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Abstract

Children with a written language disorder are sames dependent upon help from others for

their schoolwork. A computer can be a way to cireant this difficulty.

Various software programs and plug-in peripheralicks are available, some of which
specifically target the needs of these young peoptere is no consensus, however, with
regard to how best to counsel parents and childiéim regard to these tools. Furthermore,
written language disorders and existing technioppsrts are not always clearly understood.
In many cases, healthcare and teaching professidreale only limited knowledge of the
potentially specific advantages for patients withtten language disorders. A child’s full
integration into daily activities and school lifarc be hampered by counseling that was

inadequately tailored or by a lack of support imgghis equipment.

Joint consultations involving both an occupatiosadl a speech therapist have been set up in

our department to improve counseling with regartettnical supports.

Using our daily practice as a basis, we have deeeloa decision tree that we see as a

necessary tool for helping professionals make tbstrappropriate practical choices.

Keywords: Dyslexia, assistive technology, counseling, ndigtiplinary approach,

occupational therapy, speech therapy



1 Introduction

The inclusive education approach has been appligdebteaching profession in France since
the law of 11 February 2005 on “Equal Rights andp@tunities, Participation and
Citizenship of Disabled Persons” [1]. Instead afoimg children with learning difficulties in
special schools, the teaching methods are tailtwetheir needs: any activity limitations
should be compensated for to ensure that all phpNe the same opportunities, thus ensuring

academic achievement for all.

Compensation strategies for students with writtemglage disabilities can include
differentiated instruction, as well as pedagogioals and equipment proposed by the teacher
[1], all of which have been scrupulously describethe literature. These can include varying
the type of supports, simplifying visual informatigathering using extra-wide letter-spacing,
preferential use of spoken language, limiting tee af written language, avoiding the use of
copying exercises, providing additional time or iting the amount of work required,

accepting spelling mistakes, and setting up aingmsystem [2,3].

These provisions may not always be adequate to ensape for the most severe disabilities

and may often prove complicated for the teaché@nfdement.

Assistive technology will therefore be considerddtraditional adjustments cannot be
provided or do not provide adequate support for ¢héd, but also to compensate for
moderate writing disabilities. However, there isfraimework protocol for counseling on this

type of support and we have observed significatifferent approaches.

In this paper, we present an inventory of the aulyeavailable assistive technology, with a
number of considerations relating to their advaesaand limitations for children with written

language disabilities.



In light of recent publications in the literatusge will describe the counseling approach that
we have set up at the Regional Centre for the isignof Learning Difficulties (Centre
Régional de Diagnostic des Troubles d’ApprentisS@jDTA]) in Lille (France) and the

protocol that we developed, from the diagnosiséogrescription of assistive technology.

2 Specific tools to address written language disdliies

The 1SO 9999:2016 International Standard definesassistive product as “any product
(including devices, equipment, instruments andvei) especially produced or generally
available, used by or for persons with disabilfty, participation; to protect, support, train,
measure or substitute for body functions/structames activities; or to prevent impairments,
activity limitations or participation restrictiorisThe technology for assisting children with
written language disabilities is designed to imrdleir communication skills and includes

not only a computer but also dedicated softwareping-in devices [4].

Assistive technology should be suggested at theoépdmary school to ensure the child has
learned to handle the device both comfortably affieictvely by the time he moves into

secondary education. This is also the best wapsare he has acquired sufficient maturity to
be able to use it unaided, but has also had the timundergo effective speech therapy with
all the prerequisites for written language acdquaisitf{5]. To ensure each child consents to
using the device and adopts it successfully, aftyvaoe must be specifically tailored to each

type of disability [5,6].

2.1 Compensating for reading difficulties

The most widely used technology is a speech syiziirethat reads aloud a text displayed on
a computer screen. Typically with this type of sa@ite, the text that is to be read must be

displayed in an editable PDF format using optid¢eracter recognition technology.



There are various types of remedial reading sofiwacluding features such as displaying
different syllables or phonemes in color, highliggt alternate lines, visible page-margin
marking, screen rulers, larger font size to lim#ual confusion, and extra-wide letter-, word-
or line-spacing. To date however, only wider spgdietween letters has been shown to be

effective [7].

