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Funcionamiento ejecutivo y motivación en tareas 
de cálculo y solución de problemas de niños con trastorno 

por déficit de atención con hiperactividad (TDAH)
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* Universidad de Valencia, ** Universidad Jaume I de Castellón1

Abstract

This study explores executive functioning and motivational variables that predict the performance 
of children with ADHD on numerical comprehension, calculation and problem-solving tasks. The 
participants in the research were 24 children with ADHD between 6 and 10 years old. The evaluation 
included tests of mathematical contents, verbal working memory, visuo-spatial working memory, 
attention and inhibition, as well as self-reports of attitude, anxiety, attributions toward mathematics 
and self-concept. The results of the regression analyses indicated that verbal and visuo-spatial working 
memory and inhibition predicted performance on numerical comprehension and calculation tasks. In 
addition, anxiety, attitude, causal attributions and self-concept play a significant role in predicting the 
majority of mathematical processes. Furthermore, the motivational variables predicted the mathematical 
processes to a greater degree than the executive functions did.

Keywords: Attention deficit hyperactivity disorder, calculation, problem solving, motivation, exe-
cutive functioning.

Resumen

En este estudio se exploran variables de funcionamiento ejecutivo y motivacionales que predicen el 
rendimiento de niños con TDAH en comprensión numérica, cálculo y solución de problemas. En la 
investigación participaron 24 niños con TDAH entre 6 y 10 años de edad. La evaluación incluyó una 
prueba de contenidos matemáticos, test de memoria de trabajo verbal, memoria de trabajo viso-espa-
cial, atención e inhibición, y autoinformes de actitud, ansiedad y atribuciones hacia las matemáticas 
y autoconcepto. Los resultados de los análisis de regresión indicaron que la memoria de trabajo verbal y 
viso-espacial y la inhibición predicen el rendimiento en tareas de comprensión numérica y cálculo. Por 
otra parte, la ansiedad, la actitud, las atribuciones causales y el autoconcepto mostraron un papel signi-
ficativo en la predicción de la mayoría de los procesos matemáticos. Además, en conjunto, las variables 
motivacionales predijeron los procesos matemáticos en mayor medida que las funciones ejecutivas.

Palabras clave: Trastorno por déficit de atención con hiperactividad, cálculo, solución de proble-
mas, motivación, funcionamiento ejecutivo.
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Introduction

The Attention Deficit with Hy-
peractivity Disorder (ADHD) is a 
very frequent developmental prob-
lem, characterized by a chronic 
symptomatology of inattention, hy-
peractivity and impulsivity, along 
with considerable functional im-
pairment. The complexity surround-
ing ADHD is accentuated due to the 
high rate of comorbidity with other 
problems that it usually presents. In 
addition to impairments in language, 
motor coordination and a broad 
spectrum of psychopathologies, low 
academic achievement can be high-
lighted, and it usually accompa-
nies students with ADHD through-
out their different developmental 
stages from preschool to higher ed-
ucation (see the review by Daley & 
Birchwood, 2010). Empirical evi-
dence about the negative influence 
of ADHD symptoms on perform-
ance in mathematics, and even more 
so in reading, is especially abun-
dant, with the involvement of both 
genetic and environmental etiologi-
cal factors having been identified 
(Hart et al., 2010). In fact, there is 
a high comorbidity between ADHD 
and mathematical learning diffi-
culties that reaches 18.1%, much 
higher than what could be explained 
by chance (Capano, Minden, Chen, 
Schachar, & Ickowicz, 2008). Even 
when children with ADHD do not 
suffer either dyslexia or dyscalculia, 
they present a significantly inferior 
development to their peers on the 
basic skills of number processing, 

like comparing one-digit numbers 
according to their size, counting, or 
writing dictated numbers (Kauff-
man & Nuerk, 2008).

The link between ADHD and 
low mathematics performance can 
have different explanations linked 
to models based on different neu-
ropsychological processes. One of 
these models highlights the cogni-
tive conceptualization of ADHD, 
explaining it as a deficit in the ex-
ecutive functions or processes that 
coordinate the cognitive cerebral 
functions, basically planning, in-
hibitory control, working mem-
ory and cognitive flexibility. How-
ever, executive dysfunction is not 
a necessary or sufficient cause of 
ADHD, as only 30% of subjects 
with the disorder experience sig-
nificant problems in this domain 
(Doyle, 2006; Willcutt, Doyle, 
Nigg, Faraone, & Pennington, 
2005). Thus, the neuropsychologi-
cal heterogeneity of ADHD goes 
beyond the executive impairments 
and seems to be better explained by 
the dual-pathway model (Sonuga-
Barke, 2002), according to which 
the deficits can affect both the ex-
ecutive functioning and the motiva-
tional processes (aversion to delay). 
Finally, the model by R. Barkley 
(1997) offers a comprehensive ex-
planation, arguing that the impair-
ments in verbal and non-verbal 
working memory, motivation and 
the processes of analysis/synthesis 
represent problems that correspond 
to insufficient self-regulation and 
deficient inhibitory control.
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In comparison with studies on 
reading, studies on the involvement 
of the executive functions and moti-
vation in the mathematics perform-
ance of students with ADHD are 
still scarce. Nevertheless, the lim-
ited research on the topic has pro-
vided some interesting data that will 
be described below.

