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Abstract 

This dissertation is based on results from an intervention study targeting 
working memory training. A group of 46 boys and 11 girls (aged 10.7) that 
were attending special units in 16 regular schools participated in the study. 
The treatment group (n = 42) trained at school every day for 30-40 minutes 
with an interactive computer program (Cogmed training) for five weeks. The 
performances of the treatment group on reading related measures and basic 
number skills are compared to those of a group of students (n =15) that were 
attending similar special units and received only ordinary special educational 
instruction. Working memory measures and non-verbal problem solving 
were compared to students (n = 25) in a control group from a previous study. 

In Study I, it was found that reading comprehension and working memory 
measures correlated and improved at post-tests (T2, T3) for the treatment 
group to a larger extent than for the comparison group. 

In Study II, it was found that working memory measures and basic num-
ber skills were highly related. The performance of the boys in the treatment 
group improved more than that of the boys in the comparison group on basic 
number test at both post-tests. 

In Study III, basic skills assessed three years later (T4) are reported. The 
treatment group achieved higher scores in reading comprehension compared 
to pre-tests and compared to the control group. 

The treatment group seems to have gained from the cognitive training of 
working memory with the computer assisted program directly after training, 
after seven months and at the three year follow-up. The gains were observed 
on visuo-spatial working memory measure (T2, T3), reading comprehen-
sion and on basic number skills in boys (T2, T3, T4). 

The possible mechanisms that may be involved in and may explain the 
observed improvements of performances are discussed: executive function, 
attention, memory, motivation, emotions. The study has some methodologi-
cal limitations and more research is needed to substantiate the efficacy of the 
program. 

Keywords: working memory training, attention deficits, special educational 

needs, reading, basic mathematics, computer assisted instruction 
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1 Introduction 

Being able to focus on and complete a specific task and coordinate new and 
previously consolidated knowledge and experiences is conducive to learning. 
Several different abilities facilitate this. One of these abilities is the working 
memory (WM). WM is used not only when instructions or subsections need 
to be held in the mind in order to complete a particular task, but also to hold 
back emotion (Bull, Espy, & Wiebe 2008).  

With the exception of the articulatory loop (Baddeley's model, see 2.1.3), 
which does not develop until approximately seven years of age, the organisa-
tion of the working memory appears completed in the brain at approximately 
four to six years of age (Gathercole, Pickering, Ambridge, & Wearing, 
2004b). The WM functions subsequently develop linearly and very similarly 
within each age group during childhood and adolescence until early adult-
hood (Alloway, Gathercole , & Pickering, 2006).  

Linguists emphasise the importance of early linguistic stimulus (e.g., 
Snow, Burns & Griffin, 1998). Learning, language and problem solving ac-
tivities most likely affect WM development in a positive way, providing 
opportunities to develop even further (Goswami, 2008a; Norrelgen, 2002). 

Each child comes to the classroom with his or her unique brain organisa-
tion, the different components of which have been affected to varying de-
grees by both cognitive and emotional experiences (Goswami, 2008b; 
Dehaene, 2009). Many parts of the brain are simultaneously involved in 
processing information (Goswami, 2008a; Worden, Hinton, & Fischer, 
2011). Different areas can cooperate during these activities, or may conflict 
with each other when solving problems. 

Weak WM capability, combined with increased requirements for the stor-
age and processing of information in learning situations could result in fail-
ure. Groups of students of various ages have been studied and links between 
WM, basic skills and attention skills have been found: 4-5 year olds (Allo-
way, et al., 2005a); 5-8 year olds (St Clair-Thompson, Stevens, Hunt, & 
Bolder, 2010); 6-8 year olds (Swanson, 2006); 7-11 year olds (Alloway, 
Gathercole, Adams, & Willis, 2005b); 13 year olds (Alloway, Banner, & 
Smith, 2010); and students in Grade 9 (Reuhkala, 2001). Students with low 
WM generally performed less well than other children on reading, mathe-
matics and attention tests.  

As age increases, so too does experience and the consolidation of 
knowledge. Those in a weaker position at the outset may find it difficult to 
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catch up to their peers. This means that students who find themselves in the 
lowest percentile at a young age are likely to perform less well at school 
compared to students and adolescents of the same age (Alloway & Alloway, 
2010) and there is a resulting ‘rich-get-richer’ effect, as is the case with read-
ing development (Stanovich, 2000; Walberg & Tsai, 1983). 

Students with WM problems seem to be at greater risk of underperform-
ing in school than their peers, because WM problems in turn affect the abi-
lity to understand and remember information and specific instructions, to 
pursue a plan and to complete ‘simultaneous processing’, i.e., being able to 
handle multiple types of information (Das & Naglieri, 1995; Cowan, 2005; 
Gathercole, Lamont, & Alloway, 2006).  

Studies show that WM, but also other cognitive abilities, can predict out-
comes in reading and writing (literacy) and mathematics during the school 
years (Bull & Scerif, 2001; Cain, Oakhill, & Bryant, 2004; DeStefano & 
LeFevre, 2004; Seigneuric & Ehrlich, 2005; Bull et al, 2008).  

The consequences of poor WM are constantly experienced and could have 
implications on the development of knowledge and self-esteem. Four of the 
students who participated in this study said: 

 
It's hard to remember mathematical rules. 

I don’t remember the words. 

I cannot learn the tables. 

I feel worthless … every day.  

 
Since students with a low WM capacity seem to underperform in reading 

and/or mathematics at school in relation to other students of the same age 
(Vucovic, 2012; Siegel & Ryan, 1989), we should consider working memory 
capacity as critical for knowledge acquisition.   

However, poor WM capability may be difficult to detect in students. It 
emerged in a study by Gathercole et al. (2006) that teachers did not seem to 
be aware that some of their students’ difficulties in following instructions 
and completing work were related to a lack of working memory capacity 
(WM capacity) and attention skills.  

Teacher estimations of WM difficulties did not correspond to the actual 
conditions, according to observations and recently designed WM tests (Al-
loway, Gathercole, Kirkwood, & Elliot, 2009a). It has also been noted that 
students with low WM-ability have been placed among the low-performing 
children. Teachers have attributed this to the students' lack of motivation and 
attention ability and the fact that they “never listen” (Alloway & Gathercole, 
2006).  

Individual differences in WM capacity seem to result in differences in the 
students’ ability to solve tasks. Differences in performance on WM measures 
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may depend on WM capacity, but possibly also on differences in LTM and 
the way in which an individual is able use strategies available from prior 
experience (Minear & Shah, 2006). According to research in recent years, 
differences in performance are due to heredity and environment in collabora-
tion with the development of the brain (Lagercrantz & Olson, 2007).  

If individuals’ cognitive development could be influenced, this might give 
rise to significant improvements in the performance, self-esteem and social 
interaction at school of a great number of students. As much as ten percent 
of all school students may perform significantly lower on WM measures 
compared with other peers (Alloway, et al., 2009a).  

According to Alloway and Alloway (2010), one means of improving 
school performance is to identify difficulties through early screening of 
WM-capacity and subsequently compensate for these. A complementary 
approach would be to try to directly influence cognitive ability through in-
teractive computerised cognitive training. At the commencement of this 
study, no research had been carried out regarding how WM training affects 
mathematics and reading, or whether any resulting improvements in students 
with attention difficulties would be sustained over time. It was therefore 
deemed important to investigate these issues in the school environment. The 
hypothesis was that WM training would have a positive effect on reading 
comprehension and basic number skills1, given suggestions that attention 
capacity is adversely affected by weaknesses in WM (Barkley, 1997) and the 
positive results that previous studies have shown in WM measures following 
WM-training (Klingberg, Forssberg, & Westerberg, 2002). The training car-
ried out featured for the most part exercises loading on working memory, 
and training sessions were continuously adapted to each student's WM ca-
pacity. 

 
 

1.1 Aim 
The overall aim of this thesis is to examine the effect of working memory 
training in students with attention deficits. The thesis is based on three arti-
cles concerning the effect of WM training on WM measures and reading and 
basic number skills.  

1.1.1 Studies 
Study I 
Dahlin, K. I. E. (2011). Effects of Working Memory Training on Reading in 
Children with Special Needs, Reading and Writing, 24(4), 179-191. 

                                                      
1 In this thesis, the term “basic number skills” is defined as follows: skills in calculations (the 
four basic arithmetic operations), place value, grouping and completing series. 



 

 22

 
In Study I, the purpose was to investigate the relationship between working 
memory measures, working memory training and reading. The questions 
were: 
 

a) In what ways are neuropsychiatric and reading measures affected by 
working memory training?   

b) How are the working memory and reading measures related in pre- 
and post-tests? 

 

Study II 
Dahlin, K. I. E. (2013). Working Memory Training and the Effect on Ma-
thematical Achievement in Children with Attention Deficits and Special 
Needs. Journal of Education and Learning, 2(1), 118-133. 

 
Study II sought to examine the effect of working memory training on math-
ematics in boys and girls six to seven months following the completion of 
training. The questions were: 

 
a) How do children with attention deficits perform in mathematics post-

tests after five weeks of working memory training (directly following 
the training and seven months later) compared with the control group 
members, who received no extra training? 

b) How do children in the treatment group perform in WM measures in 
post-tests compared with pre-tests? 

c)  How are outcome scores in WM measures, WM training results and 
mathematics interrelated? 

d)  Do boys and girls perform differently in WM measures and/or math-
ematics?  

 

Study III 
Dahlin, K. I. E. (2013). A Three-Year Follow-Up Study: Students’ Perfor-
mances in Reading and Mathematics Three Years after Five-Week Comput-
erised Working Memory Training. Manuscript submitted.  
 
The aim of Study III was to investigate the students' reading and mathemat-
ics development three years after the completion of working memory train-
ing. The question was:  

 
a) How do students perform in mathematics and reading assessments 

compared with a control group at pre-tests and post-tests and ap-
proximately three years after the completion of WM-training? 
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1.1.2 Other issues 

a) How do girls with attention deficits perform in WM training, WM 
measures, reading and mathematics compared with boys at pre-tests 
and post-tests. 

b) How do students in the treatment group perform in reading and basic 
number skills at pre-test compared with students in regular classes?  

c) Do students with or without an ADHD diagnosis perform differently 
after WM-training?   
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2 Theoretical background 

2.1 Working memory and a variety of abilities 
Correlations have been noted between behaviour in the classroom and work-
ing memory (e.g., Alloway, Gathercole, Holmes, Place, Elliot, & Hilton, 
2009b). Studies show that WM-capacity is associated with a variety of skills 
(Alloway et al., 2005). Examples include reading (Reuhkala, 2001; Siegel & 
Ryan, 1989; Nation, 2006); writing and spelling (Swanson & Beringer, 
1996; Swanson & Ramalgia, 1992); mathematics and other sciences (chem-
istry and physics) (Andersson, 2008; Geary, 2011; Gathercole, Pickering, 
Knight, & Stegmann, 2004a); and problem solving (Krumm, Ziegler and 
Buehner, 2008; Swanson, 2011). It has also been noted that WM is associat-
ed with behaviour ability and attention (Castellanos & Tannock, 2002; Mez-
zacappa & Buckner, 2010). Studies show that WM-capacity can vary among 
different students2 and adults (Alloway & Alloway, 2010; Alloway et al., 
2009a; Bull & Scerif, 2001). 

WM can be described as a cognitive system that controls attention, the 
sorting and collation of verbal and visuo-spatial information, and the integra-
tion of both new information and ‘old’ information previously stored in the 
long-term memory (LTM). Processing information is believed to charge 
WM when reading, inserting additional information into a task, or integrat-
ing both verbal and visuo-spatial elements into a task (Swanson, 2006). 

2.1.1 WM is an ‘executive function’ 

WM can be described as one of several ‘executive functions’ (EFs) and ex-
ecutive function can be defined as “the monitoring and self-regulation of 
thought and action, the ability to plan behaviour and inhibit inappropriate 
response” (Goswami, 2008b, p. 295). EFs are cognitive control functions 
that make it possible to direct attention in order to achieve goals (Baddeley, 
1996; Masten et al., 2012) (Figure 1). Examples of EFs include attention, 
inhibition, working memory, and cognitive flexibility (Cartwright, 2012). 

                                                      
2 For the purposes of this thesis, ‘students’ denotes ‘pre-school and school children’.  
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Swanson, Howard, and Sáez (2006) found that updating3 correlated with 
both WM and STM. 

Willcut, Doyle, Nigg, Faraone, and Pennington (2005) classify the fea-
tures that organise and control cognitive processes into five areas (1) inhibi-
tion and execution, (2) WM and updating, (3) shifting and (4) interference 
control and, (5) planning. Overall, one can say that EFs make it possible to 
perform cognitive tasks at a high level, e.g., reading (Goswami, 2008b). EFs 
make it possible to identify and solve a problem (or carry out a task), consid-
er consequences and understand what is socially appropriate in different 
contexts (Barkley, 1998).  EFs can be said to constitute the very basis of 
learning (Goswami, 2008b).  

Executive functions develop with age and experience (Masten et al., 
2012; Cartwright, 2012). It is suggested that brain areas related to EFs de-
velop in parallel to reading acquisition (Cartwright, 2012). Therefore, EFs 
can be assumed to be significant for reading on phonological and word lev-
els, and for reading comprehension. Studies have also reported relations 
between EFs and arithmetic (Bull & Scerif, 2001).  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

                                                      
3 “Updating requires monitoring and coding of information for relevance to the task at hand, 
and then appropriately revising the items held in WM.” (Swanson et al., 2006, p. 265-266). 

Learning and school achievement 

 

Inhibition 

Execution 

 

Actions  

Flexibility 

Shifting 

Thinking 

Executive functions (cognitive control processes)  
 

Figure 1. Executive  functions make it possible to direct attention, thinking, 
and actions in order to achieve goals, (cf . Baddeley, 1996; Willcut et al., 
2008; Masten et al., 2012) illustrated by K Dahlin, 2013).  

Direct attention 

WM 

Updating 

Enabling goals to be met 

through “top down functions” 

Self-
regulation 

Planning 
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The question of whether EFs, including STM performance, at a very 

young age (4 years old, n = 124) can predict school performance at age 7 
(having started school at 5 years) was examined by Bull et al., (2008). EFs 
were found to aid predictions on how mathematics and reading would devel-
op in general at school. The higher functioning the STM (according to Digit 
span forward) and EFs, the better the students performed compared with 
those who started at a lower level and the higher their reading and mathemat-
ical development later on.  

The assessment of EF skills is therefore considered important given that 
EFs have been found to be an important factor for school success (Masten et 
al., 2012). Some EFs require little emotional control, while others call for a 
great deal of emotional control, as highlighted by Masten et al.  
   Preschool children seem to be especially sensitive to assimilating ways of 
regulating their own emotions and behaviour (Center on the Developing 
Child at Harvard University, 2011). At school, students must concentrate, 
follow instructions and rules, and behave “as expected”. Cognitive control is 
essential to a range of school situations (Masten et al., 2012).  EF plays a key 
role in all of this. Working memory is one of such skills and will be dis-
cussed in this thesis. 

2.1.2 Definitions of Working Memory  

There are several theories suggesting how to define the WM system. Two 
models are described below selected because of their frequent use in studies 
in education research and are therefore useful for this thesis when discussing 
WM, training and education. The first is the four-component Baddeley mod-
el (Figure 2) and the second is a three-component model (Figure 3). The 
main difference between them is that STMs feature inside the WM in Badde-
ley’s model, while they are considered as separate units outside the WM 
function in the second model (cf. Engle, Tuholski, Laughlin, & Conway, 
1999). Further, in the second model, the central executive (CE) is synony-
mous with ‘WM capacity’ (cf. i.e., de Jong, 2006), in line with many re-
searchers’ definitions of WM (Dehn, 2008; Alloway et al., 2009a), and fea-
tures more executive functions in WM than in Baddeley’s model. 

Throughout this thesis, ‘STM ability’ signifies the function of continuous-
ly storing information for a few seconds without manipulation. ‘WM ability’ 
however refers to not only the processing of information (verbal, visuo-
spatial), but also attention control, planning, sorting and the coordination of 
information, as in the CE in Baddeley’s model and according to the second 
model (outlined below). 
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2.1.3 The first model - a four component model 
The model that Baddeley and Hitch introduced in the 1970s has proved ef-
fective in explaining a large number of cognitive tasks, such as language and 
arithmetic (Duff & Logie, 2001), and has been debated, tested and revised. 
According to this model, WM includes both storing and processing. 

The model originally contained Central Executive (CE) with two sub-
groups: the Phonological Loop (PL), with storage capacity and an articulato-
ry component; and the visuo-spatial storage function, the Visuospatial 
sketchpad (Baddeley, 1992). Each of these two subgroups has a specialty, 
which is to deal with verbal and visual information. The model was later 
revised and ‘the Episodic Buffer’ was inserted (Baddeley, 2000) (Figure 2). 

2.1.3.1 The Central Executive 
Baddeley (2007) identifies at least four important functions that are handled 
in the Central Executive of the WM, i.e., the ability to focus attention, switch 
attention and divide attention, and to link long-term memory and WM.  

The central executive (CE) is likely to affect cognition in general and 
therefore has great significance for the WM model, but it is not studied as 
much as other parts of WM (Baddeley, 1996). The CE sorts, controls and 
manipulates information, but is also responsible for changing the focus of 
attention if required. Furthermore, it coordinates relevant information from 
the appropriate subset, obtaining and providing information from LTM 
(Baddeley, 1992), which occurs via the episodic buffer (Baddeley, 2000; 
Baddeley, 2007). Baddeley (2007) suggests that attention may be WM's 
main function and that it is regulated by CE. A reduced ability of WM's CE 
makes it more difficult to screen out irrelevant information and maintain 
attention long enough to complete a task (Baddeley, 2007). 

2.1.3.2 The Phonological loop 
The phonological loop (STM) within the WM consists of ‘the phonological 
store’ and the articulatory loop, together referred to as the Phonological loop 
(PL), and handles the storing of verbal information (Baddeley, 2000). The 
articulatory loop makes it possible to repeat information so that it can be 
held longer in memory. Not until students are seven to eight years old do 
they begin to use this function (Gathercole & Alloway, 2008).  

2.1.3.3 The Visuospatial  Sketchpad 
Visual and spatial information (STM) is stored in the visuospatial function 
(Baddeley, 2007). Moreover, this function is suggested to be involved in the 
ability to develop mathematical knowledge among both younger and older 
students and adults (Holmes & Adams, 2006; Reuhkala, 2001). Spatial abili-
ties were found to also influence reading comprehension results (Shah & 
Miyake, 1996). 
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2.1.3.4 The Episodic Buffer 
The episodic buffer is assumed to be a storage system that combines infor-
mation from perception and memory, i.e., the phonological loop, the visuo-
spatial memory, the central executive function and long-term memory into a 
device: an episode. Baddeley (2007) suggests that this is probably attention 
demanding, while only the retrieval of information from long-term memory 
demands less attention.  

2.1.3.5 Summary 
It is believed that together with the central executive and visuo-spatial func-
tions, the phonological loop, by means of its storage and articulartory func-
tions, may be necessary for reading and mathematical skills and for the abil-
ity to store important information temporarily (Fayol, Abdi, & Gombert, 
1987; Gersten, Jordan, & Flojo, 2005; Adams & Hitch, 1998; Keeler and 
Swanson, 2001; Pickering & Gathercole, 2004; Wilson & Swanson, 2001; St 
Clair-Thompson & Gathercole, 2006).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.  The revised working memory model from 2000 according to Baddeley  
(2007). Figure 8.1, p. 147: In this initial version, links between the subsystems 
and the buffer operated via the central executive. It now seems likely that there  
are also direct links (shown here as dotted lines). Used with the kind permission  
of Elsevier: lic.nr.212 41501147. 
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2.1.4 The second model - STM and WM  

Another way to differentiate between memories is to use the terms verbal 
STM and visuo-spatial STM, in contrast to verbal WM and visuo-spatial 
WM in the CE (Figure 3). Studies show that WM and STM appear to operate 
independently of each other (Engle et al., 1999; Passolunghi & Siegel, 2004; 
Alloway et al., 2006; Swanson, 2006).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
From my point of view, it is important to be able to discuss separate STM 
and WM components, i.e., verbal and visuo-spatial domains, because in edu-

Figure 3. A model summarising components: WM and STMs are separate func-
tions. WM-functions = the central executive (illustrated by Dahlin; cf Dehn, 2008; 
Cain, 2006; Alloway et al., 2006).  
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cation the relationship between processing (in WM) and storing (STM) 
could be fundamental, since automatised knowledge may facilitate WM pro-
cessing. This approach is also suggested to be essential in ADHD research 
(Tillman, Eninger, Forssman, & Bohlin, 2011). Working memory can be 
considered as a “gateway between short-term memory and long-term 
memory” (Dehn, 2008, p. 57, 58) (Figure 3).   

2.1.4.1 Short-term memory 
Short-term memory is passive (Carroll, 1994). One can distinguish the ver-
bal STM (making it possible to store/recall verbal information, numbers and 
words for a limited period of time) and the visuo-spatial STM (making it 
possible to store/recall non-verbal information, shape and position for a short 
time) without being processed (i.e., the information is not manipulated in 
any way, just remembered exactly as it was given).  

2.1.4.2 An extended working memory  
The Working memory keeps information on line, controls attention, inhibi-
tion, flexibility, shifting and planning, and coordinates information. 

The verbal WM is involved in most language and reasoning activities via 
what we hear, see or read, and it influences the development of words, lan-
guage comprehension and expression, reading comprehension and semantics 
(Dehn, 2008). 

