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Individuals with Rett syndrome need extensive support to actively participate in social
interaction and to develop their communication. The overall aim of this thesis was to investigate
communication intervention for individuals with Rett syndrome, especially aided symbol-based
communication and partner strategies.

Study I was a cross-sectional survey exploring services provided by speech language
pathologists (SLPs) in Sweden. Communication aids were often used in the intervention and
were found to be useful. Few SLPs used systematic tools for assessment and evaluation and
communication partners were often instructed through informal conversations.

In study 11, a tool (AVAI) for assessing visual attention in interaction was developed and its
psychometric properties were explored. AVAI was also used as an outcome measure in study
II1. In both studies, the tool was found to be reliable, able to detect change and acceptable to
the participants.

In study III, a single case experimental design was applied to evaluate an intervention
consisting of aided language modelling whilst using responsive partner strategies and a gaze-
controlled device. The adult participants with Rett syndrome (n=3) increased their expressive
communication following individual learning patterns. The intervention was appreciated by the
participants’ social network.

Study IV was a case study exploring and describing a communication partner’s use of
responsive and scaffolding partner strategies in interaction with individuals with Rett syndrome
(n=3). The use of these strategies varied in interaction with different individuals with Rett
syndrome. The communication partner responded more frequently to communication through
a gaze-controlled device than unaided communication.

In conclusion, gaze-controlled devices should be considered in communication intervention
with individuals with Rett syndrome. Systematic tools and procedures should be applied in
interventions, which is not the case in current clinical practice. Adults with Rett syndrome are
able to develop their communication which highlights the need for communication support
throughout their lifetime.
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Preface

This thesis is dedicated to people with significant motor and communication
disabilities, and especially to individuals diagnosed with Rett syndrome, who
all have an extensive need for communication support. They constitute a small
group in society as well as in the health care system but methods and strategies
are rarely developed to meet their specific needs. Interventions for individuals
with other disabilities may not be suitable for individuals with Rett syndrome,
or they may need to be adapted (e. g. in terms of outcome measures). This
thesis also focuses, to a large extent, on adults with Rett syndrome, for whom
support may be even more sparse than for younger individuals with the same
diagnosis.

Augmentative and alternative communication (AAC) has been an interest
of mine since I started to work as a speech language pathologist (SLP) in 1994.
For more than ten years, | have had the opportunity to specialise in communi-
cation in Rett syndrome and related disorders. The knowledge within this field
has increased rapidly during these years. New technology, dedicated clini-
cians, and not least, dedicated families and interest organisations have been
driving forces for the development of research and clinical expertise world-
wide. In my clinical work with children and adults with Rett syndrome, [ have
met individuals of various ages who have benefitted from communication in-
tervention. However, communicative development does not happen spontane-
ously, it requires knowledgeable, carefully planned interventions and support
from close communication partners as well as professionals. The number of
communication intervention studies is increasing. Nevertheless, research
within the field of communication intervention for individuals with Rett syn-
drome is still limited. Hopefully, the studies presented in this thesis will add
to the existing knowledge base. Ultimately, communication intervention re-
search may provide individuals of all ages with Rett syndrome the best possi-
ble opportunities to actively participate in communication exchanges and to
reach their full potential regarding communication and language.






Introduction

Communication and interaction

Communication is a broad term that can be interpreted as a meaning-making
process comprising of each communication partner’s engagement and partic-
ipation in the dialogue, as well as the dialogue in itself in which the meaning
is co-constructed (1). Throughout this thesis, the terms communication and
interaction are used interchangeably for the exchange between two or more
persons who influence each other through their actions (2). These actions can
be either voluntary and intentional or involuntary and pre-intentional. This
wider definition of communication as something co-constructed is used in fa-
vour of a stricter definition that implies a conscious intention to share a spe-
cific message. With the wider definition, even infants or persons who do not
show communicative intent can be said to communicate. Communication is
also used in this thesis for each partner’s contributions to the interaction (3).

Communication development

The development of communication and language begins before the child says
the first words and thus uses symbols for the first time. The development oc-
curs in three stages from being pre-intentional and pre-symbolic to intentional
and symbolic (4). Each new stage entails new communication skills while the
earlier skills are also still used in communication. Hence, the range and vari-
ability of expressions gradually increases. Children without disabilities often
move through the pre-intentional and pre-symbolic stages without external
support besides regular stimulation and parenting.

