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Abstract—Recent development in the role of education in
pre-school children includes the use of Information and
Communication Technologies (ICTs). ICT nowadays is
recognized as a tool that can foster the knowledge and the
experiences for this crucial age and the support of specific
areas in kindergarten according to the educational perspec-
tive and the areas of needs they serve, is thought significant.
In this paper we present a brief overview of the most repre-
sentative studies of the last decade (2004-2014), which con-
centrates on the working memory and attention difficulties
that children face in kindergarten, and are supported by
ICTs. A brief theoretical scientific approach of the role of
working memory is presented while its correlation with the
Attention Deficit Hyperactivity Disorder (ADHD) is exam-
ined.

Index Terms—Working memory, preschool education, At-
tention Deficits, ICT.

L INTRODUCTION

Recently, there has been an increasing emphasis on ed-
ucating people who need special education with the sup-
port of ICT and thus this fact has reinforced the use of
technology as a mean of overcoming barriers to their
learning. There is now a general agreement amongst dif-
ferent specialists that ICT can support a child’s skills as
well as can create a developmental appropriate learning
environment depending on their needs and the curriculum
requirements [1]. Existing studies on the introduction of
ICTs in special education argue that can provide children
with additional opportunities for rich learning activities
that are relevant to their growth characteristics and have
positive effects in regard to their learning difficulties [2].
As aresult, ICT can play an essential role in achieving the
goals of the curriculum in all areas and subjects if the
provided developmentally appropriate software applica-
tions are embedded in appropriate educational scenarios.
Additionally, it has been noted that children who are ex-
posed to high quality learning opportunities experience
less difficulties at their academic life [2].

However, not all learners meet the same needs. That
means that there are groups that face certain difficulties,
which can lead to serious consequences for academic
performance as well as for relationships and occupational
outcome [3]. Today, hundreds of experts in the fields of
medicine, education and psychology are encouraging
working memory training and they’ve done an important
approach into practices and schools helping people of all
ages who face difficulties because of poor working
memory. Researchers agree, that working memory is

central to cognitive skills and is closely correlated to aca-
demic and professional life. Moreover, working memory
is the term used to refer to a higher-order skill to allocate
attentional resources despite distraction or interference
and increases considerably throughout childhood [4].
However, poor working memory is the source of many
problems related to attention and is often linked to Atten-
tion Deficit/Hyperactivity Disorder (ADHD).

ADHD is a psychiatric diagnosis that identifies children
who exhibit inappropriate levels of inattention and/or
hyperactivity [5] and is associated with poor scholastic
outcomes or other learning disabilities [6]. Attention diffi-
culties are one of the most prevalent problems that be-
come apparent during a child’s school-life and are usually
characterized by poor attention skills and/or hyperactive
and impulsive behaviours. These problems usually show
up in early childhood and more specifically are present
before the age of seven where often a diagnosis is taken
place. A common misconception about children with
attention problems is that they aren't paying attention and
they cannot focus on a specific time for an acceptable
period. This elevated risk for poor academic achievement
indicates that many students with attention disorders are in
need of an accurate diagnosis and effective intervention
strategies as ADHD usually continues into adulthood [7].
Research suggests that successfully management and
behaviour modification of this disorder often depends on
the integrated program of medical interventions and be-
havioural techniques. A very important factor for this
purpose is to involve parents and teachers in these inter-
ventions [8].

As a result, a growing number of studies seem to sup-
port the use of ICTs in both mainstream and special edu-
cation with several ways such as alternative communica-
tion, assistive or enabling technology, Internet applica-
tions, virtual environment and technology integration [9].
However, it is well known that computerized programs
seem to be a promising new approach to memory inter-
ventions as the role of technology for people with cogni-
tive difficulties is crucial in the areas of based applications
and neural networks [10].

Our scoping study drew upon national and international
publications as well as the research findings of the most
representative studies of the last decade which focus on
the use of ICT in the preschool age as a diagnostic and
intervention tool in children who face memory difficulties
and are struggling with ADHD. A brief theoretical ap-
proach of the role of working memory and its correlation
with the ADHD is also examined. This paper will present
a brief overview of the most representative studies that
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introduce software applications programs for diagnosis
and intervention purposes of preschoolers who face work-
ing memory and attention difficulties and need assessment
while a short theoretical scientific background is intro-
duced.