These different adaptive techniques are appropf@teinderstanding instructions or short

texts, whereas children who wish to read novelsusanlibraries that stock audio books.

2.2 Compensating for writing difficulties

Software programs that provide writing support fdnildren who have mastered the
phoneme—grapheme correspondence enable them tbeuskills they have acquired while at
the same time compensating for their disabiliti€eese different types of software are
suitable for children with mild to severe disalelg and will now be presented from the most

simple to the most elaborate.

For certain children the main difficulties are dipgl and grammar. Printed text enables them
to get round this because it is easier to follomnfra visual perspective. They can also use a
spelling corrector, an electronic dictionary or gmation tables, which all make it easier for

them to concentrate on the task at hand.

For more severe disorders (inability to identify rd& sound confusion), word-prediction
programs can suggest a list of words, automaticadirect the lexical and phonological
mistakes and also read the list aloud. If the ptemhi-mode makes the typing process too
slow for the child, the program can be used aseall-specker at the end of the session.
Incorrectly spelled words are displayed in colod ahe child has access to a list of

suggestions: he then selects the word he interwletite.



A screen-reader (audio feedback) can be used apmesnent to these software programs.
These systems read the text aloud either whigeheing typed or after: text is therefore easier
to read through and the child can identify and-selfect certain phonological mistakes

(provided she does not have an auditory procestisuyder) as well as any letters that may

have inadvertently been forgotten or added whigetéxt was being typed.

Certain all-in-one software programs offer multipésources to assist in reading and writing
tasks in a single word-processing program, andethes specifically useful for children with
the most severe disabilities. They may prove less-triendly and more complex to use

however.

Lastly, speech-recognition programs enable a ohid is unable to convey his ideas via
written language to take advantage of his oral dagg capabilities: the computer screen
displays the words that the child dictates. Speecbgnition errors can occur frequently
however, meaning that the text needs to be codesitber by a third person or by another
software program. Moreover, speech-recognitionnly ceally applicable for homework and

is of no use for individuals with a speech disorder

2.3 Other equipment

A scanner is often a necessary piece of equipmaninfiividuals with written language

disorders. A portable wireless scanner allows caiido scan documents even if a computer
is not available. The scanner can then be conndotéide computer once the child returns
home. This type of device requires good motor @adnénd several steps have to be
accomplished before the scanned text can be readl alia a speech synthesizer. It is
therefore better suited to compensating for a emitlanguage disability than reading

difficulties. The hand-held mouse scanner can dmyused when it is connected to a



computer. It is easier to manipulate, however, thedscanned image is displayed in real time

on the screen and can easily be imported intoghech synthesizer program.

Depending on the child’s needs, a printer, an atdadset, and a microphone headset may

also prove useful.

There are as many different equipment options eetare patient profiles [5]. In some cases,
nonspecialist equipment (photocopiers or portabngers without a computer, a standard
word-processing spell-checker, standard word-ptiedicwithout a voice synthesizer or
pictograms, extra-wide text spacing to simplifydiea without the need for optical character
recognition) are sufficient. The child is less stagized in class, has less to learn in terms of

manipulating new equipment, and the overall equiftnaests are thus limited [8].

3 Potential obstacles to the use of computer devie

Bacquelé et al. from the University of Lyon (Franoenducted a study on children with
written language disabilities (with and without @siated disorders) and reported that of a
total of 52 children who had access to a comp@@ronly used it at home and nine never
used it [6]. According to this study, only 25% bgte children were able to benefit from the
help of an occupational therapist to help set @dévices. Teaching assistants were present
for only 40% of pupils. The majority of childrendsme accustomed to using their assistive

devices at school assisted by a friend or reldéj.e

Several hurdles to the use of assistive techndhagg been identified:

- the fact that it stigmatizes the disability;

- the cost of the equipment;



- the human resources that are required to provilanaework for learning to use the
equipment (occupational therapist);

- the human resources that are required to help staidettle into mainstream classes
(teaching assistant, occupational therapist, teaeheailability, a monitor, and a
dedicated room if the child works on exams usisgeech-recognition program);

- the specific characteristics of the equipment thake it more or less easy to use
(ergonomics, time required to set it up, and theetrequired to install the software
program);

- how quickly the child learns to use the device, Hong it takes him to adopt the
necessary automatic reflexes, and how mature tie ishwhether he is able to use it
easily and without assistance;

- how accessible the device is as a teaching toojuse even when the child is familiar
with it, he may require extra time: teaching aidedl in class are not always easily

adaptable to the computer and thus may requirdafgppreparation [5,6].

