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Strategy Selection in ADHD Characteristics 
Children: A  Study in Arithmetic

Francesco Sella .A nna Maria Re , Daniela Lucangeli , 
Cesare Cornoldi , and Patrick Lemaire

A D HD  is a neurobehavioral developm ental disorder char
acterized by a persistent pattern o f inattention and/or hyper
activity, as w ell as poor impulse control (Am erican 
Psychiatric A ssociation [APA], 1994). M eta-analytical 
studies have reported that the w orldwide prevalence of 
A DHD is about 5.5%  in children (Polanczyk, Lima, de 
Horta, Biederman, & Rohde, 2007) and 4.4%  in adults 
(Kessler et al., 2006; U.S. sample).

The m ain theoretical explanation for A DHD sym ptom 
atology has been referred to executive func tion  (EF) deficits 
w ith im portant w eakness in planning, w orking memory, 
response inhibition, and vigilance (W illcutt, Doyle, Nigg, 
Faraone, & Pennington, 2005). A long w ith EF deficits, 
A DHD participants have difficulties in m any general cogni
tive abilities such as memory, visuo-m otor com petencies, 
behavioral control, and social skills (Crawford, Kaplan, & 
Dewey, 2006; Seidman, Biederman, M onuteaux, Doyle, & 
Faraone, 2001). Castellanos and Tannock (2002) suggested 
that these deficits can be related to three m ain quantitative 
indices o f disease risk (endophenotypes): a reduced delay 
gradient due to an im pairm ent in rewarding circuitry, a 
strong intertrial and intraindividual variability m ay be 
related to deficits in tem poral processing, and deficits in 
w orking memory.

A DHD is often coupled to academic difficulties or learn
ing disabilities (LD; e.g., Barry, 2002; Faraone, Biederman, 
M onuteaux, Doyle, & Seidman, 2001; M ayes, Calhoun, &

Crowell, 2000). The frequency of LD in children w ith 
A DHD has been estim ated to vary from  15% to 44%  for 
reading and from  31 % to 60% for mathem atics (M ayes & 
Calhoun, 2006). M ost research about the com orbidity 
betw een A DHD and LD refers to reading disability (e.g., 
dyslexia). In contrast, m athem atical disorders (MD) associ
ated w ith A D HD have been m uch less often investigated 
despite their high association (Capano, M inden, Chen, 
Schachar, & Ickowicz, 2008). Research has shown that 
A DHD children often have arithm etic difficulties, are more 
rigid in strategy use, and have poor attentional control 
(Lucangeli & Cabrele, 2006). The most severe difficulties 
seem present w hen arithm etical reasoning and executive 
processes are required (e.g., M arzocchi, Lucangeli, De 
M eo, Fini, & Cornoldi, 2002), but difficulties m ay also con
cern basic num ber processing and calculation. For example, 
Zentall, Smith, Lee, and W ieczorek (1994) found that stu
dents w ith  A DHD w ere slower and less accurate in num ber 
recognition and also in typing numbers. K aufm ann and 
N uerk (2008) found that A DHD children, w ithout LD and



w ith a sim ilar perform ance as controls in com plex arithm e
tic, w ere nevertheless poorer in basic arithmetic tasks 
requiring attentional control, such as magnitude com pari
son (i.e., indicating w hich o f two num bers is larger) or 
transcoding tasks (i.e., w riting down in Arabic form at a 
num ber like “32” orally displayed).

Some o f A DHD deficits in accom plishing cognitive 
tasks and in academic achievem ent are due to their poor 
ability in selecting the best strategies to maxim ize their per
form ance or achievement. Indeed, a strategy can be defined 
as “a procedure or a set o f procedures for achieving a higher 
level goal or task” (Lemaire & Reder, 1999, p. 365). 
D ifferences in strategic aspects betw een A D HD  and control 
children’s perform ance is plausible given previous findings 
showing that A D HD  children have poorer strategic behav
iors com pared w ith control children (e.g., Com oldi, 
Barbieri, Gaiani, & Zocchi, 1999; Sergeant, Geurts, & 
O osterlaan, 2002). In particular, it has been found that 
A DHD children tend to adopt more superficial strategies, to 
repeat the same strategy across trials (O ’N eill & Douglas, 
1991, 1996), and to have less knowledge o f optim al strate
gies (Hamlett, Pellegrini, & Conners, 1987). These difficul
ties seem to rem ain even w hen the best strategy to 
accom plish a task is directly suggested to A D HD  children 
(Kofman, Larson, & M ostofsky, 2008). Nevertheless, 
Cornoldi et al. (1999) found that w hen sixth- to eighth- 
grade A DHD  children w ere inform ed and assisted in the use 
o f the appropriate m em ory strategy, A DHD children per
form ed as w ell as controls. Instead, w hen they w ere not 
inform ed about appropriate strategies, A DHD had poorer 
m em ory perform ance. In line w ith these results, a recent 
study confirm ed the effectiveness o f cognitive strategy 
instructions in improving m athem atical com putation in 
A DHD children (Isem an & Naglieri, 2011).

One aspect o f m athem atical perform ance that has not 
been investigated in great detail in A DHD children con
cerns strategies. C hildren’s m athem atical proficiency is 
know n to crucially depend on strategic aspects o f perfor
mance. M ost proficient children use more and/or most effi
cient strategies, select the best available strategies on 
individual problem s, and execute strategies most efficiently 
(see Siegler, 2007, for an overview).