Visuo-spatial WM is suggested to play the key role in calculation, pro-
cessing, the integration of information, and even the computation of data 
with single digits. Furthermore, it is suggested that visuo-spatial function 
and reading difficulties are related (Smith-Spark & Fisk, 2007; Heiervang & 
Hugdahl, 2003). 

In addition, the links between WM and LTM are important. In the second 
model, STMs operate outside the WM (Figure 3). 

2.1.5 Attention is central 

Attention can be described as the ability to always know what to focus on 
and to be able to do so (Nigg, 2006). The ability to control and maintain 
attention is assumed to be managed by ‘the central executive’ (Baddeley, 
1992; Vellutino, 2003; Gathercole & Pickering, 2001; Swanson & Siegel, 
2001). In order to process and store new information in memory, the pres-
ence of attention is necessary (Klingberg, 2007; Goswami, 2008a; Cowan, 
2005). 

Attention deficits affect students in many ways, not only in school situa-
tions, but also in peer relationships and possibly the whole of family life 
(e.g., Nigg, 2006) as some students may also have difficulty controlling their 
hyperactivity and impulsivity (Tannock & Martinussen, 2001). 
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For example, St Clair-Thompson (2011) compared age-matched groups of 
students with and without WM difficulties (mean age 10:2). Each group 
described was comprised of 38 students (20 female / 18 male). Students with 
WM problems, tested with the Memory Test Battery for Children (WMTB-
C, Pickering & Gathhercole, 2001), had both poorer planning and attention 
abilities (Figure 4) compared with other students but did not, however, have 
‘inhibition’ or ‘shifting’ problems.  

To take another example, students aged 10 to 19 years (total n = 202) with 
minor attention problems were compared with students who had ADHD 
diagnoses. All of the students had learning and behaviour problems, but to 
varying degrees. It was found that both groups performed better on general 
cognitive measures than on verbal WM and processing speed (Ek, Wester-
lund, and Fernell, 2013). This is obviously significant when considering 
classroom education and to understanding underlying cognitive variables.  

Therefore, students with low WM-ability may need assistance, not only 
with WM-related tasks in school, but also with activities that require plan-
ning and attention, as suggested by St Clair-Thompson (2011). In addition, 
various memory abilities are required in order to develop skills: WM, short-
term memory and LTM are all important to cognitive processes. 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

2.2 Long-term memory 
Closely associated with WM and automatised knowledge is episodic 
memory in the long-term memory (LTM). Episodic memory is engaged 
when trying to remember certain passages of a previously read text, access-
ing that knowledge if required, recognising someone we have met before and 
maybe even remembering that person’s name (Nyberg & Bäckman, 2007). 

Poor planning Poor attention 

Poor working 
memory 

Figure 4. Children with poor WM also demonstrate poor planning and 
attention abilities (St Clair-Thompson, 2011, illustrated by Dahlin). 
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With episodic memory, information must be supplied and stored, whether 
the process is volitional or not according to Nyberg and Bäckman. For ex-
ample, for a text to be read and understood, a summary of it is stored for a 
short time in the episodic memory (Carroll, 1994) and integrated with ongo-
ing information from the long-term memory. Baddeley (2000) presented an 
‘episodic buffer’ in his theoretical WM-model (see 2.1.3) with a similar 
function.  

The episodic memory within the LTM seems to be impaired in students 
with WM-problems (Gathercole et al., 2006). It was found that information 
loading on the episodic memory, such as storing information about what has 
happened right now, earlier in the day or the previous night, were hard to 
remember. Therefore, episodic memory ability most likely has an impact on 
knowledge acquisition (Gathercole et al., 2006; Nyberg & Bäckman, 2007) 
and thus affects the ability to remember and use information from, for exam-
ple, homework completed the previous day.  

One explanation for this phenomenon may be that in order to satisfactori-
ly activate memory functions, multiple processes from different parts of the 
brain must be coordinated (Nyberg & Bäckman, 2007). Consequently, a 
deficit in one part of the brain might affect learning outcomes.  

 
 

2.3 Reading and working memory 

2.3.1 Reading comprehension and working memory 

Studies suggest that reading comprehension is strongly associated with WM 
(e.g., Swanson et al., 2006; Seigneuric & Ehrlich, 2005), and WM can ex-
plain variance in young students’ reading comprehension (Cain, 2006).  

People who perform well in reading comprehension have better WM-
ability compared with those who perform less well in reading comprehen-
sion (Carroll, 1994). Reading comprehension is the goal of reading and de-
pends also on vocabulary, the flow at word level, and on the understanding 
of words and sentences (Seigneuric & Ehrlich, 2005; Cain, 2006).   

Inefficient reading at word level is assumed to limit young and poor rea-
ders' reading comprehension (Cain & Oakhill, 2006). The information neces-
sary for understanding is accessible for a very short period of time. If the 
words are not understood or if word decoding is slow, comprehension will 
suffer. This is because processing speed will decrease and the information 
will not be processed in time (Vellutino, 2003; Swanson et al., 2006; Ek et 
al., 2013). The amounts of information stored in the STM that eventually 
cannot be processed or coordinated, disappear completely or partially. The 
faster the speed, the more information can be processed in WM at a time. 
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However, some students suffer from reading problems on another, higher 
level (see, for example, Cain, 2006). They find it difficult to make infe-
rences, reflect on content, and evaluate and coordinate the text read with 
previous experiences and knowledge; in other words, everything that WM 
contributes. These abilities demand both automatised knowledge (letters, 
sounds, grammar, word meaning) stored in LTM, the effective coordination 
in WM of new and previous information/knowledge from LTM, strategies 
(LTM) and reflection (WM and LTM) in order for the text to be understood 
(Cain, 2006).  

A recent study shows that verbal WM influenced the reading fluency of 
students (n = 77, aged 13-17) with dyslexia (Rose & Rouhani, 2012). They 
performed poorly in both word and text reading. In text reading, top down 
and bottom up strategies are used (WM processes). Verbal WM seems to be 
a strong predictor for ‘connected-text’ reading, beyond word reading and 
oral language skills, according to Rose and Rouhani’s conclusions.  

WM is thus related to reading comprehension, regardless of STM, word 
decoding or word comprehension skills (Cain, et al., 2004; Swanson et al., 
2006). Verbal WM can be measured, for example, by Digit span back.  

2.3.2 Reading and verbal short-term memory 

Phonological recoding and verbal STM (affect letter knowledge acquisition) 
are important in early reading development (de Jong, 2006). Both verbal 
STM and phonological awareness ability were found to be important to read-
ing development as they affected word recognition and subsequently reading 
comprehension (Dufva, Niemi, & Voeten, 2001). Dufva and collegues exam-
ined the development of phonological memory (verbal STM measured with 
Word span, Sentence span, Digit span forward), vocabulary skills, listening 
comprehension and reading skills in 222 students, from kindergarten to 
Grade 2. They found two stable predictors for reading comprehension and 
word recognition: listening comprehension and phonological awareness. 
Further, in pre-school, phonological memory was related to listening com-
prehension which in turn affected reading comprehension (Dufva et al., 
2001). It is noteworthy that some phonological awareness tasks may demand 
STM abilities, as well as WM and LTM skills.  

A meta-analysis shows that an underlying phonological sensitivity is im-
portant. The development of letter knowledge and phoneme awareness are 
related (Melby-Lervåg, 2012), and when training phoneme awareness, verbal 
short-term memory results (word span measure) were enhanced. The conclu-
sion drawn is that the quality of phonemic representations can influence 
verbal STM and so it is in that sense important for reading (Melby-Lervåg, 
2012). Difficulties in creating these representations cause problems in learn-
ing to read for students with dyslexia (Hulme & Snowling, 2009).  
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In sum, verbal STM and WM is important for teaching students to read 
i.e., for phonological awareness and word recognition skills, and when high-
er cognitive processes are involved, such as reading comprehension.  

2.3.3 Individual differences 

Since there is a relationship between WM capability and reading compre-
hension ability (e.g., Swanson, et al., 2006; Cain, 2006), students’ perfor-
mances on WM-related measures are indicators of their reading comprehen-
sion level, regardless of their vocabulary or word-reading skills (e.g., Cain et 
al., 2004).  

However, it is believed that differences in reading comprehension cannot 
be explained by one single factor. The relationship between WM and reading 
may be partially explained by individual differences in WM capacity affect-
ing word reading (Cain & Oakhill, 2006). Students’ WM and word reading 
development was studied at age eight and three years later. Forty-six stu-
dents with good and poor reading comprehension respectively were com-
pared. There were large individual differences in students with reading com-
prehension difficulties. It should be noted that some of the poor compre-
henders did not display any WM-deficits, suggesting that other factors also 
affect reading comprehension. The study highlights the importance of im-
plementing individual interventions according to each child’s performance, 
as reading comprehension depends on a number of linguistic and cognitive 
factors (Cain & Oakhill, 2006). 

Moreover, cooperation between the verbal and the visual memory is most 
likely important, along with the ability to control and hold attention (Velluti-
no, 2003). For instance, Swanson et al. (2006) found that students (n = 66; 
22 female / 44 male; mean age = 12.45) with poor reading comprehension 
skills were deficient in coordinating information in the central executive 
(according to Baddeley's model).  

Thus, cognitive abilities in certain functions of WM seem to affect the 
development of literacy skills to certain degrees and this may explain why 
differences in reading ability occur between individuals.  

2.3.4 Developmental perspective  

Reading and writing are ‘new’ abilities in a developmental perspective and 
are therefore likely to depend on existing systems in the brain, given that the 
brain has not had time to adapt to this development, as opposed to speech. 
Dehaene (2004) considers that reading, writing and mathematics skills have 
been of little influence to brain development because they are such ‘fresh’ 
skills in the perspective of human development. Many common functions are 
used for reading and writing but the possibility of there being a specific area 
that deals with letters: the ‘letterbox’ VWFA (visual word form area) 
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(Dehaene, 2004) is currently being discussed. Originally, this area was not 
associated with letters but with the ability to recognise all kinds of objects 
and shapes. Links between linguistic and visual areas must therefore develop 
when learning to read (Dehaene, 2009). This could explain why it takes 
much longer to learn to read and write than to learn to speak and why it 
learning to read and write is sometimes perceived as difficult at the outset 
(Dehaene, 2009). 

 
 

2.4 Mathematics and working memory  

2.4.1 Basic number skills and short-term memory 

Verbal and visuo-spatial STM deficits may affect mathematics, as mathe-
matics may rely on STM and executive functions (i.e., shifting and planning) 
to various degrees depending on the complexity of the task and students’ 
ages, experience and development (Bull & Espy, 2006).   

It has been found that number skills in pre-school predicted arithmetic 
skills in Grade 2 (Locuniak & Jordan, 2008). Also, first graders have been 
followed throughout the years. Geary (2011) studied 177 students over five 
years to examine which factors in the first year of school could predict math-
ematics development five years later. Intelligence, WM, visuo-spatial STM  
and processing speed were the variables found to be important in mathemat-
ics development (e.g., manipulating the amount and use of effective counting 
strategies and understanding the interrelationship between major and minor 
numbers) and related to future success in mathematics. Children’s “mathe-
matical awareness” including basic skills in arithmetic seems to be signifi-
cant (Geary, 2011). This can be compared to the importance of language 
stimulation in giving children a “phonological awareness”. 

2.4.2 Visuo-spatial WM and mathematics 

It is suggested that the visuo-spatial WM and STM seem to be important for 
mathematical skills. For example, visuo-spatial problems may result in re-
versed numbers and difficulties in organising and planning word problems 
(Cherkes-Julkowski & Stolzenberg, 1997; Haskell, 2000). Grade 9 students 
(aged 15-16) with difficulties in mathematics were examined in two studies 
(Study 1: n = 62; 36 female / 26 male; Study 2: n = 53; 33 female / 20 male) 
(Reuhkula, 2001). They had greater difficulty with the visuo-spatial WM-test 
than the students who performed well on the mathematics test. Something as 
simple as detailed written information available to each student  could com-
pensate for this (Rehkula, 2001).  
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Moreover, the visuo-spatial WM had an impact on the ability of students 
in Grade 1 to coordinate abstract knowledge (Haskell, 2000). It is therefore 
appropriate to use arithmetic tasks in WM research, as all of the WM com-
ponents are engaged in arithmetic, as suggested by DeStefano and LeFevre 
(2004). Pickering and Gathercole (2004) point out that WM-deficits affect 
the ability to process and coordinate information within the WM and with 
long-term memory (LTM).  

Furthermore, visuo-spatial deficits have been found, for example, in stu-
dents with ADHD and students with special learning impairments (SLI). In 
six of eight studies in a meta-analysis that examined ADHD, WM and EFs, 
significant differences were found in the spatial WM of those with ADHD 
compared with those without a diagnosis (Willcut et al., 2005). Morton 
(2008) found that 8-11 year olds with SLI (n = 40) had greater difficulty 
with visuo-spatial WM in tasks that demanded ‘simultaneous processing’ 
(e.g., visualisation, situation assessment, position in space, copying) com-
pared with age-matched students without SLI (n = 40). Morton concludes 
that tasks requiring the CE and attention are more difficult for students with 
SLI than for other students without this difficulty.  

Visuo-spatial WM can be measured by Span board back (see Methods, 
3.5.1).  

2.4.3 The central executive may be crucial 

Students with mathematics difficulties may have a deficiency not only in 
STM (the phonological loop, Baddeley's model, see 2.1.3), as proposed by 
Baddeley and Hitch in the 1970s, but also in other functions of the WM sys-
tem (Gathercole & Pickering, 2001; Swanson & Siegel, 2001; Thevenot, 
Barrouillet, & Fayol, 2001). Basic knowledge of mathematics, knowledge of 
numbers and the four basic arithmetic operations, are primarily dependent on 
the resources of the central executive (Lemaire, Abdi, & Fayol, 1996). The 
CE may be crucial as it works with the LTM, the verbal WM and the visuo-
spatial functions (Lemaire et al., 1996; Gersten et al., 2005).  

As noted with reading, the development of WM's central executive seems 
to be significant. One example is a study by Swanson (2011): 127 students in 
Grade 1 (49 female / 78 male) completed word problems in mathematics. 
Growth in the central executive function, together with intelligence and pro-
cessing speed, could predict the development of mathematics from Grade 1 
to Grade 5, and also in word reading.  

Furthermore, it was possible to link the students’ performances in mathe-
matics to ‘inhibition’ results, which Iuculano, Moro and Butterworth (2011) 
regard as belonging to a function in an expanded CE. In a study of students 
(n = 33, aged 8-9) with and without mathematical difficulties, they found a 
clear correlation between ‘counting’ and WM in both groups. There was no 
difference in performance between the groups according to Digit span and 
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Word Span task (believed to be served by the phonological loop). These tests 
were clearly not good instruments for detecting mathematical difficulties.  

However, there are several reasons why some students have difficulties in 
mathematics. Weakness in WM is only one factor that can negatively affect 
mathematics ability (Chinn, 2004; Gathercole and Pickering, 2001: Adams 
& Hitch, 1998). 

 
 

2.5 Correlations between reading and 
mathematics 

Correlations between performances in reading and mathematics tasks have 
been noted in studies (e.g., Lyytinen & Lehto, 1998). Students with reading 
problems were found to have slower development in mathematics than stu-
dents without reading difficulties (Gersten et al, 2005). Lundberg and Stern-
er (2006) report a significant correlation between reading and arithmetic in 
60 students (r = .68) and highlight the importance of WM to both reading 
and mathematics.  

A recent study shows that students in Grade 3 with dyslexia may have 
more difficulties with basic mathematics than other students (Vucovic, 
Lesaux, & Siegel, 2010). Three groups were compared: students with (1) 
dyslexia diagnosis, n = 18, (2) specific reading comprehension difficulties, n 
= 22, and (3) a comparison group, n = 247. Students with dyslexia diagnoses 
were approximately five to eight times more likely to develop difficulties 
with ‘fact fluency’ (completing as many single-digit mathematics problems 
as possible within three minutes) and ‘operations’ (completing an increasing-
ly difficult series of written tasks) compared with the rest. However, there 
was not a significant difference between the comparison group (n = 247) and 
the other students with reading comprehension problems (n = 22). These two 
groups performed significantly better than the students with dyslexia. 

Students with dyslexia seem to have problems with both the central exec-
utive and the phonological loop, as do students with problems in mathemat-
ics. According to Alloway and Passolunghi (2011), at the age of seven abili-
ties in the phonological loop and visuo-spatial function can already predict 
future development in mathematics. In addition, at an early age the abilities 
of the central executive seem to be an indicator of future development in 
mathematics (Bull & Scerif, 2001). 

Deficiencies in the WM seem to have significant impact on both adults’ 
and students’ individual differences in word reading, reading comprehen-
sion, mathematics, and possibly writing (e.g., Swanson & Siegel, 2001; 
Gathercole & Pickering, 2001). In the Gathercole and Pickering study WM-
ability was tested in 57 seven to eight year olds (37 female / 20 male) with or 
without special educational needs. The students’ learning difficulties ap-
peared to be closely associated with major flaws in WM, especially the abil-
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ity to process and store incoming information in the central executive. It 
resulted in difficulties in reading comprehension, word reading and writing, 
and arithmetic (the four operations). 

All three functions in Baddeley’s WM-model (verbal, visual-spatial and 
central executive) were found to be related to difficulties in mathematics 
(Wilson & Swanson, 2001).  Participants in the study had no reading diffi-
culties, indicating that there are most likely other abilities involved in math-
ematics but not reading. Nevertheless, weak WM capability seems to be an 
obstacle to development in both reading and mathematics. 

In sum, students with problems in both reading and mathematics seem to 
have a deficiency in all three of these mentioned functions in the WM, sug-
gesting that multiple abilities are impaired in these students (Gathercole & 
Pickering, 2001), while others can compensate for a weakness with a 
strength in another function of the WM (Gathercole et al., 2004b). 

2.5.1 Other  skills  

WM difficulties appear to be a barrier to improvement at school but, as 
shown above, WM cannot be solely responsible for complex cognitive pro-
cesses even though it is considered to have a variety of functions (e.g., Bad-
deley, 2007).  

Variations in cognitive development in individuals may also be due to dif-
ferences in intelligence and the ability to control attention (Engle, et al., 
1999) and other specific skills (e.g., Jiménez, Siegel, O’Shanahan, & Ford, 
2009). Even more simple tasks (basic knowledge in mathematics, including 
the four operations) require WM and the link-up to previous knowledge 
(LTM) is vital, as it is in the case of attention (Lemaire et al., 1996).  

Mathematics anxiety can also affect young students’ ability to assimilate 
mathematics, due not only to bad experiences and attitudes, but also to 
teachers’ personalities, and difficulties can sometimes be caused by ineffec-
tive instruction (Haskell, 2000; Chinn, 2004).  

In sum, it has been found that many students with weak ability in one or 
more parts of WM underperform at school in reading and/or mathematics in 
relation to other students (Alloway et al., 2009a; Siegel & Ryan, 1989). 
Functions required in order to plan, organise, control and correct, develop 
and use strategies, and coordinate knowledge with action to reach a goal 
vary in individuals and are recognised as vital variables. This may be what 
separates individual cognitive ability in such a decisive way and should 
therefore be considered in work with and studies on students with ADHD 
problems (Goldstein & Naglieri, 2008).  Some of these students could have 
WM-deficits (Tillman et al., 2011; Alloway & Alloway, 2010). 
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2.6 ADHD and working memory 
Studies show that students with ADHD diagnosis perform less well on 
visuo-spatial WM and the central executive than controls without ADHD 
(Castellanos & Tannock, 2002; Biederman et al., 2008). One of the very first 
WM memory training studies hypothesised that students with ADHD have a 
lack of attention ability in their WM. If WM training could improve WM 
capacity, then ADHD-symptoms might decrease (Klingberg et al., 2002). 
This proved to be true.  

Baddeley (1996) suggests that attention capacity (focused attention) is a 
WM function, and is managed by the central executive function, a coordinat-
ing role in his WM model. Perhaps students with severe attention difficulties 
suffer more than others from WM-deficiency (Castellanos & Tannock, 
2002). Tillman et al. (2011) found a relation in students with ADHD diagno-
ses between attention deficits and verbal WM, and between attention and 
both verbal and visuo-spatial STM. 

A number of recent studies are reporting on the association between 
ADHD and WM (e.g., Tillman et al, 2011; Alloway & Alloway, 2010; 
Gropper & Tannock, 2009; Gathercole & Pickering, 2001; Swanson & 
Siegel, 2001). 

2.6.1 ADHD, EFs and WM 

A meta-analysis of 83 studies was carried out by Willcutt et al. (2005). The 
aim was to test the theory that difficulties included in the diagnosis of 
ADHD are caused by deficits in the executive functions. It was found that 
planning, inhibition and WM difficulties were common in students with 
ADHD problems. They found that individuals with ADHD performed less 
well on several EFs, more specifically in inhibition, planning and WM.  

Another study showed that students with ADHD and students with WM 
problems had similar behaviour in classroom situations (Alloway et al., 
2009b). The major difference between these two groups of children was their 
attentive capability, which was poorer in those with impaired WM, while 
their hyperactivity / impulse control was better. 

Moreover, Martel (2009) conducted a review of studies examining 
ADHD and the ability to control emotions, showing that poor emotional 
control (depending on temperament and personality) and not cognitive con-
trol may be a risk factor for developing behavioural problems. Martel dis-
cusses attention deficit, which can be a significant risk factor that may ex-
plain behavioural difficulties. 

