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a  b  s  t  r  a  c  t

Background:  The  purpose  of  this  study  was  to  examine  the  contribution  of  cognitive  func-
tioning  to  arithmetic  problem  solving  and to explore  the  cognitive  profiles  of children  with
attention  deficit  and/or  hyperactivity  disorder  (ADHD)  and  with  mathematical  learning
disabilities  (MLD).
Methods:  The  sample  was made  up of a total  of  90 students  of  4th,  5th,  and  6th grade
organized  in  three:  ADHD  (n  =  30),  MLD  (n = 30)  and  typically  achieving  control  (TA;  n = 30)
group.  Assessment  was  conducted  in  two sessions  in which  the  PASS  processes  and  arith-
metic  problem  solving  were  evaluated.
Results:  The  ADHD  group’s  performance  in planning  and  attention  was  worse  than  that
of the  control  group.  Children  with  MLD  obtained  poorer  results  than  the  control  group
in planning  and  simultaneous  and  successive  processing.  Executive  processes  predicted
arithmetic  problem  solving  in the ADHD  group  whereas  simultaneous  processing  was  the
unique predictor  in  the  MLD  sample.
Conclusions:  Children  with  ADHD  and  with  MLD  showed  characteristic  cognitive  profiles.
Groups’  problem-solving  performance  can  be predicted  from  their  cognitive  functioning.

©  2016  Elsevier  Ltd.  All rights  reserved.

What this paper adds

This work focused on the study of the cognitive functioning of two  groups of students (MLD and ADHD) who  have habit-
ually shown difficulties to solve the arithmetic problems proposed at school. The study expands the results of previous
research, drawing on a multidimensional approach based on the PASS theory, which provides alternative information about
the relation between general cognitive processes and performance in solving arithmetic problems. Although some correla-
tional studies relate cognitive processes to mathematics, they have not been carried out consistently in the specific sphere
of solving arithmetic problems with groups of children with MLD  and ADHD. This same view is also innovative when inves-
tigating the differences between children with MLD  and ADHD. In this sense, the use of the PASS model allowed obtaining
differential cognitive profiles for the two groups and linking their cognitive functioning to their performance in solving arith-
metic problems. Lastly, the study interpreted the results from a comprehensive position, which makes it possible to reconcile
the findings obtained with the different theoretical positions linked to the working memory and executive functioning.

∗ Corresponding author at: Departamento de Psicología Evolutiva y Comunicación, Facultad de Ciencias de la Educación, Universidad de Vigo, Campus
Ourense, As Lagoas S/N, 32004 Ourense, Spain.

E-mail address: visarmiento@uvigo.es (V. Iglesias-Sarmiento).

http://dx.doi.org/10.1016/j.ridd.2016.12.012
0891-4222/© 2016 Elsevier Ltd. All rights reserved.

dx.doi.org/10.1016/j.ridd.2016.12.012
http://www.sciencedirect.com/science/journal/08914222
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ridd.2016.12.012&domain=pdf
mailto:visarmiento@uvigo.es
dx.doi.org/10.1016/j.ridd.2016.12.012


V. Iglesias-Sarmiento et al. / Research in Developmental Disabilities 61 (2017) 44–54 45

1. Introduction

Arithmetic problem solving is a complex mathematical activity that involves the mastery of different cognitive skills.
When faced with an arithmetic combination problem in 4th grade of Primary Education such as “My brother Carlos has twice
as many cards as me, and I have one third as many as my  cousin Alexander, who has 18 cards. How many cards do we have
among the three of us?," the child must understand the problem (Lee, Ng, & Ng, 2009), understand the arithmetic operations
presented in the statement (Rasmussen & Bisanz, 2005), manipulate and understand the numerical relations established
therein (Fuchs et al., 2006), understand the type of problem on the basis of the arithmetic operations involved (Rittle-
Johnson, Siegler, & Alibali, 2001), and apply the strategies learned to solve it (Geary, Hoard, Byrd-Craven, & DeSoto, 2004).
Recent literature has suggested that these skills and specific strategies are necessary (e.g., Meyer, Salimpoor, Wu,  Geary,
& Menon, 2010; Passolunghi & Mammarella, 2010) but insufficient to guarantee arithmetic problem solving because, at
different phases, their development and adequate implementation may  demand more general cognitive processes that are
unrelated to mathematics (Swanson, Jerman, & Zheng, 2008).