These observations highlight the need to ensutesthgport is available to the family and the
teaching staff to help them overcome any diffi@dtiboth in terms of organization and time,
that are likely to be encountered as the childneao familiarize himself with the computer.
The occupational therapist is specialized in thgeessment of autonomy, counseling, and
setting up technical aids to help students withnlieg disabilities and is therefore competent
to simplify access to computer tools [9]. Not odlyes the occupational therapist ensure that
the child receives the most appropriate counsesugpport devices suited to classroom use
and to the learning tasks proposed by the teaghitr,allowances for the child’s particular
skills), but she also checks that the device igently configured and provides tailored

instructions as to how it should be used.



Once the initial explanations are over, even fochdd who acquires a certain level of
independence in terms of actually using the compiites unlikely that he will spontaneously
think of using it. The presence of a teaching &ssismay prove necessary to instigate
appropriate use according to the learning task.liByjting the number of writing tasks
required, enabling the child to photocopy certaissbns or allowing extra time to complete
specific tasks, the teacher can help the chilketothe computer as a normal classwork tool

and use it spontaneously.

4 Counseling

4.1 A multidisciplinary approach

Because the choice of assistive technology is based holistic perception of the context,
counseling has to be based on a multidisciplinasessment of the feasibility of the project,

and a sound knowledge of:

all the existing tools, including their advantagesl limitations;

- the type of disability, how the child compensatasHis specific learning deficits;

- the child’s psychoaffective profile (capacity tacapt the equipment and recognize its
potential benefits: motivation, maturity, awarenekker difference);

- the child’s environment (family support, schooltsgf, any specific adjustments made

by the teacher);

the child’s actual activity limitations [5,8].

The type of disability, the effect it has on theld’s schooling, and the extent to which he
capitalizes on his capabilities to compensate walilbe documented by the occupational
therapist. Likewise, the teacher will report on 8@hool environment, and the nature and

impact of the disability.



The psychologist and the physician will both asséeschild’s maturity, motivation, and
commitment, as well as the extent to which he edyhan the support of his family. Based on
the observations of the different professional®ived, certain specific teaching aids can be
identified. An occupational therapy assessmentlikiélly be suggested, and this will identify

the most appropriate assistive technology.

4.2 The child and the family at the center of thajgxt

Assistive technology can be costly to set up (obgiquipment and of occupational therapy),
but it is also demanding in terms of time and peatanvestment [8]. Ensuring that the child
and his family adhere to the project and are algtivevolved in selecting the assistive
technology is crucial to successful integrationaodaily basis. It may be better to tell the
families about what is available and let them getuatomed to the idea first, and then during
a more formal assessment, explain which deviceagteorresponds to the child’s needs

[5,8].

If the child’s comments are genuinely taken intasideration during the discussion about her
difficulties and also when the new device is befagted, she will really feel she has an

important role to play in the project.

The child’s parents and speech therapist may hatexdra specific disability that the child is
not aware of. It is therefore important that they there to help the child with the new device
on a daily basis. This naturally implies that thrayst also be involved in documenting the

child’s specific difficulties and also in the finathoice of equipment [5].

In summary, given that every child has his own Bmecomplex features, any decision
regarding his care should be based on the WHOnat®enal Classification of Functioning,

Disability and Health (ICF) (Figure 1) [10]. Thisopsychosocial approach to disability

10



encompasses not only the child’s medical profilef hlso the impact of social and
environmental factors, thus enabling a collaboeatianguage to be used by all parties
involved. It summarizes and assesses interactiehseen the context (environmental and
personal factors), the disability, activity limitas, and restrictions in terms of participation

[11].

4.3 Prescription

4.3.1 Occupational therapy assessment

The occupational therapy assessment requires a dawowledge of the software programs
available and should take all the recommendatiohghe multidisciplinary team into

consideration. The formal assessment focuses onpd#tient, her activities, needs, and
expectations, and can be based on the Canadian|Mbd@ccupational Performance and

Engagement (CMOP-E) [12].