It is important to note here that some children with an ADHD diagnosis 
have more severe attention problems (ADHD-I, inattention) than others, who 
may have more hyperactivity problems (ADHD-HI, hyperactivity/impulse) 
and that some have combined problems (ADHD-C) (Nigg, 2006). 



 

 40

2.6.2 ADHD, reading and mathematics 

Reduced ability in WM has been shown to affect not only reading compre-
hension, problem solving and arithmetic (e.g., Siegel & Ryan, 1989; Gather-
cole & Pickering, 2001), but also attention, impulse control and planning 
ability. In addition, ADHD and dyslexia occur simultaneously in some stu-
dents (Knivsberg, Reichfeldt, & Nødland, 1999; Snowling, 2006) and the 
presence of dyslexia in students with ADHD clearly makes it harder to de-
velop satisfactorily in school.   

It is suggested that students with ADHD may be at risk of performing be-
low their cognitive abilities (Ek, Westerlund, Holmberg, & Fernell, 2010). 
Sixteen year old students were investigated in three groups: (1) ADHD 
group (n = 39), (2) behaviour and learning problem group (n = 80), and (3) a 
comparison group (n = 417). IQ (WISC: full scale IQ, verbal IQ, perfor-
mance IQ) had been previously measured at 10-11 years of age. Ek and her 
colleagues found that the ADHD group and the behaviour and learning prob-
lem group performed less well when compared with the control group in 
mathematics, Swedish and English.  

It was found in a recent longitudinal study (Miller & Hinshaw, 2010) that 
preadolescent girls with EF deficits and ADHD (n = 140) developed more 
poorly at school over a period of 5 years compared with girls without these 
problems (n = 88). However, poorer EF scores in childhood predicted lower 
mathematics achievement in all girls. Another study showed that students 
with ADHD often have difficulty expressing themselves in writing (Mayes 
& Calhoun, 2006).  

It should be noted that not all students with ADHD have WM difficulties 
but the risk of failing in school is probably greater for students with both 
ADHD and WM problems (Alloway & Alloway, 2010). It therefore seems 
reasonable to distinguish between those students with low WM capacity and 
other students with ADHD (ADHD-I, ADHD-C, ADHD-HI) since they re-
quire different types of intervention. Students with both ADHD and low 
WM capacity need more specific help with their learning than some other 
students with ADHD who instead need an enhanced environment and help in 
regulating their behaviour, depending on the type of problems they have 
(Goldstein & Naglieri, 2008). 

 
 

2.7 In the classroom 

2.7.1 Consequences of a low WM capacity 

Deficiencies in WM show themselves in the most diverse situations. Some 
examples of situations in which working memory is loaded to different de-
grees are: listening while taking notes; remembering instructions; and plan-
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ning what to do at school, work, home, or with friends.  Cognitive develop-
ment may be inhibited by insufficient cognitive functioning. For instance, 
remembering rules or words and making calculations at school may be per-
ceived as difficult without adequate opportunity or time to train (formally 
and informally), structured instruction, or access to aids such as written in-
structions, tables and calculators. Three boys in this study expressed what 
they experienced as a problem at school, as follows: 
 

I can’t learn the tables (boy, Grade 7). 

 
...  I'm allowed to have a calculator sometimes (boy with significant reading and 
mathematics difficulties, Grade 9). 
 

Hopelessly hard every day – I don’t get any help ... (boy with dyslexia, Grade 7). 

  

If an individual is forced to depend on mental capacity, it may place him 
or her in a vulnerable position (Alloway & Gathercole, 2006). It may also be 
difficult for a student to identify which oral or written information is im-
portant if a teacher’s style is wordy or tedious and as a result a certain 
amount of relevant information is quickly forgotten (Pickering & Gather-
cole, 2004). 

Additionally, a poorly functioning WM affects self-confidence and sub-
sequently has a negative effect on knowledge development. Three girls in 
this study responded in the following ways to the question of how it feels to 
not know how to perform tasks at school: 
 

Irritating, pain every day – I’m a loser – should know (girl with dyslexia, ADHD 
and Asperger’s syndrome, Grade 8); 

 
Boring and slow ... it takes much longer than for the others, and then it's boring. 
Every time we have maths, I am disappointed in myself because I don’t know … 
lose confidence ... ask my friend for the answer when I don’t know how to do it 
(girl difficulties in mathematics, Grade 6); 

 
It's embarrassing – everyone else knows. Scary to say the wrong answer –others 
may laugh (girl with dyslexia and ADHD, Grade 6); 

 
Difficult – I feel nervous all the time (girl with mathematical difficulties, Grade 
7). 
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Finally, it can be next to impossible to follow a discussion whilst remem-
bering what it was you wanted to say or ask. The result could be that the 
‘wrong’ question gets answered (Greene, 2003/2009).  

2.7.2 Sensitivity 

Studies have been carried out on students' sensitivity in learning situations 
(e.g., Poskiparta, Niemi, Lepola, Ahtola, & Laine, 2003). Poskiparta and 
colleagues examined groups of students. Many factors were compared, in-
cluding how dependent students were on the teacher and how motivation 
developed from kindergarten to Grade 2. In kindergarten, there was no sig-
nificant difference between the groups. However, changes were apparent in 
Grade 1: the poor readers’ optimistic attitude to work, attention to instruc-
tions and positive comments decreased. Furthermore, negative comments 
about their own work and unwillingness to work on a task increased. This 
was shown not only in reading tasks, but also in all other subjects; it was 
‘contagious’. The good readers tolerated stress well and were not negatively 
affected by challenges and difficult tasks. In Grade 2, the difference between 
the groups was greater (Poskiparta et al., 2003) (Figure 5). 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5. The motivation in Grade 2 influences behaviour in learning situations (compiled by 
Dahlin, K. I. E., 2012, from Poskiparta et al., 2003, and according to Niemi's description, 
seminar in Gävle, 031009). 

 

 
Another study showed that students with poor development in both read-

ing and mathematics seemed to be the least likely to concentrate on tasks, 

School work 

  
Students 

 
Teacher 

2. Good decoding: Stu-
dents are dependent on the 
teacher; they want support. 
 

1. Good reading compre-
hension: Students have 
good contact with the 
teacher and work on their 
own; they feel safe. 

3. Poor readers: They 
"ignore" the task; they with-
draw. 
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seemed more often to ‘hide’ and developed more slowly than other students 
already in the very first semester of Grade 1 (Lepola, Niemi, Kuikka, & 
Hannula, 2005). Remarkably, the influence of motivation in decoding, read-
ing comprehension and mathematics was already in evidence in pre-school 
class regardless of previous knowledge in mathematics and reading-related 
skills. 

In a more recent study (Niemi et al., 2012) more than a thousand Finnish 
students were followed from preschool to Grade 1. None of the students 
could read at school entry. Here, the same phenomenon as in the Lepola et 
al. study was noted. Some students performed less well in Grade 1 in maths 
and reading compared with the rest. There was no development at all for 
some students after eight months in Grade 1 (Niemi et al., 2012). 

To prevent students from ‘hiding’ and losing motivation, students with 
mathematical difficulties should be identified and stimulated as early as in 
preschool and Grade 1 (Lepola et al., 2005).  

Sonuga-Barke et al. (2009) reported in a large international study (n = 
728, students and adolescents with ADHD diagnosis) how negative and posi-
tive environments affect the interaction between genes and thus exert influ-
ence on behaviour and emotion. Certain individuals may be more sensitive 
to negative experiences than others.  

2.7.3 Losing focus 

It is suggested that some students with learning and attention problems do 
not have attention problems in all situations, but only when there are high 
demands on cognitive ability (Swanson & Siegel, 2001). So what happens 
when this occurs? Kane et al. (2007) examined in a laboratory the extent to 
which students' (n = 124, 88 female, aged 17-34 years) thoughts ‘went away’ 
(‘mind-wandering’) and when it happened. They found that when dealing 
with tasks demanding a greater degree of self-effort and concentration, those 
with low WM capacity were ‘mind-wandering’ more often than those with a 
higher capacity.  

All tasks requiring the use of attention seem to be affected by WM ability. 
WM capacity may therefore predict an individual’s ability to control atten-
tion on these kinds of tasks and provide clues as to future cognitive conse-
quences. 

Another study in a school context found that students' thoughts could 
wander (‘zone out’) in classroom situations (Alloway & Gathercole, 2006). 
The students were in Grade 2 and had impaired verbal WM capability. The 
conclusion drawn is that this may be due to WM being overloaded and as a 
result not all of the information required for completing a task is able to be 
kept in the mind and has thus faded away. As a result, the students lost their 
focus.  
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2.7.4 Succeeding in learning situations 

Good readers use a variety of abilities in order to understand a text. They 
normally have motivation and interest and can make inferences and create 
internal images (Vellutino, 2003). They have cognitive abilities such as at-
tention skills, analytical skills and a good memory (Snow & Polselli Sweet, 
2001). 

However, other students may not have all of these skills and for that rea-
son perform differently. To teach in a way that is entirely based on the stu-
dent's own quest for knowledge (i.e., being left to work alone in most learn-
ing situations) can cause frustration and affect school work, well-being, self-
esteem and behaviour (Klingberg, 2007). Students can sometimes be per-
ceived as inattentive and ‘forgetful’ since they may find it difficult to follow 
instructions and acquire strategies if not enough help and advice is given, 
and as a result fail to complete tasks adequately (Alloway et al, 2009a). They 
will probably avoid situations that they consider to be unpleasant, which 
could be negative for knowledge development, peer relationships and their 
future lives (DuPaul, Eckert, & McGoey, 1997) (see Figure 5).  

The fact that joy and motivation promote learning should be familiar to 
anyone who works in education (Snow, Griffin, & Burns, 2005; Hulme & 
Snowling, 2009). However, to constantly fail to be aware of this can leave a 
student too daunted to try more, which feeds a downward spiral. ‘Demotiva-
tion’ can have devastating consequences (according to Hattie, 2009). It is 
much easier to influence students in a negative direction (e.g., humiliate a 
person or their work in front of others) than to try to build a student's motiva-
tion.  

‘Errorless learning’ (giving students the tools they need to find out for 
themselves the correct spelling or basic facts required) eventually generates 
automatised knowledge stored in the LTM and is suggested to be effective in 
learning situations (Gathercole et al., 2006). Positive learning situations thus 
generate positive attitudes to learning (Light et al, 2009). 

Hattie (2009) has analysed a large number of studies, and compiled the 
results. According to Hattie, motivation affects learning with a medium ef-
fect, d = 0.48.  

Finding ways to reduce anxiety in learning situations and test situations 
and to influence attitudes towards school work is important because all of 
this is related to different degrees to school results (Hattie, 2009).  

Students seem to have relatively good self-images and a good understand-
ing of their own abilities and how far they should strive. However, aiming 
only as far as is expected but not further may be an obstacle to development 
(Hattie, 2009). 

Yet, in terms of their own experiences and feelings, students with difficul-
ties are perhaps the students about whom we know the least (Cefai & 
Cooper, 2010). 
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2.7.5 Teaching style  

According to a study by Gathercole et al. (2006), teaching style is of prime 
importance. School performance was affected by the way teachers gave in-
structions, their confidence that the students had understood what was ex-
pected of them, the way they guided students through a task, gave feedback, 
and not least by how they prepared students for an assignment. Miller and 
Hinshaw (2010) stress the importance of well-structured information and 
material. WM processing depends on how much a student is able to focus on 
at a time, the student’s own engagement and varied teaching methods. Stu-
dents’ training in remembering is also significant. Short-term memory (stor-
age capacity) can be affected to some extent by structuring the information, 
presenting it in an attractive way, making it interesting and important (Miller 
& Hinshaw, 2010), and by developing strategies to ‘schedule’ processing 
(Ehrenstein, Schweickert, Sangsup, & Proctor, 1997). 

An estimation study revealed that students felt that the most important 
feature of a teacher (d = 0.72) by far was the ability to create a good relation-
ship with the students. Students also appreciated it if the teacher had both 
breadth and depth of the topic (Hattie, 2009). The use of visualisation, for 
example, to imagine the work process and strategies related to a task could 
increase concentration and engagement compared with students who did not 
receive this kind of instruction (d = 0.48, a medium effect) (Hattie, 2009). 

2.7.6 WM and increased demands 

Studies show that the working memory can become overloaded (Niaz & 
Logie, 1993; Klingberg, 2007). ‘The working memory overload hypothesis’ 
corresponds well to the difficulties that some students may have.  

In recent years, the importance of considering the cognitive load of teach-
ing has been highlighted (Klingberg, 2007; Verhoeven, Schnotz, & Paas 
2009; Clark, Nguyen, & Sweller, 2005; Paas, van Gog & Sweller, 2010). In 
‘the cognitive load theory’ (CLT), the load on cognitive ability is the cue. 
When information is too demanding, WM may be overloaded, resulting in 
complications, especially for beginners in a particular field, but this can be 
mitigated by effective teacher instruction that takes into account the limita-
tions and strengths of cognitive ability in individuals. 

Learning and thinking capacity decreases if pressure is too great and ex-
ceeds the limited ability of WM. One goal is to relieve WM and streamline 
the memory processes. WM's construction and mitigation must be consid-
ered in order to make learning as efficient as possible. The CLT emphasises 
the difference between three kinds of WM-load: (1) load depending on the 
task (intrinsic load), (2) effective instruction (germane load), and (3) the 
unnecessary WM-load (extraneous load) (Verhoeven et al., 2009; Clark et al, 
2006).  
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Unnecessary cognitive load, the cost of dealing with unnecessary infor-
mation, should be reviewed and removed. Students are unable to control this; 
it is the teacher's responsibility.  

Extraneous cognitive load is defined as unnecessary extra load due to poorly 
designed instruction (Verhoeven et al., p. 371, 2009). 

 
To meet these requirements, in order to understand more fully how teach-

ing environments (e.g., instructions) affect learning, Verhoeven et al. suggest 
that the relationship between cognitive load and different types of instruc-
tions needs to be studied further. The value of this theory and research is 
discussed and reported in a review by Paas et al. (2010). They state that stud-
ies show that the theory is useful in teaching. 

2.7.7  Automatised  knowledge 

Changes in brain activity after training specific skills have been investigated. 
Shaywitz and Shaywitz (2004) noted how activity decreased in the frontal 
parts of the cortex4 and increased in the posterior part of the brain for 144 
students who had improved their reading skills and managed to read with 
fluency after months of phonologically-based training. Shaywitz and Shay-
witz emphasise the importance of students practicing word reading over and 
over again in order to create an accurate picture of each word.  

Fluent reading is one of several skills necessary to developing good read-
ing abilities and should be included in literacy learning programmes. When 
information is stored in the long-term memory, it is no longer as dependent 
on the front parts of the cortex (frontal lobes) as it was previously (Ingvar, 
2007). When a cognitive problem can be solved quickly and easily it does 
not require a great deal of effort, i.e., thoughts.  

Automatised capabilities mean just that: to perform or to do something 
with minimal effort, without worrying about how it is done. This is the es-
sence of learning and what the result should be (Logan, 1997). Automatisa-
tion is an important basis for further development of mathematics (LeFevre 
& Bisanz, 1987).  

If the requirements for either processing or storage become too great, in-
formation will unfortunately be partially lost (Gathercole & Alloway, 2008). 
This is where exercises, which consolidate students’ knowledge, are useful 
because the load on the WM decreases if it is easy to retrieve the desired 
information, i.e., if knowledge is automatised. As a result, we are able to 
read or write a word directly because we know it well and do not need to 
make an effort.  

                                                      
4 “The cortex is the outer layer of the brain that we use for our highest brain functions, and it 
is divided into sections, or lobes.” (Cartwright, 2012, p. 27). 
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It was noted that students in Grade 2 with impaired verbal WM capability 
forgot words or letters when writing, as well as long instructions. In addition, 
they seemed to have difficulty integrating knowledge from LTM, which 
impeded their knowledge development (Alloway & Gathercole, 2006). In 
reading, knowledge and decisions must be integrated in order to integrate 
external knowledge, i.e., knowledge of letters and sounds and their relation-
ships, word meaning, grammar and syntax (e.g., Snowling, 2006). 

The ability to solve mathematical problems is partly dependent on WM 
capability and partly on the ability to recall and use facts, i.e., knowledge of 
arithmetic, rules and calculation strategies that are stored in LTM (Chinn, 
2004). It may also be that mathematics problems are dependent on a particu-
lar function of WM that manages specifically mathematical tasks (Wilson & 
Swanson, 2001; Thevenot et al., 2001). 

A student solving mathematical problems, from the simplest to the more 
challenging, must first choose and be able to download and use the appropri-
ate stored knowledge of symbols, number facts, rules and strategies from 
LTM. This information must then be stored (STM), processed and integrated 
with new facts (WM) and lastly the results evaluated (Chinn, 2004).  

2.7.8 Who suffer from WM-deficits? 

Different types of learning disabilities may include WM problems: stu-
dents/adults with ADHD (attention difficulties with or without hyperactivi-
ty/impulsivity), CD (conduct disorder, severe behavioural problems), dyslex-
ia (high illiteracy due to phonological difficulties), difficulty dealing with 
numbers and their values, students with specific language impairment (SLI) 
and LD (general learning difficulties) (Alloway, & Gathercole, 2006; Kling-
berg et al., 2005; Norrelgen, 2002; Castellanos & Tannock, 2002; Kazdin, 
1998; Gathercole & Pickering, 2001).  

It is not unusual to have more than one difficulty. Basic number difficul-
ties often occur with dyslexia and sometimes with behavioural and social 
problems, as well as attention difficulties (Roodenrys, Kolosky, & Grainger, 
2001; Snowling, 2006; Lundberg & Sterner, 2006). The more attention diffi-
culties experienced, the greater the learning difficulties present (Mayes, Cal-
houn, & Crowell, 2000).  

Disruptive behaviour in school in combination with other problems in-
crease the risk of low school performance. This was proved in a large longi-
tudinal study examining the relationship between Grade 9-12 students’ be-
haviour problems, health and school performance (McLeod, Uemura, & 
Rohrman, 2012). Results from more than six thousand students were ana-
lysed (54% female, 46% male). Data from the National Longitudinal Study 
of Adolescent Health (USA) were used. The results showed that attention 
problems, drugs and delinquency were related to declining school perfor-
mance, but not depression. In addition, students with attention problems and 
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one or more additional problems achieved a lower level of education com-
pared with those who ‘only’ had one problem. The conclusion drawn is that 
behaviour problems in students are not due to low learning ability, but rather 
to attention problems and both school and social contexts (McLeod et al., 
2012). 

Finally, stroke survivors may have impaired WM function (Johansson & 
Tornmalm, 2012) and some older people may experience decreased function 
in WM with increasing age (Dahlin, Erica., Bäckman, Stigsdotter Neely, & 
Nyberg, 2009). 

 
 

2.8 Strategies, physical exercise and music 
training  

Below are examples of training that appears to have generated improvements 
in WM related measures.  

Skilled students seem to learn and use strategies more easily than less 
skilled students (e.g., Alloway et al., 2009b). For example, a relationship 
was found between the knowledge of strategies in mathematics and verbal 
ability in WM. Students with mathematics difficulties performed significant-
ly lower on tasks related to verbal and visual-spatial WM compared with 
age-matched students and their results were equated to much younger stu-
dents (Keeler & Swanson, 2001). Different kinds of strategies have been 
investigated. 

One example is Burtons and Daneman’s study about re-reading and eye 
movements. They investigated eye movements during reading and found that 
it is possible to compensate for a poor WM by revisiting unfamiliar words or 
significant sections, thereby ‘uploading’ information into the working 
memory (Burton & Daneman, 2007).  

Furthermore, eye closure helps memory by reducing cognitive load 
(Vredeveldt, Hitch, & Baddeley, 2011), lessening disturbance from the envi-
ronment, making it easier to concentrate on a task and thus enhancing the 
ability to learn.  

Repeating instructions and words are other examples of strategies. Sever-
al studies show that repeating words aloud is an effective way to remember 
them (Caretti, Borella, & De Beni, 2007).  

It was indeed found, in a study of five to six year olds entering school in 
England, that WM plays a crucial role in learning when working on tasks 
that require both storage capacity (STM) and processing (WM) (Gathercole, 
Durling, Evans, Jeff Cock, & Stone, 2008). The students who were taught 
the strategy of repeating instructions (storing the information again) per-
formed better than other students. 
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Strategy training via the ‘Memory Booster’5 programme was completed 
by half of the participants of a study with a total of 254 students (6-8 years 
old) over a period of six to eight weeks. The training yielded improvements 
directly after training and also five months later in WM-related tests, mental 
arithmetic and the ability to follow instructions in the classroom. It did not, 
however, improve performance in mathematics and reading (St Clair-
Thompson et al., 2010). 

Training with abacuses improved results on the visuo-spatial STM, but 
not phonological ability or the CE in WM (Lee, Lu, & Ko, 2007). Thirty-two 
students (mean age = 12.5) participated in this study. Half of them served as 
a control and the others received mathematics training twice a week after 
school for 90 minutes at a time. They first trained calculations with and after 
without abacuses, and then manipulated the trained calculations and the aba-
cuses mentally. The duration of the training period was one year. The train-
ing affected measures on trained skills, visuo-spatial storage and WM 
measures (storage and request-processing such as Digit backward) but not 
phonological skills (Lee, et al., 2007). 

