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Storage and/or automatic retrieval of the basic facts of addition from the long-term memory seems to be 
impaired in children with ADHD presenting arithmetical difficulties. The present study was carried out 
to evaluate the effectiveness of an educational intervention model designed to teach basic facts of 
addition as a means of advancing from counting procedures to memory-based processes in 7 children 
with ADHD, divided into two groups (control and intervention). The main hypothesis was that the 
explicit teaching of decomposition strategies would lead to an advanced use of a memory-based 
procedure. It is an experimental study involving the use of a blind, parallel, randomized, controlled 
clinical trial. The intervention group participated in 10 one-hour sessions over a 10-week period, while 
the control group received the same quantity and distribution of teaching time. They carried out the 
kind of activities generally carried out in the classroom. Although there was no apparent statistical 
difference between the groups, our findings suggest that the tested educational intervention model is 
effective at promoting the retrieval of memory-based facts, since the intervention group came to 
predominantly adopt a memory-based strategy. A carefully designed educational program enhances 
memory-based processes in students with ADHD. These findings have important implications for 
further research considering interventions for both students with ADHD and those who perform poorly 
in arithmetic. 
 
Key words: Special education, attention-deficit/hyperactivity disorder (ADHD), educational model, arithmetical 
difficulties, educational intervention. 

 
 
INTRODUCTION 
 
Learning difficulties are often associated with Attention-
Deficit/Hyperactivity Disorder (ADHD), which has a great 
impact upon the child’s educational development. During 
school years, the disorder is often associated with poor 
academic performance, grade retention, suspension, 
expulsion (Barkley, 2014; Lahey et al., 2004; Rohde et 
al., 1999) and difficulties in relationships (Lahey et al., 

2004), resulting in a worse quality of life (Klassen et al., 
2004). Some authors (Faraone et al., 2001; Mayes et al., 
2000) have related this worse performance with the high 
prevalence of comorbidity between learning disability 
(LD) and ADHD. Although several theoretical models 
have been proposed to explain this comorbidity, three of 
them received greater attention (Biederman et al., 2004; 

 
*Corresponding author. E-mail: adri_costa@terra.com.br. Tel: 0555133083434. 
 
Authors agree that this article remain permanently open access under the terms of the Creative Commons 
Attribution License 4.0 International License

 

 



 

752          Educ. Res. Rev. 
 
 
 
Martinussen et al., 2005; Rhee et al., 2005; Shanahan et 
al., 2006; Willcutt et al., 2005).  The first one suggests 
that the two disorders share risk factors in common, that 
is, there is one (or more) cognitive deficit underlying both 
the disorders; for example, the working memory and the 
processing speed (Biederman et al., 2004; Martinussen  
et al., 2005; Shanahan et al., 2006; Willcutt et al., 2005). 
The second one proposes that the presence of one 
disorder increases the risk for the other, i.e., the three 
nuclear symptoms of ADHD, inattention, hyperactivity 
and impulsivity, have a strong impact upon learning 
(Dupaul and Stoner, 2003). The third model suggests that 
the comorbidity represents independent disorders (Rhee 
et al., 2005).  Even though the causes of this comorbidity 
are not yet clear, there is evidence that, when the two 
disorders occur together, students have greater attention 
and academic deficits than when they occur separately 
(Barkley, 2014). 

A set of investigations (Ackerman et al., 1986; 
Benedetto-Nasho and Tannock, 1999; Kaufmann and 
Nuerk, 2008; Lindsay et al., 2001; Casas et al., 2009) 
indicates that the main feature of the calculation 
problems associated with ADHD is the scarce 
representation and/or deficient inhibition in the access to 
the semantic memory of arithmetical facts. These 
mechanisms determine an overloaded process with 
interference effects, with a more generalized deficit when 
the ADHD appears associated with Mathematics Disorder 
(MD). Sella et al. (2012), comparing students with and 
without ADHD, concluded that ADHD students showed 
more difficulty than their peers in  identifying the best 
counting procedure to use, choosing the easier one, 
which was the earliest one. Similar results were found by 
Costa et al. (2012a). Thus, difficulty in storing and/or 
accessing basic arithmetic facts is identified as a striking 
feature in students with ADHD. Therefore, it is necessary 
to teach such students’ strategies that might facilitate 
access to basic facts from memory.  