In this article, we report a study that asks w hether ADHD 
children are as good as control children at selecting the best 
strategy on individual items w hen they accom plish cognitive 
tasks. We ran the em pirical study in the domain o f arithm e
tic, but the results generalize to other cognitive domains 
(Campbell, 2005). As children use several strategies to 
accom plish cognitive tasks and as one crucial aspect o f cog
nitive perform ance is children’s skill at selecting the best 
strategy on each item, we asked w hether differences in cog
nitive perform ance between ADHD and control children lie 
in their skills at selecting the best strategy on each problem. 
Investigating A D H D ’s skills at selecting the best strategy to

solve arithmetic problem s was expected to bring two sets of 
contributions. First, it was aimed at increasing our under
standing o f sources o f differences in m athem atical perfor
mance between A DHD and control children w hen ADHD 
children do not suffer from  inefficient mathematics, domain- 
specific processes (e.g., insufficient knowledge o f basic 
arithmetic facts). M ore generally, the present strategy 
approach was expected to highlight how A DHD children 
accom plish cognitive tasks and w hy they obtain poorer cog
nitive perform ance despite being skilled in a given cognitive 
domain. Second, it was hoped to further document the role 
o f domain-general processes such as sustained or focused 
attention, shifting, or inhibition on m athem atical perfor
mance. A  num ber of previous studies have shown that chil
dren w ith m athem atical difficulties tend to engage in fewer 
attending behaviors during mathem atics instruction (Bryan, 
1974; Hecht & Greenfield, 2001; M cKinney & Speece, 
1986). Also, previous works showed that children w ith poor 
working-m em ory capacities or w ith poor focused attention 
tend to have poorer m athem atical perform ance (e.g., 
Barrouillet & Lepine, 2005; Geary, Hoard, Byrd-Craven, 
Nugent, & Numtee, 2007; Hitch & McAuley, 1991; Kail & 
Hall, 1999; LeFevre, DeStefano, Coleman, & Shanahan, 
2005). Finally, data collected w ith neuropsychological tests 
o f EFs suggest that EFs influence children’s m athem atical 
perform ance and strategies (e.g., Bull, Johnston, & Roy, 
1999; Bull & Scerif, 2001; Geary, Brown, & Samaranayake, 
1991; Lemaire & Lecacheur, 2011; M cKenzie, Bull, & Gray, 
2003). Finding that A DHD children who are known to have 
EF problem s (e.g., Barkley, 1997; Castellanos, Sonuga- 
Barke, M ilham, & Tannock, 2006; Holmes et al., 2010; 
M artinussen, Hayden, Hogg-Johnson, & Tannock, 2005; 
Nigg, 2001) also have strategy selection problem s would 
further suggest that one of the crucial roles o f attention in 
children’s m athem atical proficiency consists in how able 
they are to select the best strategy on each problem.

The present study com pared A DHD and control children 
on strategic aspects o f arithmetic perform ance. We tested 
one specific arithmetic activity, namely, com putational esti
m ation, as previous studies revealed that it is a good activity 
in w hich strategy differences across populations are unam 
biguous and easy to document. In com putational estim ation 
tasks, participants are asked to provide the best approxim ate 
sums (or products) to problem s like 36 + 78 (or to problem s 
like 36 x 78). Previous research show ed that children o f dif
ferent ages use several types o f strategies. Also, like in other 
domains, children’s perform ance is influenced by  the type 
o f strategies they use and the type o f problem s they solve 
(Baroody, 1989; Case & Sowder, 1990; Dowker, 1997; 
Dowker, Flood, Griffiths, Harriss, & Hook, 1996; LeFevre, 
Greenham , & W aheed, 1993; Lem aire & Lecacheur, 2002; 
Lem aire, Lecacheur, & Farioli, 2000; Levine, 1982; Reys, 
Rybolt, Bestgen, & W yatt, 1982; Sowder & M arkovits, 
1990). The hypothesis under test was that an important



source o f differences in arithmetic perform ance between 
A D HD  and control children concerns strategic aspects of 
this perform ance. M ore specifically, we tested group differ
ences in strategy use asking whether A D HD  and control 
children differ in strategy preferences and in best strategy 
selection. In other words, we tested the hypothesis that 
A D HD  children w ould be less able than control children to 
select the best strategy on each problem . We made sure that 
both A DHD and control children knew  the available strate
gies so as to control for potential differences in strategy rep
ertoires. We tested younger children (fourth and fifth 
graders) to test the possibility that strategic differences exist 
very early in school-age children. M oreover, we also deter
m ined w hether A DHD and control children base their best 
strategy selections on the same problem  features.

Method
Participants

Participants w ere selected from  state schools in Veneto 
region, N orth Italy, on the basis o f the “SDAI” Rating Scale 
( A D HD  Rating Scale for Teachers [Scala p e r  i D isturbi di 
Attenzione/Iperattivitd p e r  Insegnanti]', Comoldi, Gardinale, 
M asi, & Petteno, 1996). The SDAI Scale requires the 
teacher to rate the child  frequency /in tensity  (4-point 
scale ranging from  0 = no problem  to 3 = severe problem ) 
o f the nine sym ptom s o f inattention and the nine symptoms 
for hyperactivity/im pulsivity reported in the Diagnostic 
and Statistical M anual o f  M ental D isorders (4th ed.; 
D SM -IV ; APA, 1994). The SDAI interrater reliability is .80 
for the Inattention subscale and .74 for the Hyperactivity- 
Im pulsivity subscale. The test-re test reliability is .83 and 
.81, for Inattention and Hyperactivity-Im pulsivity, respec
tively (M arzocchi, Re, & Cornoldi, 2010). For each sub
scale, the cutoff is at 13.5 points, that is, 1.5 SD  more than 
the standardized m ean score. A ll the children included in 
the A D HD  characteristic group obtained a score above the 
cutoff in at least one scale (Inattention or Hyperactivity- 
Im pulsivity). M oreover, we adm inistered the “CO M ” Scale 
(“Com orbidity Scale” ; M arzocchi et al., 2010) to assess the 
com orbidity in ADHD. The questionnaire has thirty 4-point 
Likert-type scale (ranging from  0 = no problem  to 3 = 
severe problem s) items: five items for general cognitive and 
learning difficulties, one item for Tourette syndrome, four 
items for conduct disorder, five items for oppositional defi
ant disorder, five items for autistic behaviors, four items for 
depression, and six items for anxiety. The scale shows good 
psychom etric properties such as an interrater reliability of 
.97. O n the basis o f the COM  Rating Scale, all children 
scored less than 2 in general cognitive and learning difficul
ties, oppositional and aggressive behaviors, anxiety prob
lems, and depressive behaviors. A m ong those items 
assessing learning difficulties, one specifically measures