Individuals can to some extent affect STM unaided by scheduling the 
processing (Ehrenstein et al, 1997). Having good metacognitive abilities 
makes it possible and easy to develop the necessary strategies autonomously: 
facilitating remembering, questioning and reflecting, and ‘staying on track’ 
when solving problems (Goswami, 2008b). However, it is challenging for an 
individual to discover without assistance strategies that could compensate for 
learning problems (Snow et al., 2005).  

In a review, Halperin and Healey (2012) suggest that physical exercise 
and directed positive play with parents (such as cognitive challenges with 
positive feedback) may be beneficial for students with ADHD and could 
possibly facilitate growth in some of the cortical regions and in turn affect 
functioning skills.  

Music Training in six year olds 75 minutes per week for 30 weeks im-
proved results in a problem solving tests (Bilhartz, Bruhn, & Olson, 2000). 
Seventy-one students participated in lessons (e.g., hearing and repeating 
rhythms, distinguishing different tones) along with parents. Thirty-six be-
longed to the treatment group and as many to the control group, which did 
not receive any treatment. 

 
 

                                                      
5 Memory Booster; Leedale, Singleton, and Thomas (2004) as cited in St Clair-Thompson et 
al., 2010. 
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2.9 Working memory, environment and learning 
situations  

It is necessary to drawn on experience from different disciplines because 
education cannot be influenced by neuroscience alone (Worden et al., 2011). 
Goswami (2008b) summarises the factors that affect cognitive development 
by way of the term ‘neuroconstructivism’. It describes how genes, environ-
ment, learning situations and brain cells interact continuously. This concept 
explains how cognitive change and development is achieved by taking bio-
logical constraints into account, which help shape cognitive ability. These 
biological constraints affect brain development. Genes, one of these biologi-
cal constraints, need help in order to be activated, a process that occurs 
through both inside and outside neurons and from outside of the body via 
events and the environment.  

Experience and environment can make genes ‘turn on’ or ‘turn off’ and 
produce different effects in individuals depending on individual sets of genes 
(Hulme & Snowling, 2009), which may explain differences in personality 
and sensitivity, as investigated by Poskiparta et al. (2003) (see 2.7.2). 

The reason for changes in WM-related test results following different 
types of training is most likely due to the fact that both brain structures and 
memory are malleable. They can adapt to new conditions and can also be 
partially rebuilt (Nyberg & Bäckman, 2007, p. 113) in both young and old 
(Dahlin, Erica. et al., 2009). This plasticity allows us to learn new things 
throughout our lives and well into old age, but stimulus is necessary for the 
brain to develop (Lagercrantz & Olson, 2007). 

However, according to Dehaeane (2004; 2009), not all parts of the brain 
are malleable.  His theory, ‘the neuronal recycling hypothesis’, explains how 
the brain reorganises existing circuits in the brain. Learning is dependent on 
this redistribution and on existing circuits acquiring new functions (Dehaene, 
2004). The brain is changing in this respect but the total capacity for trans-
formation is therefore limited (Dehaene, 2004). The brain can develop many 
new features in existing areas of its cortex through learning. This is probably 
because some parts of the brain allow themselves to be reorganised, while 
others do not. The brain's overall structure depends on an individual's specif-
ic genetic patterns. When we acquire new knowledge, circuits are reorgan-
ised in our ‘very old’ brains (Dehaene, 2009), if they are among those that 
are changeable. 

Dehaene thus believes that there are limitations to how the brain can 
change and believes that there are major limitations to what we can learn. 

Is it possible to influence an individual's ability in WM directly by train-
ing specific WM-tasks? One major question is whether this working memory 
training may then generate improvement in non-trained abilities. A large 
number of studies are currently addressing this area.  
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Below are examples of different kinds of training studies that affect WM, 
each with a brief description, including their different variations. 
 
 

2.10  Working memory-training 

2.10.1 Activities in the brain after WM-training  

Changes in brain activity have been noted through the use of MRI6 before 
and after WM training (Cogmed training). Studies show increased activity in 
the frontal lobe after five weeks of computerised WM training (Westerberg 
& Klingberg, 2007; Olesen, Westerberg, & Klingberg, 2004). 

Four weeks of daily training with a different WM programme (visuo-
spatial tasks) showed increased activity in the predominantly right hemi-
sphere of nine men aged 26 to 32 years with a university education. The 
increased activity was assumed to be due to the demands posed during the 
exercise: to repeatedly try to solve tasks using attention and storage and ma-
nipulation of the information given (Hempel et al., 2004). No untrained 
abilities improved. 

Fifteen adults participated in a training study (Jolles, Grol, Van Buchem, 
Rombauts, & Crone, 2010) in which fMRI7 was used to examine brain activ-
ity during the first and last weeks of the six-week training. fMRI was com-
pleted again six months later. The training consisted of two components: 
first, WM-consuming tasks with a researcher from the study (approx. 3 hours 
per week overall); and second, exercises at home for three days (7-10.5 
times in total, 25 minutes at a time). The results on trained tasks improved, 
as did activities in the brain, which differed depending on whether it was a 
low or high-loading task. The changes persisted six months later. 

Adults trained with a computer programme for two months on their own 
computers. The programme included three different types of items. The 
training lasted approximately 25 minutes at a time and participants were 
encouraged to practice daily. After each five-day period, the results were 
mailed to the project managers who also gave feedback. Psychological tests 
and MRI scans were carried out before and after training. Changes were 
found in areas considered important for WM functions (Takeuchi et al., 
2010). 

A review of fMRI studies (Dahlin, Erica. et al., 2009) shows that training 
in WM and EFs8 does affect brain activity. In their studies, Dahlin, Erica et 
al. found altered activity in the brain after updating-training, but results dif-

                                                      
6 Magnetic Resonance Imaging 
7 functional Magnetic Resonance Imaging 
8 Executive functions  
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fered slightly in the young participants compared with the elderly9. In one 
study, the elderly participants improved on ‘updating’ and performed better 
after five weeks of training compared with the baseline results of the young-
er participants. Another study examined both the ‘updating’ and ‘inhibition’ 
abilities. These abilities were tested with the n-back (updating), which 
showed improvements, and with the Stroop test (inhibition, see 3.5.1), which 
did not show improvements. In another study, no effects on untrained abili-
ties were found. In sum, WM training, such as updating-training, seemed to 
generate effect on trained abilities (Dahlin, Erica. et al.). 

A treatment group and an active control group were formed to study the 
effects of WM training on 30 psychology students (26 female, 4 male; mean 
age=20:3) using a variety of tasks. The results show enhancements to intelli-
gence (nonverbal tests) in the treatment group. Brain activity was investigat-
ed and had increased, also indicating that processes related to LTM were 
affected (Jaušovec & Jaušovec, 2012). 

2.10.2 Effects on WM measures 

Below are examples of different groups of students and adults who have 
participated in WM training studies with various designs in the last two 
years (2010-2012). 

Students with ADHD on medication and without were studied. It was 
found that the students on medication improved on visuo-spatial WM 
measures, while students not taking medication improved on all WM results, 
verbal and visuo-spatial WM and STM, results that persisted six months 
after training. The students were 8 to 11 years old (n = 25, 4 girls / 21 boys) 
and trained at school or at home (Holmes et al., 2010). IQ did not improve 
after either the exercises or medication. They trained (Cogmed training) for 
approximately five weeks. No control group participated. 

Students with attention problems or hyperactivity problems improved on 
the WM tests and behaviour (based on teacher ratings) compared with base-
line in a pilot study (n = 9, age range 8-10.5) (Mezzacappa & Buckner, 
2010). The participants trained with a computerised programme for five 
weeks (Cogmed training). No control group participated. 

Students with SEBD (social, emotional and behavioural difficulties) (me-
an age = 12.94; matched groups; n = 7 per group, 3 boys / 4 girls; a passive 
control group) improved on WM tests (Digit span, spatial span) compared 
with pre-test (Roughan & Hadwin, 2011). One group trained for five weeks 
(Cogmed training) at school (in the mornings before school started).  

                                                      
9 Older participants seemed unable to automatise the trained ‘letter-memory’ as much as the 
younger participants. This may be due to decreased function of the dopamine system related 
to increasing age (Dahlin, Erica et al., 2009). 
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Adolescents (14 and 15 years old) who were term born (n = 19) and ado-
lescents who had low birth weight (n = 16) trained (Cogmed training) at 
home daily for five weeks (Løhaugen et al, 2011). They were compared with 
a non-treatment group (n = 11). The training yielded effects in both training 
groups on WM measures. The low birth weight group enhanced its results on 
verbal learning and those with the lowest IQ improved significantly from the 
training. These positive results persisted six months later. 

Survivors of childhood cancer (n = 9) completed a computerised cogni-
tive training programme (Captain’s Log) in a 12-week period at home (Har-
dy, Willard, & Bonner, 2011). No control group was used. The students had 
leukaemia, brain tumours, and attention and working memory deficits. They 
improved in measures of working memory and attention.  

2.10.3 Effects on reading and mathematics 

A few studies target mathematics and problem solving (e.g., Holmes, Gath-
ercole, & Dunning, 2009; D’Amico, 2006; Witt, 2011) and reading compre-
hension (Chein  & Morrison, 2010; Loosli, Buschkuehl, Perrig,  & Jaeggi, 
2012) after WM training. 

In the Holmes et al. (2009) study (treatment group: n =22, 10 female / 12 
male; control group: n = 20, 5 female / 15 male) no effects in mathematics 
were noted directly after the training, but effects were found six months after 
the training. However, only the treatment group was retested.  

Witt (2011) found enhanced results in 9-10 year old students in Grade 5 (n 
= 38) in addition tasks after WM-training.  Chein and Morrison (2010) found 
(n = 22) enhanced reading comprehension after WM training.  Loosli et al. 
(2012) studied students 9-11 years old (n = 40: 20 in the treatment group 
matched to 20 in the control group). The treatment group improved on read-
ing single words and text compared with the control group which did not 
receive any extra training. 

2.10.4 Evaluation of effects 

I would like to briefly outline a number of questions raised by researchers 
regarding WM training and research in this relatively new area.  

Studies that have examined the effects of WM training are difficult to 
compare because of the diversity of their designs and groups (Dahlin, Erica. 
et al., 2009). Too few studies have been carried out in order to draw firm 
conclusions, such as whether training has an effect on untrained abilities, or 
how groups of students or adults can benefit from training (Morrison & 
Chein, 2011). Not all studies are experimental and randomised. Different 
tests are employed and the groups are of differing sizes.  

SBU (The Swedish Council on Health Technology Assessment, 2009) 
evaluated studies employing computer-assisted training for children with 
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ADHD by reviewing six studies (2005-2009). They concluded that there is 
too little evidence to draw any conclusions from these studies where the 
benefits of computerised WM-training for children with ADHD are con-
cerned. Fifteen studies (1998-2008) failed to meet the criteria established by 
the reviewers (e.g., randomisation, ADHD problems according to two inde-
pendent sources/rating scales) and were therefore excluded from the review.  

Shipstead, Redick, and Engle (2012) analysed a large number of studies 
and established that hasty conclusions had been drawn in some of them, 
while finding no evidence that WM or other abilities improve through cogni-
tive training. Shipstead and his colleagues believe that more experimental 
studies need to be conducted in order to answer the question of whether it is 
in fact the WM training that is causing increased WM-capacity. Hulme and 
Melby-Lervåg (2012) believe that improvements noted in WM measures 
after training have explanations other than training effects, such as becoming 
familiar with the programme during training and thus improving results.  

In addition, Morrison and Chein (2011) have carried out a review of stud-
ies targeting WM-training. Although they conclude that WM-training seems 
to improve some untrained skills, they believe that many questions surround 
the studies. A number of factors can affect the results, e.g., the expectation 
that students and parents may have during training leads to greater efforts by 
the students of the treatment group compared with the placebo group at post-
test. The placebo-group probably realises relatively early on in the process 
that the training is a placebo. Another factor is the effort students make dur-
ing training. In addition, some studies use control groups that are not in-
volved in the study. None of the studies analysed here used self-assessments 
or examined student motivation, which could be considered as a weakness 
(Morrison & Chein, 2011).   

In a separate study, Chein and Morrison (2010) found improvements in 
reading comprehension after WM training. They suggested the enhance-
ments on WM measures could predict the level of improvements in reading 
comprehension. They recently joined the discussion on whether WM train-
ing can actually change the capacity in WM (Morrison & Chein, 2012). The 
way in which we measure WM capacity is obviously also highly significant. 
They highlight the dilemma of control groups losing motivation and interest.  

Researchers are discussing and questioning the value of cognitive training 
in students with ADHD diagnoses. Shah, Buschkuehl, Jaeggi, and Jonides 
(2012) point out the importance of considering sample sizes, different 
measures, participants and the specific training programmes used when 
comparing studies. Furthermore, they found that individual differences are 
not considered in ADHD and cognitive training studies. There is a large 
discrepancy between the various difficulties that people with ADHD exhibit. 
Motivation and reward can also affect results. Shah et al. note that training 
might work for certain groups, but also that in the current situation too few 
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studies are being carried out to enable discussion on the effectiveness of 
cognitive training (Shah et al, 2012).  

Logie (2012) discusses how current cognitive training programmes may 
provide improvements to the highly specific tasks trained, resulting in the 
development of valuable strategies and enhanced motivation during the ex-
ercises. Another issue is how low and high-performing individuals may be 
affected differently. Logie discusses the construct of WM, i.e., WM may 
contain a whole range of different cognitive systems operating to different 
degrees depending on the difficulty of the task. WM research should not, 
which is often the case, be based on the theory that the ‘culprit’ is simply a 
lack of attention capacity. Theories and methods therefore need further de-
velopment (Logie, 2012).  
  Gibson, Gondoli, Johnson, Steeger, and Morrissey (2012) discuss theories 
and methods. They emphasise that Cogmed training affects only one of the 
two major components suggested to be affected by training, i.e., attention 
and not WM measures (Gibson et al., 2011 as cited in Gibson et al., 2012). 
Some researchers believe that attention is the most important component of 
knowledge acquisition (e.g., Cowan, 2005) and almost equal to the CE, 
while others highlight the importance of attention, memory skills and other 
individual abilities combined. Gibson et al. believe that we do not fully 
comprehend training effects. Perhaps theories should be revised or the pro-
gramme. If it is possible to influence both components, i.e., attention and 
memory skills, then a valuable instrument might be developed with implica-
tions for both research and individuals.   

Rather than commenting on previous studies or weaknesses in programme 
design, testing, and applications, Jaeggi, Buschkuehl, Jonides, and Shah 
(2012) discuss future research. They believe that it is important to use exist-
ing data and carry out more studies on training, transfer effects and underly-
ing mechanisms. Finally, in addition to this, it is obviously essential to study 
improvements in a longitudinal perspective (Conway & Getz, 2012).  

This raises the question of whether the brain’s WM capacity can indeed 
improve and if that, in turn, can enhance other skills. Compared with other 
fields, there is a shortage of research on working memory training, but in my 
opinion it would be logical to consider all of the available components, 
measures, results and experiences from these studies as a starting point and 
progress from there. Apter (2012) takes this approach. He identifies areas of 
importance (which I have also tried to highlight in this thesis) for research 
and affecting classroom situations: attention, mental effort, motivation and 
self-efficacy, memory skills and strategies, and more effective use of ‘longer 
term memories’. He also points out that the evidence is not strong enough to 
suggest that WM training may be effective for skills other than those being 
trained. 

 Scepticism exists regarding the value of WM training, while others are 
more optimistic. The following is certain: WM training engages researchers 
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from different parts of the world and more studies need to be completed in 
this particular area. “Both within and beyond the academic community we 
are fascinated with the notion of improving mental capacity” (Morrison & 
Chein, 2011, p. 208). 

2.10.5 This study 

Previous studies show that students with ADHD improved in behaviour and 
WM measures (Klingberg et al., 2005) after five weeks of WM-training 
(Cogmed training) and that brain activity increased after training (Olesen et 
al., 2004). Further, these studies show effects immediately after and/or three 
to six months after training, but to my knowledge studies have yet to deter-
mine whether results persist over longer periods or to establish the effect of 
training on reading and mathematics. Effects on reading and mathematics 
(arguably the most important skills for school success) that persist and do 
not fade away are clearly the most important. In order to fill these two gaps, 
a study on WM training, mathematics and reading development with a longi-
tudinal approach was conducted. 

The hypothesis posed for this study is therefore that scores on WM 
measures are enhanced by WM training, which has a positive effect on read-
ing comprehension and mathematics in students with attention deficits. This 
is based on the theory that attention capacity is adversely affected by weak-
nesses in the WM (Barkley, 1997) and that WM capability has been found to 
relate to reading and mathematics and may be influenced positively through 
structured interactive training (see the literature review above). 

The overall aim is to examine the effect of working memory training in 
students with attention deficits.  

The effects of training with a five-week computerised WM programme in 
mathematics and reading (and conducting neuropsychological tests) on boys 
and girls (9-12 year olds) with attention problems and with special educa-
tional needs are investigated at pre-test, approximately six weeks later (di-
rectly after training), approximately seven months later, and 3.3 years later. 
The relationship between WM capability and other measures is also exam-
ined.  
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3 Methods 

3.1 Design 

3.1.1 Study features – an overview 

The purpose of this study was to allow students with attention deficits to 
train with an interactive computerised working programme to examine 
whether the training had any effect on their WM, mathematics and reading 
skills. The participants were students with attention difficulties who had 
been placed in special units. The training was to take place at school and the 
parents were to receive progress reports at every stage. The students (n = 42, 
7 girls / 35 boys) were to undergo different types of tests, including neuro-
psychological tests, and basic skills tests, both prior to and following the 
training. Results were compared with those of the control group (n = 15, 4 
girls / 11 boys), who were tested at the same time intervals. Twenty-seven 
students participated in the follow-up mathematics and reading-related tests 
(Time 4) which were conducted over three years later. All of the data collec-
tion and interventions took place at the students' schools, with the exception 
of teacher and parent ratings, which were submitted in writing and sent by 
post. The results of the intervention and the relationship between variables 
are examined by way of statistical analysis. 

3.1.2 Intervention – quasi-experimental design 

In an ‘experimental design’, the action is given to one or more groups that 
are subsequently compared with control groups (Table 1). The importance of 
including some kind of placebo in the control groups is underlined. If the 
participants are randomly divided into treatment and control groups, the 
study is said to have an experimental design. Alternatively, if participants are 
not randomly divided into experimental and control groups, the study is con-
sidered to have a quasi-experimental design (Mertens, 2005). There are sev-
eral types of quasi-experimental design, e.g., when only one group is used 
(‘one group post-test design’, ‘one-group pretest-post-test design’) or when 
two groups are included in the study but only post-tests are carried out 
(‘post-test only design’). In the absence of either the pre-test or the control 
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group, these types of designs are regarded as less reliable than designs in 
which both variables are included (Shadish, Cook, & Campbell, 2002). 
 
 

Table 1 
Quasi-Experimental Design: Pretest – Intervention - Post-Test  
 

 
 
 
 
 
 
 
 

 

 

 

 
Note. The treatment and control groups (not randomised) are tested at the same time  
Intervals. The treatment group is given an intervention and groups are compared. 

 

3.1.3 The ‘nonequivalent comparison group design’ 

The ‘nonequivalent comparison group design’ is perhaps the most common 
quasi-experimental design (Shadish et al., 2002, p. 136). It uses pre-test as 
well as post-test in a treatment group and a control group (see Table 1). This 
present WM-study features this particular design. 

In this study, we first approached students and parents about participating 
and then formed the treatment group in a first phase. The control group was 
then established in a second phase. We discussed randomly assigning the 
students from each special unit to the experimental and control groups (a 
placebo control group). Ethical issues, such as allowing students in the con-
trol group to spend considerable time working on an application unlikely to 
be beneficial, led us to rule out the idea. Students in the control group would 
most likely discover that their programme was not bona fide, which would 
probably result in their efforts waning, thus nullifying the purpose of the 
placebo. The decision was thus made to establish a non-training control 
group selected from different classes.  

 

Experiment 
group 

 Control 
group 

Groups Pre-test 
Time 1 

yes 

yes 

Intervention 

yes 

Post-test 
Time 2  

Post-test 
Time 3 

yes  

 

 
yes 

yes yes 
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3.2 Participants 

3.2.1 A pilot study 

To evaluate the tests and the logistics of the training, three students (2 fe-
male / 1 male) with attention deficits being educated in a special unit 
(Grades 3-5) took part in a pilot study. 

3.2.2 Main study – Study I-II 

Fifty-seven students participated in the intervention study (Table 2). Forty-
two students formed the treatment group and the control group numbered 15. 
Students were in Grades 3 to 5 and had been placed in special units in or 
near the school to which they belonged. These special units were primarily 
intended for students with attention disorder, which was one of several crite-
ria for participation in this study. 

The students were all judged to be in need of special assistance due to 
merger difficulties. Seventeen had an ADHD diagnosis (13 in the treatment 
group; 4 in the control group). The treatment group came from nine different 
schools and the control group from seven. Table 2 shows descriptive statis-
tics of the treatment and control groups at T1.   
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 
Participants in the Treatment and the Control Groups  

 
Time 1 

 
Treatment  
group 

 
Control  
group 

 
Total 

Mean age at T1 10.7 10.7 10.7 
Boys 35 11 46 
Girls 7 4 11 
Diagnosis 
Dyslexia;  male/female 2/0 1/1 4 
Dyslexia + ADHD;  male/female 1/1 1/0 3 
ADHD;  male/female 8/3 3/0 14 
Placement at Time 1 
Special units 42 15 57 
Note.  Treatment group, n = 42; Control group, n = 15; Mean age SD =1.1.  
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3.2.3 The longitudinal study - Study III 

Twenty-seven students (treatment group: n = 18; control group: n= 9) partic-
ipated in the longitudinal section of the study. They came from 21 different 
schools and were selected from the students who had taken part in the previ-
ously implemented intervention study (Study I-II). 