The assessment includes both an interview anddéslisect interaction in a practical context
to identify the specific features of the individwaid his environment that either simplify or

hinder his ability to accomplish activities thatjuére the use of written language [13].

The in-depth interview with the child and her pasehighlights the activity limitations that

the patient encounters (difficulties experiencea] aituations where she still relies upon
another person despite existing adjustments). #ls® an opportunity for the therapist to
guestion the child about the extent to which sHansliar with or interested in her computer,

as well as her expectations and projects.

The child’s needs can therefore be identified gnur@priate adjustments suggested. Real-life

situations are simulated so the child can try défife devices and assess the extent to which

11



they help him overcome his difficulties [5,13]. Tterapist can check the speech recognition
function, and see how well the child manages td keeck the text and grasp the meaning. For
the therapist's counseling to be individually teéld, it must take into consideration the
different locations where the equipment will be dugechool environment but also leisure
activities) [6,8] and consider these in the ligtit tos different activities. To avoid the
computer being left unused, carers should consider best the suggested equipment can be
set up in the child’s own environment. For exampléhough the child may easily be able to
use speech-recognition at home, particularly fa hobbies, it will not only be more
problematic in the classroom, from both human aratenal perspectives, but also more

stigmatizing.

4.3.2 Necessary occupational therapy follow-up

Short- or medium-term occupational therapy follow-will be scheduled after the
assessment, concurrently with the speech therapgbil@ation, to ensure the child has
learned how to use the device correctly and hagressively assimilated it into her everyday

activities and school life.

Because multidisciplinary teams have very littlpenence with this technique, we have been
unable to find any specific description of the me&in the literature. On the basis of our own
practice and that of other practicing specialistsLille (France), we estimate it takes a

motivated child with sufficient family support appimately 1 year to learn how to use

assistive technology correctly. However, even & tlevice is properly used during session
times it does not necessarily become instinctive @nldren may not necessarily think to ask
for help when they could or should in everydayaitens. Children also have to learn to react
quickly and independently in order to keep up iassl The occupational therapist and the

teaching staff can decide together how and wherdhguter should best be used to ensure it
12



is successfully integrated into classroom life. dilstof the arrangements can be included in
the Personalized School Plan (PSP), to ensureath#ite teaching aids are accessible, the
child is self-sufficient, the school program is léeed, and the teacher's demands are

respected.

This is the point where the occupational therapstd-the working relationship he has
established with the child’s family—have a partanly important role to play. They must

work with the child to help him put what he hasrtesd into practice, and to learn how to take
full advantage of the specific adjustments thathla®en made to his environment; these will

serve as a basis for his future independence mHtistpersonal and professional activities.

5 Counseling as implemented at the Regional Centefior the Diagnosis of
Learning Difficulties (Centre Régional de Diagnostt des Troubles

d’Apprentissage [CRDTA]) in Lille (France)

5.1 How the Center is organized

At the Lille referral center, assessment sessioite & view to recommending assistive
technology were initiated in early 2015. First, thkild undergoes a multidisciplinary
assessment with a neuro-pediatrician, a neuropgygisband a speech therapist, the outcome
of which will be the diagnosis of a specific or spacific written language disability. Based
on the personal and environmental factors prewodsicussed, assistive technology will be
recommended. The specific features of the equipnmmortesponding to the child's
requirements and how it is to be used are explathathg a further occupational therapy

assessment including an interview and practicdieatjpn exercises.

5.2 Case reports and counseling in the choiceiti#dlda educational equipment

13



In clinical practice, the question is whether thddcshould make use of a speech synthesizer,
a scanner, or handwriting, and whether text-preatictoftware or a spell-checker would be
more suitable. Our experience has shown that mgeaf accessing autonomous reading and
writing skills, each type of software or plug-invitee (whether or not it is specialist
equipment) and its practical applications can beetated with a specific occupational

profile.

We have developed a decision tree as a guide fonsading (Figure 2). It provides a clear
demonstration of the complexity of recommendingstis® technology, and more specifically

of the debate that can arise from occupationabfheassessments (Figures 3 and 4).