Table I. Characteristics of ADHD and Control Participants

Characteristics

ADHD

M (SD)

Control 

M (SD) t(36)

Age (months) 123 (7.7) 122 (7.7) 0.502
SDAI inattention 15.26 (6.86) 1.42 (1.83) 8.49**
SDAI hyperactivity 13.53 (8.1 1) 1.16 (1.21) 6.57**
WISC-III Informa

tion subtest
7.79 (2.69) 7.21 (3.27) -0.595

Fourth-grade 
AC-MT written 
calculation

5.56 (1.66) 5.3 (2.26) 0.277

Fifth-grade 
AC-MT written 
calculation

7.2 (0.78) 6.44 (1.94) 1.13

Note: SDAI = A D H D  Rating Scale forTeachers [Sca/a per i Disturbi di 
Attenzione/lperattività per Insegnanti]; WISC-III = W echsler Intelligence 
Scale fo r Children—III.
**p < .01

m athem atical learning. Thus, the teacher reported that no 
child had a lower m athem atical learning or achievement. 
The children in both groups did not present any other 
severe psychological problem s, nor any physical or sensory 
deficits or a disability certification. A DHD characteristics 
children were not under medication.

The final sample included 19 children (14 boys, 5 girls; 9 
fourth graders, 10 fifth graders) w ith A DHD characteristics 
(7 inattentive subtype, 6 hyperactive-impulsive subtype, 6 
combined subtype). The ADHD characteristics (hereafter 
ADHD group for simplicity) group was compared w ith a 
control group. Children o f the control group were 14 boys 
and 5 girls: in all, 10 o f these control children were in fourth 
grade and nine were in fifth grade. The ADHD and control 
groups were m atched for gender, age, written calculation 
skills assessed w ith a standardized test (AC-M T written cal
culation scores; Comoldi, Lucangeli, & Beilina, 2002), and 
general knowledge (paper- and -pencil version o f the 
Information subtest o f Wechsler Intelligence Scale for 
C hildren-III [W ISC-III]; Wechsler, 1991). The written calcu
lation test was composed o f eight problems: two addition, 
two subtraction, two multiplication, and two division prob
lems. We chose to match children on the basis of this task 
because it involves a wide range of mathematical knowledge: 
number knowledge, mental strategies and procedures o f cal
culation, and knowledge of arithmetic facts. Similarly, the 
Information subtest o f the W ISC-III was used as a control 
measure for general knowledge and IQ given the high corre
lation between the subtest and the Full Scale IQ (r = .62 for 
10 years o f age and r  = .65 for 11 years o f age). As expected, 
only levels of inattention and hyperactivity were signifi
cantly different betw een the two groups (Table 1).



Stimuli

Children were asked to select the best strategy to find esti
m ates to two-digit addition problem s like 36 + 78. O n each 
problem , children could choose rounding-dow n (i.e., round
ing both operands down to the closest sm aller decades, like 
doing 40 + 60 to solve 42 + 67) or rounding-up strategies 
(i.e., rounding both operands up to the closest larger 
decades, like doing 50 + 70 to solve 42 + 67), as these 
strategies are known and spontaneously used by children as 
young as 7 years (e.g., LeFevre et al., 1993; Lemaire, 
Lecacheur, & Farioli, 2000; Lem aire & Lecacheur, 2002, 
2011). The stimuli for the m ain com putational estim ation 
task w ere 100 two-digit addition problem s (e.g., 54 + 29). 
Two types o f problem s w ere tested, so-called homogeneous 
problem s (i.e., problem s w ith unit digits o f both operands 
either sm aller or larger than 5 like in 43 + 62 or in 37 + 59) 
or heterogeneous problem s (i.e., problem s w ith unit digit o f 
one operand sm aller than 5 and unit digit o f the other oper
and larger than 5 like in 43 + 68), as previous studies in 
com putational estim ation showed that size of unit digits 
influences children’s strategies and perform ance. M ixed- 
rounding strategy (i.e., rounding one operand down and the 
other up to the closest decades) w as not allowed to increase 
difficulty o f strategy selection, thereby m axim izing group 
differences in m ean percentage use o f the best strategy. 
Indeed, we w anted to avoid that children system atically 
choose the rounding-dow n strategy on hom ogeneous, 
small-unit problems (e.g., 31 x 82), the rounding-up strategy 
on homogeneous, large-unit problem s (e.g., 27 x 68), and 
the m ixed-rounding strategy on heterogeneous problem s 
(e.g., 28 x 74), som ething that children as young as 7 years 
are able to do.

Hom ogeneous and heterogeneous problem s were 
m atched on three im portant factors, the side o f the larger 
operand, m ean correct sums, and m ean percentage devia
tions. The larger o f the two operands w as on the left posi
tion (e.g., 67 + 26) in half the problem s and on the right 
position (e.g., 18 + 73) in the other problem s. M oreover, 
m ean correct sums w ere 68 for both types o f problem s 
(ranges w ere 44-86 for hom ogeneous problem s and 42-82 
for heterogeneous problem s). Finally, for each hom oge
neous and heterogeneous problem  estim ated w ith  rounding- 
down and rounding-up strategies, percentage deviations 
were calculated with the following formula: ([estimate sum -  
correct sum ]/correct sum) x 100. For exam ple, percentage 
deviations w ere 10.3% and 15.4% on 41 + 37 w hen using 
rounding-dow n and rounding-up strategy, respectively, and 
were 16.7% and 11.1% on 48 + 24 w hen using rounding- 
down and rounding-up strategy, respectively. M ean per
centage deviations betw een correct sums and estim ates for 
hom ogeneous problem s were 15.0% (range = 4.1% -31.8% ) 
and 15.2% (range = 3.9% -30.4% ) w hen using rounding- 
down and rounding-up strategies, respectively. Similarly,

m ean percentage deviations betw een correct sums and esti
m ates for heterogeneous problem s were 15.2% (range = 
9.1% -30.2% ) and 15.1% (range = 9.8-25.0% ) w hen using 
rounding-dow n and rounding-up strategies, respectively. 
M atching these percentage deviations was necessary 
because having one strategy w ith m ean percentage devia
tions sm aller on average than those o f the other strategy 
m ight artifactually lead participants to use the form er strat
egy most often. W hen one strategy w as the best on a given 
problem , the estimate provided by that strategy w as closer 
to the correct product by  10.1% on average (range = 3.9% - 
19.1%) com pared w ith the estimate provided by  the other 
strategy. The rounding-dow n strategy yielded the best sum 
(i.e., sum  that w as closest from  correct sum) for half the 
problem s and the rounding-up strategy yielded the most 
accurate sum for the other problem s.