Seventeen students were now in a normal-sized class and ten in a special 
unit. The number of students with an ADHD diagnosis was nine in the 
treatment group and four in the control group. All 27 students were inter-
viewed. Table 3 shows descriptive statistics of the treatment and control 
groups at T4. 

 
 

3.2.4 Regular classes 

Students in Grades 3 and 4 (n = 19) took part in test evaluations prior to the 
project starting (Table 4). Twenty-four students in Grade 3 then completed 
tests (reorganised to some extent according to the evaluations) one week 
apart in order to test reliability.  Reliability in the control group (n = 15) 
could also be measured at six-week and seven-month intervals (pre and post-
test) since the members did not receive any treatment. 

Students in Grades 3, 4 and 5 from different schools and regular classes 
took the tests once. They all completed tests in reading and some in non-
word reading, basic number skills, addition and/or subtraction as well, so 

Table 3 
Descriptive statistics: Students Participating in the Longitudinal Section of the  
Study (T4) 
 
Time 4 

 
Treatment group 

 
Control group 

 
Total 

Mean age at T4 14.09 13.78 14.0 
Boys 15 6 21 
Girls 3 3 6 
Diagnosis 
Dyslexia; male/female 0/1 0/1 2 
Dyslexia + ADHD; male/female 2/1 1/1 5 

ADHD; male/female 5/1 2/0 8 

Placement at Time 4 
Regular/ special units 12/6 5/4 17/10 
Note. Treatment group, n = 18; control group, n = 9; Total, n = 27; mean age = 14.0, SD=1.1 
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that the results of the special units could be compared with those of students 
from normal-sized classes.  

One test was normed in England. It was important to find out how Swe-
dish students in regular classes would perform on the test (see Articles II and 
III for details) to be able to value the norms and compare them to those of 
Swedish students of the same age. 
 
 
Table 4 
Number of Students Who Took Part in the Test Evaluations)  
 
Regular classes 

 
Grade 

 
N 

 
Test evaluations: grades 

 
3, 4 

 
19 

Testing reliability: completing tests 1 w. apart 3 24 
Completing tests once: Reading and mathematics 4, 5 190 
Total  233 

Note. The students completed reading and mathematics tests either once or twice. 

 

3.2.5 Extern control group - Study 1 

Since the control group did not complete the neuropsychological tests, we 
were granted permission to use results from a previous study by Klingberg et 
al. (2005) (Study I). These students (n = 25) had been randomly selected to 
form the control group and all had ADHD diagnoses. This control group 
used a non adaptive five-week training programme. 

 
 

3.3 Selection 

3.3.1 Procedures for the initial selection 

Based on information from the Schools Agency of Stockholm County and its 
surrounds regarding special units and their orientation, contact was made 
with pricipals by telephone. If the response was positive, teachers and par-
ents were sent written information about the study. The students were in-
cluded (in the order in which written consent was received) if they met the 
following criteria determined by the research team: 
 
a) 9-12 years of age 
b) being educated in a special unit 
c) attention problems (according to the judgements of teachers or psycholo-
gists) or a ADHD diagnosis 
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d) first language = Swedish 
e) no ODD, autism or developmental disabilities in the form of reduced IQ 
 

Schools and students were asked whether they were interested in partici-
pating in the study and we then formed the treatment group. Other students 
from various classes were subsequently invited to join the study's control 
group. 

The composition of some of the special units had changed since the first 
inquiry and therefore could not participate: some students had moved to 
regular classes and/or changed schools. This led to other schools being invit-
ed to participate. 

3.3.2 The second selection 

Psychologists interviewed the parents of the students in the experimental 
group for 30-40 minutes to ensure that the students did indeed have attention 
difficulties. The parents were also asked to complete ODD-ratings (Opposi-
tional Defiant Disorder). Assessments by teachers and psychologists from 
each school formed the basis for participation in the control group. 

3.3.3 The third selection – the longitudinal study 

Some of the students from the treatment and control groups of a three-year 
follow-up study were re-contacted. Before these students were selected for 
participation, it was decided to ask two-thirds of the control group (n = 10) 
and twice as many (n = 20) from the experimental group to complete reading 
and mathematics measures once again. The inquiry resulted in nine students 
(3 female) of the control group (2 with ADHD) and 18 (3 female) (4 with 
ADHD) from the experimental group agreeing to participating in the follow-
up. Due to of limited financial resources, it was not possible to follow up on 
all fifty-seven students. 

3.3.3.1 Losses 
Two students were eliminated before the study began: a boy, due to Opposi-
tional Defiant Disorder (ODD); and a girl, due to low IQ. One boy in the 
control group completed, at his parents’ initiative, WM-training between T2 
and T3 and was therefore excluded from the analyses. Lastly, another boy 
discontinued his participation after having only partially completed pre-tests. 
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3.4 Procedure 

3.4.1 Test evaluation 

All of the students who participated in the study were of differing ages (from 
9 to 12 years), were being educated in special units and had attention defi-
cits. We thus assumed that some of the students would be weak in one or 
more areas. In order to minimise total failures and to avoid any detrimentally 
effects to the students’ self-esteem, it was decided that the tests would start 
easily so that all of the participants could perform at least some tasks. To 
enable measurement of the abilities of the older or higher-performing stu-
dents, the tests’ level of difficulty was to increase progressively. In addition, 
we required parallel versions of the test because repeated testing would be 
carried out to compare the results over time. 

Standardised testing is generally designed to work in multiple contexts 
and groups of people, not in one specific type of school or class (McMillan, 
2004; American Educational Research Association, 2002). Some of the tests 
were therefore compiled expressly for this study. The test samples were 
evaluated in students in regular classes that all students, from the weakest to 
the strongest, attended. We were able to evaluate the tests by first analysing 
the results and subsequently discussing them with each student individually 
(Figure 6, 7). Corrections to content or design were made if deemed neces-
sary. This was carried out with students in Grades 3 and 4. 

Many students seemed to get stuck on words with double subscription 
when reading non-words because they were uncertain about short and long 
vowels. For this reason, the tests were also partially measuring spelling and 
knowledge of short and long vowels instead of basic skills in phonological 
decoding alone. It also emerged that students found nonsense words with 
more than one syllable easier to read. The conclusion drawn from this is that 
they most likely had a greater chance of recognising at least one part of the 
word in question, which was advantageous. As a result, we revised the pho-
nological tests to include more monosyllabic words at the beginning and no 
words with double subscription. 

Nonsense words are harder to read than real words and measure vocabu-
lary development more effectively than reading real words (Dehn, 2008). 
Dehn indicates that the best nonsense words are those containing no more 
than two syllables and with no similarity to known syllables. Further, the 
words must not contain any segments that rhyme (Dehn, 2008). Since the 
words were to be read aloud phonetically (as they sounded) and the correct-
sounding word was to be selected from two options, it was important for 
both words to be of equal difficulty, ie if one word had a cluster at the be-
ginning (klikt), then the second word should have one too (fläst). 
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To ensure the reliability and validity of the test material, the tests were 
evaluated with students in Grades 3 and 4 (Figure 6). Twenty-two students 
completed different versions of the tests one week apart. In addition, correla-
tions were calculated in the control group between the different test runs, 
which could be regarded as a test of reliability since the control group did 
not undergo any extra training. 

3.4.2 Briefings 

A joint information meeting was held for all of the schools interested in tak-
ing part in the study, and two further briefings (for parents and for teachers) 
were held at each school before the study commenced. The entire research 
team, i.e., psychologists, researchers and a study coordinator, took part in 
these meetings (Figure 7). 

Students received both written and verbal information about the study, 
WM, what would be expected of them (e.g., completing tests on numerous 
occasions) and, where the treatment group was concerned, how the daily 
training would be organised. 

3.4.3 Test implementation 

Longer untimed tests and short timed tests both featured in this study. The 
tests all began at a low level before progressively increasing in difficulty. 

To ensure that basic skills tests were conducted in exactly the same way 
for all students, the same person tested virtually all of the students each time 
(T1, T2, T3 and T4) and gave the teachers, parents and students information 
before the study began. Instructions for each test were provided in writing 
and read to all of the participants prior to the completion of the test, some 
items were attempted (in the same way for all students) before the tests start-
ed and all of the students were given equal time in which to complete the 
different tests. The neuropsychiatric tests were conducted by psychologists. 

The students were all tested individually in a room near the classroom to 
ensure that the information and test conditions would be as consistent as 
possible. Basic knowledge was tested in three 30-minute segments with 
breaks of at least 15 minutes in between. The duration of the neuropsychiat-
ric test was approximately one hour. 

3.4.4 The training programme 

The experimental group trained at the school with an interactive computer-
ised programme (Cogmed working memory training) every day for five 
weeks and each session took approximately 40 minutes to complete. The 
training was completed in conjunction with an adult in a secluded room at 
roughly the same time each day, as far as it was possible. The students each 
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took home a daily training report intended to show their caregivers how the 
training was progressing, and this returned with the students the following 
day. A psychologist provided support by telephoning the schools and the 
members of each group once a week. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

1 
Test evaluations 

with students in Grades 3 and 4 (n = 43). 
  Individual testing accompanied by an adult 

 

4 

Parallel test reliability control 
 

a) Grade 3 (n = 24), test at weekly intervals;  

reading comprehension, r = .92; addition, r = .80; subtraction,  

r = .83; 

b)  The control group, Grades 3-5 (n = 15), test at 6 weeks (T1, T2), 7 

months (T2, T3) and approx. 8 months (T1, T3) apart. 

 
  T1 T2  T2 T3  T1 T3 

Reading  
comprehension  r = .93  r = .91  r = .82 
Decoding    r = .79  r = .62  r = .77  
Addition    r = .68  r = .83  r = .84   
Substraction   r = .89  r = .92  r = .88  
BNST     r = .94  r = .95  r = .89 
 

3 

Parallel test design 
 included the degree of difficulty and content, such as word 

and sentence length, the amount of data and number of 
words, question and content design, consonant meetings at 

word reading level, etc. 

2 
 Corrections to tests 

based on students' comments, reactions and results 

Figure 6. Description of procedures when evaluating the test.  
Note. T1, Time 1 = pre-test; T2 , Time 2 = first post-test; T3, Time 3 = second post-test; 
BNST = Basic number screening test. 
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Figure 7. Description of the study design: preparation and study implementation, schedule 
of tests conducted at T1 (pre-test), T2 (post-test), T3 (post-test) and T4 (post-test). The in-
tervention for all of the members of the experimental group was carried out for five weeks 
immediately after the pre-test. Fourteen students trained for a further two weeks immedi-
ately before T3 (additional training). 

 

Pilot Study 

n = 3 

  Treatment  group 

n = 42 

Develop and evaluate tests 
n = 43 (Grades 3, 4, and 5) 

Main Study (T1, T2, T3) 

n = 57 

Control group 

n = 15 

Assessments: reading, mathematics, WM, 

Raven, Stroop, ratings – behaviour 

1. Pre-tests (T1) 

2. Five weeks of training 

3. First post-test – 6 weeks after pre-tests     

(T2) – extra training 5 months later 

4. Second post-test – 6-7 months later 

  (T3) 

   Assessments: reading, mathematics  

  1. Pre-tests (T1) 

  2. No training 

  3. First post-test – 6 weeks after pre- 

tests (T2) 

  4. Second post-test – 6-7 months later  

   (T3)          

 

Three-year follow-up (n = 27) 

(T4) 

Control group 

n = 9 

Treatment group 

n =18 

Assessments: Basic skills,  

ratings - behaviour 

Assessments: Basic skills, 

ratings - behaviour 

Information to parents and schools 

- by meetings – at the university, at each scho 

Establish contact with all special units in the area  
targeting attention deficits  

Inform parents and schools 
- via post 

- via meetings – at the university, at each school 
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3.4.5 The pilot study 

A pilot study was organised and completed by three students from one of the 
participating schools. It was conducted in the same way as the main study 
with a few exceptions: corrections to a test and the addition of a test com-
piled after the pilot study. The students trained with the WM training pro-
gramme for five weeks and tests were carried out before and immediately 
after training and six to seven months later (for a description of the study, 
(see Figure 7). 

3.4.6 The intervention study – Study I-II 

All of the students in the intervention study (n = 57, mean age = 10.7, SD = 
1.1) completed pre-tests (Time 1, T1). The experimental group (n = 42) 
trained for five weeks thereafter with a computerised training programme for 
30 to 40 minutes per day. 

Rewards were given after one week’s training, in the form of a simple 
item or event (ice cream, picnic etc.). 

Students then completed post-tests on two occasions: at approximately 
six-week (Time 2, T2) and seven-month (Time 3, T3) intervals. Fourteen 
randomly selected students trained for an additional ten days before the final 
post-test. The students in the experimental group also completed neuropsy-
chological tests and each child’s behaviour was rated by both teachers and 
parents (DSM-IV). The control group performed the same reading and math-
ematics tests at the same intervals as the experimental group, but did not 
undertake the WM, Stroop or Raven´s tests due to limited financial re-
sources. 

3.4.7 The longitudinal study – Study III 

Twenty-seven students participated in long-term follow-up tests (Time 4; 
T4) approximately three years after the testing at six to seven months (T3) 
had been implemented. All of the students completed the same type of test-
ing in basic number skills and reading as three years previously. Further, all 
of the parents and teachers completed DSM-IV-ratings at T4. 
 

 
 

3.5 Measures 
The results from four reading-related tests, four basic number tests, four 
WM-tests, a non-verbal problem solving test, an inhibition test and estimates 
from parent and teacher ratings (DSM-IV), as well as the scores from the 
training programme, were exploited. 
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3.5.1 Neuropsychological measures - Study I-II 

Psychologists administered neuropsychological measures to the experi-
mental group members three times: before the intervention, immediately 
after the completion of training and approximately 7 months later (T1-T3). 
The control group did not undertake these tests not only due to financial 
reasons, but also because data was available from an active control group 
with almost exactly the same age range as the actual treatment group. 
 
Digit span forward was used to measure verbal STM: an increasing number 
of digits are presented orally, commencing with two in the first series. The 
child is asked to repeat each series of numbers in the same order in which 
they were presented (WISC III, Wechsler Intelligence Scale for Students). 
The phonological loop (STM) is charged (phonological storage and articula-
tion), according to Swanson (2006). 
 
Verbal WM (WISC III, Wechsler Intelligence Scale for Students) was meas-
ured using Digit span back. An increasing number of digits are presented, as 
in the case of Digit forward, but in this case the digits are repeated in reverse 
order. The central executive function is loaded (Swanson, 2006). 
 
Span board forward, which is part of the Wechsler Adult Intelligence Scale 
(WAIS-NI), was used to measure the visuo-spatial STM. The psychologist 
points to two blocks from a total of ten. The child is asked to identify them 
in a different collection of ten blocks and to point to the two blocks in the 
same order as the adult. According to Swanson (2006), the visuo-spatial 
function is loaded (STM). 
 
Span board backwards was used to measure visuo-spatial WM. In this sec-
tion of the test, the position of the blocks is to be repeated in reverse order 
(backwards) (Wechsler Adult Intelligence Scale, WAIS-NI). This test is 
believed to load on visuo-spatial short-term memory (STM) and the central 
executive function in WM. 
 
Stroop was used to measure the ability to control and prevent impulses. Sixty 
out of 100 names of colours are written in rows of 10 words and printed in a 
different colour from the colour indicated by each word. The participant 
must name the colour in which each word is printed as quickly and accurate-
ly as possible. The time taken and number of correct answers are noted 
(Lezak, 1995). 
 
Raven's Coloured Progressive Matrices (Raven) were employed to measure 
non-verbal problem-solving skills. The test consists of characters that are 
incomplete and the students select one of six different pieces to complement 
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each figure. One point is accorded for each correct answer with a maximum 
attainable score of 36 points. The test has no time limit. 
 
Parent and teacher ratings (DSM-IV) were used to estimate students' behav-
iour with the same frequency as the other tests. The questionnaire consists of 
18 questions, the first nine of which concern attention, while the others relate 
to impulse control and hyperactivity. 

3.5.2 Information from teachers and parents 

Before pre-tests and during the long-term follow-up, teachers and parents 
were asked to answer questions about each student's school situation, 
strengths, learning outcomes and particular difficulties in various subjects.   

3.5.3 Reading 

Reading comprehension. Narrative texts from the Progress in International 
Reading Literacy Study (PIRLS) and the IEA Reading Literacy Study (PI-
SA) were used in the parallel reading comprehension tests. The questions 
appeared at the end of the original versions and each child was expected to 
complete all of the questions which included both multiple choice and con-
structed-response questions. Since the tests were intended for both weaker 
and stronger readers, and both younger and older children, they were modi-
fied in two following ways: (1) all versions of the tests were divided into 
roughly equal sections, with one to two questions per section so that ulti-
mately six questions remained at the end of the last section; (2) the adminis-
trator wrote down the answers to the constructed-response questions based 
on the child’s verbal responses and then read them back aloud to the child to 
ensure that their answers had been captured correctly. We wanted to elimi-
nate the risk of students being hindered by any potential writing difficulties 
when answering the questions. Seven of the questions were multiple-choice 
while six were constructed-response questions. The students were awarded 
one to three points for each correct answer with a maximum overall score of 
19 (see Study I). Three parallel versions of the tests were used. 
 
Decoding. In order to measure word decoding, a non-word test specifically 
designed for this study was employed. “Read the word pairs, preferably 
aloud because that is easier. One word will be a nonsense word – an invented 
word. The other word will sound like a real word but will be spelt incorrect-
ly. It will be spelt the way it sounds, so you might not recognise it.  Listen to 
the words as you read them and then decide which of the two words sounds 
like a real word. Underline the word that sounds like a real word”. A pair of 
words could be as follows: sib – såv (såv means ‘sleep’, but should be spelt 
sov). Students were given two minutes to read as many words as possible. 
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They were encouraged not to guess, but to ignore the questions that they 
were unsure about instead and proceed to the next question. Each correct 
answer generated one point and each incorrect answer generated one minus 
point so as to minimise any guesswork. The maximum score attained was 63 
points. Students considered this test to be difficult, an opinion that was 
voiced by students in both the regular and special units, and for this reason it 
was never assigned as the first or final test of the day. Three parallel versions 
were used. 
 
Orthographic reading. The ‘orthographic test’ was used to measure spelling 
and orthographic ability. In this case, it was important to recognise the listed 
words quickly and decide whether they were spelt correctly or not by putting 
a cross (x) beside the word considered correct, and a minus (-) next to the 
word considered incorrect. The words were taken from stories written by 
other similarly-aged students. Students were given two minutes to read as 
many words as possible. The students all regarded the test as easy and fun. 
The maximum score attained was 75 points. Three parallel versions were 
used. 

3.5.4 Basic number skills 

Addition and subtraction – verification tasks. A paper by Lemaire et al. 
(1996) describing and discussing ‘verification tasks’ and the notion of ‘right 
or wrong’ formed the basis for the design of the arithmetic test. In the space 
of two minutes, the student determines whether equations have been calcu-
lated correctly (e.g., 4 +5 = 8) by marking a cross or a minus sign in the box 
to the right of each problem. Three parallel versions were used. (See Article 
II for more details). 
 
Basic number screening test. The Basic Number Screening Test (BNST) 
(Gillham & Hesse, 2001) was employed to test number skills. It consists of 
30 different tasks in mathematics, including the four basic arithmetic opera-
tions, grouping and completing series (see Articles II and III for details). 
Two parallel versions were available. Correlation was according to manual: r 
= .92. (See Chapter 3.4.1. and Study II). 

3.5.5 Training scores   

Training results were converted into indices (the start index, results of all of 
the exercises from Day 1; and the max index, the highest achievement index 
for the 5 weeks of training) and used in the analyses. 



 

 71 

3.5.6 Skewness 

Calculations can reveal whether or not test results are skewed in either direc-
tion, i.e. if there are any ceiling or floor effects, if the tests are too easy or 
difficult. It is important for the groups to perform close to both each other 
and to zero (Shadish et al., 2002). Tables 5, 6, and 7 all show that the tests 
are not skewed; e.g., the BNST is close to zero in both groups. 
 
 

 
Table 5  
Treatment Group Descriptive Statistics: WM and Raven  
 
  Measures 

 
 

 
Min 

 
Max 

 
Mean 

 
SD 

 
Skew-
ness 

 
SE 

T1 Span board 
foward 

 2.50 6.50 4.54 0.94 .277 .365 

T1 Span board 
back 

 0.50 6.00 3.96 1.11 -.758 .365 

T1 Digit  
forward 

 3.00 6.50 4.24 0.73 .654 .365 

T1 Digit back  2.00 5.00 3.02 0.74 .435 .365 
T1 Raven  12.00 35.00 27.38 5.05 -.636 .365 
Note. n = 42; SD =Standard Deviation; SE = Standard Error. 

