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Abstract

This dissertation is based on results from an wetgion study targeting
working memory training. A group of 46 boys anddids (aged 10.7) that
were attending special units in 16 regular schpaldicipated in the study.
The treatment group (n = 42) trained at schoolyeday for 30-40 minutes
with an interactive computer program (Cogmed tragiifor five weeks. The
performances of the treatment group on readindge@lmeasures and basic
number skills are compared to those of a grouguafents (n =15) that were
attending similar special units and received omtlir@ary special educational
instruction. Working memory measures and non-veprablem solving
were compared to students (n = 25) in a contralgfoom a previous study.

In Study I, it was found that reading comprehensind working memory
measures correlated and improved at post-testsT3Rfor the treatment
group to a larger extent than for the comparis@ugr

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

In Study Ill, basic skills assessed three yeaes I@t4) are reported. The
treatment group achieved higher scores in readingpcehension compared
to pre-tests and compared to the control group.

The treatment group seems to have gained fromdgaeitive training of
working memory with the computer assisted programctly after training,
after seven months and at the three year followFh. gains were observed
on visuo-spatial working memory measure (T2, T&gding comprehen-
sion and on basic number skills in boys (T2, T3,.T4

The possible mechanisms that may be involved inraag explain the
observed improvements of performances are discussedutive function,
attention, memory, motivation, emotions. The stbhdg some methodologi-
cal limitations and more research is needed totanbate 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 agk coordinate new and
previously consolidated knowledge and experiereesmducive to learning.
Several different abilities facilitate this. Onetb&se abilities is the working
memory (WM). WM is used not only when instructiamssubsections need
to be held in the mind in order to complete a paléar task, but also to hold
back emotion (Bull, Espy, & Wiebe 2008).

With the exception of the articulatory loop (Badees model, see 2.1.3),
which does not develop until approximately sevesry®f age, the organisa-
tion of the working memory appears completed inliraen at approximately
four to six years of age (Gathercole, Pickering, bhiolge, & Wearing,
2004b). The WM functions subsequently develop lityeand very similarly
within each age group during childhood and adoleseeuntil early adult-
hood (Alloway, Gathercole , & Pickering, 2006).

Linguists emphasise the importance of early linguistimulus (e.qg.,
Snow, Burns & Griffin, 1998). Learning, languagedgroblem solving ac-
tivities most likely affect WM development in a pibge way, providing
opportunities to develop even further (Goswami,&0WMWorrelgen, 2002).

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

Weak WM capability, combined with increased reqguieats for the stor-
age and processing of information in learning s$itus could result in fail-
ure. Groups of students of various ages have bedred and links between
WM, basic skills and attention skills have beennidu4-5 year olds (Allo-
way, et al., 2005a); 5-8 year olds (St Clair-ThoampsStevens, Hunt, &
Bolder, 2010); 6-8 year olds (Swanson, 2006); 7y&ar olds (Alloway,
Gathercole, Adams, & Willis, 2005b); 13 year olddigway, Banner, &
Smith, 2010); and students in Grade 9 (ReuhkalalR@tudents with low
WM generally performed less well than other child@n reading, mathe-
matics and attention tests.

As age increases, so too does experience and theoloation of
knowledge. Those in a weaker position at the outest find it difficult to
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catch up to their peers. This means that studehtsfind themselves in the
lowest percentile at a young age are likely to qrenf less well at school
compared to students and adolescents of the saen@bgway & Alloway,
2010) and there is a resulting ‘rich-get-richefeef, as is the case with read-
ing development (Stanovich, 2000alberg & Tsai, 19883

Students with WM problems seem to be at greatkrafisunderperform-
ing in school than their peers, because WM problemarn affect the abi-
lity to understand and remember information andci$igeinstructions, to
pursue a plan and to complete ‘simultaneous prowgss.e., being able to
handle multiple types of information (Das & Nagijet995; Cowan, 2005;
Gathercole, Lamont, & Alloway, 2006).

Studies show that WM, but also other cognitiveiabd, can predict out-
comes in reading and writing (literacy) and mathi&esaduring the school
years (Bull & Scerif, 2001; Cain, Oakhill, & Bryan2004; DeStefano &
LeFevre, 2004; Seigneuric & Ehrlich, 2005; Bulb&t2008).

The consequences of poor WM are constantly expmsteand could have
implications on the development of knowledge aritesteem. Four of the
students who participated in this study said:

It's hard to remember mathematical rules.
| don’t remember the words.
| cannot learn the tables.

| feel worthless ... every day.

Since students with a low WM capacity seem to ymeidorm in reading
and/or mathematics at school in relation to othedents of the same age
(Vucovic, 2012; Siegel & Ryan, 1989), we shouldsider working memory
capacity as critical for knowledge acquisition.

However, poor WM capability may be difficult to det in students. It
emerged in a study by Gathercole et al. (2006)t#wthers did not seem to
be aware that some of their students’ difficultiesfollowing instructions
and completing work were related to a lack of woegkimemory capacity
(WM capacity) and attention skills.

Teacher estimations of WM difficulties did not aespond to the actual
conditions, according to observations and recemdlsigned WM tests (Al-
loway, Gathercole, Kirkwood, & Elliot, 2009a). las also been noted that
students with low WM-ability have been placed amdmg low-performing
children. Teachers have attributed this to theestted lack of motivation and
attention ability and the fact that they “nevetdis’ (Alloway & Gathercole,
2006).

Individual differences in WM capacity seem to resuldifferences in the
students’ ability to solve tasks. Differences imfpamance on WM measures
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may depend on WM capacity, but possibly also ofedihces in LTM and
the way in which an individual is able use strategavailable from prior
experience (Minear & Shah, 2006). According to aeske in recent years,
differences in performance are due to heredityeaandronment in collabora-
tion with the development of the brain (Lagercratat@Ison, 2007).

If individuals’ cognitive development could be iméinced, this might give
rise to significant improvements in the performaresf-esteem and social
interaction at school of a great number of studefd$smuch as ten percent
of all school students may perform significantlyvér on WM measures
compared with other peers (Alloway, et al., 2009a).

According to Alloway and Alloway (2010), one meaos improving
school performance is to identify difficulties tiugh early screening of
WM-capacity and subsequently compensate for thAseomplementary
approach would be to try to directly influence citige ability through in-
teractive computerised cognitive training. At themenencement of this
study, no research had been carried out regardingWM training affects
mathematics and reading, or whether any resultimgaovements in students
with attention difficulties would be sustained ouene. It was therefore
deemed important to investigate these issues isdheol environment. The
hypothesis was that WM training would have a pesitffect on reading
comprehension and basic number skillsiven suggestions that attention
capacity is adversely affected by weaknesses in (Badkley, 1997) and the
positive results that previous studies have shawwWWM measures following
WM-training (Klingberg, Forssberg, & Westerberg02). The training car-
ried out featured for the most part exercises logdin working memory,
and training sessions were continuously adapteshth student's WM ca-
pacity.

1.1 Aim

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

1.1.1 Studies

Study |
Dahlin, K. I. E. (2011). Effects of Working Memofyaining on Reading in
Children with Special NeedReading and Writing, 44), 179-191.

Y In this thesis, the term “basic number skillstisfined as follows: skills in calculations (the
four basic arithmetic operations), place valueuging and completing series.
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In Study |, the purpose was to investigate thetimiahip between working
memory measures, working memory training and repadirhe questions
were:

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

b) How are the working memory and reading measuredgeetlin pre-
and post-tests?

Study 1

Dahlin, K. I. E. (2013). Working Memory Training é&the Effect on Ma-
thematical Achievement in Children with Attentiorfizits and Special
NeedsJournal of Education and Learning(1), 118-133.

Study Il sought to examine the effect of workingmaegy training on math-
ematics in boys and girls six to seven months ¥ahg the completion of
training. The questions were:

a)How do children with attention deficits performnmathematics post-
tests after five weeks of working memory trainidgéctly following
the training and seven months later) compared thighcontrol group
members, who received no extra training?

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

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

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

Study 111

Dahlin, K. I. E. (2013). A Three-Year Follow-Up 8t Students’ Perfor-
mances in Reading and Mathematics Three Years RfterWeek Comput-
erised Working Memory Training. Manuscript subndtte

The aim of Study Ill was to investigate the studergading and mathemat-
ics development three years after the completiowarking memory train-
ing. The question was:

a) How do students perform in mathematics and readssgssments

compared with a control group at pre-tests and-tgs$¢ and ap-
proximately three years after the completion of Wlning?

22



a)

b)

c)

1.1.2 Other issues

How do girls with attention deficits perform in Wivhining, WM
measures, reading and mathematics compared withdiqye-tests
and post-tests.

How do students in the treatment group perforneadmg and basic
number skills at pre-test compared with studentegular classes?
Do students with or without an ADHD diagnosis periaifferently
after WM-training?
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2 Theoretical background

2.1 Working memory and a variety of abilities

Correlations have been noted between behaviotreiiassroom and work-
ing memory (e.g., Alloway, Gathercole, Holmes, BlaElliot, & Hilton,
2009b). Studies show that WM-capacity is associat#il a variety of skills
(Alloway et al., 2005). Examples include reading@(Rkala, 2001; Siegel &
Ryan, 1989; Nation, 2006); writing and spelling éhson & Beringer,
1996; Swanson & Ramalgia, 1992); mathematics ahdraiciences (chem-
istry and physics) (Andersson, 2008; Geary, 201ath€rcole, Pickering,
Knight, & Stegmann, 2004a); and problem solvinguidm, Ziegler and
Buehner, 2008; Swanson, 2011). It has also beexdribat WM is associat-
ed with behaviour ability and attention (Castel&Tannock, 2002; Mez-
zacappa & Buckner, 2010). Studies show that WM-ciéypaan vary among
different studentsand adults (Alloway & Alloway, 2010; Alloway et.al
2009a; Bull & Scerif, 2001).

WM can be described as a cognitive system thatralsnattention, the
sorting and collation of verbal and visuo-spatibrmation, and the integra-
tion of both new information and ‘old’ informatiqoreviously stored in the
long-term memory (LTM). Processing information islibved to charge
WM when reading, inserting additional informationid a task, or integrat-
ing both verbal and visuo-spatial elements intask {Swanson, 2006).

2.1.1 WM is an ‘executive function’

WM can be described as one of several ‘executinetifons’ (EFs) and ex-
ecutive function can be defined as “the monitorargl self-regulation of
thought and action, the ability to plan behaviond anhibit inappropriate
response” (Goswami, 2008b, p. 295). EFs are cegnitbntrol functions
that make it possible to direct attention in orteachieve goals (Baddeley,
1996; Masten et al., 2012) (Figure 1). Example€B$ include attention,
inhibition, working memory, and cognitive flexibyi (Cartwright, 2012).

2 For the purposes of this thesis, ‘students’ dentmee-school and school children’.

24



Swanson, Howard, and Saez (2006) found that updatiorrelated with
both WM and STM.

Willcut, Doyle, Nigg, Faraone, and Pennington (200&ssify the fea-
tures that organise and control cognitive procesdedive areas (1) inhibi-
tion and execution, (2) WM and updating, (3) shdtiand (4) interference
control and, (5) planning. Overall, one can say s make it possible to
perform cognitive tasks at a high level, e.g., regdGoswami, 2008b). EFs
make it possible to identify and solve a problemc@rry out a task), consid-
er consequences and understand what is sociallsopygte in different
contexts (Barkley, 1998). EFs can be said to dtomstthe very basis of
learning (Goswami, 2008Db).

Executive functions develop with age and experie(Masten et al.,
2012; Cartwright, 2012). It is suggested that bimeas related to EFs de-
velop in parallel to reading acquisition (CartwitigB012). Therefore, EFs
can be assumed to be significant for reading omglogical and word lev-
els, and for reading comprehension. Studies hase wdported relations
between EFs and arithmetic (Bull & Scerif, 2D01

Executive functions (cognitive contr ol processes)

Inhibition | Planning WM Flexibility Se|f-_
Execution | Updating Shifting | regulation
Enabling goals to be met
through “top down functions”

A A
A 4

A
v v
Direct attention‘ Thinking ‘ ‘ Actions ‘

Learning and school achievement

Figure 1. Executive functions make it possiblditect attention, thinking,
and actions in order to achieve goals, (cf . Badddl®96; Willcut et al.,
2008; Masten et al., 2012) illustrated by K Dah#613).

8 “Updating requires monitoring and coding of infation for relevance to the task at hand,
and then appropriately revising the items held iMYMSwanson et al., 2006, p. 265-266).
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The question of whether EFs, including STM perfatogg at a very
young age (4 years old, n = 124) can predict schedlormance at age 7
(having started school at 5 years) was examineBuilyet al., (2008). EFs
were found to aid predictions on how mathematicsr@ading would devel-
op in general at school. The higher functioning $iéVl (according to Digit
span forward) and EFs, the better the studentmeed compared with
those who started at a lower level and the highair teading and mathemat-
ical development later on.

The assessment of EF skills is therefore considenpdrtant given that
EFs have been found to be an important factordboal success (Masten et
al., 2012). Some EFs require little emotional colntwhile others call for a
great deal of emotional control, as highlightedigsten et al.

Preschool children seem to be especially sgaditi assimilating ways of
regulating their own emotions and behaviour (Cemterthe Developing
Child at Harvard University, 2011). At school, statk must concentrate,
follow instructions and rules, and behave “as etguc Cognitive control is
essential to a range of school situations (Masteh,e2012). EF plays a key
role in all of this. Working memory is one of suskills and will be dis-
cussed in this thesis.

2.1.2 Definitions of Working Memory

There are several theories suggesting how to défi@eNM system. Two
models are described below selected because offtbguent use in studies
in education research and are therefore usefuhfsithesis when discussing
WM, training and education. The first is the fowngonent Baddeley mod-
el (Figure 2) and the second is a three-componateim(Figure 3). The
main difference between them is that STMs featusale the WM in Badde-
ley's model, while they are considered as sepauaits outside the WM
function in the second model (cf. Engle, Tuholdlaughlin, & Conway,
1999). Further, in the second model, the centratetive (CE) is synony-
mous with ‘WM capacity’ (cf. i.e., de Jong, 2008&), line with many re-
searchers’ definitions of WM (Dehn, 2008; Allowayad., 2009a), and fea-
tures more executive functions in WM than in Badgi model.

Throughout this thesis, ‘STM ability’ signifies tifienction of continuous-
ly storing information for a few seconds withoutmgaulation. ‘WM ability’
however refers to not only the processing of infation (verbal, visuo-
spatial), but also attention control, planningtisgr and the coordination of
information, as in the CE in Baddeley’'s model andoading 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 in1B&0s has proved ef-
fective in explaining a large number of cognitiasks, such as language and
arithmetic (Duff & Logie, 2001), and has been debatested and revised.
According to this model, WM includes both storinggrocessing.

The model originally contained Central ExecutiveE{Gvith two sub-
groups: the Phonological Loop (PL), with storagpatdty and an articulato-
ry component; and the visuo-spatial storage functithe Visuospatial
sketchpad (Baddeley, 1992). Each of these two suipgrhas a specialty,
which is to deal with verbal and visual informatiofrhe model was later
revised and ‘the Episodic Buffer’ was inserted (8ady, 2000) (Figure 2).

2.1.3.1 The Central Executive
Baddeley (2007) identifies at least four importamictions that are handled
in the Central Executive of the WM, i.e., the dito focus attention, switch
attention and divide attention, and to link longstememory and WM.

The central executive (CE) is likely to affect cdigm in general and
therefore has great significance for the WM modelL, it is not studied as
much as other parts of WM (Baddeley, 1996). ThesBHEs, controls and
manipulates information, but is also responsibledieanging the focus of
attention if required. Furthermore, it coordinatekevant information from
the appropriate subset, obtaining and providingrimation from LTM
(Baddeley, 1992), which occurs via the episodicfdru{Baddeley, 2000;
Baddeley, 2007). Baddeley (2007) suggests thahtaite may be WM's
main function and that it is regulated by CE. Aueeld ability of WM's CE
makes it more difficult to screen out irrelevanformation and maintain
attention long enough to complete a task (Badd&eg7y).

2.1.3.2 The Phonological loop
The phonological loop (STM) within the WM consisis‘the phonological
store’ and the articulatory loop, together refeti@as the Phonological loop
(PL), and handles the storing of verbal informat{@addeley, 2000). The
articulatory loop makes it possible to repeat infation so that it can be
held longer in memory. Not until students are set@right years old do
they begin to use this function (Gathercole & Alkywy2008).

2.1.3.3 The Visuospatial Sketchpad
Visual and spatial information (STM) is stored hretvisuospatial function
(Baddeley, 2007). Moreover, this function is suggdto be involved in the
ability to develop mathematical knowledge amonghbgiunger and older
students and adults (Holmes & Adams, 2006; ReuhR&idl). Spatial abili-
ties were found to also influence reading comprsivenresults (Shah &
Miyake, 1996).
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2.1.3.4 The Episodic Buffer

The episodic buffer is assumed to be a storagemystat combines infor-
mation from perception and memory, i.e., the phogichl loop, the visuo-
spatial memory, the central executive function Emgd)-term memory into a
device: an episode. Baddeley (2007) suggests hisatst probably attention
demanding, while only the retrieval of informatisom long-term memory
demands less attention.

2.1.3.5 Summary

It is believed that together with the central exseuand visuo-spatial func-
tions, the phonological loop, by means of its ggerand articulartory func-
tions, may be necessary for reading and matherhakitts and for the abil-
ity to store important information temporarily (Fdy Abdi, & Gombert,

1987; Gersten, Jordan, & Flojo, 2005; Adams & H;jttB98; Keeler and
Swanson, 2001; Pickering & Gathercole, 2004; Wil&dBwanson, 2001; St
Clair-Thompson & Gathercole, 2006).

Central
Executive

— 1 .

A

Visuospatial <> Episodic <> Phonological
sketchpad Buffer loop

: : :

Visual <4—» Episodic <«—» Language
semantics LTM
[ ] Fuid D Crystallized
systems systems

Figure 2. The revised working memory model fron@@@ccording to Baddeley
(2007). Figure 8.1, p. 147: In this initial versjdinks between the subsystems
and the buffer operated via the central executtveow seems likely that there
are also direct links (shown here as dotted lindsgd 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 isse the terms verbal
STM and visuo-spatial STM, in contrast to verbal WivWd visuo-spatial
WM in the CE (Figure 3). Studies show that WM afddVSappear to operate

independently of each other (Engle et al., 1998s8langhi & Siegel, 2004;
Alloway et al., 2006; Swanson, 2006).

Long-Term Memory

=

Figure 3. A model summarising components: WM and1STre separate func-
tions. WM-functions = the central executive (illzged by Dahlin; cf Dehn, 2008;
Cain, 2006; Alloway et al., 2006).

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

29



cation the relationship between processing (in Wag storing (STM)
could be fundamental, since automatised knowleday facilitate WM pro-
cessing. This approach is also suggested to batedsa ADHD research
(Tillman, Eninger, Forssman, & Bohlin, 2011). Wargi memory can be
considered as a “gateway between short-term menaoy long-term
memory” (Dehn, 2008, p. 57, 58) (Figure 3).