Recent research  and reviews (Costa et al., 2012a; 
Costa et al., 2012b; Gersten et al., 2009; Hopkins and 
Lawson, 2006; Sella et al., 2012; Woodward, 2004) have 
shown that students with learning difficulties do not 
advance spontaneously to memory processes, requiring 
direct and explicit teaching situations that facilitate their 
acquisition. Moreover, practice, as the sole type of 
instruction, has proven to be ineffective (Baroody et al., 
2009; National Mathematics Advisory Panel, 2008). 

In recent years, one widely used method of teaching 
calculation in classrooms has been based upon the 
conceptual understanding of the facts, through 
manipulative materials, and on meaning-based teaching 
proposals. Miller and Hudson (2007) report that these 
practices are largely centered upon the student. 
Woodward (2004) noted that, within this teaching 
approach, the cognitive load of the curricular activities 
and materials is very challenging for students with 
learning difficulties, even more so for  those  with  ADHD.   

 
 
 
 
It is important to note that the characteristics of the 
students with ADHD, including memory deficits (Keeler 
and Swanson, 2001; Kroesbergen and Luit, 2003), 
difficulty in attending to the main aspects of tasks and a 
passive approach to concluding tasks (Greenwood et al., 
2002; Junod et al., 2006) contribute to increasing the 
challenges that all students have to face.  

A variety of interventions has been tested in order to 
reduce the academic and social difficulties that often 
accompany ADHD (Tirado et al., 2004). Consistently, 
studies (MTA COOPERATIVE GROUP, 1999; Chronis et 
al., 2006; DuPaul and Stoner, 2003; DuPaul et al., 2006; 
Raggi and Chronis, 2006) have indicated that the best 
treatment is based on a more comprehensive approach 
including the use of medication and behavioral and 
psychoeducational interventions. The two latter 
approaches are aimed at the student, the parents and the 
teachers. While, on one hand, there are many studies 
indicating the efficacy of medication and showing that 
productivity increases with its use; on the other hand, 
there are few studies which examine the long-term 
results of academic interventions (Pfiffner et al., 1998; 
Raggi and Chronis, 2006).  Most of this research has 
concentrated on strategies related to handling social 
behavior and conduct in the classroom, but this is only 
one aspect of ADHD; another is related to strategies 
aimed at enhancing academic performance (DuPaul and 
Stoner, 2003; Iseman and Naglieri, 2011). 

 To the best of our knowledge, no investigations have 
attempted to assess efficient strategies for teaching basic 
arithmetic facts to students with ADHD, despite evidence 
that this group of students continues to use immature 
counting procedures up to more advanced grades 
(Benedetto-Nasho and Tannock, 1999; Costa et al., 
2012a; Sella et al., 2012; Zentall, 2007). Thus, the 
present study is the first to investigate the efficacy of a 
pedagogical intervention model directed at teaching basic 
arithmetic facts, as a resource for advancing to memory-
based processes. 
 
 
METHODS 
 
This is an experimental study using a blind, parallel, randomized, 
controlled clinical trial. The sample was enrolled from the ADHD 
Outpatient Clinic at the Child and Adolescent Psychiatric Division of 
Hospital de Clínicas de Porto Alegre (PRODAH). The research 
project was approved by the Research Ethics Committee of the 
Hospital de Clínicas de Porto Alegre, RS, Brazil (project number 
07591). Written informed consent from parents or a legal guardian 
and assent from the child were obtained.  
 
 
Subjects 
 
Four boys and three girls from the ADHD Outpatient Program were 
randomly allocated, using a sequential allocation strategy balanced 
by prognostic factors (Fossaluza et al., 2009), into 2 groups: 1) 
control group (CG) – two boys and 1 girl aged from  8 to 11 years 
(M = 9.67), within the average range of intelligence (M = 98.34,  SD  



 

 
 
 
 
= 13.87) based on the WISC-III (2002) vocabulary and cube 
subtests, and 2) intervention group (IG) – two boys and two girls 
aged from 8 to 10 years (M = 9), within the average range of 
intelligence (M = 92.5, SD = 9.57). 