Finally, based on previous research in arithmetic (e.g., 
see Campbell, 2005, or Geary, 1994, for overviews in adults 
or children), problem s w ere selected w ith the following con
straints: (a) No operand had 0 or 5 as unit digits, (b) digits 
were not repeated in the same unit or decade positions across 
operands (like 64 + 24), ( c) no digits were repeated w ithin 
operands (e.g., 66 + 31), and (d) no reverse orders o f oper
ands w ere used (e.g., 47 + 32 was used, 32 + 47 was not).

Procedure

Before encountering the experim ental problem s, partici
pants were told that they w ere going to do com putational 
estim ation. Com putational estim ation w as explained as 
giving an approxim ate answer to an arithm etic problem  that 
is as close as possible to the correct answer w ithout actually 
calculating the correct answer. A n exam ple w as w orked out 
w ith participants who w ere told, “For example, if  I have to 
estim ate 28 + 41, I can do 20 + 40 and give 60 as an 
approxim ate solution to the problem . I can also do 30 + 50, 
or do anything else that yields an approxim ate answer.” 
Then, all participants were told,

You are going to see two sets o f 50 two-digit addition 
problem s each, w ith a break in-between. Your task is 
to tell me an approxim ate sum for each problem . To 
estim ate the sums, you can use either rounding-up or 
rounding-dow n strategy, and no other strategies. 
Rounding-dow n means that you round each operand 
down to the closest sm aller decades, like w hen you 
do 20 x 40 to estimate 26 x 42. Rounding-up strategy 
m eans that you round each operand up to the closest 
larger decades, for exam ple w hen you do 30 x 50 to 
estim ate 26 x 42. For each problem , I w ant you to try 
to find the best strategy that w ill give you the most 
exact sum. The most exact sum is the one that is the 
closest from  the exact sum. [This w as illustrated w ith 
a couple o f examples.] However, be careful. Because



I do not w ant you to give me the exact sum but an 
approxim ate sum, you w ill not have the tim e to cal
culate the exact sums, as your estim ates should be 
stated very quickly

Instructions also em phasized that participants should do 
only the initial rounding up or down and should do nothing 
m ore (i.e., adding or subtracting small am ounts after calcu
lating the sum o f rounded operands). Before the experim en
tal trials, participants w ere given 10 training problem s that 
w ere sim ilar to (but different from) experim ental problem s 
to familiarize them selves w ith the apparatus, procedure, 
and task. A ll individuals had no difficulties w ith either 
rounding-dow n or rounding-up strategies.

A t the beginning o f the practice trials, some participants 
w anted to use m ixed-rounding strategy (i.e., rounding one 
operand down to the closest sm aller decade and rounding 
the other operand up to the closest larger decade). A fter a 
few  practice problem s, all participants understood that this 
strategy was not allowed. A t the end of this training, chil
dren had no difficulties w ith the instruction on trying to 
select the best strategy on each problem .

The experimental problem s were presented in 48-point 
A rial font (black color) in the center o f a 17-in. computer 
screen controlled by N otebook w ith a 1.6 GHz processor. 
Each trial began w ith a black fixation cross in the center of 
the screen waiting for the child to be ready. W hen the experi
m enter pressed the spacebar, the two + tw o-d ig it addition 
problem s were displayed horizontally. The symbol and num 
bers were separated by spaces equal to the w idth o f one char
acter. Timing o f each trial began w hen the problem  appeared 
on the screen and ended when the experim enter pressed the 
spacebar o f the com puter keyboard, the latter event occur
ring as soon as possible after the participant’s responses. 
Children were asked to calculate out loud so that the experi
m enter could note w hich strategy was used on each problem. 
The experiment w as controlled by  E-Prime software.

The order o f presentation o f problem s w as sequential for 
each participant. Each participant w as perm itted a 5- to 
10-min rest betw een two blocks o f 50 problem s each. The 
com putational estim ation task w as accom plished in between 
30 to 60 min, depending on participants’ age.

Results
D ata analyses had three goals. First, we analyzed group dif
ferences in com putational estim ation perform ance for the 
purpose o f com paring A D HD  and control children skills at 
finding best estim ates o f two-digit addition problem s and 
speed at achieving this end. The hypothesis that the two 
groups differ in perform ance predicts that A D HD  children 
should provide less accurate estim ates and should take 
more time. The second goal was to analyze group differences 
in strategy use. To achieve this end, we first com pared

strategy preferences in each group o f children (i.e., Do 
children differ in m ean percentage use o f the rounding- 
down strategy?). Second, we tested group difference in best 
strategy selection. We expected that A D HD  children w ould 
select the best strategy less often than control children. This 
w as justified  by the fact that A D H D ’s attention problem s 
m ight not enable them  to analyze problem  features as fully 
as control children. Such problem  features are crucial to 
selecting the best strategy on each problem , as the larger the 
sum o f unit digits in a problem , the m ore likely that the best 
strategy is the rounding-up strategy. Finally, we exam ined 
the bases on w hich children selected strategies on individ
ual problem s so as to know w hether the two groups used 
the same problem  features during strategy selection.

Results are reported in three main parts. Group differences 
in computational estimation performance are examined in the 
first part, and differences in strategy use are analyzed in the 
second part. The third part focuses on the determiners o f best 
strategy selections. In all results, unless otherwise noted, dif
ferences are significant to at least p  < .05.