2.1.4.1 Short-term memory

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

2.1.4.2 An extended working memory

The Working memorkeeps information on line, controls attention, bihi
tion, flexibility, shifting and planning, and coanates information.

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

Visuo-spatial WM is suggested to play the key riolecalculation, pro-
cessing, the integration of information, and eviea tomputation of data
with single digits. Furthermore, it is suggestedtthisuo-spatial function
and reading difficulties are related (Smith-Sparki&k, 2007; Heiervang &
Hugdahl, 2003).

In addition, the links between WM and LTM are imamtt. 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 alwlaysw what to focus on
and to be able to do so (Nigg, 2006). The abilitycontrol and maintain
attention is assumed to be managed by ‘the ceeketutive’ (Baddeley,
1992; Vellutino, 2003; Gathercole & Pickering, 20@wanson & Siegel,
2001). In order to process and store new informaitiomemory, the pres-
ence of attention is necessary (Klingberg, 2007sv@mni, 2008a; Cowan,
2005).

Attention deficits affect students in many wayst aoly in school situa-
tions, but also in peer relationships and possibé/ whole of family life
(e.g., Nigg, 2006) as some students may also héfi@ly controlling their
hyperactivity and impulsivity (Tannock & Martinusge2001).
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For example, St Clair-Thompson (2011) comparedragshed groups of
students with and without WM difficulties (mean a@@:2). Each group
described was comprised of 38 students (20 fenieriale). Students with
WM problems, tested with the Memory Test Batterny @hildren (WMTB-
C, Pickering & Gathhercole, 2001), had both po@lanning and attention
abilities (Figure 4) compared with other studenisdid not, however, have
‘inhibition’ or ‘shifting’ problems.

To take another example, students aged 10 to 18 {&dal n = 202) with
minor attention problems were compared with stuslembo had ADHD
diagnoses. All of the students had learning andaelr problems, but to
varying degrees. It was found that both groupsagoeréd better on general
cognitive measures than on verbal WM and processuegd (Ek, Wester-
lund, and Fernell, 2013). This is obviously sigraiit when considering
classroom education and to understanding underbdgaitive variables.

Therefore, students with low WM-ability may neediatance, not only
with WM-related tasks in school, but also with eitiiés that require plan-
ning and attention, as suggested by St Clair-Thomg2011). In addition,
various memory abilities are required in order ¢velop skills: WM, short-
term memory and LTM are all important to cognitprecesses.

4

Poor plannin Poor attentio

Figure 4. Children with poor WM also demonstrate mpptanning an
attention abilities (St Clair-Thompson, 2011, ilhased by Dahlin).

2.2 Long-term memory

Closely associated with WM and automatised knowdedg episodic
memory in the long-term memory (LTM). Episodic megnds engaged
when trying to remember certain passages of aquely read text, access-
ing that knowledge if required, recognising someaeehave met before and
maybe even remembering that person’s name (NybeBfé&kman, 2007).
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With episodic memory, information must be suppleel stored, whether
the process is volitional or not according to Nypband Backman. For ex-
ample, for a text to be read and understood, a sugnof it is stored for a
short time in the episodic memory (Carroll, 1994) éntegrated with ongo-
ing information from the long-term memory. Badde(@®00) presented an
‘episodic buffer’ in his theoretical WM-model (seel.3) with a similar

function.

The episodic memory within the LTM seems to be iimgzhin students
with WM-problems (Gathercole et al., 2006). It waand that information
loading on the episodic memory, such as storingrimétion about what has
happened right now, earlier in the day or the mrewinight, were hard to
remember. Therefore, episodic memory ability mid&ly has an impact on
knowledge acquisition (Gathercole et al., 2006; &tgb& Backman, 2007)
and thus affects the ability to remember and u®nmation from, for exam-
ple, homework completed the previous day.

One explanation for this phenomenon may be thatder to satisfactori-
ly activate memory functions, multiple processesrdifferent parts of the
brain must be coordinated (Nyberg & Béckman, 20@@nsequently, a
deficit in one part of the brain might affect leiaignoutcomes.

2.3 Reading and working memory

2.3.1 Reading comprehension and working memory

Studies suggest that reading comprehension isgiyraissociated with WM
(e.g., Swanson et al., 2006; Seigneuric & Ehrl2®05), and WM can ex-
plain variance in young students’ reading comprstoen(Cain, 2006).

People who perform well in reading comprehensiomehbetter WM-
ability compared with those who perform less wallreading comprehen-
sion (Carroll, 1994). Reading comprehension isgbal of reading and de-
pends also on vocabulary, the flow at word levet] an the understanding
of words and sentences (Seigneuric & Ehrlich, 2@n, 2006).

Inefficient reading at word level is assumed toiligpung and poor rea-
ders' reading comprehension (Cain & Oakhill, 2008 information neces-
sary for understanding is accessible for a verytsperiod of time. If the
words are not understood or if word decoding isvslocomprehension will
suffer. This is because processing speed will dsereand the information
will not be processed in time (Vellutino, 2003; $wan et al., 2006; Ek et
al., 2013). The amounts of information stored ia 8I'M that eventually
cannot be processed or coordinated, disappear etehpbr partially. The
faster the speed, the more information can be psackin WM at a time.
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However, some students suffer from reading problemanother, higher
level (see, for example, Cain, 2006). They findlifficult to make infe-
rences, reflect on content, and evaluate and cuwatelithe text read with
previous experiences and knowledge; in other waggerything that WM
contributes. These abilities demand both autonwtissowledge (letters,
sounds, grammar, word meaning) stored in LTM, fifiecBve coordination
in WM of new and previous information/knowledgefrd-TM, strategies
(LTM) and reflection (WM and LTM) in order for thext to be understood
(Cain, 2006).

A recent study shows that verbal WM influenced tbading fluency of
students (n = 77, aged 13-17) with dyslexia (RosRduhani, 2012). They
performed poorly in both word and text readingtdrt reading, top down
and bottom up strategies are used (WM processeshal/WM seems to be
a strong predictor for ‘connected-text’ readingydred word reading and
oral language skills, according to Rose and Rolhannclusions.

WM is thus related to reading comprehension, rdgasdof STM, word
decoding or word comprehension skills (Cain, et 2004; Swanson et al.,
2006). Verbal WM can be measured, for example, igjt Bpan back.

2.3.2 Reading and verbal short-term memory

Phonological recoding and verbal STM (affect lekeowledge acquisition)
are important in early reading development (de ,J@@§6). Both verbal
STM and phonological awareness ability were founde important to read-
ing development as they affected word recognitioth subsequently reading
comprehension (Dufva, Niemi, & Voeten, 2001). Duéral collegues exam-
ined the development of phonological memory (vef®BM measured with
Word span, Sentence span, Digit span forward), ndeay skills, listening
comprehension and reading skills in 222 studentsn fkindergarten to
Grade 2. They found two stable predictors for negdiomprehension and
word recognition: listening comprehension and phogioal awareness.
Further, in pre-school, phonological memory wastes to listening com-
prehension which in turn affected reading comprstoen (Dufva et al.,
2001). It is noteworthy that some phonological amass tasks may demand
STM abilities, as well as WM and LTM skills.

A meta-analysis shows thah underlying phonological sensitivity is im-
portant. The development of letter knowledge andngime awareness are
related (Melby-Lervag, 2012), and when training pémme awareness, verbal
short-term memory results (word span measure) emnanced. The conclu-
sion drawn is that the quality of phonemic représtions can influence
verbal STM and so it is in that sense importantréading (Melby-Lervag,
2012). Difficulties in creating these representagicause problems in learn-
ing to read for students with dyslexia (Hulme & @fiag, 2009).
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In sum, verbal STM and WM is important for teachstgdents to read
i.e., for phonological awareness and word recagmiskills, and when high-
er cognitive processes are involved, such as rgadimprehension.

2.3.3 Individual differences

Since there is a relationship between WM capabditgl reading compre-
hension ability (e.g., Swanson, et al., 2006; Cab06), students’ perfor-
mances on WM-related measures are indicators of beding comprehen-
sion level, regardless of their vocabulary or wardeing skills (e.g., Cain et
al., 2004).

However, it is believed that differences in readognprehension cannot
be explained by one single factor. The relationsi@pveen WM and reading
may be partially explained by individual differesda WM capacity affect-
ing word reading (Cain & Oakhill, 2006). StudenfgM and word reading
development was studied at age eight and threes yatar. Forty-six stu-
dents with good and poor reading comprehensionectisely were com-
pared. There were large individual differencestudsnts with reading com-
prehension difficulties. It should be noted thaimsoof the poor compre-
henders did not display any WM-deficits, suggestimat other factors also
affect reading comprehension. The study highlights importance of im-
plementing individual interventions according takahild’s performance,
as reading comprehension depends on a numbergofidiic and cognitive
factors (Cain & Oakhill, 2006).

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

Thus, cognitive abilities in certain functions ofMAseem to affect the
development of literacy skills to certain degread ¢his may explain why
differences in reading ability occur between indials.

2.3.4 Developmental perspective

Reading and writing are ‘new’ abilities in a deymieental perspective and
are therefore likely to depend on existing systemthe brain, given that the
brain has not had time to adapt to this developnebpposed to speech.
Dehaene (2004) considers that reading, writing rmathematics skills have
been of little influence to brain development bessathey are such ‘fresh’
skills in the perspective of human development. Wlemmmon functions are
used for reading and writing but the possibilitytloére being a specific area
that deals with letters: the ‘letterbox’ VWFA (veEluword form area)
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(Dehaene, 2004) is currently being discussed. @allyi, this area was not
associated with letters but with the ability toogeise all kinds of objects
and shapes. Links between linguistic and visuasamust therefore develop
when learning to read (Dehaene, 2009). This codjlai why it takes

much longer to learn to read and write than torldar speak and why it
learning to read and write is sometimes perceivedifficult 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 affectth@mnatics, as mathe-
matics may rely on STM and executive functions,(shifting and planning)
to various degrees depending on the complexityheftask and students’
ages, experience and development (Bull & Espy, 006
It has been found that number skills in pre-schmeldicted arithmetic

skills in Grade 2 (Locuniak & Jordan, 2008). Aldiost graders have been
followed throughout the years. Geary (2011) studiéd students over five
years to examine which factors in the first yeasafool could predict math-
ematics development five years later. Intelligent®/, visuo-spatial STM

and processing speed were the variables found tmpartant in mathemat-
ics development (e.g., manipulating the amountwsedof effective counting
strategies and understanding the interrelationsbtpreen major and minor
numbers) and related to future success in mathesnathildren’s “mathe-

matical awareness” including basic skills in arigtim seems to be signifi-
cant (Geary, 2011). This can be compared to theolitapce of language
stimulation in giving children a “phonological aveaess”.

2.4.2 Visuo-spatial WM and mathematics

It is suggested that the visuo-spatial WM and SEens to be important for
mathematical skills. For example, visuo-spatialopgms may result in re-
versed numbers and difficulties in organising afehping word problems
(Cherkes-Julkowski & Stolzenberg, 1997; HaskellD@0 Grade 9 students
(aged 15-16) with difficulties in mathematics weseamined in two studies
(Study 1: n = 62; 36 female / 26 male; Study 2: 53;33 female / 20 male)
(Reuhkula, 2001). They had greater difficulty wiitle visuo-spatial WM-test
than the students who performed well on the matkiesgest. Something as
simple as detailed written information availablesech student could com-
pensate for this (Rehkula, 2001).
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Moreover, the visuo-spatial WM had an impact ondhbdity of students
in Grade 1 to coordinate abstract knowledge (H&sR@0DO0). It is therefore
appropriate to use arithmetic tasks in WM reseaashall of the WM com-
ponents are engaged in arithmetic, as suggesté&eByefano and LeFevre
(2004). Pickering and Gathercole (2004) point tatt \WWM-deficits affect
the ability to process and coordinate informatiathin the WM and with
long-term memory (LTM).

Furthermore, visuo-spatial deficits have been fodadexample, in stu-
dents with ADHD and students with special learnimgairments (SLI). In
six of eight studies in a meta-analysis that exachiADHD, WM and EFs,
significant differences were found in the spatiaMViéf those with ADHD
compared with those without a diagnosis (Willcutagt 2005). Morton
(2008) found that 8-11 year olds with SLI (n = 4@d greater difficulty
with visuo-spatial WM in tasks that demanded ‘sit@mnéous processing’
(e.g., visualisation, situation assessment, pasiitiospace, copying) com-
pared with age-matched students without SLI (n ¥ &@orton concludes
that tasks requiring the CE and attention are rddfigult for students with
SLI than for other students without this difficulty

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

2.4.3 The central executive may be crucial

Students with mathematics difficulties may haveediciency not only in

STM (the phonological loop, Baddeley's model, s€e32, as proposed by
Baddeley and Hitch in the 1970s, but also in oftiections of the WM sys-
tem (Gathercole & Pickering, 2001; Swanson & Sie@8l01; Thevenot,

Barrouillet, & Fayol, 2001). Basic knowledge of imamatics, knowledge of
numbers and the four basic arithmetic operatiorespemarily dependent on
the resources of the central executive (Lemairadi A& Fayol, 1996). The

CE may be crucial as it works with the LTM, theharWM and the visuo-
spatial functions (Lemaire et al., 1996; Gersteal £2005).

As noted with reading, the development of WM's rarégxecutive seems
to be significant. One example is a study by Swar{2611): 127 students in
Grade 1 (49 female / 78 male) completed word problén mathematics.
Growth in the central executive function, togetivih intelligence and pro-
cessing speed, could predict the development ofienadtics from Grade 1
to Grade 5, and also in word reading.

Furthermore, it was possible to link the studeptsformances in mathe-
matics to ‘inhibition’ results, which luculano, Mmiand Butterworth (2011)
regard as belonging to a function in an expandedI€B study of students
(n = 33, aged 8-9) with and without mathematic#ficilties, they found a
clear correlation between ‘counting’ and WM in batioups. There was no
difference in performance between the groups agwgrd Digit span and
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Word Span task (believed to be served by the plograal loop). These tests
were clearly not good instruments for detectingheatatical difficulties.

However, there are several reasons why some stiblené difficulties in
mathematics. Weakness in WM is only one factor tlaat negatively affect
mathematics ability (Chinn, 2004; Gathercole ancké&ing, 2001: Adams
& Hitch, 1998).

2.5 Correlations between reading and
mathematics

Correlations between performances in reading anithenaatics tasks have
been noted in studies (e.g., Lyytinen & Lehto, J9%udents with reading
problems were found to have slower developmentathamatics than stu-
dents without reading difficulties (Gersten et205). Lundberg and Stern-
er (2006) report a significant correlation betweeading and arithmetic in
60 studentsr(= .68) and highlight the importance of WM to bo#gading
and mathematics.

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

Students with dyslexia seem to have problems with kthe central exec-
utive and the phonological loop, as do studenth gibblems in mathemat-
ics. According to Alloway and Passolunghi (2011)the age of seven abili-
ties in the phonological loop and visuo-spatialclion can already predict
future development in mathematics. In additionarmatearly age the abilities
of the central executive seem to be an indicatofutifre development in
mathematics (Bull & Scerif, 2001).

Deficiencies in the WM seem to have significant acipon both adults’
and students’ individual differences in word reaglineading comprehen-
sion, mathematics, and possibly writing (e.g., Ssean& Siegel, 2001,
Gathercole & Pickering, 2001). In the Gathercold Rickering study WM-
ability was tested in 57 seven to eight year oB¥sfémale / 20 male) with or
without special educational needs. The student®'nlag difficulties ap-
peared to be closely associated with major flawd/M, especially the abil-
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ity to process and store incoming information ie itentral executive. It
resulted in difficulties in reading comprehensiamrd reading and writing,
and arithmetic (the four operations).

All three functions in Baddeley’'s WM-model (verbalsual-spatial and
central executive) were found to be related toidliffies in mathematics
(Wilson & Swanson, 2001). Participants in the gthdd no reading diffi-
culties, indicating that there are most likely atheilities involved in math-
ematics but not reading. Nevertheless, weak WM lutifyaseems to be an
obstacle to development in both reading and mattiesna

In sum, students with problems in both reading mmadhematics seem to
have a deficiency in all three of these mentionetttions in the WM, sug-
gesting that multiple abilities are impaired indbestudents (Gathercole &
Pickering, 2001), while others can compensate fowemkness with a
strength in another function of the WM (Gatheraeti@l., 2004b).

2.5.1 Other skills

WM difficulties appear to be a barrier to improverhet school but, as
shown above, WM cannot be solely responsible fongtex cognitive pro-
cesses even though it is considered to have atyafidunctions (e.g., Bad-
deley, 2007).

Variations in cognitive development in individuatgay also be due to dif-
ferences in intelligence and the ability to contadlention (Engle, et al.,
1999) and other specific skills (e.g., Jiménezg8lieO’Shanahan, & Ford,
2009). Even more simple tasks (basic knowledge athematics, including
the four operations) require WM and the link-up pieevious knowledge
(LTM) is vital, as it is in the case of attentidre(naire et al., 1996).

Mathematics anxiety can also affect young studeattdlity to assimilate
mathematics, due not only to bad experiences atimid&s, but also to
teachers’ personalities, and difficulties can sames$ be caused by ineffec-
tive instruction (Haskell, 2000; Chinn, 2004).

In sum, it has been found that many students wehlknability in one or
more parts of WM underperform at school in reading/or mathematics in
relation to other students (Alloway et al.,, 200%%egel & Ryan, 1989).
Functions required in order to plan, organise, mdrdand correct, develop
and use strategies, and coordinate knowledge velorato reach a goal
vary in individuals and are recognised as vitalaldes. This may be what
separates individual cognitive ability in such aidve way and should
therefore be considered in work with and studiesstlents with ADHD
problems (Goldstein & Naglieri, 2008). Some ofshestudents could have
WM-deficits (Tillman et al., 2011; Alloway & Allowg 2010).

38



2.6 ADHD and working memory

Studies show that students with ADHD diagnosis qrenf less well on
visuo-spatial WM and the central executive thantmds without ADHD
(Castellanos & Tannock, 2002; Biederman et al. 8200ne of the very first
WM memory training studies hypothesised that sttgleith ADHD have a
lack of attention ability in their WM. If WM trainig could improve WM
capacity, then ADHD-symptoms might decrease (Klergbet al., 2002).
This proved to be true.

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

A number of recent studies are reporting on the@ston between
ADHD and WM (e.g., Tillman et al, 2011; Alloway & lihdway, 2010;
Gropper & Tannock, 2009; Gathercole & Pickering0R0 Swanson &
Siegel, 2001).

2.6.1 ADHD, EFs and WM

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

Another study showed that students with ADHD andisbts with WM
problems had similar behaviour in classroom situreti (Alloway et al.,
2009b). The major difference between these twoggai children was their
attentive capability, which was poorer in thosehwitnpaired WM, while
their hyperactivity / impulse control was better.