II. A BRIEF THEORITICAL APPROACH OF WORKING
MEMORY

Over the last 40 years, the concept of working memory
has been used widely, extending from cognitive psycholo-
gy to many areas of cognitive science and neuroscience.
The term of working memory was presented around 1960
[11], adopted as the title for a multicomponent model by
Baddeley and Hitch and was used independently by Olton
in connection with the performance of animals [12]. Ac-
cording to Klinberg [13], working memory refers to the
system or systems that are assumed to be necessary in
order to keep things in mind while performing complex
tasks such as reasoning, comprehension and learning.
Also, working memory is related to the hold of infor-
mation over a brief period of time, a function that is of
central importance for a wide range of cognitive tasks and
for academic achievement. Moreover, the concept of
working memory evolved from that of short-term memory
to the temporary storage of small amounts of material over
brief periods of time. As it was mentioned, it became a
topic of major interest during the 1960s and was linked to
an information-processing approach to psychology, in
which the digital computer served as a theoretical basis
for the development of psychological theories and as a
result this approach became known as cognitive psycholo-
gy. However, investigating the multicomponent concept
of working memory for more than 30 years this fact de-
veloped a useful theoretical framework for human activi-
ties and at the same time generated progress in under-
standing the role of memory in human’s capacity to think
[14].

According to Baddeley et al. [15], the dominant con-
ceptualization of working memory is of a system compris-
ing multiple components whose coordinated activity pro-
vides the capacity for the temporary storage and manipu-
lation of information in a variety of domains, consisted of
four limited capacity elements. The central executive is a
domain-general component responsible for the control of
attention and processing that is involved in a range of
regulatory functions including the retrieval of information
from long-term memory. The temporary storage of infor-
mation is mediated by two domain-specific stores the
phonological loop that provides temporary storage of
verbal material, and the visuo-spatial sketchpad that spe-
cializes in the maintenance and manipulation of visual and
spatial representations. The fourth component, the episod-
ic buffer, is a relatively new component of the working
memory model.

Many researchers agree that working memory (WM)
capacity predicts performance in a wide range of cognitive
tasks. Although WM capacity has been viewed as a con-
stant trait, recent studies suggest that it can be improved
by adaptive and extended training. This training is associ-
ated with changes in brain activity as well as, with chang-
es in dopamine receptor density. Nevertheless, the ob-
served training effects suggest that WM training could be
used as a remediating intervention for individuals for
whom low WM capacity is a limiting factor for academic
performance or in everyday life [16].
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Taking the above into consideration, many studies show
that conservation of information in WM is associated with
elevated and sustained neural firing over a delay when
information is kept in mind [17]. Neuroimaging studies in
humans have mapped WM-related activity to both sensory
association cortices and prefrontal cortex. Moreover, im-
paired WM is observed in many neuropsychiatric condi-
tions, such as attention-deficit hyperactivity disorder
(ADHD). As a result it is not surprising that attempts to
improve WM have a long history, beginning with Earl
Butterfield and colleagues (1972) who reported a series of
studies attempting to improve short-term memory in learn-
ing-disabled individuals by teaching participants to use
sub-vocal rehearsal strategies. Besides, this approach led
to some improvement in participants’ performance there
was no evidence of transfer either to non-trained cognitive
tasks or to everyday performance [18].

Finally, it must me noted that mapping of the neural ac-
tivity during WM tasks to specific psychological terms is
still work in progress. Psychological models of WM dis-
tinguish sensory-specific storage from a coordinating or
controlling function, referred to as the central executive or
controlled attention. Attention is thus closely linked to
WM. Controlled attention usually has to do with the vol-
untary allocation of selective attention and relies on parie-
tal and prefrontal regions that overlap with activation
during WM tasks in both the parietal and prefrontal cor-
tex. Control of attention is necessary in WM tasks; con-
versely, retention of an internal representation of a salient
location in WM is crucial for directing and maintaining
attention towards that location. The neural basis for WM
and controlled attention might thus rely on the same
mechanisms of sustained neural activity and top- down
excitation, and the same multi-modal front-parietal net-
work, and might be difficult or impossible to separate
even at the neuronal level [19].