Group Differences in Performance1

To highlight the differences between ADHD and control 
children, we analyzed accuracy and speed o f responses. 
M ean percentage deviations between estimates and correct 
sums were analyzed to determine whether the two groups 
differed in the accuracy of estimates they provided. Following 
previous works on computational estimation (e.g., LeFevre 
et al., 1993; Lemaire, Arnaud, & Lecacheur, 2004), the qual
ity of estimates was assessed by calculating mean percentage 
deviations between estimates and correct sums. We calcu
lated each participant’s percentage of deviation between 
estimates and correct sums w ith the following formula:
| ([(Participant’s response - Correct sum)/Correct sum] *100) | 

To illustrate, suppose a participant gave 80 as an estimate 
for 43 + 56, that participant would be 19.2% ([(80-99)/99] x 
100) away from  the correct product. M ean solution times and 
percentage deviations (see Table 2) were analyzed w ith a 
mixed-design ANOVA, 2 (group: control, ADHD children) x
2 (problem type: homogeneous, heterogeneous problems), 
w ith group as a between-participant factor.

The main effect o f the problem was significant on mean 
percentage deviations, F( 1,36) = 51.72, M ean square o f  error 
(MSe) = 4.24, p  < .001, r | 2 = .590. Indeed, children provided 
better estimates when solving homogeneous problems (11%) 
than when solving heterogeneous problems (14%). Moreover, 
the main effect o f group was significant, F ( l ,  36) = 9.64, 
M Se = 5.83, p  = .004, r | 2 = .211, as control children (12%) pro
vided better estimates than ADHD children (14%). The Group x 
Problem interaction was marginally significant, F( 1,36) = 3.61, 
M Se = 4.24, p  = .07, r | 2 = .091. Although both groups of 
children provided better estimates on heterogeneous than on 
hom ogeneous problem s, the heterogeneous-hom ogeneous



Table 2. Mean Percentage Use of Rounding Down and of the 
Best Strategy on Each Problem, Mean Solution Times (ms), 
Percentage Deviations, and Percentage Errors.

Problem type

Percentage 
use of 

rounding 
down

Percentage 
use of 

the best 
strategy

Solution
times

Percentage
deviations

Control children
Homogenous 52.8 84.7 5,374 9.9
Heterogeneous 46.3 66.4 5,972 14.2
M 49.6 75.6 5,673 12.0

ADHD children
Homogenous 57.3 68.3 6,737 12.5
Heterogeneous 57.5 51.9 6,770 15.0
M 57.4 60.1 6,753 13.8

difference was larger in control children, 4.3%, t( 18) = 8.64, p  
< .001, than in ADHD children, 2.5%, i(18) = 3.11,/> = .006.

Regarding solution tim es, the only effect that came out 
significant in analyses w as the Group x Problem  interaction 
effect, F ( l ,  36) = 6.36, M Se = 238,480,,p = .016, ti 2 = .15. 
Control children w ere faster w hen solving hom ogeneous 
problem s as com pared w ith w hen solving heterogeneous 
problem s (5,374 ms vs. 5,972 ms), i( 18) = -4 .3 4 , p  < .001. 
A DHD children took an equal am ount o f tim e to estimate 
hom ogeneous and heterogeneous problem s (6,737 ms vs. 
6,770 ms; t < 1).

Finally, we rerun these analyses on perform ance 
restricted to problem s w here children used the best strategy 
to m ore stringently test group differences in strategy exe
cution. A nalyses o f m ean percentage deviations on those 
problem s for w hich children chose the best strategy 
revealed a main effect o f problem, F( 1 ,36) = 1601.83, M Se = 
0.254, p  < .001, r| 2 = .978, but no m ain effect o f group or 
Problem  x Group interaction (Fs < 1). M ean percentage 
deviations w ere the same in control children (10.0% ) and 
in A D HD  children (10.1% ). Corresponding analyses on 
solution tim es showed a significant m ain effect o f problem , 
F  (1, 36) = 4.68, M Se = 342,294, p  = .037, ti 2 = .115. 
A lthough control ch ild ren  w ere faster (5,603 m s) than 
w ere children w ith A DHD (6,713 ms), effects o f Group, 
F( l ,  36) = 3.32, M Se = 342,294, p  = .08, and Problem  x 
Group interaction (F  < 1) w ere not significant.

Group Differences in Strategy Use

A nalyses of strategy use had two goals. First, we deter
m ined w hether individuals accom plished this task w ith 
only one strategy or w ith both strategies and com pared 
strategy use in each group on hom ogeneous and heteroge
neous problem s. Second, we exam ined group differences in 
selecting the best strategy on each problem .

Table 3. Distributions of strategy use across participants and 
items.

0%-25% 26%-50% 5 l%-75% 76%-100%

Participant-based analyses

Control children 5.3 68.3 21.1 5.3
ADHD children 5.3 33.3 45.5 15.9

Item-■based analyses

Control children 27 29 13 31

ADHD children 42 37 20

Note: Each en try  in the participant-based analyses represents the 
percentage of participants using the rounding-down strategy on less than 
26%, between 26% and 50%, between 5 I % and 75%, and more than 75% 
of problems. For example, 68.3% of control children used the rounding- 
down strategy on between 26% and 50% of problems. Each en try  in the 
problem-based analyses represents the percentage o f items solved w ith 
the rounding-down strategy by less than 26% o f participants, between 
26% and 50% o f participants, between 5 1% and 75%, and by more than 
75% of participants. For example,42% o f problems were solved w ith  the 
rounding-down strategy by between 26% and 50% of A D H D  children.

A s can be seen in Table 3, all individuals, but one ADHD 
child and one control child, used both the rounding-down 
and the rounding-up strategies. There w ere only one ADHD 
child and one control child who could be considered single
strategy users (i.e., participants who used one o f the two 
strategies on more than 95% o f problem s).