The inclusion criteria were: a) attendance at the second to the 
seventh grade of elementary school; b) diagnosis of inattentive or 
combined ADHD subtypes, confirmed by the clinical staff according 
to the DSM-IV criteria (APA, 1994); c) an estimated IQ (WISC-III, 
1991) between 80 and 120; d) the use of counting-based 
procedures and e) not receiving special educational support. 
Subjects diagnosed as having any comorbid Mood Disorder and 
Anxiety Disorder were excluded, as they are psychiatric disorders 
that interfere greatly in scholastic performance. 
 
 
Mathematical assessments  
 
The participants were assessed in two mathematical measures by 
two qualified research assistants, both trained in Psychopedagogy 
and linked to the School of Education at the Federal University of 
Rio Grande do Sul (UFRGS). The senior investigator (BVD) duly 
trained the two assistants. The two instruments were always 
applied in the same session and the children were assessed 
individually. The tasks used were as follows: 
 
a) Evaluation of the counting procedure and strategy: the sub-item 
Strategy Windows from the Numeracy Project Assessment (New 
Zealand, 2007a), which evaluates the strategy employed to resolve 
addition problems, was used. Strategy Windows consists of 9 tasks 
with an increasing degree of difficulty. The tasks, arranged one at a 
time on a sheet of paper, were presented as mathematical stories 
in which both the parts were greater than 0, and the second was 
smaller than the first. The investigator read the question, and the 
child was expected to reply orally as soon as he/she had the 
answer. The child was informed that he/she could resolve the 
question in the way he/she found easiest and that it was not 
permitted to use paper and pencil to avoid the child doing the 
calculation on paper. To avoid inducing their use, the term “fingers” 
was not used, but finger counting was allowed. Upon the conclusion 
of each task, the investigator determined the counting procedure 
(counting all; counting on the highest) or the memory process used 
(decomposition or retrieval), based upon the child’s answer and the 
investigator’s observation (Figure 1). If required, the student was 
asked if he or she had solved the calculation. At the end of the test, 
the investigator indicated the predominant memory process or 
counting procedure and the most advanced counting strategy 
(fingers, oral or silent) that had been accurately used.  
b) Knowledge of basic facts (adapted from Hopkins and Lawson, 
2006): the students were requested to answer 38 problems of 
addition, written in the form a + b in which both the parts were 
greater than 0, and b, greater than or equal to a. Of the 65 (100%) 
problems proposed by Hopkins and Lawson (2006), 38 (59%) were 
chosen. It was decided to execute an abbreviated form of the 
original proposal, as the assessment was to occur in a single day 
and the subjects were tired at the end in the pilot study, which could 
interfere with the results. The problems were presented, one at a 
time, on a sheet of paper, and the investigator read the problem 
orally. The students were requested to solve the problems by trying 
to retrieve the answer from memory. They were told that they could 
not count on their fingers and should say the number that came to 
their mind. Memory was considered to have been used when the 
child answered immediately1, upon being presented with the 
question. 

Immediately after the intervention (post-test) and two months 
later   (follow-up),   the   instruments   were   applied  to  assess  the  

                                                 
1 The relevant literature (Andersson, 2008; Russell & Ginsburg, 1984) has 
indicated that 3 seconds is a good average.). 
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counting procedure and memory-based processes, as well as the 
subject’s knowledge of the basic facts. It should be pointed out that 
2 subjects failed to attend the second evaluation. Figure 2 
illustrates the study design. 
 
 
Diagnostic procedures 
 
The procedure used to diagnose ADHD and comorbid disorders for 
children and adolescents in our unit has been extensively described 
(Rohde and Jellinek, 2002; Rohde et al., 2005). Briefly, the 
diagnosis of ADHD was obtained using a semi-structured interview, 
Schedule for Affective Disorders and Schizophrenia for School-Age 
Children, Epidemiological Version (K-SADS-E) (Orvachel, 1985) 

applied by trained research assistants, and clinical evaluation of 
ADHD and comorbid conditions using DSM-IV (APA, 1994)  criteria 
used by child psychiatrists in interviews with the child and parents. 
For dimensional analyses of ADHD symptoms, we employed the 
Swanson, Nolan and Pelham – IV Questionnaire (SNAP-IV) 
(Swanson et al., 2001). Cognitive evaluation relied on the 
vocabulary and block design sub-tests of the Wechsler Intelligence 
Scale – Third Edition (WISC-III) (Wescheler, 1991)  administered by 
a trained psychologist to estimate the children's overall IQ. 
 