 
 
 
 
 

 
Table 6 
Treatment group Descriptive Statistics: Basic number skills and Reading 
 
  Measures 

 
 

 
Min 

 
Max 

 
Mean 

 
SD 

 
Skew-
ness 

 
SE 

T1 reading com-
prehension 

  
0.00 

 
15.00 

 
  8.45 

 
3.70 

 
 -.204 

 
.365 

T1 decoding  5.00 20.00 11.74 3.83   .085 .365 
T1 addition  4.00 25.00 17.19 5.44  -.589 .365 
T1 subtraction  1.00 24.00 12.07 5.43   .179 .365 
T1 basic 
number skills 

 3.00 26.00 14.05 6.53   .053 .365 

Note: n = 42; SD =Standard Deviation; SE = Standard Error 
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Table 7  
Descriptive Statistics in the Control Group: Basic Number Skills and Reading 
 
  Measures 

  
Min 

 
Max 

 
Mean 

 
SD 

Skew-
ness 

 
SE 

T1 reading comprehen-
sion 

  
2.00 

 
16.00 

 
10.13 

 
5.01 

 
-.413 

 
.580 

T1 decoding  0.00 27.00 13.67 6.41 .278 .580 
        
T1 addition  10.00 30.00 19.27 6.43 .328 .580 
T1 subtraction  0.00 27.0 14.20 7.60 .367 .580 
T1 basic 
number skills 

 7.00 27.00 16.80 6.73 .062 .580 

Note: n = 15; SD =Standard Deviation; SE = Standard Error 

 

3.5.7 Conversations – Qualitative data 

A better understanding of students who “can’t remember”, “never finish” or 
“don’t want to work” might lead to more critical thinking where teaching is 
concerned and facilitate the extension of students with poorer working 
memory capacity compared with their peers, who may as a consequence be 
performing less well in school subjects. Conversations can also help to pin-
point essential factors to focus on when working with students with concen-
tration problems and weaknesses in one or more school subjects. 

The students in this study were in Grades 5 to 9 when these conversations 
took place. The aim was to gain insight into their school experience and find 
out what they perceived to be easy or difficult at school, what they required 
in order to be able to concentrate well and how they felt when they were 
unable to solve a problem or did not understand. Their responses are inte-
grated as examples into the text of this present thesis at appropriate places in 
order to enhance the text and provide insight into the participating students’ 
thoughts. The conversations are otherwise not reported. 
 

 
3.6 The training programme 

The training programme was originally developed for students with ADHD 
(Klingberg et al., 2005; Cogmed training). The programme is computerised 
and interactive: it adapts to each child’s abilities, features both verbal and 
visuo-spatial WM items and provides immediate feedback on the data gener-
ated (for further information, see Studies I and II). The training was carried 
out each school day for approximately 40 minutes per day. An example of a 
verbal exercise is to listen to three syllables and repeat them immediately in 
the same order. The following task is to specify four syllables, and so on. If a 
student is unable to perform a task, then the exercise is terminated (to be 
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repeated on another day) and a new task appears on the screen. An example 
of a visuo-spatial practice is to specify, in reverse order, the asteroids that 
have recently appeared on the computer screen by clicking the mouse. There 
are approximately 100 tasks per exercise. 
 
 

3.7 Analysis 
Analysis and data collection were carried out according to a pre-test-
intervention-post-test design (Mertens, 2005). An experimental group was 
compared with a control group that received no additional treatment, and the 
tests were formulated with the same test intervals for both groups (Figure 7). 
Analyses were conducted using two statistical programmes: SAS (9:1) and 
SPSS (16.0). Analyses of variance, in the form of a multivariate mixed mod-
el with covariates which controlled for gender, pre-test (baseline) perfor-
mance and ages, were employed for comparisons between the intervention 
and control groups. Correlation was analysed by regression analysis and 
correlation analysis and groups were compared using an independent t-test 
(Pearson two-tailed). Results at later points in time (T2, T3, T4) were com-
pared with the results at T1 (Time 1) by means of a dependent t-test (paired 
samples t-test) and the mixed model with covariates. 

Cohen's d also was used to calculate the effect size. d is the difference be-
tween the groups in terms of SD (standard deviation): Cohen's d = M1 - M2 / 
SD and can be defined as the difference between two means, M1 - M2, di-
vided by a pooled SD (mean SD of the two groups) (McMillan, 2004). An 
effect size d = .20 is considered small, d = .50 medium, and d = .80 large. 

An effect size (d) of 1.0 for a subject indicates an increase of 1 SD (stand-
ard deviation). According to Hattie (2009), this signifies an increase equiva-
lent to two to three years of development and a 50% increase in development 
speed. If d = 1.0 in an intervention study, it effectively means that the treat-
ment group outperforms as much as 84% of the control group participants. 
Applying Cohen's d, which takes into account differences in the form of SD, 
is different from estimating statistical significance. Strong significance does 
not necessarily denote large effect size. Small effect size should not be ruled 
out for an intervention without careful consideration; it could be an im-
portant component of a broader context and it is sometimes easier to imple-
ment than an intervention with a larger effect size (Hattie, 2009). 

3.7.1 Reliability 

Many factors can affect reliability. Test length is one such example, i.e., a 
longer test is more reliable than a shorter test.  Reliability can also be influ-
enced by what a test measures (Mc Millan, 2004). Moreover, tests must be 
designed so that all students feel capable of completing at least some of the 
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tasks and are not exposed to abnormally high pressure which could affect 
motivation. Therefore, both timed and untimed tests and both long and short 
tests were used in this study. All of the tests started at a low level before 
progressively increasing in difficulty. 

Re-test power should then be controlled (parallel test) (Mc Millan, 2004). 
This study’s re-test power was controlled by giving the test to students at 
weekly intervals and calculating correlation (see Figure 6 and 3.4.1, Test 
Evaluation). A pilot study is necessary in order to evaluate planning and test-
instruments (McMillan, 2004). We completed a pilot study with three stu-
dent participants. 

If test sessions are too long, reliability can be compromised and the ses-
sions can begin to lose meaning for the participants.  According to McMillan 
(2004), 30-60 minutes can be an appropriate duration. The reading and 
mathematics tests were conducted in three half-hour segments with at least 
15 minutes between each segment while the neuropsychological tests were 
carried out over a one-hour session. Reliability must be met in order to be 
able to speak of valid results (McMiIlan, 2004). 

3.7.2 Internal validity 

Human assumptions determine whether or not a study is valid, i.e., whether 
the treatment causes the effects that are observed. The validity of an experi-
ment is never certain, even in a randomised trial, but it is possible to a degree 
(Shadish et al., 2002). Each study requires high accuracy and appropriate 
analyses, regardless of its design.  

To conclude that a treatment effect is caused by the treatment, one must 
be able to ensure as far as possible that any possible change in post-tests 
compared with pre-tests and controls is being caused by the intervention and 
not some other effect. Internal validity is thus achieved. This may be threat-
ened by a range of circumstances (Mertens, 2005; Shadish et al., 2002). 
Mertens (2005) identifies various areas that should be considered in order for 
validity to apply: changes in any/some participants during the course of the 
study, maturity/development over time, and also a brief period of fatigue 
during a test session. 

It could be assumed that if a participant tires after completing some of a 
test that the individual will perform less well on the remainder of the test. 
This is probably the case for everyone. If each test is performed in the same 
manner in both the experimental and control groups, these differences are 
checked. This study compared the same students on three occasions at the 
same time intervals.  Each of the study’s tests was carried out in exactly the 
same manner for both the experimental and control groups. 

Further, a study must be identical for all participants, each participant 
must be given the same instructions, and no modifications of any kind 
should be allowed during the study (Mertens, 2005). The tests or instructions 
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given were not altered in any way during this study. An example of a modi-
fication during the execution of this study is that a student went through the 
training programme between the two post-tests, an initiative of the parent. 
This led to the student's results being excluded from the analyses. Finally, 
participants should be adequately informed (Mertens, 2005) and in this 
study, the students, parents and teachers were all given both written and ver-
bal information regarding the study. 

3.7.3 External validity 

External validity concerns a study's usability and credibility, which can vary 
depending on the design of the study. A precise account of the study’s plan-
ning, selection, implementation, testing and analyses is required in order to 
use the results from an experiment in other contexts. To replicate the study, 
and to compare and use the results of the study's implementation on a larger 
population, other age groups, people with different kinds of problems, or in 
other environments, it is also important to carefully describe the information 
that has been given, the participants and the way in which the test cases were 
conducted (McMillan, 2004). 

Being aware of the ‘pitfalls’ makes it possible to discuss the studies’ im-
plementation and results. If, for example, it is believed that an operation in a 
class will change the teacher’s style of teaching, thereby increasing his or her 
awareness of what is being measured in the study and thus affecting the re-
sults, it would be helpful to complement the study with observations and/or 
interviews from before and during the implementation of the study. In addi-
tion, it can be difficult to compensate for unpredictable events, such as fa-
milial factors and being ‘aware of being a subject’ which can affect the re-
sults (Mc Millan, 2004; Shadish et al., 2002) and is called “Hawthorn ef-
fect”. 

It is unlikely that every ‘threat’ will occur in every kind of study. It is best 
to avoid or address these threats prior to commencing the study but it is 
nonetheless impossible to predict every scenario that may arise (Shadish et 
al., 2002). External validity is achieved by being able to determine/measure 
cause and effect, e.g., the kind of individuals and abilities that are affected 
by a particular action, under certain circumstances and through specific 
measurements, regardless of variations in population or other circumstances. 
This allows the results to be generalised. However, there are a number of 
additional phenomena that can influence test results, such as statistical calcu-
lations (Shadish et al., 2002; Trochim & Donnelly, 2008). 

3.7.4 Threats to validity 

Different types of threats to validity are discussed by Shadish et al. (2002) 
and Trochim and Donnelly (2008). One such threat is ‘a regression to the 
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mean’ and the way in which a test is correlated from one time to another. 
Regression to the mean, skewness and differences in pre-test results in rela-
tion to post-test are discussed in this section. 

3.7.4.1 Regression to the mean 
When groups are not randomised and a test is not perfectly correlated ‘re-
gression to the mean’ can occur.  Regression to the mean is a statistical phe-
nomenon and can happen when using non-random samples and when the 
pre-and post-test results do not correlate perfectly. If a selected group closely 
resembles the average of a population at the first round of testing, then there 
is not much room to approach the medium at post-testing, i.e., there is re-
gression to the mean. However, if a group is far from average, above or be-
low, there is more room for regression (Trochim & Donnelly, 2006). This 
occurs, for example, when the poorest readers are selected and their results 
are compared with those of more skilled readers or a larger population. 

Firstly, one way to reduce the regression is to measure multiple times. It 
is very unlikely for extreme results to persist over time. Dual pre-test and 
post-test measurements can also be used on groups at different times to en-
sure the design of a quasi-experimental study (Trochim & Donnelly, 2008). 
In this study, we used pre-tests and two post-tests for all of the students in 
the treatment and control groups (i.e., reading and mathematics) with the 
same time intervals. 

Secondly, the use of multiple variables when selecting participants is also 
an important aspect (Shadish et al, 2002). A number of variables determined 
whether students qualified to participate in this study or not (see 3.3 - Selec-
tion). 

Thirdly, the lower the correlation between two measurement points, the 
greater the regression to the mean (Trochim & Donnelly, 2006). It is there-
fore very important to use reliable instruments and to calculate the correla-
tion between the measurements in order to analyse and ensure the reliability 
of the test (Table 8, Figure 6). The more two tests correlate, the more reliable 
the tests are. Correlations were calculated in Grade 3 (n = 24). Perfect corre-
lation only occurs very rarely (Trochim & Donnelly, 2006). 

3.7.4.2 Is it possible to calculate the regression to the 
mean? 

According to Trochim and Donnelley, (2006, p. 166), it is possible to esti-
mate precisely the percentage by which a group can be expected to shift 
between pre-test and post-test towards the medium of a larger population at 
post-test. The formula is: 
 

Prm = 100 (1 - r) 
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Prm = percent of the regression to the mean, and r = the correlation be-
tween the two measures. Trochim and Donnelly give the following exam-
ples: if r = 1, there is no regression to the mean (i.e., 0%). If r = .5, .2, or 0, 
there is a 50%, 80% or 100 % regression to the mean respectively.  

 
 

 
Figure 8.  An example of how to calculate ‘regression to the mean’. 
 

 

If the correlation is .5, 50 % of the selected group’s results at post-test 
(the difference between the population mean at post-test and the specific 
group means at pre-test) it is due to regression to the mean (Trochim & 
Donnelly, 2006). It is therefore possible to estimate what the gains for a par-
ticular group will be at the post-test using a larger group (population) aver-
age at post-test, the current group's mean result at pre-tests and the correla-
tion between these two test runs for the population. Figure 8 shows that it is 
possible to estimate the exact results at a later time using the regression for-

 
How to calculate regression to the mean 

 
Example: Basic number screening test (BNST) (Time 1 - Time 3) in boys 

 
It is necessary to know: (i) the pre-test means and (ii) the post-test means for 
the selected group (boys) (n = 35), (iii) the post-test means for the whole popu-
lation (n = 57) and (iv) the correlation between tests. 
 
Pre-test for the treatment group boys at T1: 15.29 
Post-test for the treatment group boys at T3: 18.83 
 
Post-test for the whole group at T3: 17.77 
Correlation for the whole group, T1-T3: r = .91 (regression = 9%) 
Prm = 100 (1 - r) 

 
The difference, 17.77-15.29 = 2.48 (expected result at T3), 9% (0.223) of which is 
due to regression to the mean, and then remains: 2. 257. However, boys improved 
more: 18.83 - 17.77 = 1.06, which signifies an improvement of 2.257 + 1.06 = 
3.317. 
 
The expectation is that boys, if not given a treatment, should have the same mean 
at T3 as the larger group (m = 17.77). Simply put: 0.09 x 2.48 p = regression arti-
fact, a ‘pseudo-effect’ = 0.223 p.   
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mula. Regression to the mean is calculated above for the boys in the treat-
ment group at T3 in the BNST test.  

Table 8 shows that at pre and post-testing each mathematical test is highly 
correlated while decoding correlates much less. The results in the BNST 
(T1-T3) show very little regression to the mean, i.e., 9%, whereas reading 
comprehension regresses 31%, and subtraction 15%. 

 
 

 

 

3.7.4.1 Skewness is a threat 
As aforementioned, calculations can reveal if test results are skewed (have 
ceiling or floor effects, if the tests are too easy or difficult).  It is preferable 
for groups to perform close to each other and to 0 (see Tables 5, 6 and 7).  

3.7.4.2 Pre-test – differences are a threat 
Pre-test differences can affect validity. Differences arose when comparing 
baseline pre-test results of the treatment and control groups in this study, but 
they were not significant. Even if there are significant differences in pre-
tests, it cannot be proved that this will affect the results in any way (Shadish 
et al., 2002). It can also occur in randomised trials. 

Five different scenarios that can occur in post-test compared with pre-test, 
depending on how the treatment and control groups perform (Shadish et al., 
2002; Trochim & Donnelly, 2008), are discussed here. 

When the experimental group is at a higher level at the pre-test, the fol-
lowing occurs (Shadish et al., 2002): (1) both groups evolve in the same 
direction, but the experimental group increases the most; (2) the control 
group remains at the same level whilst the experimental group increases its 
gains; and (3) the experimental group impairs its performance at the post-test 
and approaches the control group. It would be unusual, and a real threat to 

Table 8  
Correlations and Regression to the Mean (%) in the Treatment and Control Groups 

 
 

 
Correlations 

 
  % regression to the mean 

Measures T1 T2 T1 T3 T2 T3 T1T2 T1T3 T2T3 
Reading  
comprehension 

 
.70 

 
.69 

 
.69 

 
30 

 
31 

 
31 

Decoding .59 .65 .56 41 35 44 
BNST .93 .91 .92   7   9   8 
Addition .72 .72 .81 28 28 19 
Subtraction .84 .85 .86 16 15 14 
Note. n = 57; BNST = Basic Number Screening Test. 
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validity, if the control group did not evolve at all over time because most 
students develop in some way over time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9.  Scenario (4): approaching the control group: basic number skills in  

boys in the treatment and control groups (n = 27) at T1, T2, T3 and T4. 
 

 

Figure 10.  Scenario (5): crossover interaction: reading development in the  
treatment and control groups at T1, T2, T3, and T4 (n = 27) (Study III, Figure 1). 

 
 

When the experimental group starts at a lower level, the following occurs: 
(4) the experimental group approaches the control group; and finally, (5) the 
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experimental group ‘surpasses” the control group, a so-called ‘crossover 
interaction’ which is not common, but does happen. This is precisely what 
occurred in this study where mathematics (No 4) (see Figure 9) and reading 
comprehension (No 5) (see Figure 10) were concerned. 

Shadish and colleagues argue that the latter scenarios pose no major threat 
to validity.  Regression is not a likely explanation for this kind of result. 
 

If you happen to find that kind of result, you really have a program effect that 
beats the odds (Trochim & Donolly, 2008, p. 215). 

 
Positive effects arose in this study, most likely attributed to the effect of the 

intervention, consistent with the way in which Shadish et al (2002) and 
Trochim and Donolly (2008) discuss validity and validity threats (Figure 
10). 

3.7.5 External control group 

An external control was used in Study I. Using more than one control group 
can strengthen the results of a quasi-experimental study (Shadish et al., 
2002). However, in this study, the external control group was used to com-
pare the neuropsychological measurements, as the study control group did 
not take these tests. Both groups of students had attention problems, accord-
ing to a psychologist’s assessment, or an ADHD diagnosis: one third of the 
members of the experimental group had a diagnosis, as did all of the mem-
bers of the external control group. The external control group completed the 
tests at the same time intervals as our treatment group and its members were 
in approximately the same age range.  Even if this was not the best approach, 
we placed some value in being able to compare the treatment group's results. 

3.7.6 Ethical and economical aspects 

The study’s design, which included a detailed account of the intervention, 
measuring instruments, tests to be conducted, newsletters and consultation 
with parents, students and school staff, was approved by the Ethical Council, 
Stockholm, on application: 2003 (Study 1 and II: T1, T2, T3) and 2007 (the 
longitudinal study: T4). 

It can be problematic to conduct an experimental study.  In addition to it 
being costly, the design includes elements that require careful discussion and 
consideration from an ethical point of view. Is it ethical to induce the stu-
dents in a control group to work daily, for as many as 20-25 days, on an ex-
ercise that is expected to yield no effect?   

The design of this study was intended to be experimental with randomisa-
tion of the participating groups. In contrast to the programme that the exper-
imental group was offered, the idea was for the control group to work with a 
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non interactive programme whose difficulty was to be constant throughout 
the training period. 

This did not occur, due in part to economical reasons, but primarily to 
ethical considerations. Participation in the study, particularly in the control 
group, could have brought false hopes to students and parents. In addition, 
the duration of the training was to be five weeks, approximately 40 minutes 
per day, time that the control group participants could spend in a more con-
structive way.  If the experimental group students and control group students 
were in the same class, the control group members would most likely soon 
realise that they belonged to the control group and their data would therefore 
be less reliable. Students talk to each other and compare data and results. 
Thus, the value of randomisation in a class would in all probability not be 
great. The study required substantial financial assistance and this factor con-
tributed to the decision to undertake a study with quasi-experimental design. 
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4 Results 

 
 

4.1 Study I – reading results  
Study I investigated the relation between WM and reading development. 
Fifty-seven students participated in the intervention study and an active, 
external control group (n = 25) from a randomised study (Klingberg et al., 
2005) was used to compare the neuropsychiatric tests. 

Firstly, training effects on neuropsychological tests were evaluated by 
comparing the results of T2 and T1, and controlling for gender and age (mul-
tivariate analysis of variance with repeated measures). The results of four 
tests improved significantly: Span board forward, Span board back, Digit 
back and the nonverbal problem solving test (Raven's Progressive Matrices). 
 Secondly, training effect was analysed by comparing the experimental 
group’s performance on the neuropsychological tests with results from an 
external control group (n = 25). The experimental group’s performance im-
proved at T2 (T2-T1) on both Span board forward and back, and both Digit 
forward and back, but not on Raven. Only Span board forward and Span 
board back had any lasting significant improvement at the second post-test, 
T3 (T3-T1). 

Having determined that the WM results were affected, trends in the read-
ing-related tests (baseline performance, age and gender were controlled for) 
were then analysed. This revealed that reading comprehension only im-
proved at T2 (T2-T1) (p <.01, d = 0.88) and at T3 (T3-T1) (p <.05, d = 0.91). 

Finally, correlation between the reading test and cognitive dimensions, 
including WM-training performance (start index and max index scores), was 
examined. At T1, start index correlated with all cognitive measures except 
the Stroop task (time, seconds). The WM measure Span board correlated 
with reading comprehension. The conclusion drawn is that WM training 
appears to affect Span board results, which in turn may affect reading comp-
rehension (Figure 11). 
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4.2 Study II – basic number skills 
Fifty-seven students participated in the intervention study (the same students 
as in Study I). In Study II, we examined the effects of WM training in basic 
number skills approximately seven months after WM training. The experi-
mental group’s development was compared with that of the control group. In 
addition, the results for boys only were analysed. 

To find out how students in special units perform compared with students 
in regular classes, baseline results were compared (Figure 1, Study II). Pear-
son’s t-test showed that Swedish students in regular classes performed sig-
nificantly better in all basic number measures compared with the students in 
special units (p < .05). Available basic number scores of regular classes 
(Grades 3, 4 and 5) and results of special units (n = 57) at T1 were converted 
into Z-scores. Mean Z-scores for the special units and regular classes could 
then be described and all three basic number test results could be compared 
in between (Study II, Figure 1).  

The treatment effect for basic knowledge in mathematics (BNST), addi-
tion and subtraction, was examined using variance analysis (multivariate 
analysis of variance with repeated measures). This showed that the effect on 
the BNST was significant at T2, but not at T3. Ten days of additional train-
ing before the second post-test with a group of students showed no effect.  