Executive functions and 
mathematics performance in 
children with ADHD

Children with ADHD show 
problems with sustained attention, 
a necessary ability for learning nu-
merical facts and for mathematics 
achievement in general. They ex-
amine the information for less time, 
which causes them to make errors 
due to carelessness in lining up the 
numbers, in identifying the opera-
tion signs, in regrouping the num-
bers in addition problems, and in 
borrowing the numbers in subtrac-
tion, to name the most common er-
rors. Furthermore, these students are 
slower on mathematics tasks, and 
they present categorization problems 
(Zentall, 2007). As Preston and col-
leagues (Preston, Heaton, McCann, 
Watson, & Selke, 2009) have shown, 
at least some of the academic diffi-
culties experienced by children with 
ADHD are due to their reduced ca-
pacity to inhibit and change their at-
tention, rather than the presence of 
specific learning difficulties.

Barry, Lyman and Klinger 
(2002) explored to what degree the 
executive functions of planning and 

flexibility and the severity of the 
ADHD symptoms predicted aca-
demic performance in mathemat-
ics, reading and writing separately. 
Their results showed that, even 
when executive functioning per-
formance was controlled, the ADHD 
symptoms of inattention and hy-
peractivity/impulsivity continued to 
significantly predict low academic 
performance in reading, writing and 
mathematics. Furthermore, the more 
severe the ADHD symptoms were, 
the greater the negative impact they 
had on school achievement. How-
ever, only mathematics perform-
ance was predicted by both ADHD 
symptoms and executive function-
ing. This finding suggests that chil-
dren with greater impairments in 
executive functioning present worse 
performance in mathematics.

The association between defi-
cits in the executive functions of in-
hibition, flexibility, working mem-
ory, verbal learning and planning 
and the low academic perform-
ance of children and adolescents 
with ADHD was examined by Bie-
derman et al. (2004). Their study 
showed that the EF had no signifi-
cant influence on the academic per-
formance of students in the control 
group. In contrast, the ADHD sub-
jects who presented executive func-
tion deficits were at higher risk of 
repeating a grade and had lower ac-
ademic achievement in arithmetic 
and reading than the ADHD sub-
jects without EF deficits.

In line with the results of Bied-
erman et al. (2004), a recent study 
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by Miranda, Meliá and Marco 
(2009) showed that the group with 
ADHD and mathematics learn-
ing difficulties (MLD) experiences 
more severe impairments in execu-
tive functioning, although not all 
the executive functions are affected 
equally. In fact, the comparison of 
the two groups, ADHD with MLD 
and ADHD without MLD, did not 
yield significant differences on 
the sustained attention test. How-
ever, the group of ADHD children 
with MLD obtained a significantly 
higher reaction time on the Go/
noGo task than the group of chil-
dren with ADHD alone, a result that 
indicates the existence of a subopti-
mal state of activation that can af-
fect processing speed and automa-
tization. But the most noteworthy 
difference between the two groups 
was obtained on the working mem-
ory tasks, as on both the verbal and 
visuo-spatial components the per-
formance of the ADHD with MLD 
group was significantly inferior to 
that of the ADHD group without 
MLD. Along the same lines, in re-
search on the predictive role of the 
EF in mathematics performance in 
general, Toll, Van der Ven, Kroes-
bergen and Van Luit (2010) found 
that among a set of executive func-
tions, the three working memory 
tasks predicted belonging to the 
MLD group, while only one inhibi-
tion task and none of the cognitive 
flexibility tasks showed the same 
predictive power. In fact, working 
memory predicted MLD, show-
ing an even higher predictive value 

than preparatory skills for mathe-
matics.

Therefore, the executive func-
tions play an important role in math-
ematics performance in general, and 
in the MLD of children with ADHD 
in particular. As some studies have 
concluded, executive functioning 
deficits may act as mediators be-
tween symptoms of inattention and 
academic performance in mathemat-
ics and language (Thorell, 2007).

Motivational factors 
and mathematics performance 
in children with ADHD

Although with much less profu-
sion than the executive functioning, 
the affective-motivational variables 
related to the academic achievement 
of children with ADHD have be-
gun to receive attention in recent 
years, possibly due to the influence 
of explanatory models that have 
highlighted the disorder’s effects 
on the motivational terrain (Bar-
kley, 1997; Sonuga-Barke, 2002). 
Among the affective-motivational 
variables that have an impact on 
learning, some stand out, such as 
self-concept, or beliefs about one’s 
own ability, which modulates the 
subject’s motivation and influences 
his or her results, and anxiety, un-
derstood as tension the subject feels 
about the task. In addition, the at-
tributional beliefs, or the causes the 
student refers to in explaining his 
or her results (external or internal 
causes, stable or unstable causes), 
make up another motivational com-
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ponent that modulates performance 
(Closas, Sanz de Acedo, & Ugarte, 
2011; Miñano & Castejón, 2011).

Although no published stud-
ies have specifically examined the 
role of motivational variables in the 
mathematics performance of chil-
dren with ADHD, the literature on 
their academic performance in gen-
eral may help to establish a knowl-
edge base on the topic.