 
Intervention 
 
The intervention, regardless of the group, occurred over a three-
month period (June, July and August). Ten sessions, lasting 
approximately 1 h, were organized, occurring once a week in the 
Hospital de Clínicas de Porto Alegre. The intervention was 
conducted in small groups, and the subjects in the intervention 
group participated in one individual meeting (the 5th session).  
 
Instructional content. For the intervention group, in the pre-
intervention assessment, two groups of basic facts were selected to 
be worked on: make 10 (cycle 1) and the doubles + 1/ - 1 (cycle 2). 
The principles for intervention were obtained from the Numeracy 
Developmental Project (New Zealand, 2007b,c), as that program 
complies with a set of theoretical and practical formulations in line 
with the most recent research in the area. Emphasis was given to 
the teaching of the part-all strategy as an alternative way of 
acquiring the basic facts (Hopkins and Lawson 2006; Hopkins and 
Egeberg, 2009). Hence, as activities were included to develop an 
understanding of the base 10 system (e.g., partitioning and 
grouping of tens; composing and decomposing numbers), to help 
students develop a conceptual understanding of addition facts and 
the mathematical properties that can be used to solve other 
arithmetical facts. Fluency in the use of the facts was also part of 
the intervention, since computational fluency includes efficiency, 
accuracy, and flexibility with strategies (Bay-Williams and Kling, 
2014). 

Care was also taken with the use of story problems. Van de 
Walle (2007) suggests that when students are involved in finding a 
new strategy, “raw’ arithmetic problems (e.g. 8 + 5) are more 
suitable; while when the goal is to practice a strategy, it is best to 
have the fact embedded in a simple context (e.g. John had 8 
candies and bought 5 more. How many candies did he have then?). 
A new cycle only started if most of the group were using the taught 
procedure. 
 
Instructional components. Each cycle involved four moments: 1) 
explicit teaching (for constructing the conceptual knowledge of each 
solving strategy to be taught); 2) practical (to encourage and 
automatize the procedure learned); 3) generalization (to expand the 
use of the procedure to other contexts not worked on) and 4) follow-
up. 

The   general   sequence   of    the    moments   constituting    the 
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Figure 1. Counting procedures and memory-based processes. Source: Based on 
Hopkins and Egeberg (2009). 

 
 
 
intervention is presented in Table 2. 

Each lesson consisted of the following components: a Warm-Up 
(activating background knowledge by reviewing prerequisite 
concepts and skills and previously taught basic facts), Preview 
(providing an advance organizer), Modeled Practice (teaching the 
concepts and procedures while engaging students during 
instruction), Guided Practice (practicing as a group [choral and 
individual responding] with the interventionist), games designed to 
practice the taught procedure and Daily Check (Bryant et al., 2014; 
Cuillos et al., 2011), which assessed the content in each lesson. As 
can be seen, practice as a means of achieving automatization was 
greatly appreciated and, whenever possible, games were used for 
this purpose. Games provide opportunity for meaningful practice. 
The research about how students develop fact mastery indicates 

that drill techniques and timed tests do not have the power that 
mathematical games and other experiences have. Appropriate 
mathematical activities are essential building blocks to develop 
mathematically proficient students who demonstrate computational 
fluency (Van de Walle, 2007).  
 Hence, the use of direct, explicit teaching, practice, constant 
feedback of the student’s performance, cumulative revision, and 
constant monitoring of his or her own progress (Fuchs et al., 2008) 
as practical principles. 
 The metacognition, i.e., the skills involving the understanding and 
control of cognitive processes, such as the monitoring and 
modifications of one’s own cognitive processes (Iseman and 
Naglieri, 2011) were emphasized. It is believed that in order to learn 
it is necessary to  learn  how  to  learn.  Hence,  the  efficacy  of  the  
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Figure 2. Representation of the study design. 