11I. THE CORRELATION BETWEEN WORKING MEMORY
AND ATTENTION

Attention and memory are two important cognitive abil-
ities. Whereas selective attention determines how limited
mental resources are allocated to the most important piece
of information in the surroundings, memory keeps this
information in order to allow past experience to guide
future behaviors. Although the two abilities appear to
occur at different stages of information processing, and so
each of them has their own research tradition, recent re-
search has shown that they may be more intertwined than
has been previously considered [20].

With regard to the relationship between attention and
memory, recent research has proved that memory may
affect the way that visual spatial attention is allocated. On
the other hand, the inhibition effect is noticed when
memory of past visited locations prevents attention from
visiting these locations again. This inhibitory memory
mechanism seems to improve visual search efficiency,
claiming that memory plays a role in attentional allocation
[21]. In addition to inhibitory, visual working memory
also influences allocation of attention and biases attention
towards a location that contains a memorized visual item
[22].

The relationship between visual attention and working
memory has also been examined by looking at whether
working memory is important for attentional tasks. One
way to achieve this is to observe whether filling up work-
ing memory to its capacity impairs an attentional work.
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Reduction in efficiency of attentional allocation here
would mean that working memory is required for the
attentional ability, and this can be measured by the visual
search paradigm. In a visual search task, participants dis-
cern the presence or the identity of a predefined target
among a number of distractors. In a serial search, in which
attention is asked to distinguish a target from a distractor,
reaction time typically increases linearly with the number
of total search items. This search slope is a measure of
visual search efficiency. By comparing serial search effi-
ciency during the retention interval of a working memory
task with a situation with no memory burden, it was found
that visual search does not require visual working memory
[23] or verbal working memory. However, visual search
efficiency is impaired by executive working memory load
and spatial working memory load [22], suggesting that
executive working memory and spatial working memory
are important for allocation of attention.

According to Unsworth & Spillers [24] there is a well-
established relationship between working memory capaci-
ty and attentional control. Attentional control refers to the
ability to direct attention toward goal-relevant information
and away from strong distraction. Relative to people with
low working memory capacity, individuals with high
working memory capacity are less likely to have their
attention inappropriately drawn into strong distraction,
such as hearing their own name or responding to a periph-
eral flash [25]. In addition, individuals with high WM
capacity are less prone to mind-wander when focus is
needed [26]. Thus, in addition to the potential to improve
reasoning ability, WM training may help people become
more attentive in their daily activities.

It is critical for the present discussion to note that chil-
dren with low WM capacity are prone to learning disabili-
ties and have difficulty carrying out complex instruction
[27]. A specific area of interest to training researchers is
attention-deficit/ hyperactivity disorder (ADHD). Alt-
hough the distinction between ADHD as it relates to defi-
cits of attention and presence of hyperactivity is contro-
versial [28]. Diamond et al., [29] argued that low WM
capacity is symptomatic of attention deficits. From her
perspective, ADHD-diagnosed children who specifically
show symptoms of attention deficits (absent hyperactivity)
are experiencing WM-related deficits of selective atten-
tion (i.e., attentional control). Hyperactivity, on the other
hand, is assumed to stem from difficulty with response
inhibition.

As a result, this perspective [29] suggests that effective
WM training should specifically alleviate deficits of atten-
tion, but not tendencies toward hyperactivity. Westerberg,
Hirvikoski, Forssberg, and Klingberg [30] however, have
demonstrated that, regardless of presenting-symptoms,
ADHD is generally associated with visuo-spatial memory
deficits as well as difficulty in consistently allocating
attention to a task. Thus, an intervention that strengthens
the core functions of WM may be beneficial to all indi-
viduals with ADHD.