Moreover, Martel (2009) conducted a review of stgdiexamining
ADHD and the ability to control emotions, showirlgat poor emotional
control (depending on temperament and personalitg) not cognitive con-
trol may be a risk factor for developing behavidyeblems. Martel dis-
cusses attention deficit, which can be a signitig&gk factor that may ex-
plain behavioural difficulties.

It is important to note here that some childrerhvéih ADHD diagnosis
have more severe attention problems (ADHD-I, imdite) than others, who
may have more hyperactivity problems (ADHD-HI, hyguetivity/impulse)
and that some have combined problems (ADHD-C) (N2§§6).
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2.6.2 ADHD, reading and mathematics

Reduced ability in WM has been shown to affectaordy reading compre-
hension, problem solving and arithmetic (e.g., SiggRyan, 1989; Gather-
cole & Pickering, 2001), but also attention, imgulsontrol and planning
ability. In addition, ADHD and dyslexia occur sinmeously in some stu-
dents (Knivsberg, Reichfeldt, & Ngdland, 1999; Shiogy 2006) and the
presence of dyslexia in students with ADHD clearlgikes it harder to de-
velop satisfactorily in school.

It is suggested that students with ADHD may bedsit of performing be-
low their cognitive abilities (Ek, Westerlund, Hdberg, & Fernell, 2010).
Sixteen year old students were investigated inetlgeoups: (1) ADHD
group (n = 39), (2) behaviour and learning probfgoup (n = 80), and (3) a
comparison group (n = 417). 1Q (WISC: full scale, grbal 1Q, perfor-
mance 1Q) had been previously measured at 10-1rk ydaage. Ek and her
colleagues found that the ADHD group and the behavand learning prob-
lem group performed less well when compared with ¢bntrol group in
mathematics, Swedish and English.

It was found in a recent longitudinal study (Mill&rHinshaw, 2010) that
preadolescent girls with EF deficits and ADHD (rl40) developed more
poorly at school over a period of 5 years compavigd girls without these
problems (n = 88). However, poorer EF scores ifdbbbd predicted lower
mathematics achievement in all girls. Another stgtipwed that students
with ADHD often have difficulty expressing themsedvin writing (Mayes
& Calhoun, 2006).

It should be noted that not all students with ADH&ve WM difficulties
but the risk of failing in school is probably greafor students with both
ADHD and WM problems (Alloway & Alloway, 2010). therefore seems
reasonable to distinguish between those studetitsloww WM capacity and
other students with ADHD (ADHD-I, ADHD-C, ADHD-HI¥ince they re-
quire different types of intervention. Studentshwiioth ADHD and low
WM capacity need more specific help with their feag than some other
students with ADHD who instead need an enhancenl@maent and help in
regulating their behaviour, depending on the typeroblems 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 digesituations. Some
examples of situations in which working memoryaaded to different de-
grees are: listening while taking notes; rememigenirstructions; and plan-
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ning what to do at school, work, home, or withrids. Cognitive develop-
ment may be inhibited by insufficient cognitive @tioning. For instance,
remembering rules or words and making calculatatnschool may be per-
ceived as difficult without adequate opportunitytone to train (formally
and informally), structured instruction, or accéssids such as written in-
structions, tables and calculators. Three boysism study expressed what
they experienced as a problem at school, as follows

| can't learn the tables (boy, Grade 7).

. I'm allowed to have a calculator sometimeg/ (Wih significant reading and
mathematics difficulties, Grade 9).

Hopelessly hard every day — | don't get any helfboy with dyslexia, Grade 7).

If an individual is forced to depend on mental adfyait may place him
or her in a vulnerable position (Alloway & Gathele,a2006). It may also be
difficult for a student to identify which oral orritten information is im-
portant if a teacher’s style is wordy or tediousl &as a result a certain
amount of relevant information is quickly forgott€Rickering & Gather-
cole, 2004).

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

Irritating, pain every day — I'm a loser — shoulibkv (girl with dyslexia, ADHD
and Asperger’s syndrome, Grade 8);

Boring and slow ... it takes much longer than for bthers, and then it's boring.
Every time we have maths, | am disappointed in ffiy@eause | don’t know ...
lose confidence ... ask my friend for the answeenvhdon’t know how to do it
(girl difficulties in mathematics, Grade 6);

It's embarrassing — everyone else knows. Scargydhe wrong answer —others
may laugh (girl with dyslexia and ADHD, Grade 6);

Difficult — | feel nervous all the time (girl witmathematical difficulties, Grade
7).
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Finally, it can be next to impossible to follow salssion whilst remem-
bering what it was you wanted to say or ask. Thiltecould be that the
‘wrong’ question gets answered (Greene, 2003/2009).

2.7.2 Sensitivity

Studies have been carried out on students' satysitivliearning situations
(e.g., Poskiparta, Niemi, Lepola, Ahtola, & Lair#)03). Poskiparta and
colleagues examined groups of students. Many fact@mre compared, in-
cluding how dependent students were on the teaamhérhow motivation
developed from kindergarten to Grade 2. In kindeega there was no sig-
nificant difference between the groups. Howevegngfes were apparent in
Grade 1: the poor readers’ optimistic attitude trky attention to instruc-
tions and positive comments decreased. Furthermmagative comments
about their own work and unwillingness to work omaak increased. This
was shown not only in reading tasks, but also irothler subjects; it was
‘contagious’. The good readers tolerated strestamel were not negatively
affected by challenges and difficult tasks. In Gr&dthe difference between
the groups was greater (Poskiparta et al., 2008u(€ 5).

/ 1. Good reading compre- School work \

hension: Students hav
good contact with th
teacher and work on thej
own; they feel safe.

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

Students

3. Poor readers: They
"ignore" the task; they with-

\ - \»j

Figure 5. The motivation in Grade 2 influences b in learning situations (compiled by
Dahlin, K. I. E., 2012, from Poskiparta et al., 30@nd according to Niemi's description,
seminar in Gavle, 031009).

Another study showed that students with poor dgarakmnt in both read-
ing and mathematics seemed to be the least likelyohcentrate on tasks,
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seemed more often to ‘hide’ and developed morelgltdvan other students
already in the very first semester of Grade 1 (lapbliemi, Kuikka, &
Hannula, 2005). Remarkably, the influence of mdibrain decoding, read-
ing comprehension and mathematics was alreadyiterese in pre-school
class regardless of previous knowledge in mathes aind reading-related
skills.

In a more recent study (Niemi et al., 2012) moenth thousand Finnish
students were followed from preschool to Grade @néNof the students
could read at school entry. Here, the same phenamas in the Lepola et
al. study was noted. Some students performed lesmGrade 1 in maths
and reading compared with the rest. There was neldegment at all for
some students after eight months in Grade 1 (N&ral., 2012).

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

Sonuga-Barke et al. (2009) reported in a largernational study (n =
728, students and adolescents with ADHD diagntsig) negative and posi-
tive environments affect the interaction betweenegeand thus exert influ-
ence on behaviour and emotion. Certain individuads be more sensitive
to negative experiences than others.

2.7.3 Losing focus

It is suggested that some students with learnireyatention problems do
not have attention problems in all situations, baty when there are high
demands on cognitive ability (Swanson & Siegel, J0Go what happens
when this occurs? Kane et al. (2007) examinedlabaratory the extent to
which students' (n = 124, 88 female, aged 17-34sye¢houghts ‘went away’
(‘mind-wandering’) and when it happened. They fouhdt when dealing
with tasks demanding a greater degree of selfteéfiod concentration, those
with low WM capacity were ‘mind-wandering’ more eft than those with a
higher capacity.

All tasks requiring the use of attention seem tatiected by WM ability.
WM capacity may therefore predict an individuallsligdy to control atten-
tion on these kinds of tasks and provide cluesodsture cognitive conse-
qguences.

Another study in a school context found that stislethoughts could
wander (‘zone out’) in classroom situations (Allogn& Gathercole, 2006).
The students were in Grade 2 and had impaired Vv capability. The
conclusion drawn is that this may be due to WM paimerloaded and as a
result not all of the information required for coeting a task is able to be
kept in the mind and has thus faded away. As dtréba students lost their
focus.

43



2.7.4 Succeeding in learning situations

Good readers use a variety of abilities in ordeunderstand a text. They
normally have motivation and interest and can nmiakerences and create
internal images (Vellutino, 2003). They have cagritabilities such as at-
tention skills, analytical skills and a good mem@®now & Polselli Sweet,
2001).

However, other students may not have all of th&sks eind for that rea-
son perform differently. To teach in a way thaeigirely based on the stu-
dent's own quest for knowledge (i.e., being lefivirk alone in most learn-
ing situations) can cause frustration and affekkbetwork, well-being, self-
esteem and behaviour (Klingberg, 2007). Students scanetimes be per-
ceived as inattentive and ‘forgetful’ since theyyrfiad it difficult to follow
instructions and acquire strategies if not enouglp land advice is given,
and as a result fail to complete tasks adequatdigway et al, 2009a). They
will probably avoid situations that they consider lie unpleasant, which
could be negative for knowledge development, pektionships and their
future lives (DuPaul, Eckert, & McGoey, 1997) ($egure 5).

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

‘Errorless learning’ (giving students the toolsytheeed to find out for
themselves the correct spelling or basic factsiredueventually generates
automatised knowledge stored in the LTM and is eatggl to be effective in
learning situations (Gathercole et al., 2006). fRasiearning situations thus
generate positive attitudes to learning (Lightle@09).

Hattie (2009) has analysed a large number of stu@died compiled the
results. According to Hattie, motivation affectarieing with a medium ef-
fect,d = 0.48.

Finding ways to reduce anxiety in learning situagi@nd test situations
and to influence attitudes towards school workmgartant because all of
this is related to different degrees to schoolltegtiattie, 2009).

Students seem to have relatively good self-imagdsaagood understand-
ing of their own abilities and how far they shoulive. However, aiming
only as far as is expected but not further mayrbelsstacle to development
(Hattie, 2009).

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

According to a study by Gathercole et al. (200€aching style is of prime
importance. School performance was affected byt teachers gave in-
structions, their confidence that the students inaderstood what was ex-
pected of them, the way they guided students thr@utask, gave feedback,
and not least by how they prepared students faasasignment. Miller and
Hinshaw (2010) stress the importance of well-stmed information and
material. WM processing depends on how much a studeable to focus on
at a time, the student’'s own engagement and véeching methods. Stu-
dents’ training in remembering is also significa@hort-term memory (stor-
age capacity) can be affected to some extent bigtating the information,
presenting it in an attractive way, making it itging and important (Miller
& Hinshaw, 2010), and by developing strategiesschédule’ processing
(Ehrenstein, Schweickert, Sangsup, & Proctor, 1997)

An estimation study revealed that students felt tha most important
feature of a teached & 0.72) by far was the ability to create a goddtien-
ship with the students. Students also apprecidatédthe teacher had both
breadth and depth of the topic (Hattie, 2009). Tike of visualisation, for
example, to imagine the work process and strategiated to a task could
increase concentration and engagement comparedtuitients who did not
receive this kind of instructiord = 0.48, a medium effect) (Hattie, 2009).

2.7.6 WM and increased demands

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

In recent years, the importance of consideringctignitive load of teach-
ing has been highlighted (Klingberg, 2007; Verhoev8chnotz, & Paas
2009; Clark, Nguyen, & Sweller, 2005; Paas, van &dgweller, 2010). In
‘the cognitive load theory’ (CLT), the load on care ability is the cue.
When information is too demanding, WM may be ovadied, resulting in
complications, especially for beginners in a palttc field, but this can be
mitigated by effective teacher instruction thatetmhnto account the limita-
tions and strengths of cognitive ability in indiuils.

Learning and thinking capacity decreases if presgitoo great and ex-
ceeds the limited ability of WM. One goal is toiege WM and streamline
the memory processes. WM's construction and mitigainust be consid-
ered in order to make learning as efficient as iptessThe CLT emphasises
the difference between three kinds of WM-load: Il§d depending on the
task (intrinsic load), (2) effective instructionefgnane load), and (3) the
unnecessary WM-load (extraneous load) (Verhoeveih,2009; Clark et al,
2006).
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Unnecessary cognitive load, the cost of dealindyn wihnecessary infor-
mation, should be reviewed and removed. Studeertsrable to control this;
it is the teacher's responsibility.

Extraneous cognitive load is defined as unnecessana load due to poorly
designed instruction (Verhoeven et al., p. 3719200

To meet these requirements, in order to understaore fully how teach-
ing environments (e.g., instructions) affect leagyiVerhoeven et al. suggest
that the relationship between cognitive load arftedint types of instruc-
tions needs to be studied further. The value of theory and research is
discussed and reported in a review by Paas 2@0]. They state that stud-
ies show that the theory is useful in teaching.

2.7.7 Automatised knowledge

Changes in brain activity after training specifiills have been investigated.
Shaywitz and Shaywitz (2004) noted how activity réased in the frontal
parts of the cortéxand increased in the posterior part of the braml#4
students who had improved their reading skills ear@haged to read with
fluency after months of phonologically-based tnaini Shaywitz and Shay-
witz emphasise the importance of students pragtaiard reading over and
over again in order to create an accurate pictiieach word.

Fluent reading is one of several skills necessadeteloping good read-
ing abilities and should be included in literacgri@ng programmes. When
information is stored in the long-term memory sitno longer as dependent
on the front parts of the cortex (frontal lobes)itawas previously (Ingvar,
2007). When a cognitive problem can be solved dyiekd easily it does
not require a great deal of effort, i.e., thoughts.

Automatised capabilities mean just that: to perfamnto do something
with minimal effort, without worrying about how i$ done. This is the es-
sence of learning and what the result should bgdhp1997). Automatisa-
tion is an important basis for further developmehmathematics (LeFevre
& Bisanz, 1987).

If the requirements for either processing or sterbgcome too great, in-
formation will unfortunately be partially lost (Gercole & Alloway, 2008).
This is where exercises, which consolidate studdmniswledge, are useful
because the load on the WM decreases if it is &asgtrieve the desired
information, i.e., if knowledge is automatised. Agesult, we are able to
read or write a word directly because we know itleed do not need to
make an effort.

4 “The cortex is the outer layer of the brain that wse for our highest brain functions, and it
is divided into sections, or lobes.” (Cartwright120p. 27).
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It was noted that students in Grade 2 with impauedbal WM capability
forgot words or letters when writing, as well asdanstructions. In addition,
they seemed to have difficulty integrating knowledigom LTM, which
impeded their knowledge development (Alloway & Gatiole, 2006). In
reading, knowledge and decisions must be integriateatder to integrate
external knowledge, i.e., knowledge of letters aadnds and their relation-
ships, word meaning, grammar and syntax (e.g., $mgw2006).

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

A student solving mathematical problems, from timep$est to the more
challenging, must first choose and be able to doashland use the appropri-
ate stored knowledge of symbols, humber facts,sraled strategies from
LTM. This information must then be stored (STM)ogessed and integrated
with new facts (WM) and lastly the results evalda€hinn, 2004).

2.7.8 Who suffer from WM-deficits?

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

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

Disruptive behaviour in school in combination witther problems in-
crease the risk of low school performance. This prased in a large longi-
tudinal study examining the relationship betweeader9-12 students’ be-
haviour problems, health and school performancelL@dd, Uemura, &
Rohrman, 2012). Results from more than six thoussindents were ana-
lysed (54% female, 46% male). Data from the Natikmagitudinal Study
of Adolescent Health (USA) were used. The resuiiswed that attention
problems, drugs and delinquency were related tdindieg school perfor-
mance, but not depression. In addition, studenis attention problems and
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one or more additional problems achieved a loweellef education com-
pared with those who ‘only’ had one problem. Thaataosion drawn is that
behaviour problems in students are not due to &asniing ability, but rather
to attention problems and both school and sociatexts (McLeod et al.,
2012).

Finally, stroke survivors may have impaired WM ftios (Johansson &
Tornmalm, 2012) and some older people may expegieecreased function
in WM with increasing age (Dahlin, Erica., Backm&tigsdotter Neely, &
Nyberg, 2009).

2.8 Strategies, physical exercise and music
training

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

Skilled students seem to learn and use strateg@s emsily than less
skilled students (e.g., Alloway et al., 2009b). FExample, a relationship
was found between the knowledge of strategies ithemaatics and verbal
ability in WM. Students with mathematics diffices performed significant-
ly lower on tasks related to verbal and visualighalVM compared with
age-matched students and their results were eqt@atedich younger stu-
dents (Keeler & Swanson, 2001). Different kindsstfategies have been
investigated.

One example is Burtons and Daneman’s study abergading and eye
movements. They investigated eye movements dueading and found that
it is possible to compensate for a poor WM by riéwg unfamiliar words or
significant sections, thereby ‘uploading’ infornmti into the working
memory (Burton & Daneman, 2007).

Furthermore, eye closure helps memory by reduciognitive load
(Vredeveldt Hitch, & Baddeley, 2011), lessening disturbancenfithe envi-
ronment, making it easier to concentrate on a &k thus enhancing the
ability to learn.

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

It was indeed found, in a study of five to six ye#ts entering school in
England, that WM plays a crucial role in learningem working on tasks
that require both storage capacity (STM) and preings(WM) (Gathercole,
Durling, Evans, Jeff Cock, & Stone, 2008). The snitd who were taught
the strategy of repeating instructions (storing thi@rmation again) per-
formed better than other students.
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Strategy training via the ‘Memory Boosteprogramme was completed
by half of the participants of a study with a todél254 students (6-8 years
old) over a period of six to eight weeks. The firggnyielded improvements
directly after training and also five months lateMWWM-related tests, mental
arithmetic and the ability to follow instructions the classroom. It did not,
however, improve performance in mathematics andlimga (St Clair-
Thompson et al., 2010).

Training with abacuses improved results on theosspatial STM, but
not phonological ability or the CE in WM (Lee, L&,Ko, 2007). Thirty-two
students (mean age = 12.5) participated in thidystdalf of them served as
a control and the others received mathematicsitigaitwice a week after
school for 90 minutes at a time. They first traimadtulations with and after
without abacuses, and then manipulated the trazatdlations and the aba-
cuses mentally. The duration of the training pefi@s$ one year. The train-
ing affected measures on trained skills, visuoiapatorage and WM
measures (storage and request-processing suchgasbhB®tkward) but not
phonological skills (Lee, et al., 2007).

Individuals can to some extent affect STM unaidgdsbheduling the
processing (Ehrenstein et al, 1997). Having goodacoognitive abilities
makes it possible and easy to develop the necessatggies autonomously:
facilitating remembering, questioning and reflegtiand ‘staying on track’
when solving problems (Goswami, 2008b). Howeves @thallenging for an
individual to discover without assistance strategiet could compensate for
learning problems (Snow et al., 2005).

In a review, Halperin and Healey (2012) suggest pigysical exercise
and directed positive play with parents (such agnitive challenges with
positive feedback) may be beneficial for studenith VADHD and could
possibly facilitate growth in some of the corticagjions and in turn affect
functioning skills.