The girls were few in number and performed significantly poorer than 
boys on several tests (number ages, digit span forward, subtraction and the 
BNST at T1, T2 and T3; and in training scores, i.e., start index and max in-
dex). Consequently, all of the analyses were repeated for boys only. The 
analysis showed significant improvement in the BNST at T2 (treatment ef-
fect = p < .05, d = 0.74) as well as at T3 for the boys (treatment effect = p 
<.05, d = 0.90), but not in addition or subtraction. WM tests were not con-
ducted with the control group and, for that reason the experimental group’s 
results from the different test sessions were compared using Cohen's d. The 
effect on WM tests Span board was high (forward, d = 1.05, backwards, d = 
0.93) (see 4.4.1 for further information on the girls’ results).  

The conclusion drawn is that mathematics and WM are related. Boys aged 
9 to 12 years seem to benefit from WM training by improving their perfor-
mance on both the WM-test and the mathematics test (BNST) (Figure 11).   

 
 
4.3 Study III – a three-year follow-up 

Study III examined how a small number of students (n = 27) developed in 
literacy and basic basic number ability soon after WM training, i.e., approx-
imately six weeks after pre-tests (Time 2, T2), at a seven-month follow-up 
(Time 3, T3) and over three years later (Time 4, T4), compared with pre-
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tests (Time 1, T1). The students (mean age = 14.0) were selected from the 
original group. 

Before the sample was drawn, it was decided to include two thirds of the 
control group students and twice as many from the experimental group. This 
resulted in a control group of nine students (3 girls / 6 boys), four of whom 
had an ADHD diagnosis (1 girl/3 boys). Five of these students were now in 
normal-sized classes and the others (n = 4) were being taught in special 
units. 

Eighteen students (3 girls / 15 boys), nine of whom had an ADHD diag-
nosis (2 girls/7 boys), formed the experimental group. Twelve of these stu-
dents were in normal-sized classes and the others (n =6) were still being 
taught in special units. 

Firstly, the performance of the 27 students was compared with that of the 
students who did not participate in the three-year follow-up, to ensure that 
the random group was representative of the remainder and of the group as a 
whole, which proved to be the case. There was no significant difference be-
tween the groups on any of the tests (t-test), with one exception: those in the 
experimental group who did not participate at T4 performed better on the 
Digit forward at T2. 

Secondly, the reading and mathematics performances were analysed (va-
riance analysis that controlled for gender and age). The results at T3 were 
consistent with the results observed in the previous analysis (Study I and II): 
boys and girls in the experimental group had improved more than those in 
the control group in reading comprehension at T3, but not in mathematics. 
These 18 students had also improved in word decoding at T3, which was not 
the case for all 42 students. The teachers and parents of the treatment group 
participants rated the students’ attention skills (DSM-IV, Questions 1-9). 
This revealed that the parent rating scores had significantly declined (lower 
is preferable) at T2 and T3 compared with T1 (t-test).  

Finally, results at T4 were analysed. There was significant improvement 
in reading comprehension between T1 and T4 for the entire experimental 
group.  

4.3.1 Results from working memory training 

Figure 11 summarizes the results from the working memory training using 
the second working memory model (see 2.1.4). Figure 11 illustrates en-
hanced results at T2 and T3 in STM (VS-STM, Span board forward) and 
WM components i.e., attention (DSM-IV) and VS-WM (Span board back) 
after training, and in reading, and number skills at T2, T3, and T4 in boys. 
Improvements appear in white. 
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Figure 11.  WM model 2 (see Fig. 3). STMs are separate functions. WM-functions 

= the central executive (Dahlin, 2013; cf. Dehn, 2008; Alloway et al., 2006).  
Note: VS-STM = visuo-spatial short-term memory; VS-WM = visuo-spatial working 
memory; DSM-IV = parent and teacher rating scales. 
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4.4 Additional results 
 

4.4.1 Girls and boys 

In relation to the boys, the girls scored significantly lower at baseline in 
mathematics, Digit forward (STM measure) and start index (training scores 
at Day 1 of the training session) but not in reading comprehension or word 
reading. Training scores (max index minus start index) improved as much in 
girls as in boys.  

 
 

 
 
 
 

 
Table 9  
Descriptive Statistics for Girls in the Treatment Group  
        

Cohen’s d 

 
 
Measures 

 
 

T1 
mean 

 
 

SD 

 
 

T2 
Mean 

 
 

SD 

 
 

T3  
mean 

 
 
SD T2-T1 

  
 

T3-T1 

 
Span board  
Forward 

4.07 1.0 4.93 0.8 5.07 0.8 0.88 1.03 

Span board back 3.29 0.9 4.21 2.0 4.50 1.5 0.55 0.91 

Digit forward  3.64 0.2 4.14 0.9 3.79 1.0 0.71 0.19 

Digit back 2.71 0.6 2.86 0.8 3.00 0.8 0.20 0.38 

Raven 27.42 3.1 29.29 2.7 30.29 1.7 0.79 1.07 

Addition 14.71 5.9 17.43 4.4 17.14 3.2 - 0.05 0.00 

Subtraction 8.86 4.1 10.29 5.6 9.28 4.7 0.27 0.09 

Number skills 9.43 5.4 11.28 5.0 12.43 6.6 0.33 0.46 

Reading  
comprehension 

7.71 2.1 11.27 1.6 10.00 2.8 1.80 0.87 

Word reading 10.86 4.4 12.28 3.8 13.14 5.9 0.32 0.41 

Note. n = 7; mean age = 10.9 at T1 
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No gender differences were noted in the performance of problem solving 

(Raven), reading measures (t-test) or DSM IV at pre and post-tests.  
To determine how each group (boys, girls) performed, effect sizes (Co-

hen´s d) were conducted.  The effect (d) was large on Span board in both 
girls (Table 9) and boys (Table 10). The same pattern occurred in the total 
group (boys and girls, n = 42). For girls, the effect (d) was also large in Ra-
ven but moderate in number skills (BNST) relative to Time 1, and according 
to these analyses, the girls showed no improvement whatsoever in addition, 
subtraction and Digit forward (Table 9).  

The boys’ results at T4 were investigated. The analysis shows that there 
were effects for boys at T4 (n = 15) in reading comprehension, subtraction 
and the BNST. Effect sizes (Cohen´s d) at T4 relative to T1 were: reading 
comprehension (d = 1.09), subtraction (d = 0.94) and the basic number test 
(d = 0.75) compared with boys (n = 6) in the control group.  

Table 10  
Descriptive Statistics for Boys in the Treatment Group  at T1, T2, and T3 
        

Cohen’s  
d  

 
 
 

Meaasures 

 
 

T1 
mean 

 

 
 
 

SD 

 
 

T2 
mean 

 

 
 
 

SD 

 
 

T3  
mean 

 

 
 
 

SD 

 
T2-T1 

 
 

T3-T1 

 
Span board forward 

 
    4.60 

 
0.9 

 
5.84 

 
1.0 

 
5.65 

 
1.0 

 
1.25 

 
1.09 

Span board  
Back 

4.10 1.1 5.32 1.2 5.09 1.0 1.05 0.93 

Digit forward 4.40 0.7 4.83 0.8 4.81 0.8 0.57 0.54 

Digit back 3.10 0.8 3.88 1.0 3.47 1.2 0.87 0.36 

Raven 27.14 5.3 29.73 5.0 29.82 4.9 0.45 0.52 

Addition  17.77 5.2 19.37 5.1 20.60 4.8 0.31 0.56 

Subtraction  12.89 5.3 13.43 6.2 14.31 6.0 0.09 0.25 

Number skills 15.29 6.2 17.09 6.4 18.83 6.3 0.28 0.56 

Reading  
comprehension 

8.60 4.0 11.05 3.3 11.31 3.1 0.67 0.76 

Word reading 11.91 3.8 13.00 5.7 13.51 5.2 0.22 0.35 

Note. n = 35; mean age at Time 1= 10.7. 
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4.4.2 Comparison with normal-sized classes 

In order to gauge the level of the students' basic knowledge, the average 
results of the various tests completed by the experimental and control group 
were compared with the performance of students in regular classes in Grades 
3, 4 and 5 (Figure 12).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12. Descriptive statistics for mathematics and reading results at T1: Z-scores for all 

available results in reading and basic number skills in regular classes (red, n = 214), and in the 

treatment and control group (blue, n = 57). Total mean = 0 (n = 271).  

 

 

Compared with all of the available data (n = 271) for Grades 3, 4 and 5, 
the special units lie on an average of reading and mathematics tests corre-
sponding to the 20th to 30th  percentile (basic number skills (BNST), 20th 
percentile; reading comprehension and addition, 25th percentile; decoding 
and subtraction, 30th percentile). The students in regular classes performed 
significantly better in mathematics and reading (Pearson’s t-test) than the 
students in the special units. 

It should be noted that the students performed less well on subtraction 
than addition despite the tests being structured in the same way: they begin 
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at a very easy level for the first ten problems and the difficulty progressively 
increases thereafter. This suggests that the subtraction calculations were 
more difficult for these students to carry out than the addition calculations. 

Teachers (n = 22; 13 teacher respondents in the experimental group and 
nine teachers in the control group at T4) shared their perspectives regarding 
the ability of their students to meet the school’s goals in mathematics, Eng-
lish and Swedish.  They estimate that approximately half of these students 
will fail to meet the school's goals in Swedish, English and/or mathematics 
(mathematics: 9/22; Swedish: 12/22; English: 11/22). 

4.4.3 ADHD diagnosis or not  

Thirteen students in the experimental group had an ADHD diagnosis. We 
investigated whether there was any difference in training effect for those 
with or without a diagnosis. There was not; they developed in almost exactly 
the same way in both mathematics and reading comprehension. 

4.4.4 Correlations in regular classes 

Figure 13 shows that reading comprehension and BNST scores are related (r 
= .54, p < .01) in regular classes. Reading comprehension, addition, subtrac-
tion and decoding are less related in these students. Figures 13, 14 and 15 
summarise correlations in regular classes and the treatment group for reading 
and BNST. 

4.4.5 Correlations in the treatment group 

Correlation analyses at T1 show that Raven (nonverbal problem solving) 
was related to the WM test Span test board and Digit Span. Raven also cor-
related with mathematics (BNST) and reading comprehension (see Figures 
14 and 15). 

Correlations between reading and WM measures (see Figure 15): reading 
comprehension was related to Span board forward, but not to Digit forward 
or back at pre-test (T1).  Span board back had the highest correlations with 
mathematics through all replicates (r = .60, p < .01.  

The training index outcome scores were significantly related to those of 
Span board back (T2 – T1, T3 – T1), addition results at T3 and Span board 
back at T3. The Span board back outcome scores (T3 minus T1) were related 
to the addition outcome scores (r = .42, p < .05). 

The relation between reading comprehension and decoding was high in 
the treatment group but lower in regular classes. This indicates that the 
treatment group were relying more heavily on decoding than the regular 
classes were. Firstly, this is further proof that phonological skills are not as 
important to skilled readers as they are to novice readers. Secondly, it con-



 

 90

firms that basic number skills are important for reading, as reading and basic 
skills in mathematics are correlated. 
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Figure 14. Basic number skills: correlations in the treatment group (n = 42 at 

T1). 
Note. * p = < .05; ** p = < .01 
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Figure 13. Reading comprehension: correlations in regular classes (n = 100). 
Note. * p = < .05; ** p = < .01 
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5 Discussion 

The overall objective of this thesis was to investigate whether five-week 
computerised WM training sessions in the school environment would have 
positive effects on WM-related test results and basic number and reading 
development in students with attention difficulties. An intervention study 
featuring an experimental group and a control group was carried out. The 
participating students were all being educated in special units within or near 
the ordinary schools and all had attention deficits. Approximately one third 
of the students had an ADHD diagnosis at project start. The hypothesis 
posed for this study was that WM measures, reading comprehension and 
basic number skills are enhanced by the WM training process. 
 
 

5.1 The whole concept 
Reading comprehension and basic number skills in boys improved after 
working memory training and persisted over the years. The hypothesis posed 
for this study was proved to be partially true. The study shows that WM 
training resulted in enhanced reading comprehension scores. It is reasonable 
to assume that other factors may have also contributed to the results. Effects 
in WM experimental studies depend on the specified definition of WM, the 
types of tests conducted, the statistical analyses and the study’s design. How 
we define and measure attention and WM skills is clearly fundamental as it 
affects the conclusions we draw.  

One explanation for the enhanced results may be that the ‘concept as a 
whole’ (e.g. training, training situations, increased attention from adults, 
rewards, motivation and a feeling of succeeding) may have influenced the 
results. Some studies find correlation between positive experiences and in-
creased activity in the prefrontal cortex (Light et al., 2009). Increased activi-
ty after WM training in this particular area has been documented (Takeuchi 
et al., 2010; Olesen et al., 2004). While others may disagree (see 2.10.4), on 
the basis of this study, I believe that the WM training sessions may have “set 
something in motion”, as discussed by Logie (2012). Logie highlights the 
development of specific strategies that may be applied to other learning situ-
ations, together with enhanced motivation. Wellbeing and positive experi-
ences affect learning (Light et al., 2009). The discovery and development of 
strategies occurs during training, students experience a positive feeling from 



 

 93 

the adults' participation and positive attitudes, and the combined effect of 
these elements increases their willingness to apply themselves better in other 
contexts as well.  

Particular attention was paid in the planning stages of this study to the 
training schedule, the participating adult being on positive terms with each 
child, the information presented, and the involvement of parents from the 
very beginning and throughout the training (e.g., meetings at school, tele-
phone interviews, the daily provision of training protocols).  

Moreover, all of the students who participated in the present study had at-
tention deficits. WM problems lead to both poorer planning and attention 
skills (St Clair-Thompson, 2011), which is important to consider. It may be 
an additional cue. This study shows improvements in attention, as measured 
by rating scales, and visuo-spatial WM results.  

Studies show that both WM and attention abilities contribute to WM ca-
pacity differences in individuals, but no theory has been able to explain why 
this is the case, according to Gibson et al. (2012). Ideally, training pro-
grammes would be able to affect both attention and WM.  

Finally, the link between LTM and WM is important (e.g., Nyberg & 
Bäckman, 2007). Dopamine was found to be enhanced after WM training 
(McNab et al., 2009), facilitating memory recall and the collection and stor-
age of knowledge in LTM, which along with other enhancements might 
strengthen the effect. Certain aspects of WM, attention and school subjects 
are discussed below. 

 
 

5.2 Working memory, reading and basic number 
skills 

5.2.1 Reading comprehension 

Reading comprehension was the only reading test in which results improved 
across the entire training group after WM training. The results of the other 
reading measures were not expected to improve. The hypothesis was that 
reading comprehension would improve because most of the exercises in the 
training conducted loaded on WM abilities (i.e., visuo-spatial-WM) and not 
on STM. Other reading tests (decoding/phonological ability and orthograph-
ic skills) were included more as ‘control measures’, with a view to verifying 
or ruling out the kinds of abilities influenced by the training programme. 

The results show that working memory capacity is related to reading. Im-
provements were made in reading comprehension at T2, T3 and T4 (Study I 
and III). The improvements observed at T3 in reading for the entire group 
are still in evidence three years later when compared with the control group 
and the results at T1, and have not diminished. 
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Enhancements in WM measures, as shown in the Span board (visual, non-
verbal), and Digit span (verbal) may be linked to the positive development of 
reading comprehension. Shah and Miyake (1996) found that reading and 
visuo-spatial skills were related and that they influenced reading comprehen-
sion results. 

Cooperation between verbal and visual features and attention, which are 
managed by CE, is highlighted as being significant in reading comprehen-
sion (e.g., Baddeley, 1992; Gathercole & Pickering, 2001). Swanson et al. 
(2006) emphasise the importance of the central executive (CE) function in 
reading comprehension. Further, attention (rating-scales) was, for instance, 
improved after WM training in a study by Gibson et al., (2012). Efficient 
WM processes, including attention, appear to be essential in reading com-
prehension. In the context of this discussion, I believe that the CE function 
may have improved (Span board back improvement) (Figure 11, 16), possi-
bly by enhanced attention ability (DSM-IV), which is necessary in order to 
be able to process information (e.g., Cowan, 2005). 

Decoding skills did not improve after WM training. However, decoding 
problems are not always the reason behind severe reading difficulties. Those 
who have difficulty understanding text do not generally differ from those 
without this problem where performance on phonological memory tests 
(STM) is concerned. Rather, if information processing (WM) is problematic, 
reading comprehension can be affected (Hulme & Snowling, 2009). Melby- 
Lervåg, Lyster, and Hulme (2012) found that phonemic skills varied in chil-
dren with dyslexia in relation to children of the same age without reading 
problems. However, it requires probably a more varied explanation for dys-
lexia. (Smith-Spark & Fisk, 2007. 

Most reading comprehension tests are designed differently from this. To 
avoid poor writing ability affecting reading comprehension results, oral an-
swers to the open-ended questions were written down by the adult carrying 
out the test.  It was probably easier for the students to reply verbally to an 
adult than to write their answers independently.  As a result, the students 
possibly felt more confident and they may have increased their own efforts 
to focus on these particular tasks. 

The experimental group performed lower on both mathematics and read-
ing tests at T1 than the control group, but the differences were not signifi-
cant. In the case of reading comprehension, the experimental group passed 
the control group at T2 and developed at a similar rate to the control group, 
but at a higher level. No other measure showed this pattern. This type of 
development, when a treatment group that is lower than the control group at 
pre-tests but develops so much that it crosses the control group’s curve, is 
referred to as a so-called ‘crossover’ (Trochim & Donnelly, 2006) and pro-
vides strength to a quasi-experimental study. Crossover is positive and in-
creases the reliability of a study because it decreases the risk that the changes 
could be due to an artefact (a regression to the mean) and increases the prob-
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ability that the changes are ‘real effects’ (Trochim & Donnelly, 2006; Shad-
ish et al., 2002) (Figure 10).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The WM training sessions seem to have influenced the results of the 
measurements used in this study. It can be assumed that if the students had 
not taken part in the intervention study, they might have remained at the 
same, lower level relative to the control group: at T3 and T4 as at T1. As it 
has been noted that the development of WM is linear and related to reading 
comprehension, there is significant risk of a ‘rich-get-richer’ effect emerging 
(Stanovich, 2000), i.e., the able students perform progressively better while 
those performing lower from the outset find it difficult to reach the same 
level as their peers without WM problems. 

Neither orthographic skills nor decoding were improved by the interven-
tion, with one exception: improved decoding at T3 was observed in the boys. 
However, it is not possible to draw any conclusions from this. Melby-Lervåg 
and colleagues argue that phonemic skills are the very foundation of reading. 

Figure 16. This figure summarises the results: attention, STM and WM 
components were enhanced after training, at T2 and T3; and reading and 
number skills showed improvements at T2, T3, and T4. These advances 
appear in white (see Figure 11 also). 
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However, they discuss neither reading comprehension nor the higher cogni-
tive processes involved in inference making, i.e., WM abilities. It is probably 
necessary to consider both bottom-up and top-down processes as discussed 
by Verhoeven, Reitsma and Siegel (2011).  Consequently, it is necessary to 
consider more than phonetic skills alone as a basis for reading development. 
In this study, reading comprehension improved but decoding ability did not. 

5.2.2 Basic number skills 

Overall, basic number ability (BNST) improved at T2, but not at T3 (Study 
II). However, analysis of the performance of the boys in the treatment group 
alone reveals that they had improved significantly at both T3 and T4 com-
pared with the boys in the control group. In the case of basic number skills, 
the treatment group approaches the control group but their development 
curves do not intersect. Nevertheless, the trend is considered as positive [see 
scenario (4), Figure 9] (Trochim & Donnelly, 2006). In the treatment group, 
the BNST and subtraction were related to reading comprehension. Training 
outcome scores were related to those of Span board back at T3.  

The enhancement in the BNST results may be due to skills in processing 
(WM), and linking and recoding information (LTM). For example, it was 
found that students who perform poorly on mathematical tasks do not neces-
sarily have difficulty storing information (Passolunghi & Siegel, 2004). Fur-
thermore, according to Hulme and Snowling (2009), the ability to process 
information differs from one individual to another. 

5.2.2.1 Subtraction skills 
Another measure that shows improvement on only one occasion (cf. decod-
ing for boys at T3) is subtraction for boys at T4 (the girls were excluded 
from the analysis as they were too few in number and did not improve at all 
at addition, subtraction or Digit forward). It can be noted that the students in 
this study performed less well on subtraction than addition, despite the tests 
being structured in the same way, i.e., starting at a very easy level for the 
first ten tasks before progressively increasing in difficulty.  

It is more difficult to count backwards than forwards (cf. Study II, Table 
2: Digit forward and back: raw scores are lower on Digit back). Subtraction 
is more difficult for these students to calculate than addition (Study II: Table 
1, 2: raw scores are lower on subtraction). Some of the students in this study 
identified subtraction as a difficult aspect of basic mathematics. The use of 
addition and subtraction tests, which are easy to administer, could be one 
way of identifying students at risk of developing difficulties in mathematics.  

Addition and subtraction calculations are dependent on stored knowledge 
in LTM (from experience and training) and on the ability to retrieve factual 
knowledge from LTM rapidly as the tests only lasts for a few minutes. These 
processes do not draw much on WM capacity, i.e., if they are automatised. 
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Subtraction is in that case a purely STM task (cf. Klingberg, 2007). Howev-
er, if the assignments to be made are not automatised, it burdens WM. It 
follows that if students with WM difficulties are obliged to perform the cal-
culations manually, they will have insufficient time in which to solve many 
of the problems, as their WM will be continuously overloaded (Clark et al., 
2006).  