In the first stage, the perlocutionary stage, the communication partners in-
fer meaning from a child’s actions. The communication is pre-intentional, i.e.
the child does not direct the communication to a partner (4). In the beginning
of the perlocutionary stage the child’s forms of expression consist of reflex
responses or reactions to internal or external stimuli. Communication partners
infer meaning from these behaviours and may often interpret them as expres-
sions of internal states such as hunger, comfort, discomfort or pain. In the end
of the perlocutionary stage, the child has developed goal-directed (voluntary)
actions but does not intentionally direct these actions to influence a commu-
nication partner (5). Communication partners may interpret these actions as
expressions of interest, disinterest, wants and needs, for example.
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In the second illocutionary stage the child directs actions to the communi-
cation partner with an intention of conveying a message. The child thus ex-
pects to be able to change the communication partner’s actions or perceptions
with his or her own actions. Finally, in the third, locutionary stage, the child
starts to use single symbols, such as words, to communicate a message (4).

Communication and language development take place in a social context.
Interactions with the communication partners influence the communication
and language development (6, 7). For example, the vocabulary of children
whose parents talk more, use a richer vocabulary, and respond contingently to
their children’s expressions, has been found to be larger than when this quality
interaction does not take place (8).

Symbol-based communication

When children start to use symbols in the locutionary stage, this often takes
the form of spoken words. A symbol “is the interpretation that a person creates
for the relation that exists between a symbol and a referent” (9, p. 93). In this
definition, the symbol refers, not only to the object, action or other referents,
but also to the symbol-user’s interpretation of the relation. Symbols may be
text, manual signs or graphic symbols. For non-speaking individuals without
the motor ability to use signs, graphic symbols are the only option for com-
municating language in the absence of their having learnt to read and write.
Graphic symbols may be more or less abstract, i.e. more or less resemble the
idea they represent (10). In this thesis, symbol-based communication refers to
graphic symbols unless otherwise stated so.

Communication in individuals with significant communication
and motor disabilities

In this thesis, the term individuals with significant communication and motor
disabilities refers to non-speaking individuals who a) do not yet use symbol
communication consistently and spontaneously, and b) need assistance with
mobility, and c) are unable or have severe difficulties to manipulate objects
and select from an array of symbols with their hands/fingers. Co-existing con-
ditions such as seizures are common in individuals in the group. Publications
that include participants with significant communication and motor disabili-
ties cover a wide range of participant definitions including those with complex
communication needs or emergent communication, as well as those with spe-
cific diagnoses such as Rett syndrome. Much of the research on pre-symbolic
and emergent symbolic communication is focused on individuals with pro-
found intellectual and multiple disabilities (PIMD). People with PIMD may
have significant communication and motor disabilities, but the latter term can
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also refer to a wider group of individuals with a wider range of intellectual
abilities.

Individuals with significant communication and motor disabilities may
need extensive support to develop both pre-symbolic and symbolic communi-
cation. Voluntary movements may be difficult to initiate and execute and they
can also be mixed with involuntary movements which may or may not be
caused by seizures. It may therefore be difficult for the communication part-
ners to know whether their behaviours are potentially communicative (11, 12).
Pre-symbolic and early symbolic development has therefore been described in
more detail for individuals with disabilities who communicate pre-symboli-
cally. Rowland (13) describes seven levels of early communicative develop-
ment. The first two levels correspond to the perlocutionary stage. At level I,
pre-intentional behaviour, the individual’s expressions consist of reflex re-
sponses or reactions to internal or external stimuli. At level 11, intentional be-
haviour, the behaviours are goal-directed (voluntary) but the individual does
not intentionally direct these actions to influence a communication partner.
Levels IIT and I'V correspond to the illocutionary stage in which the individual
directs actions to the communication partner with an intention of conveying a
message. At level 11, unconventional communication, the individual uses be-
haviours that are specific to him or her and not widely recognised. At level
IV, conventional communication, the individual uses gestures and vocalisa-
tions that are recognised widely in the community, such as nodding or waving.
At level V, concrete symbols, the understanding and use of symbols emerge.
The individual uses symbols that have a close relationship to the person, object
or activity they refer to. Concrete symbols include photos and depictive signs
such as “come”. At level VI, abstract symbols, the individual uses symbols
with only an arbitrary relation to what is referred to and at level VII, language,
the individual combines symbols.