 
 
 
learning is not dependent exclusively on conceptual knowledge, but 
also on the acquisition of metacognitive strategies that allow the 
student to plan and monitor his or her performance. Such strategies 
allow the student to consciously decide which processes he or she 
will use to learn and which learning strategy to adopt for each task, 
and furthermore, assess its efficacy, choosing an alternative when 
the desired results are not obtained. 

In the fifth session, each child was seen individually for appro-
ximately 30 min. The main objective of this moment was to assess 
the child’s progress. During the session, only those facts that would 
have to be solved using the make-10 strategy were selected 
(cycle1). The doubles were included with the purpose of introducing 
the new procedure (cycle 2). A calculation was shown to the child 
who was then expected to solve it in the manner he/she thought 
would be most efficient. They all used the make-10 procedure. 

 
 

Control group 
 
The control group received the same length of time of attention, 
although the games were supervised by a research assistant 
without pedagogical training. Reasoning games were chosen. In 
this group, the purpose was that, through the games, the subjects 
would have the opportunity to develop their emotional, cognitive, 
social and ethical skills. The emphasis was on the game as an 
instrument for mediating the relationship between the subjects. 
Thus, the proposed games were intended to help the subjects 
make decisions, find strategies for solving problems, learn how to 
deal with mistakes and develop awareness of their thought process. 
Some games were played in pairs, so that students could exercise 
the ability to cooperate with each other and work as a team, 
providing opportunities to cope better with emotions. 

Thus, all the games involved rules, building relationships, 
developing strategies and negotiations between the participants. 
Some games were included deliberately to involve numbers 
(Prisoner – [original El preso] - marketed by Ruibal) and numerical 
sequence (Junior Profile [original Perfil júnior] - marketed by GROW 
and What’s this? [original Que bicho é esse?] - marketed by 
Algazarra). The card game, Uno (Mattel) was much appreciated by 
the group. All the games, with the exception of Prisoner [original El  

preso], are made and easily found in Brazil. 
 
 
RESULTS 
 
The main objective of this study is to evaluate the 
effectiveness of a basic arithmetic facts education 
program as a means to advance the use of memory-
based processes. The central hypothesis is that the 
explicit and direct teaching of the basic facts of addition 
would augment the repertoire of facts the student would 
be able to access, and that increase would be reflected in 
the use of a memory-based process. 

In the statistical analysis, the variables were described 
in terms of the mean, median, minimum and maximum 
standard deviation, and compared within groups over 
time using the Friedman test and between groups using 
the Mann-Whitney test. The significance level for 
statistical tests was 5% (0.050). 

The number of basic facts which each subject was 
capable of automatically retrieving at the three moments 
of the study (pre-intervention, post-intervention and in the 
follow-up) are presented in Table 1. 

As can be seen, both the intervention group and the 
control group exhibited a gain in the number of basic 
facts they were capable of automatically retrieving from 
the long-term memory between the pre- and post-test. 
However, the difference was not significant. 

It is important to note that the mean percent gain from 
pre to post-intervention was more than double in the 
intervention group compared to that of the control group. 
This improvement compared to the control group was 
maintained three months afterwards. The increase in the 
number of  basic  facts  known  allowed  all  the  students  
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Table 1. Number of basic facts retrieved automatically at the three moments of the study. 
 

Pre-intervention Post-intervention Follow-up P* 

IG Mean 20.50 33.00 26.67 

0.050 

Median 20.00 33.00 24.00 

 
Std. 
Deviation 

2.52 3.37 5.51 

Minimum 18.00 29.00 23.00 
Maximum 24.00 37.00 33.00 

CG Mean 24.00 29.33 21.00 

0.223 

Median 26.00 26.00 21.00 

 
Std. 
Deviation 

5.29 5.77 11.31 

Minimum 18.00 26.00 13.00 
Maximum 28.00 36.00 29.00 

P** 0.400 0.400 0.800 
 

Significant values (p < 0.05) - *Friedman Test ** Mann-Whitney Test. Legend: IG = Intervention Group; CG= 
Control Group. 