M ean percentage use o f the rounding-dow n strategy and 
m ean percentage use o f the best strategy ( see Table 2) were 
analyzed w ith  2 (group: control, A D HD  children) x 2 
(problem  type: hom ogeneous, heterogeneous), w ith  group 
as a betw een-participant factor. Children used rounding 
dow n on 54% o f trials, and used it m ore often on hom oge
neous problem s than on heterogeneous problem s (55% vs. 
52% ), F ( l ,  36) = 4.88, M Se  = 189.74,/? = .034, 2 = .12. 
M oreover, as the Group x Problem  Type interaction 
showed, F ( l ,  36) = 5.55, M Se = 38.86 , p  = .024, r | 2 = .13, 
A D HD  children used rounding dow n equally often on 
hom ogeneous and heterogeneous problem s (57%, i <  1), 
w hereas control children used it m ore often on hom oge
neous problem s than on heterogeneous problem s (53% vs. 
46% ), i(18) = -2 .6 5 , p  = .016.

A nalyses o f m ean percentage use o f the best strategy on 
each problem  show ed m ain effects o f group, F( l ,  36) = 
10.86, M Se = 418.8, p  = .002, r | 2 = .23, and o f problem  
type, F ( l ,  36) = 29.75, M Se = 19^ .65 ,^  < .001, r\ 2 = .45. 
Control children (76%) selected the best strategy on each 
problem more often than did ADHD children (60%), and both 
groups selected the best strategy more often w hile solving 
hom ogeneous problem s (77%) than while solving heteroge
neous problem s (59%). We also run a discrim inant analysis 
to check group assignm ent (grouping variable: ADHD, con
trol) w ith  m ean percentage use of best strategy as an inde
pendent variable. The percentage use o f best strategy w as a



significant predictor, X = .768, x( 1) = 9.36, p  = .002. In all, 6 
out o f 19 (31%) ADHD children were better categorized as 
obtaining a performance similar to the control group and 6 
out o f 19 control children a performance more similar to the 
ADHD group. Moreover, the newly obtained categorization 
significantly correlated w ith the SDAI Inattention subscale, 
rpb(36) = .41, p  = .009, but not w ith the Hyperactivity sub
scale, 7pb(36) = .26, p  = .11. This result suggests that perfor
mance in strategy selection is mainly related to attentional 
resources, w hich are differently available in controls and 
ADHD characteristics children.

Group Differences in the Determiners o f 
Best Strategy Selection
The goals o f  these analyses w ere to (a) exam ine co rrela
tions betw een  m ean percen tage use o f  the best strategy 
on each  problem  and problem  features in control and 
A D H D  children  and (b) determ ine w hich  problem  fea
ture is the best p red ic to r o f  m ean percen tage use o f  the 
best strategy and w hether this p red ic to r is the sam e in 
each  group o f  children.

First, problem -based correlations in each group were 
calculated betw een m ean percentages o f the best strategy on 
each problem and the following problem features: (a) side of 
the larger operand (Left = 1; R ight = 0), (b) sum o f unit 
digits (e.g., 9 for 37 + 42), (c) relative strategy efficacy: 
m ean percentage deviations betw een correct sums and esti
m ates w ith rounding up -  m ean percentage deviations 
betw een correct sums and estimates w ith rounding down 
(e.g., 2.5%  for 37 + 42), and (d) correct sums (e.g., 79 for 
37 + 42). The correlation matrix is presented in Table 4.

In control children, m ean percentage use o f the best 
strategy correlated only w ith relative strategy accuracy, 
r(98) = .54, p  < .001, such that children selected the best 
strategy more and more often as difference in relative strat
egy accuracy increased. In A DHD children, m ean percent
age use o f the best strategy correlated w ith relative strategy 
accuracy, r(98) = .38, p  < .001, and w ith sum o f unit digits, 
r(98) = .37,p  < .001. A DHD children selected the best strat
egy more and more often as difference in relative strategy 
accuracy increased and more and more often as the sum of 
unit digits decreased.

These results w ere confirm ed in stepwise regression 
analyses conducted separately in each group to determine 
w hich problem  feature best predicts the m ean percentages 
o f use o f the best strategy on each problem . Results showed 
that the best and unique predictor o f control children’s use 
o f the best strategy w as relative strategy efficacy {R2 = .29). 
In A D HD  children, the best predictor was also relative strat
egy efficacy, although it predicted sm aller am ount o f vari
ance as com pared w ith control children {R2 = 14). Sum of 
unit digits accounted for 13% additional unique variance in 
A D HD  children’s percentage use o f the best strategy.

Table 4. Correlation Matrix for Problem Features and Percentage 
of Best Strategy Selection Separated for the Two Groups.

Group Variable 2 3 4

Control 1) Percentage of —

children the best strategy 
selection 

2) Side of the larger 
operand

.063 —

3) Sum of unit digits -.092 .003 —
4) Relative strategy .536** -.109 -.004 —

efficacy
5) Correct sums -.008 -.009 .054 -.225*

ADHD 1) Percentage of —

children the best strategy 
selection 

2) Side of the larger 
operand

.056 —

3) Sum of unit digits -.366** .003 —
4) Relative strategy .376** -.109 -.004 —

efficacy

5) Correct sums .088 -.009 .054 -.225*

*p < ,05. **p < .01.

Finally, as shown in Figure 1, there w as a significant cor
relation betw een children’s use o f the best strategy on each 
problem and m ean solution times in control children, /•( 98) = 
- .4 7 , p  < .001, but not in A D HD  children, r(98) = - .0 5 , 
p  = .649.

General Discussion
This study on ADHD strategy selection used a strategy 
assessment m ethod that allowed the identification o f which 
strategy children chose among two available strategies on 
each problem. It rests on the idea that a better understanding 
of A D H D ’s cognitive performance will be gained by investi
gating strategic aspects o f children’s performance. The main 
results o f the present arithmetic problem-solving experiment 
showed that ADHD children selected the best strategy on 
each problem less often than control children and that they 
based their strategy choices on different factors, despite com 
parable levels o f m ath proficiency. A lthough children o f our 
A DHD sample did not undergo a form al diagnosis of 
ADHD, performance on the selection of the best strategy 
validly discriminated between control and ADHD character
istics children. Moreover, this perform ance-based categori
zation significantly correlated w ith teacher’s report o f 
inattentive behaviors suggesting the dimensional nature of 
the ADHD symptomatology, w hich can vary along a con
tinuum between normal condition and disorder. These find
ings have important implications for understanding the 
sources o f differences in cognitive performance between



Figure I. Correlations between children’s use of the best 
strategy and mean solution times on each problem.

control and ADHD children and for investigating strategic 
aspects o f A D H D ’s cognitive performance.

