency in all tasks:

F(4, 140) = 16.2, p < .001, in comparison, F(4, 140)
= 32.2, p < .001, in addition, and F(4, 140) = 29.02,
p < .001, in multiplication. The group had a signific-
ant effect in all three tasks as it was also revealed in
the previous analysis. The interaction between
numerical effects and groups was significant only in
the comparison task, F(12, 140) = 2.63, p < .001
(revealing a greater distance effect in the WS group),
while there was only a tendency in the other two
tasks, F(12, 140) = 1.66, p = .08 in addition, and
F(12, 140) = 1.72, p = .07 in multiplication. To
ensure that the distance effect of the comparison
task is present in the control groups (as the interac-
tion and the increased distance effect in WS group
could mean the lack of distance effect in the control
groups) another 5 (distance) × 3 (control groups)
ANOVA was run. The distance effect was again sig-
nificant, F(4, 112) = 11.0, p < .001. The three groups
showed small differences, F(2, 28) = 3.3, p = .053,
without interaction of the effect and groups.

The distance effect in the comparison task was
not reversed for any participants including the WS
group. The ANOVA revealed similar numerical
effects in all four groups; however, it is worth not-
ing that only 8 WS individuals participated in the
study, and possibly more subtle differences in addi-
tion and multiplication tasks could only be found
with greater statistical power.

DISCUSSION

The present study investigated numerical abili-
ties in WS at a more fine-grained level. The main
question was whether a specific dissociation

Figure 2. Numerical effects in comparison, addition, and multiplication tasks. Error bar represents standard deviation.
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NUMERICAL ABILITIES IN WILLIAMS SYNDROME 7

between different numerical functions can be
observed. The data presented above show poor
WS performance in the comparison task (worse
performance than that in 2nd graders) compared
to relatively better performance in addition and
multiplication tasks (performance at the level of
2nd, 3rd, and partly 4th graders). These results
reflect an impaired numerical magnitude system
associated with the intraparietal sulcus (Dehaene
et al., 1999; Eger et al., 2003; Piazza & Dehaene,
2004) with a less impaired verbal retrieval system
(Siegler, 1999; Spelke & Tsivkin, 2001). This
conclusion is in line with previous non-numeri-
cal results of people with WS, contrasting a rela-
tively good verbal performance and a bad spatial
function located in the parietal lobe. The present
conclusion is in line with the results of a more
general investigation completed by O’Hearn and
Landau (2007), showing relatively intact number
reading and a relatively impaired number com-
parison. These results confirm the distinct func-
tions of the analogue magnitude system and
verbal retrieval in numerical tasks. The data
reveal a pattern of peaks and valleys of numeri-
cal abilities in WS, instead of a generally weak
overall mathematical performance. Knowing the
exact nature of numerical abilities could serve as
a starting point in training mathematical skills in
WS. The verbal system could be the base of a
compensatory mechanism; however, it is still
unknown how effective such a substitute process
could be in different types of numerical tasks.
The addition and multiplication performance of
the WS group was better than that reported in
the study of Paterson et al. (2006). Educational
differences between the two samples could be a
reasonable cause of the discrepancies.

One can note that small sample size (8 partici-
pants with WS) results in low statistical power, and
thus subtle differences cannot be shown. We agree;
however, our point is to show that the impairment
in comparison task is so severe that it is signifi-
cantly detectable even with this limited statistical
power.

Our results have a methodological conse-
quence regarding the effect of impairment on
response latencies and RT patterns. Results
revealed that the usual numerical effects (like the
distance effect, the size effect, and the tie effect)
are present in the WS group, showing a similar
pattern of RTs to that observed in the control
groups. No reverse effect was found in our sam-
ple. To our knowledge the only reverse effect was
described by Butterworth (1999), and even he
noted that this case is rather extreme (Butterworth,
2005). WS participants showed greater response

latency in the comparison task, and the distance
effect was bigger than the distance effect found
in the control group. This result is inconsistent
with the results published by Paterson et al.
(2006) where the distance effect was smaller than
the effect in the control groups. At the same
time, there were only 8 WS individuals in both
studies. Furthermore, the RT pattern of WS
individuals with high error rate is noisier than
that of WS participants with low error rate.
Thus, because of the relatively instable RT pat-
tern of lower functioning WS participants,
response latency data might be less reliable.

The results have another methodological impli-
cation. The usual method of matching by mental
age (based on IQ) would have been inappropriate
in the present study, as mental-age controls would
have been too young to be able to solve arithmeti-
cal tasks. Instead, we used control groups whose
performance was similar to the performance of the
WS group in one of the specific tasks used in the
study (matching by target task). As the WS group
performed in the addition task at the level of 2nd
and 3rd graders and in the multiplication task at a
level of 2nd, 3rd, and 4th graders, any of these two
tasks could serve as control variables, and thus the
addition and multiplication tasks are target and
control tasks in the same time. The worse perform-
ance of the WS group in the comparison task than
that of all control groups suggests dissociation
between the three tasks (comparison vs. addition
and multiplication) without the usage of a further
control variable—for example, nonverbal intelli-
gence. One might point out that the missing con-
trol variable makes the results invalid. However,
the use of a target task as control variable makes
inferences more direct and thus more valid. Find-
ing a dissociation is more direct when comparing
the performance of two abilities (e.g., the analogue
magnitude system measured by comparison task
vs. verbal retrieval measured by simple addition
and multiplication) omitting the intermediate con-
trol variable like general intelligence. Furthermore,
the concept of mental age is problematic as there is
no steady agreement about which part of general
intelligence measurement should be used (e.g., ver-
bal, performance, etc.). This problem is even more
prominent in developmental disorders where the
peaks and valleys of abilities show an atypical pat-
tern. Matching by target task thus provides us a
more valid and direct method of finding a dissocia-
tion in developmental disorders.
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