Music Training in six year olds 75 minutes per wdek 30 weeks im-
proved results in a problem solving tests (BilhaBauhn, & Olson, 2000).
Seventy-one students participated in lessons (bBearing and repeating
rhythms, distinguishing different tones) along wihrents. Thirty-six be-
longed to the treatment group and as many to thé&ralogroup, which did
not receive any treatment.

5 Memory Booster; Leedale, Singleton, and Thomas4p@8 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 differdisciplines because
education cannot be influenced by neuroscienceegdforden et al., 2011).
Goswami (2008b) summarises the factors that affeghitive development
by way of the term ‘neuroconstructivism’. It desm$ how genes, environ-
ment, learning situations and brain cells inte@itinuously. This concept
explains how cognitive change and development lseged by taking bio-
logical constraints into account, which help shapgnitive ability. These
biological constraints affect brain developmentn&s one of these biologi-
cal constraints, need help in order to be activategirocess that occurs
through both inside and outside neurons and frotsiadel of the body via
events and the environment.

Experience and environment can make genes ‘turropfturn off’ and
produce different effects in individuals dependamgindividual sets of genes
(Hulme & Snowling, 2009), which may explain diffames in personality
and sensitivity, as investigated by Poskipartd.¢2803) (see 2.7.2).

The reason for changes in WM-related test resualieviing different
types of training is most likely due to the facattiboth brain structures and
memory are malleable. They can adapt to new camditand can also be
partially rebuilt (Nyberg & Backman, 2007, p. 118)both young and old
(Dahlin, Erica. et al., 2009). This plasticity alle us to learn new things
throughout our lives and well into old age, buinstius is necessary for the
brain to develop (Lagercrantz & Olson, 2007).

However, according to Dehaeane (2004; 2009), ngiaats of the brain
are malleable. His theory, ‘the neuronal recycliygothesis’, explains how
the brain reorganises existing circuits in the mraiearning is dependent on
this redistribution and on existing circuits ac@ugrnew functions (Dehaene,
2004). The brain is changing in this respect batttital capacity for trans-
formation is therefore limited (Dehaene, 2004). Bran can develop many
new features in existing areas of its cortex thiolegrning. This is probably
because some parts of the brain allow themselvé® teeorganised, while
others do not. The brain's overall structure depemdan individual's specif-
ic genetic patterns. When we acquire hew knowledieyits are reorgan-
ised in our ‘very old’ brains (Dehaene, 2009),héy are among those that
are changeable.

Dehaene thus believes that there are limitationbaw the brain can
change and believes that there are major limitattorwhat we can learn.

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

2.10 Working memory-training

2.10.1 Activities in the brain after WM-training

Changes in brain activity have been noted throlghuse of MR before
and after WM training (Cogmed training). Studieswlincreased activity in
the frontal lobe after five weeks of computerisetMWaining (Westerberg
& Klingberg, 2007; Olesen, Westerberg, & Klingbe2§04).

Four weeks of daily training with a different WMaggramme (visuo-
spatial tasks) showed increased activity in thed@m@nantly right hemi-
sphere of nine men aged 26 to 32 years with a tsityeeducation. The
increased activity was assumed to be due to theaddsnposed during the
exercise: to repeatedly try to solve tasks usitgnéon and storage and ma-
nipulation of the information given (Hempel et a&004). No untrained
abilities improved.

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

Adults trained with a computer programme for twonthg on their own
computers. The programme included three differgpeg of items. The
training lasted approximately 25 minutes at a tiamel participants were
encouraged to practice daily. After each five-dayiqd, the results were
mailed to the project managers who also gave feddisychological tests
and MRI scans were carried out before and afténitigg Changes were
found in areas considered important for WM funcsigifakeuchi et al.,
2010).

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

5 Magnetic Resonance Imaging
" functional Magnetic Resonance Imaging
8 Executive functions
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fered slightly in the young participants compareithvthe elderly. In one
study, the elderly participants improved on ‘updgtiand performed better
after five weeks of training compared with the tiageresults of the young-
er participants. Another study examined both theating’ and ‘inhibition’
abilities. These abilities were tested with the acl (updating), which
showed improvements, and with the Stroop testl§itibn, see 3.5.1), which
did not show improvements. In another study, nea# on untrained abili-
ties were found. In sum, WM training, such as uipdgtraining, seemed to
generate effect on trained abilities (Dahlin, Eriegal.).

A treatment group and an active control group wermed to study the
effects of WM training on 30 psychology student§ {€male, 4 male; mean
age=20:3) using a variety of tasks. The resultsvstithancements to intelli-
gence (nonverbal tests) in the treatment groupnBxetivity was investigat-
ed and had increased, also indicating that prosesdated to LTM were
affected (JauSovec & JauSovec, 2012).

2.10.2 Effects on WM measures

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

Students with ADHDon medication and without were studied. It was
found that the students on medication improved @uosspatial WM
measures, while students not taking medicationovgut on all WM results,
verbal and visuo-spatial WM and STM, results thatsggted six months
after training. The students were 8 to 11 yeargold 25, 4 girls / 21 boys)
and trained at school or at home (Holmes et allORAQ did not improve
after either the exercises or medication. Theyé&@i(Cogmed training) for
approximately five weeks. No control group partatgd.

Students with attention problems or hyperactivitglgpemsimproved on
the WM tests and behaviour (based on teacher gtowmpared with base-
line in a pilot study (n = 9, age range 8-10.5) gikbcappa & Buckner,
2010). The participants trained with a computeripedgramme for five
weeks (Cogmed training). No control group partitépa

Students with SEBIsocial, emotional and behavioural difficulties)d-
an age = 12.94; matched groups; n = 7 per grolyoy8 / 4 girls; a passive
control group) improved on WM tests (Digit spanatsgl span) compared
with pre-test (Roughan & Hadwin, 2011). One growgined for five weeks
(Cogmed training) at school (in the mornings befaeool started).

9 Older participants seemed unable to automatiséraiireed ‘letter-memory’ as much as the
younger participants. This may be due to decrefsettion of the dopamine system related
to increasing age (Dabhlin, Erica et al., 2009).
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Adolescent$14 and 15 years old) who were term born (n =&t ado-
lescents who had low birth weight (n = 16) trair@bgmed training) at
home daily for five weeks (Lghaugen et al, 201heywere compared with
a non-treatment group (n = 11). The training yidlééects in both training
groups on WM measures. The low birth weight gronipasced its results on
verbal learning and those with the lowest 1Q imgagignificantly from the
training. These positive results persisted six meidter.

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

2.10.3 Effects on reading and mathematics

A few studies target mathematics and problem sgl¢ing., Holmes, Gath-
ercole, & Dunning, 2009; D’Amico, 2006; Witt, 201ahd reading compre-
hension (Chein & Morrison, 2010; Loosli, BuschkidPerrig, & Jaeggqi,
2012) after WM training.

In the Holmes et al. (2009) study (treatment graup22, 10 female / 12
male; control group: n = 20, 5 female / 15 male)effects in mathematics
were noted directly after the training, but effesere found six months after
the training. However, only the treatment group vedssted.

Witt (2011) found enhanced results in 9-10 yearsdldlents in Grade 5 (n
= 38) in addition tasks after WM-trainin@€hein and Morrison (2010) found
(n = 22) enhanced reading comprehension after Viéwiirg. Loosli et al.
(2012) studied students 9-11 years old (n = 40in2the treatment group
matched to 20 in the control group). The treatnggatip improved on read-
ing single words and text compared with the congraup which did not
receive any extra training.

2.10.4 Evaluation of effects

I would like to briefly outline a number of quesi®raised by researchers
regarding WM training and research in this reldjiveew area.

Studies that have examined the effects of WM tngimare difficult to
compare because of the diversity of their desigrisgaoups (Dahlin, Erica.
et al., 2009). Too few studies have been carrigdiroorder to draw firm
conclusions, such as whether training has an effiectntrained abilities, or
how groups of students or adults can benefit froaming (Morrison &
Chein, 2011). Not all studies are experimental eamttlomised. Different
tests are employed and the groups are of diffesines.

SBU (The Swedish Council on Health Technology Assesnt, 2009)
evaluated studies employing computer-assistedinigifor children with
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ADHD by reviewing six studies (2005-2009). They cluded that there is
too little evidence to draw any conclusions fronesh studies where the
benefits of computerised WM-training for childreritwADHD are con-
cerned. Fifteen studies (1998-2008) failed to ntieetcriteria established by
the reviewers (e.g., randomisation, ADHD problerosoading to two inde-
pendent sources/rating scales) and were theretoteded from the review.

Shipstead, Redick, and Engle (2012) analysed & laugnber of studies
and established that hasty conclusions had beesmndira some of them,
while finding no evidence that WM or other abil#ienprove through cogni-
tive training. Shipstead and his colleagues beligng more experimental
studies need to be conducted in order to answeguéstion of whether it is
in fact the WM training that is causing increase\Wapacity. Hulme and
Melby-Lervag (2012) believe that improvements notedWM measures
after training have explanations other than trajréffects, such as becoming
familiar with the programme during training and¢homproving results.

In addition, Morrison and Chein (2011) have caroed a review of stud-
ies targeting WM-training. Although they concludeat WM-training seems
to improve some untrained skills, they believe thanhy questions surround
the studies. A number of factors can affect theltgse.g., the expectation
that students and parents may have during traleids to greater efforts by
the students of the treatment group compared Wéltptacebo group at post-
test. The placebo-group probably realises relatiearly on in the process
that the training is a placebo. Another factoris éffort students make dur-
ing training. In addition, some studies use cong@ups that are not in-
volved in the study. None of the studies analysere lnsed self-assessments
or examined student motivation, which could be wered as a weakness
(Morrison & Chein, 2011).

In a separate study, Chein and Morrison (2010) doiamprovements in
reading comprehension after WM training. They sstgg the enhance-
ments on WM measures could predict the level ofrawpments in reading
comprehension. They recently joined the discussiowhether WM train-
ing can actually change the capacity in WM (Momish Chein, 2012). The
way in which we measure WM capacity is obviouskoahighly significant.
They highlight the dilemma of control groups losimgtivation and interest.

Researchers are discussing and questioning the wélkognitive training
in students with ADHD diagnoses. Shah, Buschkuédéggi, and Jonides
(2012) point out the importance of considering damgizes, different
measures, participants and the specific traininggg@mmes used when
comparing studies. Furthermore, they found thaividdal differences are
not considered in ADHD and cognitive training stgli There is a large
discrepancy between the various difficulties thedgle with ADHD exhibit.
Motivation and reward can also affect results. Séahl. note that training
might work for certain groups, but also that in therent situation too few
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studies are being carried out to enable discussionhe effectiveness of
cognitive training (Shah et al, 2012).

Logie (2012) discusses how current cognitive trajnprogrammes may
provide improvements to the highly specific tasksned, resulting in the
development of valuable strategies and enhancetation during the ex-
ercises. Another issue is how low and high-perfagrindividuals may be
affected differently. Logie discusses the constrfctVM, i.e., WM may
contain a whole range of different cognitive systemperating to different
degrees depending on the difficulty of the task. \dearch should not,
which is often the case, be based on the theotythibaculprit’ is simply a
lack of attention capacity. Theories and methodsetiore need further de-
velopment (Logie, 2012).

Gibson, Gondoli, Johnson, Steeger, and Morri§2@%2) discuss theories
and methods. They emphasise that Cogmed trainfegtafonly one of the
two major components suggested to be affected diginig, i.e., attention
and not WM measures (Gibson et al., 2011 as citedildson et al., 2012).
Some researchers believe that attention is the mp&irtant component of
knowledge acquisition (e.g., Cowan, 2005) and ainempial to the CE,
while others highlight the importance of attentiommory skills and other
individual abilities combined. Gibson et al. beiethat we do not fully
comprehend training effects. Perhaps theories dhoeilrevised or the pro-
gramme. If it is possible to influence both compusei.e., attention and
memory skills, then a valuable instrument mightegeloped with implica-
tions for both research and individuals.

Rather than commenting on previous studies or wesges in programme
design, testing, and applications, Jaeggi, Busdiikulonides, and Shah
(2012) discuss future research. They believe thHatimportant to use exist-
ing data and carry out more studies on trainirapdfer effects and underly-
ing mechanisms. Finally, in addition to this, ibisviously essential to study
improvements in a longitudinal perspective (Con&agetz, 2012).

This raises the question of whether the brain’s \&égacity can indeed
improve and if that, in turn, can enhance othellsskCompared with other
fields, there is a shortage of research on workiegnory training, but in my
opinion it would be logical to consider all of tlavailable components,
measures, results and experiences from these staslia starting point and
progress from there. Apter (2012) takes this apgroBle identifies areas of
importance (which | have also tried to highlighttins thesis) for research
and affecting classroom situations: attention, mleeffort, motivation and
self-efficacy, memory skills and strategies, andareffective use of ‘longer
term memories’. He also points out that the evidaeamot strong enough to
suggest that WM training may be effective for skidther than those being
trained.

Scepticism exists regarding the value of WM tragniwhile others are
more optimistic. The following is certain: WM trémg engages researchers

55



from different parts of the world and more studie®d to be completed in
this particular area. “Both within and beyond tlwademic community we
are fascinated with the notion of improving merdapacity” (Morrison &
Chein, 2011, p. 208).

2.10.5 This study

Previous studies show thstudents with ADHD improved in behaviour and
WM measures (Klingberg et al., 2005) after five kseof WM-training
(Cogmed training) and that brain activity increasfi@r training (Olesen et
al., 2004). Further, these studies show effectsdchately after and/or three
to six months after training, but to my knowledgedses have yet to deter-
mine whether results persist over longer period® @stablish the effect of
training on reading and mathematics. Effects omlirgpand mathematics
(arguably the most important skills for school ®gx) that persist and do
not fade away are clearly the most important. bheoto fill these two gaps,
a study on WM training, mathematics and readingetigpment with a longi-
tudinal approach was conducted.

The hypothesis posed for this study is therefoie gtores on WM
measures are enhanced by WM training, which hassiiye effect on read-
ing comprehension and mathematics in students atiémtion deficits. This
is based on the theory that attention capacityli®isely affected by weak-
nesses in the WM (Barkley, 1997) and that WM cdpglhias been found to
relate to reading and mathematics and may be imfkee positively through
structured interactive training (see the literatgndew above).

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

The effects of training with a five-week computedsWVM programme in
mathematics and reading (and conducting neuropgygical tests) on boys
and girls (9-12 year olds) with attention probleams with special educa-
tional needs are investigated at pre-test, apprabeiy six weeks later (di-
rectly after training), approximately seven monidier, and 3.3 years later.
The relationship between WM capability and otheasuges is also exam-
ined.

56



3 Methods

3.1 Design

3.1.1 Study features — an overview

The purpose of this study was to allow student wittention deficits to
train with an interactive computerised working piagme to examine
whether the training had any effect on their WM tmeanatics and reading
skills. The participants were students with atmmtidifficulties who had
been placed in special units. The training wasike place at school and the
parents were to receive progress reports at evagg sThe students (n = 42,
7 girls / 35 boys) were to undergo different typédests, including neuro-
psychological tests, and basic skills tests, batbrpgo and following the
training. Results were compared with those of thietrol group (n = 15, 4
girls / 11 boys), who were tested at the same ftirtervals. Twenty-seven
students participated in the follow-up mathema#ind reading-related tests
(Time 4) which were conducted over three years.|&té of the data collec-
tion and interventions took place at the studesaisbols, with the exception
of teacher and parent ratings, which were submitiedriting and sent by
post. The results of the intervention and the i@lghip between variables
are examined by way of statistical analysis.

3.1.2 Intervention — quasi-experimental design

In an ‘experimental design’, the action is givenotee or more groups that
are subsequently compared with control groups @ apl The importance of
including some kind of placebo in the control greug underlined. If the
participants are randomly divided into treatment aontrol groups, the
study is said to have an experimental design. Adtievely, if participants are
not randomly divided into experimental and congaups, the study is con-
sidered to have a quasi-experimental design (Mgrt2005). There are sev-
eral types of quasi-experimental design, e.g., wirdy one group is used
(‘one group post-test design’, ‘one-group pretastest design’) or when
two groups are included in the study but only gests are carried out
(‘post-test only design’). In the absence of eitther pre-test or the control
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group, these types of designs are regarded agdkable than designs in
which both variables are included (Shadish, Coolk;anpbell, 2002).

Table 1
Quasi-Experimental Design: Pretest — Interventi®ost-Test

Groups Pre-test Intervention Post-test Post-test

Time : Time : Time
Experiment yes yes yes yes
grouf
Control

€s I3
groug y ——» yes yes

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

3.1.3 The ‘nonequivalent comparison group design’

The ‘nonequivalent comparison group design’ is ppehthe most common
guasi-experimental design (Shadish et al., 2002.36). It uses pre-test as
well as post-test in a treatment group and a cbgtoup (see Table 1). This
present WM-study features this particular design.

In this study, we first approached students andmiarabout participating
and then formed the treatment group in a first ph@e control group was
then established in a second phase. We discusaddmdy assigning the
students from each special unit to the experimeamal control groups (a
placebo control group). Ethical issues, such asnallg students in the con-
trol group to spend considerable time working orapplication unlikely to
be beneficial, led us to rule out the idea. Stuslénthe control group would
most likely discover that their programme was nod fide, which would
probably result in their efforts waning, thus riyilig the purpose of the
placebo. The decision was thus made to establigloratraining control
group selected from different classes.
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3.2 Participants

3.2.1 A pilot study

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

3.2.2 Main study — Study I-I

Fifty-seven students participated in the inten@mtstudy (Table 2). Forty-
two students formed the treatment group and th&aagroup numbered 15.
Students were in Grades 3 to 5 and had been placsgecial units in or
near the school to which they belonged. These abpenits were primarily
intended for students with attention disorder, \whi@as one of several crite-
ria for participation in this study.

The students were all judged to be in need of spassistance due to
merger difficulties. Seventeen had an ADHD diaga@4B in the treatment
group; 4 in the control group). The treatment groame from nine different
schools and the control group from seven. Tableavs descriptive statis-
tics of the treatment and control groups at T1.

Table 2
Participants in the Treatment and the Control Gsoup

Time 1 Treatment Control Total
group group

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, I6-Mean age SD =1.1.
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3.2.3 The longitudinal study - Study Il

Twenty-seven students (treatment group: n = 18trebgroup: n= 9) partic-
ipated in the longitudinal section of the studye¥ttame from 21 different
schools and were selected from the students whaahkaa part in the previ-
ously implemented intervention study (Study I-11).

Seventeen students were now in a normal-sized aladsen in a special
unit. The number of students with an ADHD diagnosiss nine in the
treatment group and four in the control group. 21l students were inter-
viewed. Table 3 shows descriptive statistics of titeatment and control
groups at T4.

Table 3
Descriptive statistics: Students Participatingie 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 ¥&al, n = 27; mean age = 14.0, SD=1.1

3.2.4 Reqular classes

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

Students in Grades 3, 4 and 5 from different sehaold regular classes
took the tests once. They all completed tests aulirgg and some in non-
word reading, basic number skills, addition anddobtraction as well, so
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that the results of the special units could be camex with those of students
from normal-sized classes.