By means of a structural equa-
tion model, Volpe et al. (2006) ana-
lyzed how prior academic perform-
ance and the “academic facilitators”, 
which include motivation, serve as 
mediators in the relationship be-
tween ADHD and academic per-
formance in mathematics and read-
ing. Their results indicate that, after 
controlling for the influence of prior 
knowledge, ADHD influenced moti-
vation, which in turn influenced the 
study skills involved in academic 
performance. Birchwood and Daley 
(in press) investigated the relation-
ship between ADHD symptoms and 
academic performance in a com-
munity sample of adolescents who 
were finishing high school. The stu-
dents filled out measures of ADHD, 
anxiety, depression and motivation, 
as well as a general cognitive ca-
pacity test. In the regression analy-
ses, together with the symptoms of 
ADHD and cognitive capacity, mo-
tivation was a significant predictor 
of academic performance.

Other studies have found that, 
as occurs in the case of students 
with learning difficulties, children 
with ADHD usually show an extrin-

sic motivational style. They try to 
achieve social approval, good grades 
or rewards, they depend more on 
their teachers in doing their school 
tasks, they do not tend to try hard 
at or feel satisfaction about learning 
new things and dominating them, 
and they are more easily discour-
aged than their peers without ADHD 
(Carlson, Booth, Shin, & Canu, 
2002; Olivier & Steenkamp, 2004). 
Investigations of a clinical-exper-
imental nature, performed gener-
ally in the context of a laboratory, 
point out that the performance of 
people with ADHD is very sensitive 
to changes in context. They show an 
altered processing of motivational 
stimuli, depending to a greater de-
gree on external reinforcement, es-
pecially in delay conditions (Luman, 
Oosterlaan, & Sergeant, 2005).

One of the variables with the 
greatest weight in predicting school 
performance is academic self-con-
cept. The majority of studies ob-
tain a statistically significant rela-
tionship between it and academic 
performance, so that students with 
ADHD who present low achieve-
ment would be expected to also 
have a low academic self-con-
cept. In contrast, some studies have 
found that students with ADHD, in 
spite of their functioning difficul-
ties in many domains, over-estimate 
their competency in comparison 
with different types of objective cri-
teria. Therefore, they would present 
“positive illusory bias” (Hoza, Pel-
ham, Dobbs, Owens, & Pillow, 
2002). Owens et al. (Owens, Gold-
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fine, Evangelista, Hoza, & Kaiser, 
2007) offer various alternative non-
exclusive hypotheses to explain the 
over-estimation of competency on 
the part of children with ADHD: 
cognitive immaturity, neuropsycho-
logical deficits, ignorance of in-
competence, or a feeling of self-
protection.

The attributional beliefs, or per-
ceived reasons for success and fail-
ure, make up another variable that 
affects school performance. The 
most adaptive attributional patterns 
are attributions of success to in-
ternal and stable causes (like ef-
fort and ability) and attributions of 
failure to unstable and uncontrol-
lable causes. It has been observed 
that students with ADHD tend to 
attribute their successes to external 
and uncontrollable factors like luck 
(Niederhorfer, 2008), while they at-
tribute their failures to lack of ef-
fort or ability (Hoza, Pelham, Was-
chbusch, Kipp, & Owens, 2001). 
This attributional style does not help 
their self-concept at all. In fact, the 
ADHD subgroup that also has learn-
ing problems has been shown to ob-
tain lower scores on self-reports of 
self-concept, perseverance and attri-
butions, as well as on their parents’ 
ratings of their awareness of goals 
and self-awareness, than the ADHD 
subgroup without learning difficul-
ties, although the differences be-
tween the two groups do not reach 
statistical significance (Miranda, 
Meliá, Presentación, & Fernández, 
2009; Tabassam & Grainger, 2002; 
Shmulsky & Gobbo, 2007).

Likewise, anxiety about math-
ematics, together with the attitudes 
the students have about the sub-
ject matter, that is, whether or not 
they see themselves as capable of 
learning and resolving mathemati-
cal tasks and whether they consider 
them useful and meaningful, can 
play an important role in the rela-
tionship between ADHD and math-
ematics performance. Although this 
hypothesis has not specifically been 
analyzed with ADHD students, 
there are two indirect sources of 
support for it. First, children with 
ADHD frequently develop irra-
tional beliefs about school learning. 
They are afraid of making mistakes 
due to a lack of confidence in them-
selves, they try to avoid tasks that 
involve challenges because of fear 
of failure, they get frustrated when 
they make mistakes on tasks, and 
they give up quickly when they fail 
(Olivier & Steenkamp, 2004). The 
possibility of failure has threaten-
ing implications and will give rise 
to anxiety. A second source of sup-
port stems from studies performed 
with samples of students with spe-
cific mathematics learning difficul-
ties. Miranda, García, Marco and 
Rosell (2006) carried out a review 
in which they concluded that stu-
dents with MLD, compared to those 
without MLD, and even compared 
to students with difficulties in learn-
ing to read, have a higher level of 
anxiety, tend to attribute their suc-
cesses and failures to their own in-
terest and effort to a lesser degree, 
and present a lower self-concept.
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Based on findings from research 
focused on factors involved in math-
ematics achievement, the present 
study proposes two interconnected 
objectives: to explore the influence 
of executive functioning and moti-
vation on performance on tasks of 
numerical comprehension, calcula-
tion and problem-solving in chil-
dren with ADHD, first separately 
and later together. This is a pioneer 
study that combines two notewor-
thy characteristics. The first is the 
inclusion of two sets of predictors 
of mathematics performance: the 
executive functions of verbal work-
ing memory, visuo-spatial working 
memory, attention and inhibition, 
and the motivational factors of at-
titude, anxiety, attributions toward 
mathematics and self-concept. The 
second characteristic involves the 
procedure applied to evaluate per-
formance on mathematics tasks, the 
EPA 2000, which makes it possible 
to identify mathematical processes 
that correspond to curricular objec-
tives. Thus, the identification of ex-
ecutive functions and motivational 
factors that predict the learning of 
curricular contents can supply val-
uable information in order to opti-
mize the teaching of students with 
ADHD.