For a child with a reading disorder but no spokamglage deficits, whose main difficulties
with written language are phonological deformatiqdecoding), and who has no major
difficulties with segmenting or syllable omissiamly text-prediction with a corrector that
allows for phonological errors and includes a speesgnthesizer can be used. The
occupational therapy assessment interview will lighlh whether or not a speech synthesizer
should be used systematically, only for long teatgust for instructions. By interacting with
the child in a practical context, the therapist ¢dentify the most appropriate software
according to its interface, how easy the diffeqgmtgrams are for the child to use, and how
and when they are to be used as a spell-checkexbiprediction, with or without speech

synthesis.

A spell-checker and grammar correction softwaredfreading programs) may be useful for
a child whose written comprehension is hampereuhipaired reading fluency, and who also
makes syntax errors when writing. Once again, bgracting with the child in real-life

situations, the therapist will be able to determimeether or not classic word-prediction

software is likely to be of help and what type efding visual aids will be useful. During the
14



occupational therapy interview, it can be decidéettier visual aids for reading are required

systematically, and therefore whether a mouse-srasma hand-held device is more suitable.

A computer is rarely the best option for a childhna minor disability, who manages to write
and whose writing is legible but is too slow andow penalized by difficulties with syntax,
for example, reading over his own notes taken wjhlling mistakes, losing marks during
classroom tests, insufficient time to finish, efn occupational therapy assessment is
therefore not always required. Differentiated imstion but with adjustments to exam
situations can prove adequate. A framework of éxdww and when the computer can be
used will be specified based on the data colledtethg the interview. Often in this type of
situation, the computer will only prove necessahew the child goes to high school where
substantial amounts of handwriting are required;that context, the child should be
encouraged to write by himself if the exercisesyamlquire short answers or gap-filling in

texts.

Audio note-taking/speech recognition is a mandatogl for children who are unable to
write. Depending on the age of the child, the spetberapist’s long-term prognosis will
guide the decision to opt for an all-in-one sofvarogram in the hope of encouraging the
child to write, thus enabling him to attain a certevel of independence in class, particularly

if there is no one available to help.

Whether or not assistive technology should be usedspecific situations should be
determined on a case-by-case basis, dependingeorhtil’s capacity to compensate for his
specific deficits, on his psychoaffective profierad how he manages to adapt in difficult
situations. An anxious child with a severe writtanguage disability may find it difficult to
identify the correct spelling from a list of wordschild such as this would benefit from spell-

checker software even though it is less reliabéanth corrector offering multiple choices. A
15



child with the same written language skills buthwé greater capacity to adapt and better
compensation strategies will be able to gain aagetevel of independence and capitalize on

his stronger points by using a speech-synthesegn reader and a standard spell-checker.

6 Conclusion

Any counseling on the acquisition of assistive tetbgy must be backed by
multidisciplinary evidence. The physician, neurdpéttian, pediatrician or school doctor
will make the diagnosis, study the situation ineitgirety, decide whether further assessments
are required, and summarize the feedback of eaaghberwr of the paramedical staff. The
speech therapist has a sound knowledge of writeguage disabilities and can thus assess
the patient's language profile and her capacityctmpensate for this disability. The
psychologist determines the child’s overall cogeitprofile with her strengths, weaknesses,
and psychoaffective profile. The occupational thestaproposes a patient-centered approach,
focused on her individual constraints and enviromtalelimitations, her activity restrictions

and the level of productivity she is likely to aete with the assistive technology suggested.

The full potential of assistive technology for ciién with written language disorders remains
largely unknown to parents, but also to certairch@®y staff and healthcare professionals.
There are also the worries aroused by this kindgofipment: fear of what others may think,

fear of an extra work load for the teacher, feat #¢n computer alone will not get round the
specific spelling difficulties encountered by dysts, but above all the fear expressed by
parents, that their child stops trying and themefstops progressing. Better information is
required by both families and healthcare profesdgnthis could be delivered through

training or more simply, when the disability is giesed, via systematic distribution of

16



leaflets explaining the different types of assisttechnology that are available. This would
help both children and their parents to understand acknowledge the diagnosis, and
provide healthcare professionals with a better vdear of the support that innovative

technology can provide.

Prescribing this type of device must be both metadand systematically tailored to
individual requirements. Medium-term, a longitudistudy is warranted to assess the effects
of assistive technology on patient outcomes, ndg onterms of educational achievements,

but also with regard to progress in written languakills.