One test was normed in England. It was importariintd out how Swe-
dish students in regular classes would perfornhertdst (see Articles Il and
[l for details) to be able to value the norms awinpare them to those of
Swedish students of the same age.

Table 4
Number of Students Who Took Part in the Test Evalng)

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, 390
Total 233

Note. The students completed reading and mathesrtasts either once or twice.

3.2.5 Extern control group - Study 1

Since the control group did not complete the nesyopological tests, we
were granted permission to use results from a pusvstudy by Klingberg et
al. (2005) $tudy I). These students (n = 25) had been randomictesldo
form the control group and all had ADHD diagnosgkis 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 otEtolm County and its
surrounds regarding special units and their ortemta contact was made
with pricipals by telephone. If the response wasitp@, teachers and par-
ents were sent written information about the stullye students were in-
cluded (in the order in which written consent waseived) 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 judgemenhtgachers or psycholo-
gists) or a ADHD diagnosis

61



d) first language = Swedish
e) no ODD, autism or developmental disabilitiethia form of reduced IQ

Schools and students were asked whether they wenested in partici-
pating in the study and we then formed the treatrgesup. Other students
from various classes were subsequently invitedobo fhe study's control
group.

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

3.3.2 The second selection

Psychologists interviewed the parents of the stisden the experimental
group for 30-40 minutes to ensure that the studgidtindeed have attention
difficulties. The parents were also asked to cotepl@DD-ratings (Opposi-
tional Defiant Disorder). Assessments by teachats @sychologists from
each school formed the basis for participatiorha¢ontrol group.

3.3.3 The third selection — the longitudinal study

Some of the students from the treatment and cogtmips of a three-year
follow-up study were re-contacted. Before theselextis were selected for
participation, it was decided to ask two-thirdsttedé control group (n = 10)
and twice as many (n = 20) from the experimentaligrto complete reading
and mathematics measures once again. The inq@injted in nine students
(3 female) of the control group (2 with ADHD) an8 (3 female) (4 with
ADHD) from the experimental group agreeing to [iptting in the follow-
up. Due to of limited financial resources, it wax possible to follow up on
all fifty-seven students.

3.3.3.1 Losses
Two students were eliminated before the study begdioy, due to Opposi-
tional Defiant Disorder (ODD); and a girl, due @M 1Q. One boy in the
control group completed, at his parents’ initiatiVéM-training between T2
and T3 and was therefore excluded from the analysestly, another boy
discontinued his participation after having onlytjgdly completed pre-tests.
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3.4 Procedure

3.4.1 Test evaluation

All of the students who patrticipated in the studsrevof differing ages (from
9 to 12 years), were being educated in specias wamt had attention defi-
cits. We thus assumed that some of the student&ddvimiweak in one or
more areas. In order to minimise total failures smdvoid any detrimentally
effects to the students’ self-esteem, it was decitiat the tests would start
easily so that all of the participants could perfaat least some tasks. To
enable measurement of the abilities of the oldehigher-performing stu-
dents, the tests’ level of difficulty was to incsegprogressively. In addition,
we required parallel versions of the test becaapeated testing would be
carried out to compare the results over time.

Standardised testing is generally designed to vimrkultiple contexts
and groups of people, not in one specific typecbibsl or class (McMillan,
2004; American Educational Research AssociatioB2p0Some of the tests
were therefore compiled expressly for this studiie Test samples were
evaluated in students in regular classes thatwadests, from the weakest to
the strongest, attended. We were able to evalhatéests by first analysing
the results and subsequently discussing them waith student individually
(Figure 6, 7). Corrections to content or designenmiade if deemed neces-
sary. This was carried out with students in Greglaad 4.

Many students seemed to get stuck on words wittbldosubscription
when reading non-words because they were uncatmat short and long
vowels. For this reason, the tests were also figrtieasuring spelling and
knowledge of short and long vowels instead of bakills in phonological
decoding alone. It also emerged that students fowrsense words with
more than one syllable easier to read. The cormiugiawn from this is that
they most likely had a greater chance of recoggisinleast one part of the
word in question, which was advantageous. As dtresa revised the pho-
nological tests to include more monosyllabic waoatishe beginning and no
words with double subscription.

Nonsense words are harder to read than real wodisn@asure vocabu-
lary development more effectively than reading mwalds (Dehn, 2008).
Dehn indicates that the best nonsense words ase ttantaining no more
than two syllables and with no similarity to knowpgllables. Further, the
words must not contain any segments that rhyme {P2808). Since the
words were to be read aloud phonetically (as tlmeymded) and the correct-
sounding word was to be selected from two optidngas important for
both words to be of equal difficulty, ie if one wiohad a cluster at the be-
ginning (klikt), then the second word should hawe oo (flast).
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To ensure the reliability and validity of the tesaterial, the tests were
evaluated with students in Grades 3 and 4 (Figlwrd@®enty-two students
completed different versions of the tests one vagsdct. In addition, correla-
tions were calculated in the control group betwden different test runs,
which could be regarded as a test of reliabilitycsi the control group did
not undergo any extra training.

3.4.2 Briefings

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

Students received both written and verbal infororatabout the study,
WM, what would be expected of them (e.g., comptetiests on numerous
occasions) and, where the treatment group was owatehow the daily
training would be organised.

3.4.3 Test implementation

Longer untimed tests and short timed tests bottuffed in this study. The
tests all began at a low level before progressiwvelyeasing in difficulty.

To ensure that basic skills tests were conductezkattly the same way
for all students, the same person tested virtullpf the students each time
(T1, T2, T3 and T4) and gave the teachers, pasntsstudents information
before the study began. Instructions for eachueste provided in writing
and read to all of the participants prior to thenptetion of the test, some
items were attempted (in the same way for all sitg)ébefore the tests start-
ed and all of the students were given equal time/hich to complete the
different tests. The neuropsychiatric tests werelooted by psychologists

The students were all tested individually in a rooear the classroom to
ensure that the information and test conditions ldvdoe as consistent as
possible. Basic knowledge was tested in three 3Hai segments with
breaks of at least 15 minutes in between. The duraff the neuropsychiat-
ric test was approximately one hour.

3.4.4 The training programme

The experimental group trained at the school withinderactive computer-
ised programme (Cogmed working memory training)rewday for five
weeks and each session took approximately 40 n@natecomplete. The
training was completed in conjunction with an adaola secluded room at
roughly the same time each day, as far as it wasilple. The students each
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took home a daily training report intended to shbeir caregivers how the
training was progressing, and this returned with students the following
day. A psychologist provided support by telephonihg 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

y

2
Correctionsto tests

based on students' comments, reactions and |
\. )
v

( 3 )

Parallel test design
included the degree of difficulty and content, sashword
and sentence length, the amount of data and nuohber
words, question and content design, consonant nggsest
word reading level, et
. J

Y

o )

Parallel test reliability control

a) Grade 3 (n = 24), test at weekly intervals;
reading comprehension= .92; additionr = .80; subtraction,
r=.83;

b) The control group, Grades 3-5 (n = 15), te& @&eeks (T1, T2), 7
months (T2, T3) and approx. 8 months (T1, T3) apart

T1T2 T2 T3 T1T3

Reading

comprehension r=.93 r=.91 r=.82

Decoding r=.79 r=.62 r=.77

Addition = .68 =.83 =.84
r=.8 = =
r=.9

Substraction 9 r=.92 r=.88
kBNST 4 r=.95 r=.89 /

Figure 6. Description of procedures when evaluattiegtest.
Note. T1, Time 1 = p-test; T2 , Time 2 = first post-test; T3, Time 3econd postest
BNST = Basic number screening test.
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Develop ancevaluate tests
n =43 (Grades 3, 4, and 5)
~ -

Establish contact with all special units in thesare
targeting attention deficits

< 2
Inform parents and schools
- via post
- via meetings — at the university, at each schgpl,

W

v
Pilot Study
n=3
Main Study (T1, T2, T3)
n=>5i
Treatment group P c Control group
n=42 n=1¢
Assessments: reading, mathematics, \WM, Assessments: reading, mathematics
Raven, Stroop, ratings — behaviour 1. Pre-tests (T1)
1. Pre-tests (T1) 2. No training
2. Five weeks of training 3. First post-test — 6 weeks after pre-
3. First post-test — 6 weeks after pre-te sts tests (T2)
(T2) — extra training 5 months later 4. Second post-test — 6-7 months later

4. Second post-test — 6-7 months later (T3)

= -

Three-year follow-up (n = 27)
(T4)

> ¢ Control group

n=9

Treatment group
n =1¢

Assessments: Basic skills,
ratings - behaviour

Assessments: Basic skills,
ratings - behaviour

Figure 7. Description of the study design: prepanaand study implementation, schedule
of tests conducted at T1 (pre-test), T2 (post-tdg)(post-test) and T4 (post-test). The in-
tervention for all of the members of the experiraégtoup was carried out for five weeks
immediately after the pre-test. Fourteen studemfsdd for a further two weeks immedi-

ately before T3 (additional training).



3.4.5 The pilot study

A pilot study was organised and completed by tistadents from one of the
participating schools. It was conducted in the savag as the main study
with a few exceptions: corrections to a test arelatidition of a test com-
piled after the pilot study. The students trainathwhe WM training pro-

gramme for five weeks and tests were carried otdreeand immediately
after training and six to seven months later (fategcription of the study,
(see Figure 7).

3.4.6 The intervention study — Study I-II

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

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

Students then completed post-tests on two occasainapproximately
six-week (Time 2, T2) and seven-month (Time 3, Wr8grvals. Fourteen
randomly selected students trained for an addititemadays before the final
post-test. The students in the experimental grdsp eompleted neuropsy-
chological tests and each child's behaviour wasdrdty both teachers and
parents (DSM-IV). The control group performed thene reading and math-
ematics tests at the same intervals as the expaaimgroup, but did not
undertake the WM, Stroop or Raven’s tests duenhited financial re-
sources.

3.4.7 The longitudinal study — Study Il

Twenty-seven students participated in long-terniof@lup tests (Time 4;
T4) approximately three years after the testingiatto seven months (T3)
had been implemented. All of the students complétedsame type of test-
ing in basic number skills and reading as threesypeeviously. Further, all
of the parents and teachers completed DSM-IV-ratatgr4.

3.5 Measures

The results from four reading-related tests, foasi® number tests, four
WNM-tests, a non-verbal problem solving test, arilition test and estimates
from parent and teacher ratings (DSM-IV), as waelltle scores from the
training programme, were exploited.
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3.5.1 Neuropsychological measures - Study I-11

Psychologists administered neuropsychological nreasto the experi-
mental group members three times: before the iatdion, immediately
after the completion of training and approximatélynonths later (T1-T3).
The control group did not undertake these testsondt due to financial
reasons, but also because data was available fnoattave control group
with almost exactly the same age range as thelaotasément group.

Digit span forwardwas used to measure verbal STM: an increasing aumb
of digits are presented orally, commencing with twdhe first series. The
child is asked to repeat each series of numbeteirsame order in which
they were presented (WISC lll, Wechsler Intelligertécale for Students).
The phonological loop (STM) is charged (phonolobstarage and articula-
tion), according to Swanson (2006).

Verbal WM(WISC lll, Wechsler Intelligence Scale for Studdnvas meas-
ured using Digit span back. An increasing numbetigits are presented, as
in the case of Digit forward, but in this case tlgits are repeated in reverse
order. The central executive function is loadeddBson, 2006).

Span board forwardwhich is part of the Wechsler Adult IntelligenSeale

(WAIS-NI), was used to measure the visuo-spatialSThe psychologist
points to two blocks from a total of ten. The chiddasked to identify them
in a different collection of ten blocks and to gaia the two blocks in the
same order as the adult. According to Swanson (2006 visuo-spatial
function is loaded (STM).

Span board backwardsas used to measure visuo-spatial WM. In this sec-
tion of the test, the position of the blocks isb® repeated in reverse order
(backwards) (Wechsler Adult Intelligence Scale, \8AI). This test is
believed to load on visuo-spatial short-term mem@&yM) and the central
executive function in WM.

Stroopwas used to measure the ability to control andeureimpulses. Sixty
out of 100 names of colours are written in rowd @fwords and printed in a
different colour from the colour indicated by easbrd. The participant
must name the colour in which each word is prirgedjuickly and accurate-
ly as possible. The time taken and number of coraeswers are noted
(Lezak, 1995).

Raven's Coloured Progressive Matrigg&aven) were employed to measure

non-verbal problem-solving skills. The test corssist characters that are
incomplete and the students select one of sixréifitepieces to complement
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each figure. One point is accorded for each coaastver with a maximum
attainable score of 36 points. The test has no lifmie

Parent and teacher rating®SM-1V) were used to estimate students' behav-
iour with the same frequency as the other tests.questionnaire consists of
18 questions, the first nine of which concern diter) 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-tgmachers and parents
were asked to answer questions about each studssiitzol situation,
strengths, learning outcomes and particular difffiesi in various subjects.

3.5.3 Reading

Reading comprehensioMarrative texts from the Progress in International
Reading Literacy Study (PIRLS) and the IEA Readiitgracy Study (PI-
SA) were used in the parallel reading comprehensists. The questions
appeared at the end of the original versions ant ehild was expected to
complete all of the questions which included bothitiple choice and con-
structed-response questions. Since the tests waxedied for both weaker
and stronger readers, and both younger and oldielren, they were modi-
fied in two following ways: (1) all versions of thests were divided into
roughly equal sections, with one to two questioas gection so that ulti-
mately six questions remained at the end of thtesketion; (2) the adminis-
trator wrote down the answers to the constructedenase questions based
on the child’s verbal responses and then read thamk aloud to the child to
ensure that their answers had been captured dgrréée wanted to elimi-
nate the risk of students being hindered by angmg@tl writing difficulties
when answering the questions. Seven of the quasti@ne multiple-choice
while six were constructed-response questions. sthéents were awarded
one to three points for each correct answer witaaimum overall score of
19 (see Study ). Three parallel versions of tiséstevere used.

Decoding.In order to measure word decoding, a non-word gpstifically
designed for this study was employed. “Read thedwumairs, preferably
aloud because that is easier. One word will bers&se word — an invented
word. The other word will sound like a real word kuill be spelt incorrect-
ly. It will be spelt the way it sounds, so you ntiglot recognise it. Listen to
the words as you read them and then decide whitheofwo words sounds
like a real word. Underline the word that sounéte k& real word”. A pair of
words could be as follows: sib — s&aymeans ‘sleep’, but should be spelt
so\). Students were given two minutes to read as maorgs as possible.
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They were encouraged not to guess, but to ignaregtlestions that they
were unsure about instead and proceed to the needtign. Each correct
answer generated one point and each incorrect angmerated one minus
point so as to minimise any guesswork. The maxirsaare attained was 63
points. Students considered this test to be diffian opinion that was

voiced by students in both the regular and speeias, and for this reason it
was never assigned as the first or final test @fddwy. Three parallel versions
were used.

Orthographic readingThe ‘orthographic test’ was used to measure syglli
and orthographic ability. In this case, it was imipot to recognise the listed
words quickly and decide whether they were speltectly or not by putting
a cross (x) beside the word considered correct,aaminus (-) next to the
word considered incorrect. The words were takemfsiories written by
other similarly-aged students. Students were givem minutes to read as
many words as possible. The students all regattedest as easy and fun.
The maximum score attained was 75 points. Threallphversions were
used.

3.5.4 Basic number skills

Addition and subtraction — verification task&. paper by Lemaire et al.
(1996) describing and discussing ‘verification &sknd the notion of ‘right

or wrong’ formed the basis for the design of théharetic test. In the space
of two minutes, the student determines whether temnsahave been calcu-
lated correctly (e.g., 4 +5 = 8) by marking a crosga minus sign in the box
to the right of each problem. Three parallel varsiavere used. (See Article
Il for more details).

Basic number screening testhe Basic Number Screening Test (BNST)
(Gillham & Hesse, 2001) was employed to test nunséls. It consists of
30 different tasks in mathematics, including therfbasic arithmetic opera-
tions, grouping and completing series (see Artidleand Il for details).
Two parallel versions were available. Correlaticasvaccording to manuail:
=.92. (See Chapter 3.4.1. and Study II).

3.5.5 Training scores

Training results were converted into indices (ttagtdndex, results of all of
the exercises from Day 1; and the max index, thhdst achievement index
for the 5 weeks of training) and used in the aresys

70



3.5.6 Skewness

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

Table 5
Treatment Group Descriptive Statistics: WM and Rave

Measures Min Max Mean SD Skew- SE

ness

T1 Span board 2.50 6.50 454 0.94 277 .365
foward

T1 Span board 0.50 6.00 3.96 1.11 -.758 .365
back

T1 Digit 3.00 6.50 4.24 0.73 .654 .365
forward

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 nundidls and Reading

Measures Min Max Mean SD Skew- SE

ness

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 3.00 26.00 14.05 6.53 .053 .365
number skills

Note: n = 42; SD =Standard Deviation; SE = Standardr
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Table 7
Descriptive Statistics in the Control Group: Badiember Skills and Reading

Skew-

Measures Min Max Mean SD 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 7.00 27.00 16.80 6.73 .062 .580

number skills

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

3.5.7 Conversations — Qualitative data

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

The students in this study were in Grades 5 to 8nithese conversations
took place. The aim was to gain insight into tiseinool experience and find
out what they perceived to be easy or difficulsetiool, what they required
in order to be able to concentrate well and howy tledt when they were
unable to solve a problem or did not understancirTiesponses are inte-
grated as examples into the text of this presesgishat appropriate places in
order to enhance the text and provide insight theoparticipating students’
thoughts. The conversations are otherwise not tegor

3.6 The training programme

The training programme was originally developeddtudents with ADHD

(Klingberg et al., 2005; Cogmed training). The pesgme is computerised
and interactive: it adapts to each child's ab#ifigeatures both verbal and
visuo-spatial WM items and provides immediate femttlbon the data gener-
ated (for further information, see Studies | and The training was carried
out each school day for approximately 40 minutesdag. An example of a
verbal exercise is to listen to three syllables mpkat them immediately in
the same order. The following task is to specifyrfsyllables, and so on. If a
student is unable to perform a task, then the éeeris terminated (to be

72



repeated on another day) and a new task appedhe atreen. An example

of a visuo-spatial practice is to specify, in reseeprder, the asteroids that
have recently appeared on the computer screeridiyng) the mouse. There

are approximately 100 tasks per exercise.

3.7 Analysis

Analysis and data collection were carried out agicgy to a pre-test-
intervention-post-test design (Mertens, 2005). Apegimental group was
compared with a control group that received no taaftil treatment, and the
tests were formulated with the same test interfaal®oth groups (Figure 7).
Analyses were conducted using two statistical @ognes: SAS (9:1) and
SPSS (16.0). Analyses of variance, in the form ofudtivariate mixed mod-
el with covariates which controlled for gender, -pst (baseline) perfor-
mance and ages, were employed for comparisons éetihe intervention
and control groupsCorrelation was analysed by regression analysis and
correlation analysis and groups were compared usmdependertttest
(Pearson two-tailed). Results at later pointsmmet{T2, T3, T4) were com-
pared with the results at T1 (Time 1) by means dépendent-test (paired
sampleg-test) and the mixed model with covariates.