Method

Participants

This study was carried out with 
a sample of 24 children, twenty-

three boys and one girl, who had a 
clinical diagnosis of combined sub-
type attention deficit with hyper-
activity. The ADHD diagnosis was 
arrived at by a neuro-pediatrician 
and a clinical psychologist follow-
ing the criteria of the DSM-IV-R 
(American Psychiatric Association, 
2002): a) Presence of six or more 
symptoms of inattention/disorgani-
zation and six or more symptoms of 
hyperactivity/impulsivity, accord-
ing to information provided by par-
ents and teachers; b) Persistence of 
symptoms for more than one year; 
c) Symptoms first appeared before 
the age of 7; d) Absence of psycho-
sis, sensorial motor or neurological 
disorder. Moreover, the seriousness 
of the ADHD symptoms would in-
terfere with academic and/or social 
functioning in the subject’s daily 
life.

The exclusion criteria included 
having an IQ of less than 80, psy-
chosis, autism, epilepsy, or any 
other neurological or genetic dis-
ease.

The chronological age of the 
participants ranged from 6 to 
10 years (M = 7.96, DT = 1.08). 
All of the children had an IQ score 
of 80 or more on the WISC-R (In-
telligence scale for children re-
vised by Wechsler, 1980), with 
a range of scores from 80 to 123 
(M = 103.54 ± 12.86). Furthermore, 
30.8% of the subjects presented a 
mathematics performance below the 
25th percentile on the EVALUA psy-
cho-educational battery (García & 
González, 2003).
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Procedure

All of the participants were 
evaluated individually in a quiet of-
fice by a research assistant trained 
in psychological evaluation. Twelve 
subjects (50% of the sample) who 
were taking medication for ADHD 
treatment, generally psycho-stimu-
lants, had a 48 hour medication-free 
period before the evaluation ses-
sions, in order to avoid possible bi-
ases in the results. Consent to par-
ticipate in the study was obtained 
from the parents or legal guardians 
of all the children before beginning 
the evaluation.

Measures

Mathematical performance 
measures

Evaluation of mathematical 
cognitive processes. The computer-
ized test EPA2000 (Evaluation and 
Prediction Assessment; DeClerq, 
Desoete, & Roeyers, 2000) was ap-
plied using the Spanish adapted 
version, which has been shown 
to have an adequate internal con-
sistency and acceptable criterion 
and convergent validity (Miranda, 
Acosta, Tárraga, Fernández, & Ro-
sel, 2005). This instrument is made 
up of 3 factorial scales. The nu-
merical knowledge scale includes 
37 items about reading units and 
tens, operation symbol comprehen-
sion, and numerical and serial pro-
duction and comprehension. The 
calculation scale includes elements 

related to arithmetical procedures 
and mental calculation; and finally, 
the problem-solving scale is made 
up of items that evaluate the verbal 
comprehension and mental repre-
sentation of the problem.

Executive functioning 
measures

To evaluate the executive 
functioning domain, tests of ver-
bal working memory, visuo-spatial 
working memory and inhibition/at-
tention were used.

Verbal memory. Digits subtest 
of the Weschler Intelligence Scale 
(1980). Consists of two tasks: di-
rect recall and inverse recall of dig-
its. On the direct recall task, which 
evaluates short-term memory, the 
child must repeat, in the same or-
der, series of numbers that the ex-
perimenter has read aloud. On the 
inverse recall task, which evaluates 
verbal working memory, the child 
must repeat, in inverse order, a se-
quence of numbers that the experi-
menter has read aloud. The depend-
ent variable is the total number of 
trials performed correctly.

Visuo-spatial memory. Tem-
poro Spatial Retrieval Task (TSRT; 
Dubois et al., 1995). This is a com-
puterized task that evaluates visuo-
spatial memory. The child must pay 
attention to 12 blue squares distrib-
uted randomly on the screen that 
sequentially change to the color 
red. Next, the blue squares are pre-
sented on the screen and the child 
must reproduce, pointing with his 
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or her finger, the sequence of color 
change he or she observed. The 
task consists of two recall condi-
tions: with delay (disappearance of 
all the squares from the first phase 
and appearance of a black screen 
in order to increase the demands 
on the working memory) and with 
no delay (one moves quickly into 
the response phase). The depend-
ent variable used in this study is the 
highest level reached in the delay 
condition.

Inhibition and attention. Contin-
uous performance test (CPT, version 
adapted by Ávila & Parcet, 2001). 
This is a computerized task in which 
white letters are presented randomly 
and successively in the center of 
the screen on a black background. 
The child must respond by pressing 
the space bar as quickly as possible 
every time he or she sees an X pre-
ceded by an A. The dependent vari-
ables on this test are the errors of 
omission and commission, which 
evaluate attention and inhibition, re-
spectively.