 
 
 

Table 2. General sequence.  
 

Moments  
Approximate 
time in min 

Objective 

Explicit teaching 

Warm-up 5-10 
Explain which procedure will be taught and for what 
reason. 

Teaching the new procedure 30 – 40 
Seek to use solid materials in teaching a new 
procedure.    

Practicing the new 
procedure  

10- 15 
Suggest games in which the calculation can be resolved 
using the new procedure. 

Warm-down 5 Ask about what has been learned. 

Practice and 
generalization 

Review 5-10 Remembering what was learned in the previous lesson. 
Systematizing the new 
procedure 

20 – 25 
Performing paper and pencil-type activities using the 
new procedure. 

Practicing the new 
procedure 

15 – 20 
Suggest games in which the calculation can be resolved 
using the new procedure. 

Applying the new procedure 
in other contexts 

10 – 15 
Using the learned procedure in other, previously 
unworked, facts. 

Warm-down 5 Ask about what has been learned. 

Generalization 
and follow-up 

Recalling 5-10 Remembering what was learned in the previous lesson.  

Applying the new procedure  10 – 15 
Using the learned procedure in other, previously 
unworked, facts 

Self-assessment  5 – 10 

Checking whether I am using the learned taught/learned 
procedure.  This self-assessment can be made by 
repeating the previous activities, or through arithmetic 
facts, where I should answer as quickly as possible. 

Warm-down 5 Ask about what has been learned. 
 

Legend: In bold, most important steps, which may vary depending to the day.   
 
 
 
from the intervention group to advance to using a 
memory-based counting strategy, a fact not observed in 
the control group, which continued using the same 
counting strategy. In the follow-up testing, all the subjects 
from the intervention group continued to use a procedure 
based upon memory.  

Moreover, the Mann-Whitney test also showed there 
was no significant difference in the values of the 
automatically accessed basic facts within the groups. 

DISCUSSION  
 
To our knowledge, this is the first report investigating the 
efficacy of a pedagogical intervention model aimed at 
teaching basic facts to students with ADHD. The data 
from the present study indicate that direct teaching of 
decomposition added to a time of automation in this new 
procedure increases the number of basic arithmetic fact 
that the student  is  capable  of  accessing  automatically.  



 

 
 
 
 
This finding corroborates the findings of Hopkins and 
Lawson (2006), suggesting that confidence in automatic 
retrieval only occurs when the student has a significant 
number of basic facts in the long-term memory. Thus, the 
memory process requires the existence of at least some 
previously stored basic facts to assist the development of 
others. This would explain typical development, because 
the more facts the student is able to access 
automatically, the greater the incentive and satisfaction 
he/she will feel in engaging tasks and activities involving 
that skill. Consequently, most basic facts are stored in the 
memory, and so on successively.  

For students with ADHD, the task is even more 
challenging because they have difficulty representing 
facts in the memory due to their attention and memory 
deficits (Kaufmann and Nuerk, 2008; Tannock, 1999). 
Thus, every time such a student attempts to solve a 
calculation, he/she needs to use a counting procedure, 
which is slow and often inaccurate. Consequently, the 
student is less inclined practice and, so is less capable of 
representing a larger number of arithmetic facts in the 
long-term memory. In addition to all this, ADHD students 
are known to have difficulty engaging in activities in 
general (Rogers et al., 2009). Thus, there is a real vicious 
circle of failure and frustration. Moreover, in such cases, 
practice becomes meaningless, making automatization 
slow. This is another of the important contributions 
provided by this study: highlighting the need of students 
with ADHD to practice the automatization of basic 
arithmetic facts. Therefore, it is important to find activities 
that engage such students (Rogers et al., 2009), an idea 
compatible with the findings of Zentall (1993) that 
students with ADHD require more instruction time and 
practice. Fletcher et al. (2009) suggest that an effective 
intervention program is one that substantially increases 
the student’s exposure to situations that require 
mathematical thinking. 