Cohen'd also was used to calculate the effect sizs.the difference be-
tween the groups in terms of SD (standard deviatioohen's d = M1 - M2 /
SD and can be defined as the difference betweenmteans, M1 - M2, di-
vided by a pooled SD (mean SD of the two groupsgNMan, 2004). An
effect sized = .20 is considered smatl,= .50 medium, and = .80 large.

An effect size ) of 1.0 for a subject indicates an increase of 1(8&nd-
ard deviation). According to Hattie (2009), thigrsfies an increase equiva-
lent to two to three years of development and a b@¥ease in development
speed. Ifd = 1.0 in an intervention study, it effectively meathat the treat-
ment group outperforms as much as 84% of the dogtoup participants.
Applying Cohen'sl, which takes into account differences in the fain$D,
is different from estimating statistical signific@ Strong significance does
not necessarily denote large effect size. Smadiceéfize should not be ruled
out for an intervention without careful considewmati it could be an im-
portant component of a broader context and it isetomes easier to imple-
ment than an intervention with a larger effect ¢Hattie, 2009).

3.7.1 Reliability

Many factors can affect reliability. Test lengthase such example, i.e., a
longer test is more reliable than a shorter t&&liability can also be influ-
enced bywhat a test measures (Mc Millan, 2004). Moreover, tesist be
designed so that all students feel capable of cetingl at least some of the
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tasks and are not exposed to abnormally high pressbich could affect

motivation. Therefore, both timed and untimed testd both long and short
tests were used in this study. All of the teststesthat a low level before
progressively increasing in difficulty.

Re-test power should then be controlled (paradisf)t(Mc Millan, 2004).
This study’s re-test power was controlled by givihg test to students at
weekly intervals and calculating correlation (segufe 6 and 3.4.1, Test
Evaluation). A pilot study is necessary in ordeetaluate planning and test-
instruments (McMillan, 2004). We completed a pisvtidy with three stu-
dent participants.

If test sessions are too long, reliability can benpromised and the ses-
sions can begin to lose meaning for the particgariccording to McMillan
(2004), 30-60 minutes can be an appropriate durafitne reading and
mathematics tests were conducted in three half-eegments with at least
15 minutes between each segment while the neurbpwgical tests were
carried out over a one-hour session. Reliabilitystthe met in order to be
able to speak of valid results (McMillan, 2004).

3.7.2 Internal validity

Human assumptions determine whether or not a studglid, i.e., whether
the treatment causes the effects that are obsefedvalidity of an experi-
ment is never certain, even in a randomised toiatl jt is possible to a degree
(Shadish et al., 2002). Each study requires higluracy and appropriate
analyses, regardless of its design.

To conclude that a treatment effect is caused bytrsatment, one must
be able to ensure as far as possible that anyhp@ssdiange in post-tests
compared with pre-tests and controls is being ahbgehe intervention and
not some other effect. Internal validity is thusiaeed. This may be threat-
ened by a range of circumstances (Mertens, 200&diSh et al., 2002).
Mertens (2005) identifies various areas that shbeldonsidered in order for
validity to apply: changes in any/some participadusing the course of the
study, maturity/development over time, and alsoriaf kperiod of fatigue
during a test session.

It could be assumed that if a participant tiregrafiompleting some of a
test that the individual will perform less well ¢ime remainder of the test.
This is probably the case for everyone. If eachigeperformed in the same
manner in both the experimental and control grotipsse differences are
checked. This study compared the same studentkrea bccasions at the
same time intervals. Each of the study’s tests agased out in exactly the
same manner for both the experimental and contonls.

Further, a study must be identical for all parteits, each participant
must be given the same instructions, and no medifnos of any kind
should be allowed during the study (Mertens, 2005 tests or instructions
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given were not altered in any way during this stully example of a modi-

fication during the execution of this study is thastudent went through the
training programme between the two post-testsnéiative of the parent.

This led to the student's results being excludecthfthe analyses. Finally,
participants should be adequately informed (Merte2@05) and in this

study, the students, parents and teachers wegevait both written and ver-

bal information regarding the study.

3.7.3 External validity

External validity concerns a study's usability aneldibility, which can vary
depending on the design of the study. A precisewtcof the study’s plan-
ning, selection, implementation, testing and aresdyis required in order to
use the results from an experiment in other coatelb replicate the study,
and to compare and use the results of the studpkmentation on a larger
population, other age groups, people with diffetdntls of problems, or in
other environments, it is also important to cafgfdescribe the information
that has been given, the participants and the waghich the test cases were
conducted (McMillan, 2004).

Being aware of the ‘pitfalls’ makes it possiblediscuss the studies’ im-
plementation and results. If, for example, it ifidaeed that an operation in a
class will change the teacher’s style of teachiingreby increasing his or her
awareness of what is being measured in the studyhars affecting the re-
sults, it would be helpful to complement the stwdih observations and/or
interviews from before and during the implementatid the study. In addi-
tion, it can be difficult to compensate for unpadble events, such as fa-
milial factors and being ‘aware of being a subjedtich can affect the re-
sults (Mc Millan, 2004; Shadish et al., 2002) asdcalled “Hawthorn ef-
fect”.

It is unlikely that every ‘threat’ will occur in evy kind of study. It is best
to avoid or address these threats prior to commgnttie study but it is
nonetheless impossible to predict every scenadb rtiay arise (Shadish et
al., 2002) External validity is achieved by being able to deiee/measure
cause and effect, e.g., the kind of individuals abdities that are affected
by a particular action, under certain circumstanaed through specific
measurements, regardless of variations in populatiather circumstances.
This allows the results to be generalised. Howethamte are a number of
additional phenomena that can influence test ressilich as statistical calcu-
lations (Shadish et al., 2002; Trochim & Donnefl908).

3.7.4 Threats to validity

Different types of threats to validity are discubdy Shadish et al. (2002)
and Trochim and Donnelly (2008). One such threaaisegression to the
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mean’ and the way in which a test is correlatedanfrane time to another.
Regression to the mean, skewness and differenga® itest 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 ntgqbly correlated ‘re-
gression to the mean’ can occur. Regression tonten is a statistical phe-
nomenon and can happen when using non-random sarapte when the
pre-and post-test results do not correlate peyfelfth selected group closely
resembles the average of a population at theréistid of testing, then there
is not much room to approach the medium at posttgsi.e., there is re-
gression to the mean. However, if a group is famfiaverage, above or be-
low, there is more room for regression (Trochim &ribelly, 2006). This
occurs, for example, when the poorest readersedeeted and their results
are compared with those of more skilled readeeslarger population.

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

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

Thirdly, the lower the correlation between two meamment points, the
greater the regression to the mean (Trochim & Dbyn2006). It is there-
fore very important to use reliable instruments &mdalculate the correla-
tion between the measurements in order to analydeasure the reliability
of the test (Table 8, Figure 6). The more two testselate, the more reliable
the tests are. Correlations were calculated in &Bath = 24). Perfect corre-
lation only occurs very rarely (Trochim & DonnelBQ06).

3.7.4.2 Is it possible to calculate the regression to the
mean?
According to Trochim and Donnelley, (2006, p. 166)s possible to esti-
mate precisely the percentage by which a groupbeamxpected to shift
between pre-test and post-test towards the medfuanlarger population at
post-test. The formula is:

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

How to calculate regression to the mean
Example: Basic number screening test (BNST) (Timd& ime 3) in boys

It is necessary to know: (i) the pre-test means @hdhe post-test means for
the selected group (boys) (n = 35), (iii) the pest-means for the whole popu-
lation (n = 57) and (iv) the correlation betweestse

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-TB= .91 (regression = 9%)
Prm=100(1-r)

The difference, 17.77-15.29 = 2.48 (expected regult3), 9% (0.223) of which is
due to regression to the mean, and then remai2&72.However, boys improved
more: 18.83 - 17.77 = 1.06, which signifies an iaoygment of 2.257 + 1.06 =
3.317.

The expectation is that boys, if not given a treattnshould have the same mepn
at T3 as the larger group (m = 17.77). Simply pud9 x 2.48 p = regression art
fact, a ‘pseudo-effect’ = 0.223 p.

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

If the correlation is .5, 50 % of the selected greuesults at post-test
(the difference between the population mean at-fgsstand the specific
group means at pre-test) it is due to regressiotheomean (Trochim &
Donnelly, 2006). It is therefore possible to estienahat the gains for a par-
ticular group will be at the post-test using a éargroup (population) aver-
age at post-test, the current group's mean respiteatests and the correla-
tion between these two test runs for the populatidgure 8 shows that it is
possible to estimate the exact results at a later tising the regression for-
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mula. Regression to the mean is calculated abavéhé&boys in the treat-
ment group at T3 in the BNST test.

Table 8 shows that at pre and post-testing eachammttical test is highly
correlated while decoding correlates much less. fHseilts in the BNST
(T1-T3) show very little regression to the mean,,i9%, whereas reading
comprehension regresses 31%, and subtraction 15%.

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

Correlations % regression to the mean
Measures T1T2 T1T3 T2T3 T1T2 TI1T3 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.

3.7.4.1 Skewness is a threat

As aforementioned, calculations can reveal if testlts are skewed (have
ceiling or floor effects, if the tests are too easydifficult). It is preferable
for groups to perform close to each other and®&e@ Tables 5, 6 and 7).

3.7.4.2 Pre-test — differences are a threat

Pre-test differences can affect validity. Differeacarose when comparing
baseline pre-test results of the treatment and@ogitoups in this study, but
they were not significant. Even if there are sigaift differences in pre-
tests, it cannot be proved that this will affect tlesults in any way (Shadish
et al., 2002). It can also occur in randomisedstria

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

When the experimental group is at a higher levehatpre-test, the fol-
lowing occurs (Shadish et al., 2002): (1) both goevolve in the same
direction, but the experimental group increases wst; (2) the control
group remains at the same level whilst the expariadegroup increases its
gains; and (3) the experimental group impairs éi$grmance at the post-test
and approaches the control group. It would be wmusund a real threat to
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validity, if the control group did not evolve atl aver time because most
students develop in some way over time.

Basic number skills - boys
(n=21)
25
20 _g”
B / treatment
15
N -~ group
)
10 control group
T
5
0 T T T T 1
T1T T2 T3 T4

Figure 9. Scenario (4): approaching the controugr basic number skills in
boys in the treatment and control groups (n = 241aT2, T3 and T4.

Reading comprehension T1-T4
(n=27)
20
15
Raw scores /—/ J—
(mean) 10 = treatment group
control group
5
0
T T2 13 T4

Figure 10. Scenario (5): crossover interactioadieg development in the
treatment and control groups at T1, T2, T3, andril4 27) (Study I, Figure 1).

When the experimental group starts at a lower Jdtiel following occurs:
(4) the experimental group approaches the contmlp and finally, (5) the
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experimental group ‘surpasses” the control grougsoecalled ‘crossover
interaction’ which is not common, but does happems is precisely what
occurred in this study where mathematics (No 4¢ (Sgure 9) and reading
comprehension (No 5) (see Figure 10) were concerned

Shadish and colleagues argue that the latter Sosrm@rse no major threat
to validity. Regression is not a likely explanatior this kind of result.

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

Positive effects arose in this study, most liketyilauted to the effect of the
intervention, consistent with the way in which Skadet al (2002) and
Trochim and Donolly (2008) discuss validity andid#y threats (Figure
10).

3.7.5 External control group

An external control was used in Study I. Using mitv@n one control group
can strengthen the results of a quasi-experimesttaly (Shadish et al.,
2002). However, in this study, the external cong@up was used to com-
pare the neuropsychological measurements, as kg sbntrol group did
not take these tests. Both groups of students ttendtian problems, accord-
ing to a psychologist’'s assessment, or an ADHDrdiags: one third of the
members of the experimental group had a diagnasislid all of the mem-
bers of the external control group. The externalmd group completed the
tests at the same time intervals as our treatmenfgand its members were
in approximately the same age range. Even iftlais not the best approach,
we placed some value in being able to compare¢a¢énent group's results.

3.7.6 Ethical and economical aspects

The study’s design, which included a detailed antai the intervention,
measuring instruments, tests to be conducted, rterd and consultation
with parents, students and school staff, was aggrdy the Ethical Council,
Stockholm, on application: 2003 (Study 1 and Il; T2, T3) and 2007 (the
longitudinal study: T4).

It can be problematic to conduct an experimentadyst In addition to it
being costly, the design includes elements thatiregareful discussion and
consideration from an ethical point of view. Isethical to induce the stu-
dents in a control group to work daily, for as masy20-25 days, on an ex-
ercise that is expected to yield no effect?

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

This did not occur, due in part to economical reasdout primarily to
ethical considerations. Participation in the styalgrticularly in the control
group, could have brought false hopes to studemdsparents. In addition,
the duration of the training was to be five weeksproximately 40 minutes
per day, time that the control group participardsld spend in a more con-
structive way. If the experimental group studeartd control group students
were in the same class, the control group membetgdamost likely soon
realise that they belonged to the control grouptaeit data would therefore
be less reliable. Students talk to each other amdpare data and results.
Thus, the value of randomisation in a class wounléll probability not be
great. The study required substantial financiaistessce and this factor con-
tributed to the decision to undertake a study withsi-experimental design.
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4 Results

4.1 Study | — reading results

Study | investigated the relation between WM anddieg development.
Fifty-seven students participated in the inten@mtstudy and an active,
external control group (n = 25) from a randomisedly (Klingberg et al.,
2005) was used to compare the neuropsychiatris. test

Firstly, training effects on neuropsychologicaltsesvere evaluated by
comparing the results of T2 and T1, and controlforggender and age (mul-
tivariate analysis of variance with repeated meagurThe results of four
tests improved significantly: Span board forwarga®s board back, Digit
back and the nonverbal problem solving test (Raveérogressive Matrices).

Secondly, training effect was analysed by compatime experimental
group’s performance on the neuropsychological testis results from an
external control group (n = 25). The experimentalug’'s performance im-
proved at T2 (T2-T1) on both Span board forward laack, and both Digit
forward and back, but not on Raven. Only Span bdardard and Span
board back had any lasting significant improvenanihe second post-test,
T3 (T3-T1).

Having determined that the WM results were affecteshds in the read-
ing-related tests (baseline performance, age andegevere controlled for)
were then analysed. This revealed that reading cefmepsion only im-
proved at T2 (T2-T1)x<.01,d = 0.88) and at T3 (T3-T1p(.05,d = 0.91).

Finally, correlation between the reading test angndive dimensions,
including WM-training performance (start index amdx index scores), was
examined. At T1, start index correlated with alboitive measures except
the Stroop task (time, seconds). The WM measuren ®pard correlated
with reading comprehensioifhe conclusion drawn is that WM training
appears to affect Span board results, which inmmg affect reading comp-
rehension (Figure 11).
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4.2 Study Il — basic number skills

Fifty-seven students participated in the inten@mstudy (the same students
as in Study 1). In Study II, we examined the effeat WM training in basic
number skills approximately seven months after Wadning. The experi-
mental group’s development was compared with th&tecontrol group. In
addition, the results for boys only were analysed.

To find out how students in special units perfommpared with students
in regular classes, baseline results were comg&igdre 1, Study Il). Pear-
son’st-test showed that Swedish students in regular etapsrformed sig-
nificantly better in all basic number measures carag with the students in
special units § < .05). Available basic number scores of regulasses
(Grades 3, 4 and 5) and results of special unitsgid) at T1 were converted
into Z-scores. Mean Z-scores for the special umitd regular classes could
then be described and all three basic number ¢gstts could be compared
in between (Study I, Figure 1).

The treatment effect for basic knowledge in math@agBNST), addi-
tion and subtraction, was examined using variantayais (multivariate
analysis of variance with repeated measures). Sitosved that the effect on
the BNST was significant at T2, but not at T3. Tays of additional train-
ing before the second post-test with a group afestts showed no effect.

The girls were few in nhumber and performed sigaifity poorer than
boys on several tests (number ages, digit spanafdrvwsubtraction and the
BNST at T1, T2 and T3; and in training scores, btart index and max in-
dex). Consequently, all of the analyses were regefdr boys only. The
analysis showed significant improvement in the BN&TT2 (treatment ef-
fect = p < .05d = 0.74) as well as at T3 for the boys (treatméigice = p
<.05,d = 0.90), but not in addition or subtraction. Whsteewere not con-
ducted with the control group and, for that readenexperimental group’s
results from the different test sessions were coetpbasing Cohen'd. The
effect on WM tests Span board was high (forwdrd,1.05, backwards] =
0.93) (see 4.4.1 for further information on thdgjiresults).

The conclusion drawn is that mathematics and WMeleted. Boys aged
9 to 12 years seem to benefit from WM training mpioving their perfor-
mance on both the WM-test and the mathematicgB&$T) (Figure 11).

4.3 Study lll — a three-year follow-up

Study 11l examined how a small number of students- (27) developed in
literacy and basic basic number ability soon aft@ training, i.e., approx-
imately six weeks after pre-tests (Time 2, T2)aaeven-month follow-up
(Time 3, T3) and over three years later (Time 4), Témpared with pre-
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tests (Time 1, T1). The students (mean age = Wed¢ selected from the
original group.

Before the sample was drawn, it was decided tadekwo thirds of the
control group students and twice as many from #peemental group. This
resulted in a control group of nine students (8di6 boys), four of whom
had an ADHD diagnosis (1 girl/3 boys). Five of thesudents were now in
normal-sized classes and the others (n = 4) weirgg daught in special
units.

Eighteen students (3 girls / 15 boys), nine of whtad an ADHD diag-
nosis (2 girls/7 boys), formed the experimentalugroTwelve of these stu-
dents were in normal-sized classes and the otlmers5) were still being
taught in special units.

Firstly, the performance of the 27 students waspaoed with that of the
students who did not participate in the three-yellow-up, to ensure that
the random group was representative of the remaiu of the group as a
whole, which proved to be the case. There was gnifsiant difference be-
tween the groups on any of the testeesét), with one exception: those in the
experimental group who did not participate at T4fqgrened better on the
Digit forward at T2.

Secondly, the reading and mathematics performamnees analysed (va-
riance analysis that controlled for gender and .ageg results at T3 were
consistent with the results observed in the pre/emalysis (Study | and 11):
boys and girls in the experimental group had impdomore than those in
the control group in reading comprehension at T&,rot in mathematics.
These 18 students had also improved in word degatiiT 3, which was not
the case for all 42 students. The teachers andhisapé the treatment group
participants rated the students’ attention skilsS-1V, Questions 1-9).
This revealed that the parent rating scores hadfgigntly declined (lower
is preferable) at T2 and T3 compared with TFieét).