Motivational measures

Attitude toward mathemat-
ics (Miranda, Arlandis, & Soriano, 
1997). The scale used includes ques-
tions related to mathematical prob-
lem-solving. The student has to in-
dicate his or her level of agreement 
(a lot, a fair amount, very little, not 
at all) with the content of each of the 
23 items included in the scale; for 
example, “Solving problems is an 
activity that makes me nervous”, “If 

the problem seems difficult to me, I 
give up; I hardly try to solve it”.

Attributions related to math-
ematics. The Internal Attributions 
Questionnaire (IAR) by Crandall 
(1965) was applied, but adapted to 
the mathematics domain by Simó 
(2003). This instrument requires the 
child to choose one of two possi-
ble causes proposed in a situation 
related to mathematics, according 
to its similitude with his or her per-
sonal situation. The items are dis-
tributed in four scales: scale of posi-
tive attributions toward effort for 
positive results (E+), scale of neg-
ative attributions toward effort for 
negative results (E–); scale of undif-
ferentiated internal attributions for 
positive results (U+); scale of undif-
ferentiated internal attributions for 
negative results (U–). The variables 
derived from this questionnaire are 
the total number of internal attribu-
tions for positive results (E+ and 
U+) and for negative results (E– 
and U–). For example, “if a teacher 
gives you a good grade in mathe-
matics, it is: a) because the teacher 
likes you; b) because you worked 
hard”.

Anxiety about mathematics 
(MARS; adapted by Suinn & Win-
ston, 2003). Evaluates anxiety to-
ward mathematics. This version of 
the scale has 24 items which ask 
the student about the level of anxi-
ety he or she feels in various situ-
ations; for example, “how anxious 
do you think you feel when you are 
taking a final mathematics exam?” 
Each item has four response options 



60 A. MIRANDA, C. COLOMER, I. FERNÁNDEZ, AND M.ª-J. PRESENTACIÓN

Revista de Psicodidáctica, 2012, 17(1), 51-71

ranging from 0 (not at all anxious) 
to 3 (completely anxious).

Self-concept (SDQ-I; Marsh, 
1988). The original instrument 
measures eight dimensions of self-
concept and has psychometric in-
dicators of reliability and validity. 
For the present study, the general 
self-concept scale was selected. 
The scale is made up of 10 descrip-
tive sentences that express overall 
personal characteristics. The child 
must respond to the sentences on 
a 5-point scale from 1 (false) to 5 
(true); for example, “I like myself 
the way I am” or “I feel that I have 
a number of good qualities”.

Statistical analyses

The software used to perform 
all of the analyses was the statisti-
cal packet SPSS 17.0. First, the role 
of the executive functions as predic-
tors of the cognitive processes in-
volved in mathematics was exam-
ined. For this purpose, step-wise 
multiple lineal regression analyses 
were conducted. The decision was 
made to introduce IQ in the first 
block, due to the importance of gen-
eral cognitive capacity in mathe-
matics performance. Next, the ex-
ecutive functioning variables (direct 
digits, inverse digits, TSRT with de-
lay, CPT omissions, CPT commis-
sions) were introduced in block 2. 
The same procedure was performed 
for the affective-motivational vari-
ables (anxiety-MARS, attributions 
toward success —IAR+—, attribu-
tions toward failure —IAR–—, self-

concept —SDQ-I—, attitude), in or-
der to examine their contributions 
on the different subtests and general 
scales of the EPA2000.

Finally, the degree to which the 
executive functioning and motiva-
tional variables contributed jointly 
to predicting the different mathe-
matical processes was examined. 
Therefore, hierarchical regression 
analyses were again conducted, but 
this time introducing as independent 
variables IQ in the first block, the 
motivational variables in the second 
block, and the executive functioning 
variables in the third.

Results

Prediction of the mathematical 
processes by the executive 
functioning variables

Table 1 presents the results of 
the first analysis, which shows the 
executive functioning variables that 
best predict each of the subtests of 
the EPA2000.

Reading units and tens was 
predicted by commissions on the 
CPT (R2 = .211; p = .024); numeri-
cal comprehension and TSRT with 
delay (R2 = .201; p = .028); and 
24.5% of the variance in the cal-
culation procedures was explained 
by inverse digit recall (R2 = .245; 
p = .014). IQ did not reach a sig-
nificant value on the majority of 
the EPA2000 subtests, although it 
was significantly associated with 
the mental representation of the



 EXECUTIVE FUNCTIONING AND MOTIVATION OF CHILDREN WITH... 61

Revista de Psicodidáctica, 2012, 17(1), 51-71

Table 1

Results of the Regression Analyses of the Executive Functioning Variables on Processes 
Involved in Mathematics

Predictor processes Beta R R2 Δ R2 F p

Reading units and tens
Commissions on the CPT –.460 .460 .211 .211 5.891 .024

Operation symbols comprehension
No predictor

Numerical comprehension and production
TSRT with delay .448 .448 .201 .201 5.525 .028

Seriation
No predictor

Calculation procedures
Inverse digits .495 .495 .245 .245 7.141 .014

Mental calculation
No predictor

Verbal comprehension of the problem
No predictor

Mental representation of the problem
IQ .494 .494 .244 .244 7.107 .014

General scale of numerical knowledge
No predictor

General calculation scale
Inverse digits .496 .496 .246 .246 7.164 .014

General problem-solving scale
No predictor

CPT: Continuous Performance Test.

problem. The rest of the subtests 
were not significantly predicted by 
any variable. On the other hand, cal-
culation was the only general scale 
predicted by one of the executive 
functioning variables, specifically 
inverse digits (R2 = .246; p = .014).