Previous research has found differences betw een control 
and A DHD children’s arithm etic perform ance (e.g., 
Lucangeli & Cabrele, 2006). As A DHD children’s difficul
ties in mathem atics are often correlated w ith general learn
ing or mathem atics difficulties, it is hard to isolate 
com ponent processes specifically affected in A DHD chil
dren. By testing a group o f A DHD children who had no 
specific m ath difficulties, w e w ere able to observe that 
A DHD children were less able than controls to select the 
best strategy on each problem . These less-efficient strategy 
selections led A DHD children to provide poorer estim ates 
than control children. This cannot be due to lower levels of 
calculation skills, because A DHD and control children 
obtained com parable perform ance on problem s for w hich 
they had selected the best strategy. W hen perform ance was 
com pared across all trials (i.e., including problem s for 
w hich the best strategy w as used and problem s for w hich 
the best strategy w as not used), A DHD children obtained 
poorer perform ance than did control children. Thus, poorer

strategy selection is one source o f the lower level o f arith
m etic perform ance in A DHD children.

The present findings on differences betw een A DHD and 
control children in strategy selection are consistent w ith 
previous findings show ing that A DHD children are less 
likely to use efficient strategies w hen they are not guided to 
do so (Cornoldi et al., 1999; H am lett et al., 1987; O ’N eill & 
Douglas, 1991, 1996). This suggests that poor strategy 
selection m ay hold across several cognitive domains and 
m ay be a general feature of A DHD children’s cognition. 
Future research testing other cognitive domains, where stra
tegic aspects have already been docum ented in children 
(e.g., reasoning, decision making, language processing, 
attention; see Siegler, 1996, for an overview), w ill deter
mine how  general difficulties in best strategy selection are 
in A DHD children.

W hy did A DHD children select the best strategy less 
often than control children? One possibility that the present 
data rule out concerns differences betw een A D HD  and con
trol children’s system aticity o f best strategy selection. 
A D HD  children could have m ade poorer strategy selections 
because they w ere not system atic in their strategy selec
tions, chose more or less randomly, or had selected a strat
egy w ith some rules for all problem s or series o f problem s 
(e.g., using rounding down in the first block o f problem s 
and rounding up in the second block) before starting the 
experim ent. O n the contrary, both control and A DHD chil
dren selected strategies on a problem -by-problem  basis and 
w ere relatively systematic in their strategy choices. 
Consistent w ith this, stepwise regression analyses predict
ing m ean percentage use o f the best strategy revealed that 
both groups o f children differed on the type o f predictors 
but not on the am ounts o f variance accounted for.

Two hypotheses can be proposed to explain w hy ADHD 
children selected the best strategy less often than control 
children. First, A DHD children have poorer m em ory asso
ciations betw een problem s and strategies. Com putational 
m odels o f strategy selection (e.g., Lovett & A nderson’s, 
1996, The Adaptive Control o f Thought - Rational (A C T-R ) 
model; Lovett & Schunn’s, 1999, Represent the task, 
Construct a set o f action strategies consistent w ith the task 
representation, Choose from  among those strategies accord
ing to their success rates, and Learn new  success rates for 
the strategies based on experience (RCCL; pronounced 
“ReCyCLe”) model; Payne, Bettm an, & Johnson’s, 1993, 
adaptive decision m aker model; Rieskamp & O tto’s, 2006, 
Strategy Selection Learning (SSL) model; and Siegler & 
A raya’s, 2005, Strategy Choice and D iscovery Sim ulation 
(SCAD S)2 model) all assume that each problem  is associ
ated in m em ory w ith  several strategies. They also assume 
that each problem  is more strongly associated w ith  one 
(usually the best) strategy that is most often selected. In 
other words, to solve a given problem , com putational m od
els assume that all available strategies in the repertoire



becom e active, and the most efficient strategy is selected. 
They also share the assum ption that all strategies have utili
ties in the sense o f being associated to speed, accuracy, and 
cognitive effort or resources required for execution. These 
utilities vary  w ith experience and influence strategy selec
tion. In this context, A DHD  children w ould be poorer at 
strategy selection because they have w eaker associations 
betw een a given problem  and the best strategy to solve it. In 
the present context o f com putational estimation, this would 
m ean that A DHD children w ould have w eaker associations 
betw een sm all-unit problem s (e.g., 42 + 73) and rounding- 
dow n strategy and betw een large-unit problem s (e.g., 67 + 
48) and rounding-up strategy. The fact that, in contrast to 
control children, the percentage use of the best strategy did 
not vary w ith the type o f problem s in A D HD  children is 
consistent w ith this possibility. That different sets o f vari
ables predicted A DHD and control children’s best strategy 
selection is also consistent w ith this hypothesis o f poorer 
p rob lem -best strategy associations in A D HD children. 
Poorer problem -best strategy associations w ould not enable 
A D HD  children to system atically activate the best strategy 
w hile encoding arithm etic problem s w ith  sufficient strength. 
In turn, this w ould lead them  to m ost often choose the alter
native rounding-dow n strategy even w hen the rounding-up 
strategy was the best on individual problem s. A s argued 
elsewhere by  several researchers (e.g., LeFevre et al., 1993; 
Lem aire & Lecacheur, 2002), rounding down is easier to 
execute than rounding up more or less independently of 
problem -strategy associations. Indeed, as com pared w ith 
rounding up, w hen they use rounding down, participants do 
not need to encode units, do not have to calculate differ
ences betw een unit digits and the closest larger decades, do 
not need to execute it w ith decade digits stored in w orking 
m em ory as decade digits are displayed on the com puter 
screen, and add sm aller numbers. Note that using rounding- 
dow n strategy w as negatively correlated w ith m ean per
centage use of the best strategy, r(36) = - .3 7 , p  < .05, as 
children using the best strategy less often were those chil
dren who used the easier, rounding-dow n strategy most 
often. By testing children’s knowledge of w hich strategy is 
the best on each problem , w ithout having to execute strate
gies (i.e., asking them  to only select strategies on each prob
lem), like Lem aire et al. (2004) did, future studies might 
m ore directly examine the role o f problem s-strategies asso
ciations on differences in best strategy selection between 
A D HD  and control children.