At present, in spite of the remarkable advance of research, the general processes involved in students’ differential per-
formance are not fully understood. Some authors have lamented the lack of a multidimensional approach to cognitive
functioning to explain how the general processes work and how they relate to the specific skills in order to perform com-
petently (Fuchs et al., 2006; Preston, Heaton, McCann, Watson, & Selke, 2009). In this study, we propose an approach based
on the PASS model (Das, Naglieri, & Kirby, 1994) because of the theory’s comprehensiveness to explain the results gener-
ated in the literature from diverse theoretical positions and because of the possibilities of the Cognitive Assessment System
(CAS; Naglieri & Das, 1997) to analyze individual cognitive differences and identify disorders and learning disabilities (Das
& Naglieri, 2001).

In this context, the purpose of this study was to examine the differential contribution of cognitive functioning to arithmetic
problem solving in children who tend to perform poorly in this type of school task, such as those diagnosed with attention
deficit and/or hyperactivity disorder (ADHD) or mathematical learning disabilities (MLD). The study focuses on these two
disorders because of their comorbidity, incidence, and high rates of associated school dropout, and due to the commonality
of the cognitive variables used to characterize them. The use of the PASS model to study the underlying cognitive functioning
may allow an alternative interpretation of the profiles associated with these disorders and explain the specific contribution
of executive functioning and the processing system to arithmetic problem solving performance.

1.1. Cognitive description and arithmetic problem solving in MLD

It is estimated that between 3.6 and 9.8% of school children present difficulties in the field of mathematics (Lewis,
Hitch, & Walker, 1994; Barbaresi, Katusic, Colligan, Weaver, & Jacobsen, 2005). Approximately 30% of these difficulties may
be specific or associated with other neurodevelopmental disorders, such as ADHD (Zentall, 2007). Analyzed as a group,
students with MLD  have been described as presenting specific alterations in number sense (Geary, 2011), in the retrieval of
facts from the long-term memory (Swanson & Jerman, 2006), and in the three working memory components (Toll, Van der
Ven, Kroesbergen, & Van Luit, 2011).

In recent years, visuospatial disabilities have been repeatedly suggested as the main focus of alteration in children with
MLD  in the cognitive sphere (Meyer et al., 2010; Szucs, Devine, Soltesz, Nobes, & Gabriel, 2013), and differences have
even been observed between students with more severe disabilities and those who  present low arithmetic achievement
(Passolunghi & Mammarella, 2010). More specifically, differences with peers have been found in tasks assessing the phono-
logical loop and the central executive (Mabbot & Bisanz, 2008; Passolunghi, 2011). Some investigations locate the origin of
the deficit of children with MLD  in the executive function and, specifically, in inhibitory control (e.g., Geary, 2011; Murphy,
Mazzocco, Hanich, & Early, 2007). In this vein, there is some evidence of its predictive relations with mathematical achieve-
ment between ages 7 and 11 (St. Clair-Thompson & Gathercole, 2006), which seem to decrease with age (van der Sluis, de
Jong, & van der Leij, 2004).

In the specific sphere of this study, arithmetic problem solving has repeatedly been related to the working memory (e.g.,
Lee et al., 2009, Swanson, 2006). This relation is particularly relevant to the executive functioning (Swanson, 2011), globally
analyzed, and to the visuospatial sketchpad (Passolunghi & Mammarella, 2010). Meyer et al. (2010) observed a developmen-
tal tendency in their study whereby children in second grade needed the central executive and phonological processing to
transform problems into numerical representations but, in third graders, solving arithmetic problems depended only on visu-
ospatial representations. Passolunghi and Mammarella have also pointed out the specific contribution of inhibitory control
to arithmetic problem solving in diverse studies, although other investigations have failed to substantiate this relationship
(Lee et al., 2009; Swanson, 2006).

1.2. Cognitive description and arithmetic problem solving in ADHD

Recent research on ADHD has focused on locating the cognitive endophenotypes that allow relating the etiology of the
disorder to its behavioral manifestations (e.g., Doyle et al., 2005; Sowerby, Seal, & Tripp, 2011). Different studies seem to
indicate that, in the cognitive sphere, children with ADHD perform worse than expected in tasks of response inhibition
(Brocki, Randall, Bohlin, & Kerns, 2008, Preston et al., 2009), sustained attention (Sergeant, Geurts, Huijbregts, Scheres, &
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