Finally, results at T4 were analysed. There wasifsogint improvement
in reading comprehension between T1 and T4 foretfire experimental

group.

4.3.1 Results from working memory training

Figure 11 summarizes the results from the workirggnaory training using
the second working memory model (see 2.1.4). Fidureillustrates en-
hanced results at T2 and T3 in STM (VS-STM, Spaarddorward) and
WM components i.e., attention (DSM-1V) and VS-WMpéh board back)
after training, and in reading, and number skitl§2, T3, and T4 in boys.
Improvements appear in white.
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Reading comprehension
and
basic number skills in boys

Improvments:

Attention:
DSM-IV

Improve-
ments: VS-
STM:

Span board
forwarc

Figure 11. WM model 2 (see Fig. 3). STMs are sagafunctions. WM-functions

= the central executive (Dahlin, 2013; cf. Deh)&QAlloway et al., 2006).
Note: VS-STM = visuo-spatial short-term memory; W4 = 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 signffity lower at baseline in
mathematics, Digit forward (STM measure) and stadex (training scores
at Day 1 of the training session) but not in regdiomprehension or word
reading. Training scores (max index minus starei)dmproved as much in
girls as in boys.

Table 9
Descriptive Statistics for Girls in the TreatmenbGp
Cohen’sd
Measures T1 SD T2 SD T3 SD T2-T1 T3-T1
mean Mean mean
Span board 407 10 493 08 507 08 0.88 1.03

Forward
Span board back  3.29 0.9 4.21 2.0 4.50 15 0.55 109

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 2742 31 2929 27 3029 17 0.79 1.07
Addition 1471 59 1743 44 1714 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 54 1128 50 1243 6.6 0.33 60.4

Reading 7.71 21 1127 16 1000 238 1.80 0.87

comprehension
Word reading 10.86 4.4 12.28 3.8 13.14 5.9 0.32 104

Note.n=7; mean age =109 at T1
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Table 10
Descriptive Statistics for Boys in the Treatmenb@r at T1, T2, and T3

Cohen’s
d

T1 T2 T3 T2-T1 T3-T1
Meaasures mean SD mean SD mean SD

Span board forward 4.60 09 584 10 565 10 1.25 1.09

Span board 4.10 11 532 12 509 1.0 1.05 0.93
Back

Digit forward 4.40 0.7 483 08 481 0.8 0.57 0.54
Digit back 3.10 0.8 3838 1.0 347 1.2 0.87 0.36
Raven 27.14 53 29.73 50 2982 49 045 0.52
Addition 17.77 52 1937 5.1 2060 4.8 0.31 0.56
Subtraction 12.89 53 1343 6.2 1431 6.0 0.09 502
Number skills 15.29 6.2 1709 6.4 1883 6.3 0.28 560.
Reading 8.60 40 1105 33 1131 3.1 0.67 0.76
comprehension

Word reading 11.91 38 1300 57 1351 5.2 0.22 503

Note. n = 35; mean age at Time 1= 10.7.

No gender differences were noted in the performafigeoblem solving
(Raven), reading measurégdst) or DSM IV at pre and post-tests.

To determine how each group (boys, girls) perfornedtect sizes (Co-
hen’sd) were conducted. The effeal)(was large on Span board in both
girls (Table 9) and boys (Table 10). The same patbecurred in the total
group (boys and girls, n = 42). For girls, the eff@) was also large in Ra-
ven but moderate in number skills (BNST) relatiw€ltme 1, and according
to these analyses, the girls showed no improvembatsoever in addition,
subtraction and Digit forward (Table 9).

The boys’ results at T4 were investigated. The yamlshows that there
were effects for boys at T4 (n = 15) in reading poshension, subtraction
and the BNST. Effect sizes (Cohemnl)sat T4 relative to T1 were: reading
comprehensiond(= 1.09), subtractiond(= 0.94) and the basic humber test
(d = 0.75) compared with boys (n = 6) in the congnaup.
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4.4.2 Comparison with normal-sized classes

In order to gauge the level of the students' basmwledge, the average
results of the various tests completed by the éxmtal and control group

were compared with the performance of studentsgular classes in Grades
3, 4 and 5 (Figure 12).

Basic number skills and reading: z-scores in
regular and special units

basic number

W M regular classes

M special units

-1 0,5 0 0,5

Figure 12. Descriptive statistics for mathematind aeading results at T1: Z-scores for all
available results in reading and basic humbersskilregular classes (red, n = 214), and in the
treatment and control group (blue, n =57). Totam=0 (n = 271).

Compared with all of the available data (n = 27r) Grades 3, 4 and 5,
the special units lie on an average of reading mathematics tests corre-
sponding to the 2Dto 30" percentile (basic number skills (BNST), 20th
percentile; reading comprehension and additionh 2&rcentile; decoding
and subtraction, 30th percentile). The studentegular classes performed
significantly better in mathematics and readingagBen’st-test) than the
students in the special units.

It should be noted that the students performed Jesk on subtraction
than addition despite the tests being structurettiensame way: they begin
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at a very easy level for the first ten problems #eddifficulty progressively
increases thereafter. This suggests that the stibtiacalculations were
more difficult for these students to carry out thia@ addition calculations.

Teachers (n = 22; 13 teacher respondents in theriexgntal group and
nine teachers in the control group at T4) shared fherspectives regarding
the ability of their students to meet the schogbsls in mathematics, Eng-
lish and Swedish. They estimate that approximately of these students
will fail to meet the school's goals in Swedishghsh 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 hadhBRID diagnosis. We
investigated whether there was any difference ainimng effect for those
with or without a diagnosis. There was not; theyalieped in almost exactly
the same way in both mathematics and reading cdrapsion.

4.4.4 Correlations in regular classes

Figure 13 shows that reading comprehension and B$t®fies are related (
=.54,p < .01) in regular classes. Reading comprehensiddition, subtrac-
tion and decoding are less related in these stad&igures 13, 14 and 15
summarise correlations in regular classes anddagnent group for reading
and BNST.

4.4.5 Correlations in the treatment group

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

Correlations between reading and WM measures (geee-15): reading
comprehension was related to Span board forwardndiuto Digit forward
or back at pre-test (T1). Span board back hadigieest correlations with
mathematics through all replicates<.60,p < .01.

The training index outcome scores were signifigardlated to those of
Span board back (T2 — T1, T3 — T1), addition resattT3 and Span board
back at T3. The Span board back outcome scorem(fiigs T1) were related
to the addition outcome scores<.42, p <.05).

The relation between reading comprehension andditegavas high in
the treatment group but lower in regular classdss Tndicates that the
treatment group were relying more heavily on demgdhan the regular
classes were. Firstly, this is further proof thhbpological skills are not as
important to skilled readers as they are to novéalers. Secondly, it con-

89



firms that basic number skills are important fadimg, as reading and basic
skills in mathematics are correlated.

Regular classes

BNST Addi- Subtraction Decoding
54 tion 37 .29*
29%

Reading comprehension

Figure 13. Reading comprehension: correlationsgalex classes (n = 100).
Note. *p=<.05; *p=<.01

Treatment group

Reading comp.| Addition | Subtraction Decoding
AT 70%* 73%* n.s.

P

Basic number skills

A A A

Digit forw.
. 46**

Raven Span board forward] Span board back}] Digit back.
. B5** . 55* . 60** .39

Figure 14. Basic number skills: correlations in theatment group (n = 42 at
T1).
Note. *p=<.05; *p=<.01

90



Treatment group

BNST Addition | Subtraction | Decoding
AT .34* 52 .64**

A

A

Reading comprehension
Digit forw.
p n.s
—_—
Raven Span board forward| Span board back | Digit back.
. 52%* . 31* . 38** n.s

Figure 15. Reading comprehension: correlations énttbatment group (n = 42) at
T1.
Note. *p=<.05; *p=<.01
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5 Discussion

The overall objective of this thesis was to invgste whether five-week
computerised WM training sessions in the schooirenment would have
positive effects on WM-related test results andidoasmber and reading
development in students with attention difficultien intervention study
featuring an experimental group and a control graa#s carried out. The
participating students were all being educatecpciml units within or near
the ordinary schools and all had attention defiddgproximately one third
of the students had an ADHD diagnosis at projeatt.siThe hypothesis
posed for this study was that WM measures, readorgprehension and
basic number skills are enhanced by the WM traipiragess.

5.1 The whole concept

Reading comprehension and basic number skills iys bmproved after
working memory training and persisted over the ge@he hypothesis posed
for this study was proved to be partially true. tady shows that WM
training resulted in enhanced reading comprehersgiores. It is reasonable
to assume that other factors may have also coiddio the results. Effects
in WM experimental studies depend on the specifiefihition of WM, the
types of tests conducted, the statistical analgsésthe study’s design. How
we define and measure attention and WM skills éady fundamental as it
affects the conclusions we draw.

One explanation for the enhanced results may bethlea‘concept as a
whole’ (e.g. training, training situations, incredsattention from adults,
rewards, motivation and a feeling of succeedingy imave influenced the
results. Some studies find correlation betweentipesexperiences and in-
creased activity in the prefrontal cortex (Lightaét 2009). Increased activi-
ty after WM training in this particular area hasbelocumented (Takeuchi
et al., 2010; Olesen et al., 2004). While othery diaagree (see 2.10.4), on
the basis of this study, | believe that the WMrtag sessions may have “set
something in motion”, as discussed by Logie (2012gie highlights the
development of specific strategies that may beiegpb other learning situ-
ations, together with enhanced motivation. Wellgeamd positive experi-
ences affect learning (Light et al., 2009). Theodiery and development of
strategies occurs during training, students expeeie positive feeling from
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the adults' participation and positive attitudesg ahe combined effect of
these elements increases their willingness to apgiymselves better in other
contexts as well.

Particular attention was paid in the planning stagethis study to the
training schedule, the participating adult beingpmsitive terms with each
child, the information presented, and the involvetmef parents from the
very beginning and throughout the training (e.geetings at school, tele-
phone interviews, the daily provision of trainingpiocols).

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

Studies show that both WM and attention abilitieatdbute to WM ca-
pacity differences in individuals, but no theoryshmeen able to explain why
this is the case, according to Gibson et al. (20i®ally, training pro-
grammes would be able to affect both attention\&ihi

Finally, the link between LTM and WM is importard.g§., Nyberg &
Backman, 2007). Dopamine was found to be enhanfted \&M training
(McNab et al., 2009), facilitating memory recalldatie collection and stor-
age of knowledge in LTM, which along with other anbhements might
strengthen the effect. Certain aspects of WM, titterand 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 teshioh results improved
across the entire training group after WM trainifige results of the other
reading measures were not expected to improve.hjpethesis was that
reading comprehension would improve because motteoéxercises in the
training conducted loaded on WM abilities (i.e sue-spatial-WM) and not
on STM. Other reading tests (decoding/phonologatélity and orthograph-
ic skills) were included more as ‘control measuresth a view to verifying
or ruling out the kinds of abilities influenced the training programme

The results show that working memaory capacity liategl to reading. Im-
provements were made in reading comprehension,at3and T4 (Study |
and Ill). The improvements observed at T3 in regdor the entire group
are still in evidence three years later when coeygbavith the control group
and the results at T1, and have not diminished.
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Enhancements in WM measures, as shown in the Syaad fvisual, non-
verbal), and Digit span (verbal) may be linkedHe positive development of
reading comprehension. Shah and Miyake (1996) faad reading and
visuo-spatial skills were related and that theyueficed reading comprehen-
sion results.

Cooperation between verbal and visual featuresadteehtion, which are
managed by CE, is highlighted as being signifiaanteading comprehen-
sion (e.g., Baddeley, 1992; Gathercole & Pickeri2@)1). Swanson et al.
(2006) emphasise the importance of the centraluivec(CE) function in
reading comprehension. Further, attention (ratoajes) was, for instance,
improved after WM training in a study by Gibsonatt, (2012). Efficient
WM processes, including attention, appear to berggd in reading com-
prehension. In the context of this discussion, liehe that the CE function
may have improved (Span board back improvemengu¢gi 11, 16), possi-
bly by enhanced attention ability (DSM-IV), which mecessary in order to
be able to process information (e.g., Cowan, 2005).

Decoding skills did not improve after WM trainingowever, decoding
problems are not always the reason behind sevadinge difficulties. Those
who have difficulty understanding text do not geigrdiffer from those
without this problem where performance on phonaalgimemory tests
(STM) is concerned. Rather, if information procegsiWwM) is problematic,
reading comprehension can be affected (Hulme & $ngw2009). Melby-
Lervag, Lyster, and Hulme (2012) found that phoreskills varied in chil-
dren with dyslexia in relation to children of thenge age without reading
problems. However, it requires probably a moreadexplanation for dys-
lexia. (Smith-Spark & Fisk, 2007.

Most reading comprehension tests are designedraiffig from this. To
avoid poor writing ability affecting reading compension results, oral an-
swers to the open-ended questions were written dowtine adult carrying
out the test. It was probably easier for the sttgiéo reply verbally to an
adult than to write their answers independentlys aresult, the students
possibly felt more confident and they may haveeaased their own efforts
to focus on these particular tasks.

The experimental group performed lower on both ewattics and read-
ing tests at T1 than the control group, but théedehces were not signifi-
cant. In the case of reading comprehension, thererpntal group passed
the control group at T2 and developed at a simdsge to the control group,
but at a higher level. No other measure showed phttern. This type of
development, when a treatment group that is lohan the control group at
pre-tests but develops so much that it crossesdh&ol group’s curve, is
referred to as a so-called ‘crossover’ (Trochim &ndelly, 2006) and pro-
vides strength to a quasi-experimental study. @nassis positive and in-
creases the reliability of a study because it degre the risk that the changes
could be due to an artefact (a regression to trenjrend increases the prob-

94



ability that the changes are ‘real effects’ (Trool& Donnelly, 2006; Shad-
ish et al., 2002) (Figure 10).

Reading comprehension
and
basic number skills in boys

Improvements: Improvements: Improvements:
CE: VS-WM: VS-STM:

Attention: Span board Span board
DSM-IV back forward

Figure 16. This figure summarises the results:ndtia, STM and WM
components were enhanced after training, at T2Tédand reading and
number skills showed improvements at T2, T3, and Tiese advances
appear in white (see Figure 11 also).

The WM training sessions seem to have influenced résults of the
measurements used in this study. It can be asstimaédf the students had
not taken part in the intervention study, they riphave remained at the
same, lower level relative to the control groupTatand T4 as at T1. As it
has been noted that the development of WM is lia@ak related to reading
comprehension, there is significant risk of a ‘rget-richer’ effect emerging
(Stanovich, 2000), i.e., the able students perfpragressively better while
those performing lower from the outset find it wiffit to reach the same
level as their peers without WM problems.

Neither orthographic skills nor decoding were inya® by the interven-
tion, with one exception: improved decoding at Té&wbserved in the boys.
However, it is not possible to draw any conclusifsom this. Melby-Lervag
and colleagues argue that phonemic skills are ¢hg foundation of reading.
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However, they discuss neither reading comprehensiorthe higher cogni-
tive processes involved in inference making, W&\ abilities. It is probably
necessary to consider both bottom-up and top-dowoegses as discussed
by Verhoeven, Reitsma and Siegel (2011). Conselyldinis necessary to
consider more than phonetic skills alone as a Wasi®eading development.
In this study, reading comprehension improved leabding ability did not.

5.2.2 Basic number skills

Overall, basic number ability (BNST) improved at, Bt not at T3 (Study
II). However, analysis of the performance of thg$m the treatment group
alone reveals that they had improved significaatlypoth T3 and T4 com-
pared with the boys in the control group. In theecaf basic number skills,
the treatment group approaches the control groupthmir development
curves do not intersect. Nevertheless, the trerdrisidered as positive [see
scenario (4), Figure 9] (Trochim & Donnelly, 2006).the treatment group,
the BNST and subtraction were related to readingprehension. Training
outcome scores were related to those of Span lbeaidat T3.

The enhancement in the BNST results may be dukilte & processing
(WM), and linking and recoding information (LTM).0F example, it was
found that students who perform poorly on matherahtasks do not neces-
sarily have difficulty storing information (Passoihi & Siegel, 2004). Fur-
thermore, according to Hulme and Snowling (2008¢, ability to process
information differs from one individual to another.

5.2.2.1 Subtraction skills

Another measure that shows improvement on onlyameasion (cf. decod-
ing for boys at T3) is subtraction for boys at THe(girls were excluded
from the analysis as they were too few in numberdid not improve at all
at addition, subtraction or Digit forward). It che noted that the students in
this study performed less well on subtraction thddition, despite the tests
being structured in the same way, i.e., starting &ery easy level for the
first ten tasks before progressively increasindifficulty.

It is more difficult to count backwards than fondar(cf. Study Il, Table
2: Digit forward and back: raw scores are lowerDngit back). Subtraction
is more difficult for these students to calculdtart addition (Study 1l: Table
1, 2: raw scores are lower on subtraction). Sonteefttudents in this study
identified subtraction as a difficult aspect of ibawathematics. The use of
addition and subtraction tests, which are easydtirister, could be one
way of identifying students at risk of developiriffidulties in mathematics.

Addition and subtraction calculations are dependenstored knowledge
in LTM (from experience and training) and on thdigbto retrieve factual
knowledge from LTM rapidly as the tests only lastisa few minutes. These
processes do not draw much on WM capacity, i.ahef are automatised.
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Subtraction is in that case a purely STM taskKéhgberg, 2007). Howev-
er, if the assignments to be made are not autoedatis burdens WM. It
follows that if students with WM difficulties arebliged to perform the cal-
culations manually, they will have insufficient #nin which to solve many
of the problems, as their WM will be continuouskedoaded (Clark et al.,
2006).

5.2.2.2 WM and mathematics

The Span board back (visuo-spatial WM; VS-WM) resirhproved and had
the highest correlation with basic number skillgisTmay explain why the
boys improved in basic number skills.

In sum, the Basic Number Screening Test contawveriaty of questions,
some of which call for logical thinking (adding eries of numbers) and has
no set time limit. Out of the two tests in whidtetboys improved, one was
time-limited (subtraction, T4) and other was noN@&T, T2, T3, T4).

Deficiencies in WM capacity can cause difficultissmathematics. Ger-
sten et al. (2005) conclude that reading diffi@dtare related to the speed
with which mathematical problems can be solved. el®v, as with poor
reading skills, the reasons behind the varying elegyof difficulties may be a
combination of factors such as a lack of basic kadge and/or vocabulary,
behavioural problems, personality-related issuapaired cognitive ability
other than WM, poor teaching skills, teacher peatibnissues or the envi-
ronment (e.g., Goswami, 2008a; Snow & Polselli 3w2e03). It is there-
fore unwise to consider simply one or two of theknents in isolation,; it is
more complex than that.

WM is important to performance in both basic numildéis (Lemaire et
al., 1996) and reading comprehension. It can préldécmathematical devel-
opment of students with normal reading developmegiardless of ability in
the phonological loop, inhibition and reading (Sa@m, 2006).