It should be noted that, at first glance, the control group 
showed an improvement, although it was inconsistent, 
since three months after, the results were lower than in 
the pre-test. The advance in the control group can be 
explained by the arithmetic tasks carried out, for 
example, the number line. Such activities, however, were 
unable to consolidate the taught knowledge, which was 
not the case in the intervention group. In the intervention 
group, there was also a decrease between the post-test 
and follow-up testing, but, compared with the pre-test, 
there was an advance. The decrease can be explained in 
two ways. 

The first idea is to highlight the importance of practice. 
Possibly, after the intervention, the students did not 
practice anything other than what is commonly proposed 
in the classroom, which may have led to a diminished 
performance, as mentioned above. 

The second explanation is related to the model of the 
response to the intervention (RtI) (Fletcher et al., 2009; 
Gersten   et   al.,  2009).  This  model  suggests  that  one  
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criterion for identifying learning disabilities (LD) should be 
the lack of a satisfactory response from the student to 
quality interventions. This criterion helps to distinguish a 
disorder from a difficulty, since, in the former case, 
studies (Dowker, 2004; Jordan et al., 2003) have 
indicated that the deficits are more persistent, which is 
not so in the case of difficulties. Thus, we may think that 
the students participating in this study presented a 
Learning Disorder (LD) as well as ADHD, which would 
make their response to the intervention even slower. 

Research conducted in North America (Miller and 
Hudson, 2007; Powell et al., 2009) has indicated that in 
these countries the addition facts are part of the 
curriculum in preschools and in the first two years of 
elementary school. Probably then, students with typical 
typically development advance without any problems 
during those moments. However, studies in English 
(Baroody et al., 2009) and in Portuguese (Costa et al., 
2012b) have demonstrated how difficult it is for students 
with difficulties in arithmetic to advance spontaneously 
from one procedure to another. To make matters worse, 
mathematics is characterized by a content hierarchy, in 
which new skills are built on those previously learned. 
Therefore, when students continue to use immature 
counting procedures, there is a need to develop teaching 
strategies suited to that level of knowledge, before 
moving on to new ones. The conclusion that this aspect 
is not considered in Brazilian schools provides an 
important contribution to the understanding of the 
subsequent arithmetic difficulties seen in this group of 
students. As they can be expected to have difficulty, for 
example, in understanding multiplication, a form of 
knowledge that implies an understanding the part-whole 
relation, which is not fully formed in this group of 
students. Furthermore, the lack of automatization in 
accessing simple addition facts also has an impact on the 
ability to solve multi-digit calculations, overloading 
working memory and favoring forgetfulness in the use of 
number grouping.   

The data from the present study suggest 
decomposition/composition and commutativity are two 
difficult to understand principles, mainly for students with 
MD (Mathematical Disabilities). Similar findings were 
obtained by Baroody et al. (2009). Thus, understanding 
and explicitly teaching of these two principles can be 
crucial for the advance of a process based upon memory. 
Even so, this study suggests that this challenge can be 
overcome, depending on availability of suitable tools and 
opportunities.  

While computer-based interventions may be more 
attractive to children, our main motives for using the 
present intervention model are twofold. The first is that 
some studies (Duhon et al., 2012; Ota and DuPaul, 2002) 
have shown there is no significant difference between 
computer-based and pencil and paper-based teaching. 
The second concerns the situation in the Brazilian 
education system,  in  which  this  study  was  conducted,  
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where using a computer as a teaching tool is not yet part 
of the educator’s everyday life. Thus, the present 
teaching model has proven to be a promising path to be 
replicated in larger samples.  

This finding confirms several intervention studies 
(Fuchs et al., 2005; Fuchs et al., 2006;  Fuchs et al., 
2008a;  Fuchs et al., 2008b;  Iseman and Naglieri, 2011; 
Tournaki, 2003; Woodward, 2006) showing that 
arithmetical skills are strongly susceptible to teaching. 
Iseman and Naglieri (2011) analyzed the efficacy of a ten 
days plan-based teaching with a group of ADHD students 
and concluded that there was an improvement in the 
students’ performance, as assessed using math 
worksheets, and the students showed some knowledge 
transfer to standardized math tests.  