IV. SUPPORT PRESCHOOL CHILDREN WITH WORKING
MEMORY PROBLEMS

According to the National Joint Committee on Learning
Disabilities [31], early indicators for learning disabilities
may include delays in speech and language development,
in cognitive and motor skills, difficulties with the social
interaction, and other learning areas relevant to the educa-
tional goals. These indicators may occur with problems in

self-regulation, attention, or social interaction. In precise,
research has supported that children at young ages show
advanced cognitive capacities through computer-based
activities as, they develop their memory, their attention,
their literacy abilities, their mathematical thinking, the
development of their concentration and motivation to
learn and complete tasks, their problem solving capacities
and consequently their school achievement [32]. Addi-
tionally, multimedia technology can provide children with
learning difficulties the appropriate reinforcement in order
to achieve the better result for them as it offers the oppor-
tunity of presenting information in both verbal and picto-
rial forms, enabling students with learning disabilities for
a deeper understanding of more meaningful connections
between visual and verbal arrangements [33]. Nowadays,
hundreds of experts in the areas of medicine and psychol-
ogy are encouraging working memory training. They’ve
brought an important approach into practices and schools
around the world and are helping people of all ages suc-
ceed in areas of their lives that are characterized by poor
working memory [34]. Working memory is thought cen-
tral to concentration, problem solving, and impulse con-
trol, is closely correlated to fluid intelligence and is a
strong indicator of academic and professional success.

Taking the above into consideration, in a current study,
Alloway presented the Automated Working Memory
Assessment (AWMA), a standardized computerized tool
that can diagnose memory problems. This tool enables
teachers and psychologists to assess memory skills with a
user-friendly interface. AWMA includes three levels of
assessment and is designed for students with suspected-
especially- working memory difficulties. General speak-
ing, AWMA is a computer-based assessment that provides
three measures each of verbal short-term memory, visuo-
spatial short-term memory, verbal working memory, and
visuo-spatial working memory. Specifically, AWMA
Short Form (AWMAS) is used for assessing learners who
probably have memory problems, nevertheless, the specif-
ic area of their problems has not been recognized and
AWMA Long Form (AWMA-L) which is suitable for
confirmation of working memory problems for learners
identified as having working memory problems in the
classroom [35].

Furthermore, according to St Clair- Thompson [36] one
way of providing memory strategy training is to involve
computer-based teaching and practice of memory strate-
gies. The aim of a recent study was to explore a method of
improving working memory, using a specific memory
strategy training [37]. Children aged five to eight years
were tested on measures of, visuo-spatial sketchpad, cen-
tral executive components and the phonological loop of
the multiple component model of working memory. A
group of children also completed tasks of following in-
structions and mental arithmetic in the classroom, and
standardized tests of reading, arithmetic and mathematics.
Half of the children then used Memory Booster, a com-
puter game that learns memory strategies, over a period of
six to eight weeks. Memory Booster [38] is a pleasurable
adventure game for children that teaches and encourages
the use of imagination, the creation of stories and the
development of cognitive skills while according to several
studies results in significant improvements on working
memory [37]. All the children were then retested on the
memory and ability measures besides the standardized
tests were administered later. The results showed that
working memory strategy training has significant im-
provements in tasks assessing the phonological loop and
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central executive components of working memory, and
tasks assessing listening instructions and mental arithme-
tic in the classroom. However, there were not improve-
ments on standardized tests of reading, arithmetic or
mathematics, after the training and after the training of
five months [37].

In addition, multiple assessments of both verbal short-
term and working memory are provided in a working
memory test battery standardized for children [4]. The
Working Memory Test Battery for Children- WMTBC
[39] includes four measures of verbal short-term memory:
digit recall, word recall, non-word recall, and word list
matching recall. The four measures require verbal presen-
tation of memory topics, with the first three tests requiring
verbal recall. Word list matching implicates the child
deciding whether two spoken sequences are right or not,
as it sets minimal demands on phonological and articula-
tor production skills. This test is particularly suitable for
use with children with speech-motor deficits and scores
are used to derive a standardized verbal memory score.
The WMTB-C also has three measures of verbal working
memory (verbal and counting recall, and backwards digit
recall), scores on which are used to give a multiple work-
ing memory score. Lastly, the WMTB-C contains three
measures of visuo-spatial short-term memory, which are
matrices, mazes memory, and block, recall.