5.2.2.2 WM and mathematics 
The Span board back (visuo-spatial WM; VS-WM) results improved and had 
the highest correlation with basic number skills. This may explain why the 
boys improved in basic number skills. 

In sum, the Basic Number Screening Test contains a variety of questions, 
some of which call for logical thinking (adding a series of numbers) and has 
no set time limit.  Out of the two tests in which the boys improved, one was 
time-limited (subtraction, T4) and other was not (BNST, T2, T3, T4).   

Deficiencies in WM capacity can cause difficulties in mathematics.  Ger-
sten et al. (2005) conclude that reading difficulties are related to the speed 
with which mathematical problems can be solved. However, as with poor 
reading skills, the reasons behind the varying degrees of difficulties may be a 
combination of factors such as a lack of basic knowledge and/or vocabulary, 
behavioural problems, personality-related issues, impaired cognitive ability 
other than WM, poor teaching skills, teacher personality issues or the envi-
ronment (e.g., Goswami, 2008a; Snow & Polselli Sweet, 2003). It is there-
fore unwise to consider simply one or two of these elements in isolation; it is 
more complex than that.  

WM is important to performance in both basic number skills (Lemaire et 
al., 1996) and reading comprehension. It can predict the mathematical devel-
opment of students with normal reading development, regardless of ability in 
the phonological loop, inhibition and reading (Swanson, 2006).  

Mathematics draws on many different abilities. I do not believe that it is 
possible to generalise ‘difficulties in mathematics’.  A person may have spe-
cific difficulties with subtraction, but not with addition, or find it hard to 
understand written problems, conversion or the like. It is important to ana-
lyse each student’s difficulties carefully and provide assistance in their re-
spective problem areas as the difficulties arise. 

5.2.3 The effect on visuo-spatial abilities 

This study shows that a relationship exists between reading and number 
skills and working memory and reveals a correlation between particular 
visuo-spatial STM and WM, reading and mathematics at pre-tests in these 
students. WM training scores correlated with improvements in Span board, 
both at T2 and T3. Previous studies have found that a low visuo-spatial WM 
in students is an indicator of reading and mathematics difficulties (Pickering 
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& Gathercole, 2004) and that CE function ability differed between those 
with good and poor reading comprehension (Swanson et al., 2006).  

Analyses (Study I) reveal that Span board forward (visuo-spatial STM), 
Span board back (visuo-spatial WM) and Digit span forward (verbal STM) 
and back (verbal WM) all improved immediately after training compared 
with the results of an external control group. However, only Span board was 
significantly enhanced at T3. The WM training intervention seems to gener-
ate improvements in non-trained abilities, i.e., reading comprehension, 
which could be due in part to the enhanced visuo-spatial STM and WM 
(Span board).  

5.2.4 Attention deficits may mask other problems 

Teachers and parents in the treatment group rated the students’ attention 
skills (DSM-IV, Questions 1-9). This showed that the score had diminished 
(lower is preferable) significantly at T2 and T3 compared with T1 (t-test). 

It may be that the five-week training increased concentration abilities and 
awareness that making an effort in learning situations can be worthwhile, 
and that it can result in increased motivation and interest.  Attention is nec-
essary in order for learning to take place (e.g., Verhoeven et al., 2011; Cow-
an, 2005), and it is important to be able to control  and direct it (Figure 1). 

Attention difficulties may be overlooked in students with reading and 
basic number difficulties. It is important to understand where the weaknesses 
lie and not to simply dismiss a student with an attention deficit as “forget-
ful”, “lazy” or someone who “never listens”, thereby denying the child ap-
propriate assistance and the education that he or she warrants (Alloway & 
Gathercole, 2006). Some students with a diagnosis in attention deficits 
(ADHD-I) do not receive help with additional problems they may have such 
as difficulties in reading and or mathematics. Focus is often fixed solely on 
issues relating to conduct (Tannock & Martinusson, 2001). Addressing this 
failure could involve restructuring and planning education in a completely 
different way (Clark et al., 2006) and providing specific support in mathe-
matics and in reading and writing.  

Wåhlstedt (2009) found that certain EFs and academic achievement are 
not related to hyperactivity or impulse control deficits, but to inattention. She 
highlights, as do many others (e.g., McLeod et al., 2012; Nigg, 2006), the 
diversity in children with attention problems and the importance of investi-
gating each child’s profile in order to confirm if they have attention, hyper-
activity and/or comorbid problems.  

The students who participated in this study were being taught in special 
units, primarily due to their attention difficulties and not because of mathe-
matics or reading disabilities. Only three had been investigated for dyslexia 
at T1. Nevertheless, they performed significantly lower than the regular clas-
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ses. They were in the 25th percentile in reading comprehension and in the 
20th percentile in basic number skills (the BNST) at pre-tests.  

5.2.5 Motivation and the feeling of succeeding 

Several students in this study expressed anxiety and doubt about failing to 
learn or a particular kind of teaching, both of which almost certainly affect 
motivation. 

This could be an important focus area. Students in this study were able to 
clearly express how they feel when they cannot or do not understand.  
 

One girl in this study said that her confidence falters at every mathematics 
lesson: 
 

Every time we have maths...I am disappointed in myself because I 
cannot...I lose confidence (Grade 6, difficulties in mathematics). 
 

One of the boys said that he walks around the classroom when he does 
not understand and that there is no point in even trying.  
 It has been noted that students in Grade 1 withdrew from lessons (Poski-
parta et al., 2003) despite the fact that no significant differences had been 
recognised between the students at preschool level. Some of these students 
may have been exposed to curriculum content that was too advanced before 
having the opportunity to acquire the prerequisite knowledge and as a result  
lost their desire to learn. A number of them may have had difficulty follow-
ing instructions, leading them to withdraw. Perhaps it is characteristic of 
students with WM-deficits and/or attention difficulties to frequently with-
draw in this way. Positive learning situations are essential. The fact that low 
WM capacity may generate low self-esteem (Alloway & Gathercole, 2006), 
2006) and that self-esteem may affect the way in which problems are solved 
(Naglieri & Johnson, 2000) could be valuable knowledge for teachers.  

The opposite situation may prevail if one is motivated. A girl in this study 
who likes mathematics said that “maths is fun, it's exciting”. She also ex-
presses the importance of experience to learning.  

 
... when you experience that, you learn … know how, that's good. Then 

... it feels pretty good.  
 

Success has an impact on learning (Light et al., 2009). Some of the stu-
dents' improvements on the tests carried out may be due to them experienc-
ing a feeling of succeeding during the training programme sessions, an un-
derstanding that it is possible to influence their own learning situation. Dur-
ing the study, students in the treatment group received extra encouragement 
and affirmation and together with successful training (all students completed 
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the stipulated amount of exercise: 20-25 days, which may indicate the in-
volvement of both students and adults) improved their performance on both 
WM-test reading and basic number tests.  

They probably discovered that the ability to focus provided the opportuni-
ty to solve a task; it ‘paid off’. Some students remarked that they were able 
to concentrate better after practice. They now have greater insight into what 
‘concentration’ means and involves. As a result, they have a strategy in 
learning situations: to make their best efforts to concentrate on a task, which 
in turn produces positive results and wellbeing. Success creates the desire to 
learn more (Light, et al., 2009; Timperley, 2011). A boy (Grade 7) who par-
ticipated in this study explains succinctly what he does best in school and 
why: “ Math. I’ve been practicing a lot, then it’s easy!  

However, all measures did not improve. This suggests that the training ef-
fects were not a general improvement in motivation. 

5.2.6 Early efforts  

Students with attention deficits could be considered at risk of underachieving 
in school: the students in this study performed significantly lower at T1 
compared with students in regular classes. Students in the study were in 
Grades 3 to 5.  Possibly the focus should be on earlier efforts to train WM 
and support the acquisition of basic skills. Together with motivation and the 
pleasure attached to fulfilling different kinds of tasks, it might affect the 
development of knowledge and WM, as positive emotions are beneficial in 
this context. In order to prevent students from ‘hiding’ and losing motiva-
tion, students with difficulties in mathematics should be identified and 
stimulated as early as in preschool and Grade 1 (Lepola et al., 2005), an ap-
proach that I believe should also apply to students with reading-related diffi-
culties. 

Perhaps it is difficult to compensate at a later stage for the slow develop-
ment of skills in young students with significant WM deficits. Years of stim-
ulation and learning are lost in later grades. Stanovich (2001) underlines the 
importance of basic knowledge in building new knowledge. Basic 
knowledge acquisition may be hindered by task avoidance strategies, which 
may result in further conflict with teachers (Henricsson & Rydell, 2004), and 
a lower level of intuition than peers (McLeod et al, 2012).  

Since preschool students are especially sensitive to assimilating ways of 
regulating their own emotions and behaviour, it might be worthwhile train-
ing EF, which could produce a positive outcome with lifelong benefits (Cen-
ter on the Developing Child at Harvard University, 2011). A recent study 
found that students with the poorest EFs before intervention (i.e., WM train-
ing, classroom interventions and physical exercise) targeting the improve-
ment of WM, social interaction and emotional control improved the most 
(Diamond & Lee, 2011).  
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While it may be common to focus efforts solely on phonology and read-
ing intervention at an early age, this appears somewhat ill-considered. I be-
lieve that early efforts should encompass all areas of possible shortcomings, 
i.e., to teach and provide strategies in order to compensate for weak abilities 
in WM, early numeracy, problem solving and executive functions, along 
with reading-related fields such as phonological awareness, word recogni-
tion, listening comprehension and reading comprehension. Meeting students’ 
needs demands indeed knowledge, experience and ongoing research.  

5.2.7 Differences in performance 

Differences between the boys’ and girls’ results appeared in the present 
study, in the sense that the girls started at a significantly lower level at base-
line in mathematics, Digit forward (STM measure) and start index (training 
scores at Day 1 of the training sessions) but not in reading comprehension or 
word reading. They improved on one WM test (i.e., Span board back, Study 
II) while the boys also performed better on the Digit span. The girls im-
proved as much in training scores, but their progress remained equidistant to 
that of the boys at post-tests.  

This particular case could be due to chance alone, but could also mirror 
general gender differences that may occur among students, i.e., a higher 
prevalence of reading disabilities in boys (Rutter et al., 2004). Rutter and 
colleagues found in four independent studies that reading disabilities were 
significantly higher in boys. Since girls generally appear more attentive than 
boys, they may not receive the specific help that they need in order to cope 
positively (Gathercole & Alloway, 2008). However, the sample size for girls 
in this study was not large enough to draw any conclusions. It would there-
fore be desirable if future research on attention deficits focused specifically 
on the needs of girls, which appear to differ compared with boys. 

The fact that more boys than girls have an ADHD diagnosis may contrib-
ute to less research being devoted to girls.  It may also be that girls respond 
differently to interventions or that their problems are of a different nature, 
but this remains unclear (Hinshaw, 2002). In a recent study, it was found that 
poor EF abilities in childhood predict low mathematics achievement in girls. 
The girls with both EF deficits and ADHD developed at a lower level than 
the girls without these problems (Miller & Hinshaw, 2010).  

These findings are important because the girls in this study improved as 
much in Span board, training scores and reading as the boys relative to pre-
test, despite starting at a lower level than the boys. However, they improved 
moderately in the BNST and did not improve at all in Digit forward, addition 
or subtraction (at T3 relative to T1). It may be that a low level of WM at 
start influences development in mathematics. Previous studies show that the 
development of WM is dependent on ‘start level’: those who start low de-
velop at a lower level over the years compared with peers (Baddeley, 2006).   
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Differences in performance can be attributed to a number of variables. 
Firstly, students can be differentiated from one another by the way in which 
their brains function (Goswami, 2008a). For example, there may be differ-
ences in the use of prior knowledge from LTM (Ericsson & Kintch, 1995) 
which may result in limitations in linking information from different sources 
(Alloway & Gathercole, 2006).   

Secondly, Goswami (2008a) highlights the importance of considering the 
interaction between biological and environmental influences which occurs 
constantly in cognitive development. It is reasonable to assume from what is 
discussed here, that it is important to pay early attention to WM ability and 
to reading and number skills because WM capacity seems to be related to the 
development of these abilities. Having an understanding of this area is high-
ly relevant in education because the brain is still the ‘main organ of learning’ 
(Goswami, 2008a, p. 381). This knowledge can be helpful in developing 
better teaching environments.  

 
 

5.3 Methodological issues  

5.3.1 Limitations 

The present study is a quasi-experimental study, so-called because the treat-
ment and control groups were not randomly selected. The control group re-
ceived no placebo.  Errors due to statistical analyses (regression to the mean) 
test correlation over time and pre-test results can affect the outcome later in 
different ways and affect a quasi-experimental study in a positive or negative 
sense. In systematic reviews, some believe that an experimental study with 
placebo and randomisation is the only design worth considering.  

The possibility of conducting a randomised study was debated, i.e., to al-
low one randomly selected group of students to work with the interactive 
WM-training programme while inducing another group to practice with 
‘game software’. Morrison and Chein (2011) highlight the dilemma of con-
trol groups losing motivation and interest.  Furthermore, the research team 
was not entirely satisfied with a situation requiring students to spend many 
hours training with a programme unlikely to have a positive effect, all the 
while raising the expectations of the students and parents concerned. There-
fore, on ethical grounds, we allowed the control group to participate unique-
ly by completing tests with the same frequency as the treatment group. All of 
these discussions and decisions were obviously made prior to project start 
and prior to submitting an ethics application. The design was approved by 
the Ethical Council.  

An experimental study with randomised assignment is regarded as the 
most reliable model for conducting studies that are able to prove the causal 
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effects of treatments. The results of a study with quasi-experimental design 
can nevertheless provide valuable knowledge (Shadish et al., 2002). Many 
factors can affect the results of a study, whether it is randomised or not. 
Even in a randomised trial, the validity of an experiment is never certain 
(Shadish et al., 2002). All studies require accuracy and the appropriate ana-
lyses, but the choice of design can have a range of consequences. Randomi-
sation does not automatically provide a reliability study. In every kind of 
study, the participants’ awareness of being part of a study influences the 
results, as does the test design, implementation, group composition and accu-
racy in analysis (Shadish et al., 2002).  

In terms of evidence of causal relationships in quasi-experimental studies, 
I believe that ruling out studies as a matter of course based on design carries 
the risk of overlooking vital information and failing to notice an aspect of a 
much broader perspective (Shadish et al., 2002). It is difficult to achieve and 
guarantee perfect experimental situations within educational settings, espe-
cially in longitudinal studies where the participants are in any case exposed 
to influences of variables that may be difficult to control. 

5.3.2 Strengths 

First, let us consider pre-tests. There were differences in baseline perfor-
mance between the experimental group and control group, but they were not 
significant. They can be controlled by using, as was the case here, the base-
line results, ages, differences in schools and sex as covariates (Mertens, 
2005). However, various types of precipitation influence the final results, 
such as how basic number skill development in boys from the treatment 
group approaches the control group. Reading comprehension shows a posi-
tive development, a crossover effect, which is highly encouraging according 
to Shadish et al. (2002) and Trochim and Donnelly (2006), and gives weight 
to the results of a quasi-experimental study.  

Some might argue that the results depend on inferior, unstandardised 
tests, but we found it necessary to design our own test because of the unsuit-
ability of the available designs (commencing at too high a level, generally 
designed for students in regular-sized classes) and the lack of parallel ver-
sions.  

The measurements are judged to be reliable because the tests were evalu-
ated and corrected by the researcher, both before and during test execution 
and when different versions were tested (at weekly intervals), and because 
most tests were carried out by that same researcher. However, this person 
knew who belonged to the treatment and control group, as it was not a “dou-
ble blind” study.  

Also reported are correlations between test sessions, the way in which ac-
tual impact is calculated and the results of the statistical calculations. Train-
ing was organised and carried out consistently for all participants. Precise 
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and accurate information was given to teachers and parents orally, during 
personal meetings and by mail. 

It is worth mentioning that we also employed well-proven and standard-
ised tests in addition to the tests that we designed: besides WM (WISC III, 
WAICE-NI) and problem solving tests (Raven), a mathematics test (the 
BNST) that has two parallel versions and table norms (standardised on 3,042 
students in the middle of the school year). The results of the BNST show that 
only the boys in the treatment group improved in the BNST, but did so at T2, 
T3 and three years later compared with the boys in the control group. 

 
 

5.4 Conclusions  
This study presents five key findings: 

 
(1) The treatment group seems to have gained from the working memory 
training, (2) reading comprehension and basic number skills are related to 
WM measures, (3) WM training sessions and positive experiences alone are 
insufficient to help these students develop in line with their peers in school 
subjects such as reading and mathematics, (4) WM ability can vary among 
groups, and (5) more research is needed to substantiate the efficacy of the 
WM training program. 
 
Firstly, the treatment group seems to have gained from the cognitive training 
of working memory with the computer assisted program. The gains were 
observed on reading comprehension, and visuo-spatial WM and STM 
measures, and on basic number skills in boys both directly after training, 
after six months and at the three year follow-up. Attention ability in terms of 
DSM-IV (parent rating scales) increased after WM training. It is reasonable 
to assume that several factors may have contributed to the results. 

Secondly, the conclusions drawn are that WM ability is related to reading 
and basic number skills and for that reason, it is important to take WM ca-
pacity into account in the classroom. 

Thirdly, this study shows that students are still experiencing difficulties in 
certain subjects three years after the training. Far from all students will meet 
the school's goals in Swedish, English and/or mathematics, according to 
teachers. Probably, students’ mathematics and reading skills should have 
been strengthened at earlier ages, regardless of whether they had a diagnosis 
of any kind. The students’ development seems to have been affected to such 
an extent in the early years that it could be difficult to repair. Still, my own 
view is that being part of this intervention study and completing the training 
sessions was in some way meaningful for the treatment group participants.  

Next, this study shows that WM-capacity can vary among different stu-
dents. Boys and girls in the treatment group performed differently.  
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Finally, the study has methodological limitations. The results have limited 
value when it comes to causal relations.  

5.4.1 Implications for teaching children with special 
educational needs 

Five principal implications have arisen from this study that should be con-
sidered in education:  

 
(1) the assessment of children’s cognitive profiles, (2) educators being re-
search-informed, i.e., able to recognise variables and underlying cognitive 
function in the classroom, (3) the provision of systematic education accord-
ing to each individual’s profile and proximal zone, (4) the evaluation of in-
structional effects and long-term follow-up, and (5) educators being aware of 
differences in individuals’ cognitive profiles, not only in children with 
ADHD diagnoses but also in those with ‘only’ attention related problems.  

 
It was found that WM ability is related to reading and basic skills. Ac-

cessing knowledge (stored in LTM), not only for mathematics but also for 
reading, probably charge resources such as WM and attention and activate 
various other cognitive resources, depending on how easy or difficult it is for 
the individual to pick up information from the LTM. We should therefore 
pay attention to the way in which students are stimulated at preschool and 
later in school. 

The girls who participated in this study started at a lower level than the 
boys. They improved as much in training, but their progress remained equi-
distant to that of the boys at post-tests. It is noteworthy that individuals may 
differ in WM subsystems, affecting school results in different ways (Badde-
ley, 2006). It is quite possibly the quiet, sedate boys and girls who seldom 
ask for help to whom we should be paying particular attention. I believe that 
practice in whatever form (proven to be highly productive in the case of 
reading) is conducive to development, but it is crucial to begin interventions 
at early ages.  

In sum, I believe that WM difficulties should be taken into account in 
schools from an early age, along with reading and mathematics, as these 
abilities appear to be related. For this reason, I believe in creating stimulat-
ing, meaningful and evidence-based education drawing on educators’ 
knowledge and experience. I also believe that students’ development should 
be continuously evaluated and mapped, thus providing teachers with the 
knowledge of what to focus on and how during the school years. If work in 
the classroom is not evaluated, it is unclear whether or not new inputs pro-
duce better outputs. 
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In my opinion, the field of special education should be at the forefront 
when it comes to evaluating and gaining knowledge about research and the 
best use of findings in school contexts, so as to facilitate learning for all stu-
dents. Special education should be designed to ensure that learning and de-
velopment are able to take place with accuracy via prevention, support and 
alleviation. I hope that this study makes a valid contribution to research liter-
ature devoted to relieving problems caused specifically by weak WM capaci-
ty. I also hope that this study provides valuable information and insights that 
will prove beneficial to future research and policy development for students 
with special educational needs.  

 
 

5.5 Continued research 
I see high value in conducting a working memory study in for example 
Grade 2, with students who have WM problems and/or difficulties in reading 
or mathematics. Immediately after WM training, they would train (daily for 
approximately half an hour over a few weeks) both their phonological, read-
ing and basic number skills. Students would complete self-ratings at all 
measurement points. There would need to be an equal ratio of girls and boys 
in each group. 

Mathematics receives less research attention than reading and should be 
investigated further to reach a better understanding of the relevant underly-
ing cognitive processes and how to best implement experience with number 
symbols and counting in young children.  

It is also my opinion that classroom research that focuses on cognitive 
overload should be investigated further. 

Finally, every effort should be made to recruit an adequate number of 
girls in intervention studies, particularly in studies whose participants are 
selected from populations where girls tend to be underrepresented. Girls' 
difficulties and the ways in which they respond to interventions could there-
fore be analysed and the results compared with other girls.  
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