The problem situations presented, being related to daily 
activities, may also have helped. Studies (Nunes and 
Bryant, 1997; Orrantia, 2006) have shown that linking 
mathematical problems to everyday life is capable of 
facilitating the learning of mathematical procedures and 
concepts by students. Orrantia (2006) reported that a 
large part of the arithmetical difficulties stems from the 
disconnection between the informal knowledge that 
students develop spontaneously and the formal know-
ledge that they learn in schools. Nunes and Bryant (1997) 
have postulated that this linking exerts a particularly 
strong influence in children with a low scholastic output. 
The effects of different teaching materials on students’ 
performance, as well as the effects of pedagogical 
intervention time deserve a more detailed analysis in 
future research.  
 
 
Conclusion 
 
The main hypothesis is that subjects would advance from 
a procedure based upon counting to another relying on 
memory with both direct and explicit teaching of 
decomposition and moments of practice. This hypothesis 
was confirmed, indicating that the children in this study 
responded positively to explicit and direct teaching. The 
findings suggest two important pedagogical implications: 
1) even interventions considered late may lead to 
changes, indicating that there is a delay in development 
and not a permanent deficit and 2) the need to pay 
greater attention to the teaching of basic arithmetic facts 
in order to facilitate the advance to memory-based 
processes.  

The main methodological limitation of the present study 
was the sample size. Although the diagnostic criteria for 
ADHD were carefully controlled, the sample size was 
small, reducing the possibility of generalizing from the 
results obtained. Moreover, the small number of students 
with ADHD prevented comparison between subtypes of 
ADHD. Finally, the nonexistence of a group without 
ADHD meant that the comparison of the results found in 
children with ADHD with those described in  children  with  

 
 
 
 
typical development could only be performed using data 
obtained from the relevant literature about the latter 
group (typical development). Another possible limitation 
is related to the control of the level of ADHD severity. It is 
likely that the most serious cases, and therefore the most 
difficult to remedy, were those who gave up or refused to 
take part in the study. However, it is important to 
emphasize an extremely innovative aspect of this study, 
which was to introduce the efficacy test model to the area 
of education. Further studies will be required to confirm 
the findings presented herein.  

Due to the well-known clinical heterogeneity of ADHD, 
we cannot suggest that this teaching model would 
function for all children with ADHD. Nevertheless, a 
series of procedures can be described, which, as a 
whole, seem to be valid and should be taken into account 
in future studies: 

 
1. Direct teaching in adding composition and 
decomposition using concrete materials, which should be 
gradually withdrawn. 
2. Immediate feedback: during the intervention, students 
used an unsuitable procedure, because they did not 
know it was inefficacious.  
3. Constant self-monitoring. Several studies (Biederman 
et al., 2004; Castellanos et al., 2006; Iseman and 
Naglieri, 2011; Shanahan et al., 2006) showed that 
students with ADHD use cognitive and metacognitive 
strategies less efficiently than their peers with typical 
development.   
4. Time of practice in a determined procedure and not a 
mechanical practice, devoid of meaning. It should be 
borne in mind that, in order for the information to be 
transferred to the long-term memory and, consequently, 
to consolidate the knowledge, it is of paramount 
importance that the information be repeated (distributed 
practice) and organized.  
5. The systematization and revision of what was studied, 
as well as the anticipation of what will be developed, are 
essential aspects, as students with ADHD have difficulty 
organizing, maintaining and using new knowledge. 

 
Developing the strategy of quickly and accurately 

accessing the basic arithmetic facts of addition from the 
long-term memory is the result of a complex learning 
process. It should be pointed out that this is a cognitive 
construction process with different conceptual levels. The 
present study has shown that it is possible to develop 
teaching strategies that “destabilize” the student and 
make him or her advance more quickly to the next level. 

In conclusion, it is important to point out that the 
progress shown by the intervention group suggests the 
importance and feasibility of executing short, easy-to-
apply and low cost pedagogical interventions to improve 
learning. Moreover, it is important that educators, 
whether teachers or educational psychologists, pay more 
attention to the various moments of developing  counting,  



 

 
 
 
 
as each one involves different conceptual levels that 
should be respected.  
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