The second, nonexclusive, possibility underlying ADHD 
children’s poorer strategy selection is less-efficient EF. 
Previous research reported im paired EFs in A DHD children 
(e.g., Barkley, 1997; Castellanos et al., 2006; M artinussen 
et al., 2005; Nigg, 2001; Sergeant et al., 2002). M oreover, 
recent findings show ed that EFs influence strategy selec
tions and m ediate age-related differences in m ean percent
age use of the best strategy on each problem  (Hodzik &

Lem aire, 2011; Lem aire & Lecacheur, 2011). Im pairm ent 
o f EFs m ay affect strategy selection via a num ber o f m echa
nisms, two o f w hich could be strategy flexibility and atten
tion during problem  encoding. Low er levels o f strategy 
flexibility m ight lead A DHD children to be poorer at select
ing the best strategy on each problem  if they use the same 
(easier) strategy more often than controls (which they did in 
this experim ent) and/or if  they repeat the same strategy 
across consecutive trials. As prelim inary data, in the present 
experiment, we calculated m ean percentage strategy repeti
tions (i.e., each problem  was coded 1 if the participant 
repeated the same strategy on this problem  as on the previ
ous problem  and 0 otherwise, excluding the first problem ). 
A DHD children tended to repeat the same strategy across 
consecutive problem s more often than control children 
(64% vs. 54%), ¿(36) = 1.82, p  = .07. A nother w ay for 
im paired EFs to influence strategy selection in A DHD is via 
poor problem  feature encoding due to inattention during 
problem  encoding. Inattention during problem  encoding 
can lead A DHD to not (or to poorly) encode crucial p rob
lem features that guide the selection o f the best strategy on 
each problem . For example, A DHD children m ight not p ro
cess deeply enough size o f unit digits while encoding oper
ands. For a sm all-unit problem  like 62 + 36, they might not 
process unit digits deeply enough (e.g., and note that the 
sum o f unit digits is sm aller than 10) so as to select the best, 
rounding-dow n strategy. This is important as adequately 
encoding distinctive problem  characteristics is crucial to 
best strategy selections.

In conclusion, this w ork illustrates the usefulness o f a 
strategy approach to further our understanding o f sources of 
differences in cognitive perform ance betw een A DHD and 
control children. By finding that A D HD children were 
poorer than control children at selecting the best strategy on 
each problem , that each group based their strategy choices 
on different problem  features, that both groups of children 
had com parable perform ance w hen they use the best strat
egy, and that A DHD had poorer perform ance because of 
poorer strategy selection, the present study points to the 
need to investigate in detail how  A DHD children accom 
plish cognitive tasks (i.e., w hat strategy repertoire do they 
use in different cognitive tasks). These findings also point 
to the need to investigate other strategic aspects o f cognitive 
perform ance (i.e., strategy execution and strategy selection) 
if  we w ant to precisely describe and explain in m echanistic 
term s differences in cognitive perform ance betw een ADHD 
and control children.

Limitations

This study found that perform ance-based categorization in 
best strategy selection significantly correlated w ith teacher’s 
report o f inattentive behaviors. Despite this evidence, the 
present lack of a formal clinical diagnosis for our ADHD



group limits the full generalization of our findings to the 
A DHD clinical population. Indeed, it is possible that some 
o f our A DHD children present a less severe sym ptom atol
ogy than form ally diagnosed A DHD children. Thus, we 
cannot exclude that diagnosed A DHD children m ay show a 
different pattern o f perform ance in the computational esti
m ation task. The present findings suggest that form ally 
diagnosed A DHD children m ay experience even greater 
difficulties in best strategy selection, a prediction that future 
research m ay test. The present findings also suggest poten
tial interindividual differences among ADHD children, w ith 
higher level o f ADHD leading to poorer strategy selections 
than less severe ADHD. Therefore, future research includ
ing a more formal diagnostic procedure w ith a larger sample 
m ight reveal interesting differences between ADHD sub- 
types. Different A DHD subtypes, correlated w ith different 
cognitive profiles, including different levels o f efficiency of 
EFs, m ay be associated w ith varying levels of proficiency in 
best strategy selection. Future research could also directly 
test this hypothesis o f the m ediating role o f poorer EFs in 
the differences betw een control and A DHD children’s strat
egy selection. As previous w orks found that individuals w ith 
A DHD have impairments in EFs like inhibition (e.g., Nigg, 
2001; Pennington & Ozonoff, 1996), shifting (e.g., Oades & 
Christiansen, 2008; van M ourik, Oosterlaan, & Sergeant, 
2005), and sustained attention or w orking m em ory (Pasini, 
Paloscia, A lessandrelli, Porfirio, & Curatolo, 2007; Solanto 
et al., 2007), three functions presum ably involved in best 
strategy selection, future w orks might determine w hich spe
cific EFs are crucial to explain A DHD children’s poorer 
strategy selection.

Finally, it w ould be of interest to determine whether 
A DHD is associated w ith poorer strategy selection in cogni
tive domains other than arithmetic problem  solving. Indeed, 
in m any cognitive domains, children’s perform ance is heav
ily determined by the type o f strategy they choose, how they 
execute strategies, and their skills at selecting the best strat
egy on each item ( see Siegler, 2007, for an overview). Poorer 
strategy selection in A DHD may be found in m any cognitive 
domains and m ay correlate across cognitive domains, a 
series o f predictions that future research w ill test.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts o f interest with respect 
to the research, authorship, and/or publication o f  this article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication o f  this article.

N ote

1. All analyses reported here were run with the time factor (i.e., 
first vs. second halves o f  the experiment) as a within-partic- 
ipant factor. However, the same outcomes were found, and

the time factor did not come out significant either as a main 
factor or in any interactions.

2. Means the next version after SCADS.
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