V.  SUPPORT PRE-SCHOOL CHILDREN WITH WORKING
MEMORY PROBLEMS AND ATTENTION DEFICITS

Early identification and intervention for children with
memory problems has been strongly recommended. Pro-
fessionals in psychological, medical, scientific, and educa-
tional fields have documented the importance of the years
between birth and five years, for learning. If there is any
risk of difficulties, these early years become even more
critical [40] as there is a history of research supporting the
value of early identification and intervention. One value of
early identification and intervention is that it provides a
base for later learning and could thereby raise later aca-
demic success experiences for children at risk. In addition,
early identification can prevent secondary problems from
occurring because it prevents the need for more extensive
education services in the future and leads to more inclu-
sive programming [41]. Poor working memory is the
source of many problems related to attention and is often
linked to Attention Deficit Hyperactivity Disorder, and
other learning disabilities [42]. As a result, recent years
have seen a rise in the popularity of computerized working
memory (WM) training programs to kindergarten chil-
dren, because these interventions give promises of in-
creased 1Q, creativity, grades and reductions in day-to-day
lapses of attention.

Certain tools for working memory training have been
developed and one of the most well-known intervention
tools is Cogmed. This program has been marketed at
schools to assist students’ performance and is available as
clinical practice for treatment of ADHD. Their developers
claim that Cogmed training helps people to improve their
cognitive and social skills included the attention and the
working memory capacity. There are three types of Cog-
med training; for preschoolers and older children which
contains several visuo-spatial and verbal memory tasks
that have been embedded in videogames, each of which is
performed for roughly 40 min a day, 5 days a week, for 5
weeks. Cogmed JM and Cogmed RM are respectively
designed for preschoolers and older children. Specifically,
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an example of a visuo-spatial task that is presented in
Cogmed trainining, is “Asteroids” which presents a field
of several free-floating asteroids, a subset of which lights
up, one-at-a-time and the child must reproduce the se-
quence via mouse click. Additionally, an example of a
verbal task is “Input Module” in which a sequence of
auditory digits is played using a number-pad that is dis-
played on a robot’s arm. However, although initial studies
indicate that Cogmed is a successful intervention tool,
there are some concerns about its validity and more re-
search is need to be done. There are studied that state that
Cogmed is an unsubstantiated tool and so the future re-
search should place greater emphasis on developing theo-
retically motivated accounts of working memory training
[34].

However, it is common knowledge that learning diffi-
culties require special attention and as a result early edu-
cation lays the grounds for future development. According
to Galecka [43], Young Digital Planet started to create
applications that were designed to help children restore
their curiosity and keep learning engaging, motivating and
challenging. Young Digital Planet supports the view that
early prevention is very important; edu- Sensus is an in-
tervention tool that is based on intuition, designed for
speech therapists and combined with the educational
needs communicated by the market. According to the
developers, this software has been in use in Poland for
almost 10 years now and has proven to be an irreplaceable
tool for early education and special needs prevention.
Specifically, eduSensus is a family of products addressing
all developmental needs and one of the advantages is that
it has been created together with therapists, teachers, par-
ents and children. Moreover, eduSensus Team covers a
wide range of topics in the use of ICT tools in supporting
the development of children who face specific difficulties
including children who are at risk of dyslexia and face
other problems such as memory and attention deficits,
developmental disorders etc. Lastly, the designers of the
eduSensus claim that this platform introduces children
into the ICT world develop young learners’ vocabulary
and communicative skills with digital programs, offering
also effective and engaging stimulation of retarded chil-
dren’s development and support children who face learn-
ing difficulties at the kindergarten.

Moreover, Klingberg et al., [44] tested a computer pro-
gram designed to improve working memory in children
with ADHD. After 5 weeks of training, they observed
positive effects on visuo-spatial working memory, verbal
working memory, complex reasoning, and parent-reported
symptoms of inattention and hyperactivity—impulsivity.
Once again, there was evidence for transfer of training
effects to non-trained skills and to observable behavior,
which was still present when children were re-assessed 3
months following the intervention.