Prediction of the mathematical 
processes by motivation variables

Table 2 shows the contribution 
of the motivational variables to the 
prediction of performance on the 
EPA2000 subtests.
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Table 2

Results of the Regression Analyses of the Motivation Variables in Processes Involved in 
Mathematics

Processes/predictors Beta R R2 Δ R2 F p

Reading units and tens
Anxiety (MARS) –.470 .470 .220 .220  6.221 .021

Operation symbols comprehension
Anxiety (MARS) –.425 .425 .181 .181  4.850 .038

Numerical comprehension and production
Anxiety (MARS) –.615 .615 .379 .379 13.405 .001

Seriation
Self-concept (SDQ-I) .419 .419 .176 .176  4.689 .041

Calculation procedures
Anxiety (MARS)
Self-concept (SDQ-I)

–.426
.417

.567

.690
.322
.476

.322

.154
10.444
 6.157

.004

.001

Mental calculation
Attitude .426 .426 .181 .181  4.870 .038

Verbal comprehension of the problem
Attributions toward success (IAR+) –.453 .453 .205 .205  5.687 .026

Mental representation of the problem
IQ
Self-concept (SDQ-I)

.430

.394
.494
.629

.244

.396
.244
.151

 7.107
 6.870

.014

.005

General scale of numerical knowledge
Anxiety (MARS) –.565 .565 .320 .320 10.342 .004

General calculation scale
Attitude .526 .526 .277 .277  8.416 .008

General problem-solving scale
Self-concept (SDQ-I) .473 .473 .224 .224  6.347 .020

IAR: Intellectual Achievement Responsibility; MARS: Math Anxiety Rating Scale; SDQ-I: Self De-
scription Questionnaire-I.

Anxiety was the only predictor 
of reading units and tens (R2 = .220; 
p = .021), operation symbols com-
prehension (R2 = .181; p = .038) 
and numerical comprehension and 

production (R2 = .379; p = .001), 
and together with the self-concept 
scale it also predicted calculation 
procedures (47.6% of explained 
variance). Seriation was predicted 
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Table 3

Results of the Regression Analyses of the Motivational and Executive Functioning Variables 
in the Processes Involved in Mathematics

Predictor processes Beta R R2 Δ R2 F p

Reading units and tens
Anxiety (MARS)
Commissions on the CPT

–.482
–.472

.470

.666
.220
.443

.220

.223
 6.221
 8.352

.021

.002

Operation symbols comprehension
Anxiety (MARS)
Omissions on the CPT
Direct digits

–.601
–.530
.412

.425

.611

.731

.181

.373

.535

.181

.192

.162

 4.850
 6.248
 7.665

.038

.007

.001

Numerical comprehension and production
Anxiety (MARS)
TSRT with delay
Commissions on the CPT

–.540
.458

–.337

.615

.704

.773

.379

.495

.597

.379

.117

.102

13.405
10.298
 9.869

.001

.001

.000

Seriation
Self-concept (SDQ-I)
Commissions on the CPT
TSRT with delay

.333
–.522
.415

.419

.575

.688

179
.330
.474

.179

.154

.143

 4.698
 5.180
 5.998

.041

.015

.004

Calculation procedures
Anxiety (MARS)
Self-concept (SDQ-I)

–.426
.417

.567

.690
.322
.476

.322

.154
10.444
 9.525

.004

.001

Mental calculation
Attitude .426 .426 .181 .181  4.870 .038

Verbal comprehension of the problem
Attributions toward success (IAR +) –.453 .453 .205 .205  5.687 .026

Mental representation of the problem
IQ
Self-concept (SDQ-I)
Omissions on the CPT

.449

.430
–.385

.494

.629

.736

.244

.396

.542

.244

.151

.146

 7.107
 6.870
 7.880

.014

.005

.001

General scale of numerical knowledge
Anxiety (MARS)
Commissions on the CPT
Direct digits
TSRT with delay

–.560
–.535
.365
.320

.565

.671

.774

.829

.320

.451

.599

.686

.320

.131

.148

.088

10.342
 8.614
 9.938
10.399

.004

.002

.000

.000

General calculation scale
Attitude .526 .526 .277 .227  8.416 .008

Problem-solving scale
Self-concept (SDQ-I) .473 .473 .224 .224  6.347 .020

CPT: Continuous Performance Test; MARS: Math Anxiety Rating Scale; SDQ-I: Self Description 
Questionnaire-I.
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by the self-concept scale, which 
explained 17.6% of the total vari-
ance (R2 = .176; p = .041). The at-
titude scale predicted 18.1% of the 
total variance of mental calculation 
(R2 = .181; p = .038); and the in-
ternal attributions for successful re-
sults scale explained 20.5% of the 
verbal comprehension of the prob-
lem (R2 = .205; p = .026). Finally, 
the mental representation of the 
problem was the only mathematical 
competence in which IQ was signif-
icant, with IQ and self-concept to-
gether explaining 39.6% of the total 
variance. With regard to the global 
scales, numerical knowledge was 
predicted by anxiety (R2 = .320; 
p = .004), attitude predicted cal-
culation procedures, explaining 
27.7% of the variance (R2 = .277; 
p = .008), and the solution of nu-
merical problems was predicted by 
the self-concept rating (R2 = .224; 
p = .020).