The different options presented in this paper amsell on ever-evolving technological
innovations. Regular reassessment of practicesuisiat to the success of counseling for
children with written language disabilities in thequisition of the most suitable remedial

device.
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Figure legends

Figure 1. International Classification of Functioning (IC&hd written language disabilities.

ICF summary developed by the World Health Orgaiorat2001)

Figure 2. Counseling in assistive technology

Legend

B [ndividual factors
B Activity limitations
B Environmental factors

B Solutions suggested

PSchP: Personalized School Plan

PSpP: Personalized Support Plan

SSD: Support for students with disabilities
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LUSI — SLD: Local unit for school inclusion — spicilanguage disorder

Figure 3. Counseling on remedial writing assistive techgglo

Legend

B Activity limitations
B Written language profile

B Solutions suggested

Severe Hinders comprehension

Moder ate Potentially legible with adult “goodwill” but sutantial dysgraphia

Figure 4.

Counseling on remedial reading assistive technology

Legend

B Written language profile
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B Activity limitations

B Solutions suggested
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Health problem:
written language
disorder

!

Impairments: Deficiency in

phoneme-grapheme -5

correspondence and/or
processing

Activity: Inability to
decode and/or write a

text and/or access its
meaning

!

Participation: Poor

integration among
<« 5 peers

Reliance upon others

in written language

activities T

!

Environmental factors:
Adaptations in place, type of
schooling, family support, caring
friends, etc

!

Personal factors: Life-style,
expectations, maturity,
compensatory resources, etc



Written language disability

Severe

Yes

Child is reliant upon outside help to
+ Understand the meaning
* Ensure his written production is
legible

Psycho-affective & Environmental factors
motivational profile

O

Facilitators Non favourable
v v
PSchP with counselling PSchP with SSD or referral to
on assistive technology specialised schooling (class for
l dyslexic children, LUSI-SLD)
Occupational
therapy
assessment

Differentiated instruction
provides adequate
compensation

PSpP




Writing legibility

Writing legible but production

slow and/or with spelling
mistakes

Legibility hindered by written language disability

\ 4

Give priority to
written language
(adjustments to
PSpP: gap-filling
exercises, limited
written work, portable
scanner,|etc)

Occupational therapy assessment and
follow-up in mid-term l
v

Type of errors

|

Writing impossible

Occupational therapy
assessment and
follow-up in mid-term

Segmenting:

major

If the problem
persists

\ 4

v v l
Lexical & Phonological: Segmenting
syntax major and/or

phonological:
moderate
A 4
Word-

Assistive technology for essay
writing, exercises, home-use.

Word-prediction programmes
that make allowances for
standard mistakes and/or spell-
checker (depending on the
child’s typing speed):
occupational therapy assessment
and follow-up in short-term

A 4

prediction/correction
programmes that
make allowances for
phonological

mistakes (to be specified
depending on the child’s
typing speed)

Audio headset

Scanner (to be specified
depending on the reading
profile)

Word- or sentence-

writing software
(corrector of poorly
segmented and phonetically
written sentences, word
prediction)

Scanner (to be specified
depending on the reading profile)

\ 4

Speech-
recognition
device to be
specified depending
on the spoken
language profile

Microphone
headset

Scanner to be
specified depending
on the reading profile




]

Reading comprehension deficit

Reading comprehension

Comprehension
possible

Functional in all tasks but
slow/lacking fluidity/interspersed
with inaccuracies

AdditionaY¥ time
allowance for exams

If the problem
persists

Difficulty grasping
the meaning

Function hindered

v

Occupational therapy assessment and follow-up in short

and mid-term

|

Partial

comprehension

A 4
Occupational therapy
assessment and follow-up
in short term

A 4
Visual aids for reading to be
specified after trial with
occupational therapist
Mouse-scanner

N

Very limited
comprehension

Absence of
comprehension
(reading impossible)

Frequency to be
determined depending on
deficit: speech
synthesizer, audio
feedback as the child
writes (to compensate
for absence of
rereading/checking)

Mouse scanner + audio
headset

Systematic uge of:
Speech syntVnesizer,
Mouse scanner + audio
headset

Audio feedback as the
child writes (to
compensate for absence
of rereading/checking)