Mathematics draws on many different abilities. Irdi believe that it is
possible to generalise ‘difficulties in mathemdticd person may have spe-
cific difficulties with subtraction, but not withddition, or find it hard to
understand written problems, conversion or the. likés important to ana-
lyse each student's difficulties carefully and pdsvassistance 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 betwesading and number
skills and working memory and reveals a correlatimiween particular
visuo-spatial STM and WM, reading and mathematicpre-tests in these
students. WM training scores correlated with imgroents in Span board,
both at T2 and T3. Previous studies have foundahatv visuo-spatial WM
in students is an indicator of reading and mathesalifficulties (Pickering

97



& Gathercole, 2004) and that CE function abilityfelied between those
with good and poor reading comprehension (Swansah,006).

Analyses (Study 1) reveal that Span board forwaigdup-spatial STM),
Span board back (visuo-spatial WM) and Digit spamvard (verbal STM)
and back (verbal WM) all improved immediately aftesining compared
with the results of an external control group. Heere only Span board was
significantly enhanced at T3. The WM training inv@mtion seems to gener-
ate improvements in non-trained abilities, i.e.adiag comprehension,
which could be due in part to the enhanced viswdigpSTM and WM
(Span board).

5.2.4 Attention deficits may mask other problems

Teachers and parents in the treatment group réedtudents’ attention
skills (DSM-IV, Questions 1-9). This showed tha¢ $core had diminished
(lower is preferable) significantly at T2 and T3wuared with T1ttest).

It may be that the five-week training increasedoamtration abilities and
awareness that making an effort in learning situetican be worthwhile,
and that it can result in increased motivation emterest. Attention is nec-
essary in order for learning to take place (e.grhdeven et al., 2011; Cow-
an, 2005), and is important to be able to control and direcFig(re 1).

Attention difficulties may be overlooked in studenwith reading and
basic number difficulties. It is important to unskand where the weaknesses
lie and not to simply dismiss a student with aeraton deficit as “forget-
ful”, “lazy” or someone who “never listens”, thesedenying the child ap-
propriate assistance and the education that héemsarrants (Alloway &
Gathercole, 2006). Some students with a diagnasiatiention deficits
(ADHD-I) do not receive help with additional prolie they may have such
as difficulties in reading and or mathematics. FRoisuoften fixed solely on
issues relating to conduct (Tannock & Martinuss2001). Addressing this
failure could involve restructuring and planninguedtion in a completely
different way (Clark et al., 2006) and providingesific support in mathe-
matics and in reading and writing.

Wahlstedt (2009) found that certain EFs and acaclechievement are
not related to hyperactivity or impulse controlideg$, but to inattention. She
highlights, as do many others (e.g., McLeod et2012; Nigg, 2006), the
diversity in children with attention problems ar timportance of investi-
gating each child’s profile in order to confirmtifey have attention, hyper-
activity and/or comorbid problems.

The students who patrticipated in this study werad&aught in special
units, primarily due to their attention difficulseand not because of mathe-
matics or reading disabilities. Only three had biemestigated for dyslexia
at T1. Nevertheless, they performed significarghyér than the regular clas-
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ses. They were in the 9%ercentile in reading comprehension and in the
20" percentile in basic number skills (the BNST) a-fests.

5.2.5 Motivation and the feeling of succeeding

Several students in this study expressed anxietydanbt about failing to
learn or a particular kind of teaching, both of gfhalmost certainly affect
motivation.

This could be an important focus area. Studentkignstudy were able to
clearly express how they feel when they cannotanat understand.

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

Every time we have maths...| am disappointed ineatfylsecause |
cannot...I lose confidence (Grade 6, difficultiegriathematics).

One of the boys said that he walks around the rdass when he does
not understand and that there is no point in emgng.

It has been noted that students in Grade 1 withdrem lessons (Poski-
parta et al.,, 2003) despite the fact that no dicanit differences had been
recognised between the students at preschool |8eehe of these students
may have been exposed to curriculum content thatte@ advanced before
having the opportunity to acquire the prerequikitewledge and as a result
lost their desire to learn. A number of them mayehhad difficulty follow-
ing instructions, leading them to withdraw. Perh@tps characteristic of
students with WM-deficits and/or attention diffitek to frequently with-
draw in this way. Positive learning situations assential. The fact that low
WM capacity may generate low self-esteem (Allowaysé&thercole, 2006),
2006) and that self-esteem may affect the way iichivproblems are solved
(Naglieri & Johnson, 2000) could be valuable knalgie for teachers.

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

... when you experience that, you learn ... know hbat's good. Then
... it feels pretty good.

Success has an impact on learning (Light et ab9R0Some of the stu-
dents' improvements on the tests carried out maguleeto them experienc-
ing a feeling of succeeding during the traininggreanme sessions, an un-
derstanding that it is possible to influence tlwim learning situation. Dur-
ing the study, students in the treatment groupivedeextra encouragement
and affirmation and together with successful tragnfall students completed
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the stipulated amount of exercise: 20-25 days, whnay indicate the in-
volvement of both students and adults) improved therformance on both
WNM-test reading and basic number tests.

They probably discovered that the ability to fopugvided the opportuni-
ty to solve a task; it ‘paid off. Some studentsegked that they were able
to concentrate better after practice. They now lgreater insight into what
‘concentration’ means and involves. As a resuleytlinave a strategy in
learning situations: to make their best effortedacentrate on a task, which
in turn produces positive results and wellbeingcc®gs creates the desire to
learn more (Light, et al., 2009; Timperley, 201A)boy (Grade 7) who par-
ticipated in this study explains succinctly what dees best in school and
why: “ Math. I've been practicing a lot, then igasy!

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

5.2.6 Early efforts

Students with attention deficits could be considexerisk of underachieving
in school: the students in this study performedificantly lower at T1
compared with students in regular classes. Studantke study were in
Grades 3 to 5. Possibly the focus should be olieeafforts to train WM
and support the acquisition of basic skills. Togethith motivation and the
pleasure attached to fulfilling different kinds tafsks, it might affect the
development of knowledge and WM, as positive enmatiare beneficial in
this context. In order to prevent students fronditg’ and losing motiva-
tion, students with difficulties in mathematics altb be identified and
stimulated as early as in preschool and Grade figlaeet al., 2005), an ap-
proach that | believe should also apply to studesiits reading-related diffi-
culties.

Perhaps it is difficult to compensate at a latagstfor the slow develop-
ment of skills in young students with significantMeficits. Years of stim-
ulation and learning are lost in later grades. &tann (2001) underlines the
importance of basic knowledge in building new knesge. Basic
knowledge acquisition may be hindered by task aumie strategies, which
may result in further conflict with teachers (Hesdgon & Rydell, 2004), and
a lower level of intuition than peers (McLeod et2012).

Since preschool students are especially sensivassimilating ways of
regulating their own emotions and behaviour, it mhige worthwhile train-
ing EF, which could produce a positive outcome wWfglong benefits (Cen-
ter on the Developing Child at Harvard Universidd11). A recent study
found that students with the poorest EFs befoerwention (i.e., WM train-
ing, classroom interventions and physical exerciagjeting the improve-
ment of WM, social interaction and emotional cohiroproved the most
(Diamond & Lee, 2011).
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While it may be common to focus efforts solely dropology and read-
ing intervention at an early age, this appears sdratill-considered. | be-
lieve that early efforts should encompass all agmssible shortcomings,
i.e., to teach and provide strategies in ordetopensate for weak abilities
in WM, early numeracy, problem solving and exeautfunctions, along
with reading-related fields such as phonologicah@mess, word recogni-
tion, listening comprehension and reading comprsibenMeeting students’
needs demands indeed knowledge, experience anthgnggearch.

5.2.7 Differences in performance

Differences between the boys’ and girls’ resultpesped in the present
study, in the sense that the girls started at @fgigntly lower level at base-
line in mathematics, Digit forward (STM measurell atart index (training
scores at Day 1 of the training sessions) butmoeading comprehension or
word reading. They improved on one WM test (i.paiSboard back, Study
II) while the boys also performed better on theiDgpan. The girls im-
proved as much in training scores, but their pregremained equidistant to
that of the boys at post-tests.

This particular case could be due to chance alouecould also mirror
general gender differences that may occur amondests, i.e., a higher
prevalence of reading disabilities in boys (Ruteral., 2004). Rutter and
colleagues found in four independent studies thatling disabilities were
significantly higher in boys. Since girls generadlygpear more attentive than
boys, they may not receive the specific help thaytneed in order to cope
positively (Gathercole & Alloway, 2008). Howevengtsample size for girls
in this study was not large enough to draw any kmans. It would there-
fore be desirable if future research on attentieficds focused specifically
on the needs of girls, which appear to differ coragawvith boys.

The fact that more boys than girls have an ADHydasis may contrib-
ute to less research being devoted to girls. it aiso be that girls respond
differently to interventions or that their problerase of a different nature,
but this remains unclear (Hinshaw, 2002). In amestudy, it was found that
poor EF abilities in childhood predict low mathermositachievement in girls.
The girls with both EF deficits and ADHD developatda lower level than
the girls without these problems (Miller & Hinsha2@10).

These findings are important because the girldim study improved as
much in Span board, training scores and readirtheaboys relative to pre-
test, despite starting at a lower level than thgsbblowever, they improved
moderately in the BNST and did not improve atmliDigit forward, addition
or subtraction (at T3 relative to T1). It may battla low level of WM at
start influences development in mathematics. Pusvgiudies show that the
development of WM is dependent on ‘start levelogd who start low de-
velop at a lower level over the years compared p&érs (Baddeley, 2006).
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Differences in performance can be attributed toumlver of variables.
Firstly, students can be differentiated from onether by the way in which
their brains function (Goswami, 2008a). For examftere may be differ-
ences in the use of prior knowledge from LTM (Esims & Kintch, 1995)
which may result in limitations in linking informat from different sources
(Alloway & Gathercole, 2006).

Secondly, Goswami (2008a) highlights the importapiceonsidering the
interaction between biological and environmentdllusnces which occurs
constantly in cognitive development. It is reasdedb assume from what is
discussed here, that it is important to pay eatiynéion to WM ability and
to reading and number skills because WM capac#ynseo be related to the
development of these abilities. Having an undeditanof this area is high-
ly relevant in education because the brain isthi#l‘main organ of learning’
(Goswami, 2008a, p. 381). This knowledge can b@flkein developing
better teaching environments.

5.3 Methodological issues

5.3.1 Limitations

The present study is a quasi-experimental studgafied because the treat-
ment and control groups were not randomly selectd. control group re-
ceived no placebo. Errors due to statistical a\regression to the mean)
test correlation over time and pre-test resultsaféact the outcome later in
different ways and affect a quasi-experimentalyinda positive or negative
sense. In systematic reviews, some believe thaxperimental study with
placebo and randomisation is the only design wootisidering.

The possibility of conducting a randomised study webated, i.e., to al-
low one randomly selected group of students to weitk the interactive
WM-training programme while inducing another grotg practice with
‘game software’. Morrison and Chein (2011) hightigie dilemma of con-
trol groups losing motivation and interest. Furthere, the research team
was not entirely satisfied with a situation requiristudents to spend many
hours training with a programme unlikely to haveasitive effect, all the
while raising the expectations of the students ar@nts concerned. There-
fore, on ethical grounds, we allowed the controlugrto participate unique-
ly by completing tests with the same frequencyhastteatment group. All of
these discussions and decisions were obviously rmpéde to project start
and prior to submitting an ethics application. Tesign was approved by
the Ethical Council.

An experimental study with randomised assignmentegarded as the
most reliable model for conducting studies thatake to prove the causal
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effects of treatments. The results of a study witlsi-experimental design
can nevertheless provide valuable knowledge (Shagtisal., 2002). Many
factors can affect the results of a study, whethés randomised or not.
Even in a randomised trial, the validity of an expent is never certain
(Shadish et al., 2002). All studies require accyiaed the appropriate ana-
lyses, but the choice of design can have a rangergequences. Randomi-
sation does not automatically provide a reliabibtydy. In every kind of
study, the participants’ awareness of being para aftudy influences the
results, as does the test design, implementationpgcomposition and accu-
racy in analysis (Shadish et al., 2002).

In terms of evidence of causal relationships insgp@aperimental studies,
| believe that ruling out studies as a matter afrse based on design carries
the risk of overlooking vital information and faifj to notice an aspect of a
much broader perspective (Shadish et al., 2008 difficult to achieve and
guarantee perfect experimental situations withincational settings, espe-
cially in longitudinal studies where the particigmare in any case exposed
to influences of variables that may be difficultcantrol.

5.3.2 Strengths

First, let us consider pre-tests. There were diffees in baseline perfor-
mance between the experimental group and contoaipgibut they were not
significant. They can be controlled by using, as We case here, the base-
line results, ages, differences in schools and aexovariates (Mertens,
2005). However, various types of precipitation uefice the final results,
such as how basic number skill development in Hogm the treatment
group approaches the control group. Reading corepsibn shows a posi-
tive development, a crossover effect, which is igincouraging according
to Shadish et al. (2002) and Trochim and Donn&B06), and gives weight
to the results of a quasi-experimental study.

Some might argue that the results depend on imfeunstandardised
tests, but we found it necessary to design our @snbecause of the unsuit-
ability of the available designs (commencing at bigh a level, generally
designed for students in regular-sized classes)tlamdack of parallel ver-
sions.

The measurements are judged to be reliable betlaegsests were evalu-
ated and corrected by the researcher, both befatedaring test execution
and when different versions were tested (at wegltrvals), and because
most tests were carried out by that same researtlmvever, this person
knew who belonged to the treatment and controlgras it was not a “dou-
ble blind” study.

Also reported are correlations between test sessiba way in which ac-
tual impact is calculated and the results of tlagistical calculations. Train-
ing was organised and carried out consistentlyafbiparticipants. Precise
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and accurate information was given to teachers pardnts orally, during
personal meetings and by mail.

It is worth mentioning that we also employed wealhyen and standard-
ised tests in addition to the tests that we desighesides WM (WISC llI,
WAICE-NI) and problem solving tests (Raven), a neathtics test (the
BNST) that has two parallel versions and table mofstandardised on 3,042
students in the middle of the school year). Thelte®f the BNST show that
only the boys in the treatment group improved mBNST, but did so at T2,
T3 and three years later compared with the boysercontrol group.

5.4 Conclusions

This study presents five key findings:

(1) The treatment group seems to have gained flamtorking memory

training, (2) reading comprehension and basic nurskils are related to

WM measures, (3) WM training sessions and pos#ixgeriences alone are
insufficient to help these students develop in livith their peers in school
subjects such as reading and mathematics, (4) Whtyatan vary among

groups, and (5) more research is needed to sulaséttte efficacy of the

WM training program.

Firstly, the treatment group seems to have gairad the cognitive training
of working memory with the computer assisted progrdhe gains were
observed on reading comprehension, and visuo-$pétld and STM
measures, and on basic number skills in boys bo#ttty after training,
after six months and at the three year follow-ugteAtion ability in terms of
DSM-IV (parent rating scales) increased after Wlring. It is reasonable
to assume that several factors may have contritiatdee results.

Secondly, the conclusions drawn are that WM abidityelated to reading
and basic number skills and for that reason, itigortant to take WM ca-
pacity into account in the classroom.

Thirdly, this study shows that students are stifjeriencing difficulties in
certain subjects three years after the trainingfiéan all students will meet
the school's goals in Swedish, English and/or nmatties, according to
teachers. Probably, students’ mathematics and ngaskills should have
been strengthened at earlier ages, regardlessatherthey had a diagnosis
of any kind. The students’ development seems te l@en affected to such
an extent in the early years that it could be cliffi to repair. Still, my own
view is that being part of this intervention stuayd completing the training
sessions was in some way meaningful for the treattigr@up participants.

Next, this study shows that WM-capacity can varyoagdifferent stu-
dents. Boys and girls in the treatment group peréat differently.
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Finally, the study has methodological limitatiod$e 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 thiady that should be con-
sidered in education:

(1) the assessment of children’s cognitive profil@) educators being re-
search-informed, i.e., able to recognise variabled underlying cognitive
function in the classroom, (3) the provision ofteysatic education accord-
ing to each individual's profile and proximal zor{é) the evaluation of in-
structional effects and long-term follow-up, andl ¢8ucators being aware of
differences in individuals’ cognitive profiles, nainly in children with
ADHD diagnoses but also in those with ‘only’ atientrelated problems.

It was found that WM ability is related to readiagd basic skills. Ac-
cessing knowledge (stored in LTM), not only for hexhatics but also for
reading, probably charge resources such as WM #edtian and activate
various other cognitive resources, depending on éasy or difficult it is for
the individual to pick up information from the LTNWe should therefore
pay attention to the way in which students are ed at preschool and
later in school.

The girls who patrticipated in this study startechdower level than the
boys. They improved as much in training, but timeogress remained equi-
distant to that of the boys at post-tests. It ienorthy that individuals may
differ in WM subsystems, affecting school resuftdifferent ways (Badde-
ley, 2006). It is quite possibly the quiet, sedadgys and girls who seldom
ask for help to whom we should be paying particatéention. | believe that
practice in whatever form (proven to be highly proiive in the case of
reading) is conducive to development, but it isc@blto begin interventions
at early ages.

In sum, | believe that WM difficulties should bekéa into account in
schools from an early age, along with reading amthematics, as these
abilities appear to be related. For this reasdelieve in creating stimulat-
ing, meaningful and evidence-based education dgwin educators’
knowledge and experience. | also believe that stistddevelopment should
be continuously evaluated and mapped, thus prayitegachers with the
knowledge ofwhatto focus on andhow during the school years. If work in
the classroom is not evaluated, it is unclear wéretin not new inputs pro-
duce better outputs.
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In my opinion, the field of special education stibble at the forefront
when it comes to evaluating and gaining knowledgeuaresearch and the
best use of findings in school contexts, so astdifate learning for all stu-
dents Special education should be designed to ensutdedianing and de-
velopment are able to take place with accuracypuevention, support and
alleviation. | hope that this study makes a vabdtdbution to research liter-
ature devoted to relieving problems caused speadifiby weak WM capaci-
ty. | also hope that this study provides valuahferimation and insights that
will prove beneficial to future research and poldgvelopment for students
with special educational needs.

5.5 Continued research

I see high value in conducting a working memorydgtin for example
Grade 2, with students who have WM problems andif€iculties in reading
or mathematics. Immediately after WM training, thveguld train (daily for
approximately half an hour over a few weeks) bagirtphonological, read-
ing and basic number skills. Students would corepklf-ratings at all
measurement points. There would need to be an egpimlof girls and boys
in each group.

Mathematics receives less research attention thadirrg and should be
investigated further to reach a better understandinthe relevant underly-
ing cognitive processes and how to best implemepergence with number
symbols and counting in young children.

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

Finally, every effort should be made to recruit adequate number of
girls in intervention studies, particularly in sieisl whose participants are
selected from populations where girls tend to bdemmepresented. Girls'
difficulties and the ways in which they respondrterventions could there-
fore be analysed and the results compared withr gils.
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