The potentially communicative behaviours in individuals with significant
communication and motor disabilities are often specific to each individual and
the behaviours may be subtle and difficult to recognise for communication
partners (12, 14). As stated above, even when recognised, the potential com-
municative meaning may be difficult to interpret. Contingent responses to po-
tentially communicative behaviours are assumed to facilitate the communica-
tive development, for example through shaping pre-intentional (perlocution-
ary) behaviour into intentional (locutionary) forms of communication (12, 15).

Rett syndrome

Rett syndrome is a neurodevelopmental disorder almost exclusively affecting
females. The majority of cases are caused by a mutation in the MECP2-gene,
aregulatory gene in the X-chromosome (16). The estimated prevalence rate is
1 per 9—10,000 females (17, 18). Rett syndrome has the code F84.2 according
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to the International Classification of Diseases, Tenth Revision, Clinical Mod-
ification (ICD-10-CM). Consensus criteria for typical (classical) and atypical
(variant) Rett syndrome were developed in 2010 (19). The criteria that are
required for the diagnosis of Typical Rett syndrome include complete or par-
tial loss of acquired purposeful hand skills and acquired spoken language in-
cluding babbling (19). The presentation of the syndrome is described to de-
velop in four stages (20-22). Development of the children is seemingly typical
during the first months after birth. In stage I, between about 6—18 months of
age, development slows down and in stage II, occurring between 14 years of
age, the children lose previously achieved skills. This regression (included in
the criteria) can last months or years and may be very subtle (23, 24). During
this regression period, the children are described as having spells of inconsol-
able crying and as withdrawing from social interaction. In stage 111, beginning
between 2—10 years of age, the condition stabilises and the loss of functions
halts. The children are usually more responsive and more inclined to engage
in interaction again. However, multiple and severe symptoms and signs re-
main and may develop during this stage, such as dyspraxia, hand stereotypies,
epileptic seizures, vacant spells, breathing dysrhythmia, fatigue/reduced alert-
ness and heightened anxiety (22, 25). It should be noted that there is a wide
clinical presentation of the syndrome (26). Apart from affecting health, these
symptoms and signs also impact communication (27). Stage IV is called late
motor deterioration and describes loss of or decrease in mobility. Questions
regarding stage [V have been raised as the loss of ambulation may often have
secondary causes and, in some cases have been possible to prevent or postpone
(28).

Motor functioning is generally affected in Rett syndrome. Dyspraxia, dys-
tonia, ataxia and stereotypies are frequently described in literature as occur-
ring. The dyspraxia, i.e. difficulties in performing intentional actions, is often
pronounced in Rett syndrome and contributes considerably to the motor im-
pairment (29). Urbanowicz et al. (30) observed home videos of 64 individuals
with Rett syndrome and found that it took between one second and approxi-
mately four minutes for the participants to make a choice when asked. The
stereotypies add to the difficulties in performing voluntary actions. Hand ste-
reotypies are characteristic of the diagnosis and have been reported to differ
from the hand stereotypies that occur in autism, for example by being contin-
uous rather than intermittent (31).

Epileptic seizures, and other types of seizures influence the responsiveness
of people with Rett syndrome as well as their possibilities for expressive com-
munication (32). Seizures may contribute to fluctuating attention. Studies ex-
amining attention in individuals with Rett syndrome have mainly involved
various aspects of visual attention. Fabio et al. (33) found that participants
with Rett syndrome spent less time looking at focus objects and more time
looking at the caregiver’s and test leader’s faces, or at nothing at all, than a
control group matched for mental age. This was interpreted as a difficulty with
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selective attention (i.e. to attend to relevant stimuli and ignore irrelevant stim-
uli). These difficulties have been confirmed in other studies of visual attention
(34, 35). There are also difficulties with shifting attention according to a study
by Rose et al. (36). The authors found it likely that difficulty in oculomotor
processes was involved. These processes “underlie the control of planned eye
movements” (p. 340). In a study by Townend et al. (37), the repertoire of eye
movements appeared to be the same as the control group with age matched
peers. However, only half of the group could finish the procedure and a second
study suggested that difficulties with selective visual attention contributed to
the attrition (34).

Communication in Rett syndrome

Approximately 80% of individuals diagnosed with Rett syndrome are non-
speaking (38-40) although there are variants of Rett syndrome with preserved
speech (19). The understanding of language is less affected than the expressive
ability according to the social network of individuals with Rett syndrome. Un-
derstanding of single words and situation-dependent language is reported by
caretakers or observed in 50% or more of cases (32, 41-43). Individuals with
Rett syndrome tend to orient towards faces and eyes rather than objects (44,
45). It is also frequently reported that people with Rett syndrome enjoy social
interaction (42, 46). It should be noted that social interest, adaptive function-
ing and communication skills are reported to be preserved, or even improved,
in adult and aging women with Rett syndrome (47-50).