Prediction of the processes 
involved in mathematics by 
the motivational and executive 
functioning variables

Table 3 shows the results of the 
regression analyses performed with 
the motivational and executive func-
tioning variables together. In this 
case, IQ was introduced in the first 
block, the motivational variables in 
the second, and the executive func-
tioning variables in the third.

The table shows that the two 
predictors of the “reading units and 
tens” subtest continue to be anxi-

ety (ΔR2 = .220; p = .021) and com-
missions on the CPT (ΔR2 = .223; 
p = .002), which explain 44.3% of 
the total variance. Of the total vari-
ance of “operation symbols com-
prehension”, 53.5% was explained 
by anxiety about mathematics 
(ΔR2 = .181; p = .038), omissions 
on the CPT (ΔR2 = .192; p = .007) 
and direct digits (ΔR2 = .162; 
p = .001). The three predictors of 
the “numerical comprehension and 
production” subtest were anxi-
ety (ΔR2 = .379; p = .001), TSRT 
with delay (ΔR2 = .117; p = .001) 
and commissions on the CPT 
(ΔR2 = .102; p = .000), which to-
gether explained 59.7% of the to-
tal variance. The prediction model 
of the “seriation” subtest was made 
up of self-concept (ΔR2 = .179; 
p = .041), commissions on the CPT 
(ΔR2 = .154; p = .015) and TSRT 
with delay (ΔR2 = .143; p = .004), 
which explained 47.4% of the to-
tal variance. The “calculation pro-
cedures” subtest was predicted 
by two variables which explained 
47.6% of the variance: anxiety 
(ΔR2 = .322; p = .004) and self-con-
cept (ΔR2 = .154; p = .001). “Men-
tal calculation” was only predicted 
by the attitude toward mathemat-
ics (R2 = .181; p = .038), which 
explained 18.1% of the variance. 
And positive attributions (R2 = .205; 
p = .026) continued to be the only 
predictor of “verbal comprehension 
of the problem” (20.5% of the ex-
plained variance). The only subtest 
predicted by IQ was “mental rep-
resentation of the problem”, where 
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IQ (ΔR2 = .244; p = .014), self-
concept (ΔR2 = .151; p = .005) and 
omissions on the CPT (ΔR2 = .146; 
p = .001) explained 54.2% of the to-
tal variance.

Finally, the “numerical knowl-
edge” scale was predicted by four 
variables that explained 68.6% of 
the variance: anxiety (ΔR2 = .320; 
p = .004), commissions on the CPT 
(ΔR2 = .131; p = .002), direct dig-
its (ΔR2 = .148; p = .000) and TSRT 
with delay (ΔR2 = .088; p = .000). 
The attitude toward mathematics 
(R2 = .227; p = .008) was the only 
predictor of the general “calcula-
tion” scale, explaining 22.7% of the 
total variance, while the “solution 
of arithmetic problems” scale was 
predicted by the self-concept rat-
ing (R2 = .224; p = .020), which ex-
plained 22.4% of the total variance.

Discussion

The purpose of this study was 
to explore the predictive power of 
the executive functions and motiva-
tional variables, separately and to-
gether, on performance of numeri-
cal comprehension, calculation and 
problem-solving tasks in children 
with ADHD.

When the executive functions 
were examined individually, the 
findings showed that they had a pre-
dictive capacity in 3 of the 8 cog-
nitive processes involved in math-
ematics. Specifically, reading units 
and tens was predicted by commis-
sions on the CPT, typically consid-

ered a measure of inhibition; TSRT 
with delay, which evaluates visuo-
spatial working memory, predicted 
numerical comprehension and pro-
duction; and calculation procedures 
were predicted by performance on 
inverse digits, a test that measures 
verbal working memory. The results 
suggest, in line with conclusions 
from a recent review (See Raghu-
bar, Barnes, & Hecht, 2010), that 
working memory impairments in-
terfere with the representation and 
articulation of numbers during the 
counting process, and they produce 
secondary problems in other numer-
ical processes. Together with mem-
ory, inhibition is another executive 
function that has been shown in our 
study to play an important role in 
predicting mathematical processes, 
suggesting an inter-connection be-
tween inhibition failure and process-
ing overload.

When the role of the motiva-
tional variables was examined in-
dividually, the results showed that 
they contributed to explaining the 
performance on all the cognitive 
processes involved in mathemat-
ics. Specifically, anxiety predicted 
reading units and tens, operation 
symbols comprehension, numeri-
cal comprehension and production 
and calculation processes, and, logi-
cally, the general numerical knowl-
edge scale. Self-concept had a sig-
nificant role in seriation, calculation 
procedures, representation of the 
problem and the general problem-
solving scale. Finally, attitude to-
ward mathematics and internal at-
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tribution toward success predicted 
mental calculation and verbal com-
prehension of the problem, respec-
tively.