In the light of the above research, Holmes et al. [45]
compared the effects of cognitive training to stimulant
medication on working memory impairments in children
with ADHD. With Baddeley’s [46] model of working
memory as the underpinning for the assessments used in
this study, they found that cognitive training improved
verbal, visuo-spatial, and executive aspects of working
memory alike. Furthermore, the beneficial effects on ex-
ecutive working memory were apparent 6 months after the
intervention was completed, while stimulant medication
was associated with non-enduring improvements in visuo-
spatial working memory.
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Also, Shalev et al. [47] studied computerized training
for sustained, selective, orienting, and executive attention
in children facing ADHD. They focused on the transfer of
training effects to behavioral and school performance
indices and found significant improvements in reading
comprehension and passage copying, and in parent reports
of inattentiveness.

Finally, Mezzacappa& Buckner [48] suggest that
school-based working memory training is considered very
important for treating children with attention problems or
hyperactivity. This approach may also overcome barriers
to care delivery for economically disadvantaged children
who are known to be at higher risk for poor school out-
comes. According to their study, a computer program to
train working memory for children with attention prob-
lems or hyperactivity was designed. Training was con-
ducted daily for 5 weeks during school hours. Teachers
evaluated children’s behaviors before and after the inter-
vention, and standardized assessments of verbal and
visuo-spatial working memory were also conducted. The
computer program that was used to train working
memory, was ‘RoboMemo’ comprised eleven different
exercises, five that trained visuo-spatial working memory,
five that trained verbal working memory, and one that
trained both domains of working memory. These exercises
varied in their inherent complexity, and the program ad-
justed the level of difficulty for each exercise to the
child’s evolving ability. The researchers conclude saying
that overall, children’s behavior and working memory
improved following training, compared to baseline and
showed significant improvements.

VI. CONCLUSIONS

During this review paper an attempt was made to pre-
sent the significant role that ICTs play in dealing with
working memory and attention deficits in preschool edu-
cation. The scope of this study was to present if and how
new technology can support kindergarteners who face
memory problems and probably struggle with ADHD
while a scientific theoretical approach of working memory
and its correlation with ADHD was examined. Further-
more, intervention tools that enhance learning in children
who have poor working memory and learning difficulties
were described. The results of this small study suggest
that training working memory in school settings may be a
viable way to help children who struggle with attention
problems or hyperactivity in the classroom. The findings
of the studies we examined, which are the most repre-
sentative studies over the last decade, showed that kinder-
garteners can benefit of the use of new technology and can
gain many advantages and profits using the appropriate
educational tools that offer the use of ICT. The use of ICT
has also played a major part in shaping the knowledge and
skills of school staff, therapists and special educators. As a
result, diagnostic tools provide them with the possibility to
employ different ICT strategies which might lead to an
easier understanding of children’s learning differences
while ICT intervention tools support activities of kinder-
garteners’ life. In addition, the strong connection between
WM and ADHD suggests that WM improvement could
also be valuable in decreasing ADHD symptom levels.
However, this is still a relatively new area of research and
it is for future studies to further investigate which cogni-
tive functions can be trained and to what extent the effects
of cognitive training can be generalized to other cognitive
functions and behavior problems. However, there are also
several fields that require further research such as investi-

gations into the reliability and validity of the diagnostic
ICT tools, adaptations of diagnostic and intervention tools
to the various needs of students and therapists, and devel-
opment of more ICT programs for the above areas in the
specific crucial age. It is obvious that there is need for
development and design of tools with the support of ICT’s
that helps children with memory problems as our study
showed that there is place for such research while we did
not have a satisfactory number of findings for this crucial
age. Finally, we consider that the field of pre- school edu-
cation and the interventions that ICTs can contribute in
many areas of child’s development calls for more investi-
gation hoping that the results of the current study are en-
couraging. Besides, there is the general consensus that
ICTs do play a significant role in both ensuring and en-
hancing learning skills of kindergarten children who face
working memory and attention difficulties.
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