The regression analyses per-
formed with the motivational and 
executive functioning variables to-
gether provided relevant informa-
tion. Regarding the specific math-
ematical processes, the predictive 
power is more or less balanced 
between verbal and visuo-spatial 
memory and inhibition, on the one 
hand, and anxiety, self-concept and 
internal attributions, on the other. 
However, the general scales of 
mathematical competencies provide 
a different view, as on the numeri-
cal knowledge scale there is a sig-
nificant increase in the explained 
variance, 69%, compared to 32% 
explained by the motivational var-
iables and 24% by the executive 
functioning variables. Regarding 
the other two general scales, calcu-
lation and problem-solving, the at-
titude toward mathematics and self-
concept show predictive power. The 
findings, coinciding with those from 
the few studies on the topic (Birch-
wood & Daley, in press; Volpe et al., 
2006), show the predictive value of 
the affective-motivational variables 
in the mathematics performance of 
children with ADHD. Furthermore, 
in the general competencies, our re-
sults suggest that their predictive 
power is even greater than that of 
the executive functions.

In summary, this study confirms 
the involvement of the executive 
functions (Barry, Lyman, & Klin-

ger, 2002; Biederman et al., 2004; 
Miranda, Meliá, & Marco, 2009), 
and it joins the paucity of studies 
on the role of the affective-motiva-
tional factors in mathematics per-
formance (Birchwood and Daley, 
in press; Volpe et al., 2006), thus 
supporting arguments about the 
neuropsychological heterogeneity 
of ADHD (Barkley, 1997; Sonuga-
Barke, 2002). Even so, neither of 
the two components evaluated, the 
set of executive variables and the 
set of motivational variables, can be 
considered as the only index of per-
formance on tasks of numeration, 
calculation and arithmetic problem-
solving in students with ADHD, as 
indicated by the moderate percent-
age of variance they explain. How-
ever, it is important to emphasize 
the variability in the predictive ca-
pacity of the variables depending 
on the mathematical processes be-
ing predicted. The best data in this 
sense correspond to the general nu-
merical knowledge scale, in which 
the set of variables explains 69% of 
the variance, while mental calcula-
tion lies on the opposite extreme, 
with an explained variance of only 
18.1%.

We are aware of some limita-
tions of this study. The results may 
be mediated by the reduced number 
of EF measures used in this study, 
that is, verbal working memory, 
visuo-spatial working memory, at-
tention and inhibition. Therefore, 
future studies should apply addi-
tional tests to evaluate other execu-
tive functions, like flexibility and 
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planning, in order to broaden the in-
formation.

Another limitation has to do 
with the number of participants, 
which is relatively small. Thus, to 
add greater validity to the conclu-
sions, this study should be replicated 
with a larger sample size and with 
samples of children with ADHD 
who did not have a clinical deriva-
tion. Likewise, it remains to be ex-
plored whether the EF and motiva-
tional variables play the same role 
in other domains related to math-
ematics, like geometry and algebra, 
as in the basic arithmetic competen-
cies examined in the present study.

Mathematical knowledge is a 
crucial matter in terms of its impact 
not only on academic success but 
also on the ability to successfully 
deal with daily life. Although much 
remains to be learned about how 
executive and motivational defi-
cits affect the low mathematics per-
formance usually associated with 
ADHD, our findings have implica-
tions for improving the instruction 
of students with attention problems.

In the first place, the digits 
subtest or an inhibition test, which 
are quickly and easily applied, can 
serve as tools to detect problems in 
memory and inhibition and predict 
possible mathematics learning dif-
ficulties in children with ADHD. 
This recommendation is based not 
only on our findings, but also on 
those from a recent study by Toll et 
al. (2010), in which three working 
memory tasks and one inhibition 
task predicted belonging to a group 

of students with MLD, while cog-
nitive flexibility did not show any 
predictive power at all.

Second, once the difficulties 
have been manifested, it would be 
logical to apply tests that would 
make it possible to identify the af-
fected mathematical competencies 
in order to provide a basis for plan-
ning programs with specific con-
tents. Thus, if the difficulties are re-
lated to recovering numerical facts, 
practical exercises, scaled accord-
ing to difficulty, could be designed 
to be done repeatedly keeping in 
mind the time taken. If the difficul-
ties are concentrated in the applica-
tion of calculation procedures or al-
gorithms, activities could be done 
by modeling thinking aloud and ex-
plaining the steps followed. More-
over, if the difficulties lie in prob-
lem-solving, programs specifically 
directed toward instruction in cog-
nitive and metacognitive strategies 
would have to be implemented (Mi-
randa, Taverner, Soriano, & Simó, 
2008).

Furthermore, given the negative 
repercussions of the typical mani-
festations of ADHD on learning, the 
most useful methodological princi-
ples would be: immediate feedback; 
numerous opportunities for effective 
practice; effective use of the com-
puter; continuous “scaffolding” at 
the beginning, but withdrawn grad-
ually; checking the acquisition of 
basic objectives before going on to 
higher ones; and progression of the 
instruction from the concrete to the 
abstract.
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Above all, our findings clearly 
suggest that, in working with stu-
dents with ADHD in particular, the 
teacher must not only attend to the 
transmission of contents, but he or 
she must also foster motivation to-
ward learning. For this purpose, ef-
fective strategies can be used, such 
as: (a) focusing on positive aspects 
of the activities; (b) designing tasks 
with novelty, diversity and interest 

that present reasonable challenges; 
(c) providing the opportunity to 
choose and control the activities in 
the class; (d) pointing out individ-
ual improvement, recognizing ef-
fort; (e) performing evaluations in 
private, rather than in public; and, 
(f) reducing anxiety, helping stu-
dents to interpret errors as opportu-
nities to learn (Pintrich & Schunk, 
1996).
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