Research interest in early communication development in Rett syndrome
has increased. In a natural history study by Neul et al. (51) of 542 individuals
diagnosed with typical Rett syndrome, 53% had acquired gestures, 23% used
points for wants and needs, 77% used single words, and 18% had acquired
phrases before the regression stage. This suggests that individuals had reached
the illocutionary phase and potentially the locutionary stage. However, there
are indications that deviations from the early communication development ex-
ist (24), examples include a limited range of gestures (52), atypical cooing and
babbling and that early communicative functions were not observed in some
children (53). It is also frequently described that individuals with Rett syn-
drome were placid during infancy (54).

The findings are mixed regarding communication skills post-regression.
Previous studies, in which direct assessments were used, found that individu-
als with Rett syndrome mainly communicated pre-intentionally i.e. without
directing their communication to others (41, 43). Goal-directed behaviour was
observed, but no attempts to draw attention to themselves or objects were seen
(43). Woodyatt & Ozanne, (55, 56) suggested that the communicative abilities
were on a par with the cognitive abilities, although there were variations
within the group and one of the participants demonstrated some intentional
communitive behaviour, although inconsistently. It was also suggested that
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dyspraxia may play a part in hindering communication. In more recent studies,
eye-gaze technology has been used in assessments of cognitive and receptive
language abilities. The findings suggest that, although the study group with
Rett syndrome had lower scores compared with a group of typically develop-
ing peers, there was a wider range in abilities than previous studies have
shown. Some individuals had age-adequate receptive vocabulary and lan-
guage (57, 58).

Regarding expressive communication, eye gaze is often reported to be the
most efficient form of communication (32, 59, 60) and intense eye communi-
cation, “eye pointing”, is one of the supportive criteria for the diagnosis (19).
Given that eye gaze is an important form of communication and that selective
and shifting attention may be affected in Rett syndrome, it is important to fur-
ther develop our understanding of visual attention in Rett syndrome.

Tools to assess communication in Rett syndrome

It is widely recognised that it is difficult to formally assess abilities in people
with Rett syndrome (61, 62). Approaches that have been used in research to
assess communication in Rett syndrome are either (a) tasks following a rela-
tively standardised procedure, (b) observation, or (c) information from care-
givers about communication in naturally occurring situations. None of the
tools or instruments used have been specifically developed to assess commu-
nication in Rett syndrome, but to assess communication in general or in indi-
viduals with disabilities.

Psychometric properties are important to take into account, regardless of
type of tool that is used in an assessment and reliability, validity, and utility
should be considered. Reliability concerns the precision of a measurement;
how consistently the measurement captures the variable of interest, such as
visual attention (63). There are various aspects of reliability. For example,
different observers should agree when scoring a behaviour (inter-rater relia-
bility) and the scores should be consistent when the one observer repeatedly
scores the same behaviour (intra-rater reliability). Inter-rater reliability of an
observation tool is often evaluated using two coders and comparing the scor-
ing (64), and can be established by letting one observer score the same video
on different occasions and then computing kappa (65).

The validity of a tool concerns how well founded the inferences that are
drawn from the scores are, or in other words, what conclusions can be made
based on the scores derived from using the tool (66). Tool validity assessment
is a process in which several aspects are evaluated. This includes how well the
measurement assesses the concept it is intended to measure rather than other
concepts (construct validity) and how well the measurement distinguishes be-
tween different levels of the variable (sensitivity to change) (63, 64, 66).
Yoder and Symons (64) distinguish between observing behaviours that are
signs of a construct, such as a skill or a characteristic, and behaviours that are
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target behaviours for their own sake. To assess the former “requires an infer-
ence that what we are observing reflects an ability or skill we cannot directly
observe” (64, p. 7). The latter are context-dependent behaviours “that are con-
sidered important for their own sake”. They are “not expected to inform us of
what occurs outside of the measurement context” (64, p. 7). According to
Yoder and Symons, sensitivity to change is an important aspect to examine
when assessing context-dependent behaviour. Social validity refers to how
important the social network considers the intervention goals, procedures and
effects to be (67).

The utility of a tool (i.e., its feasibility and usefulness) is rarely investi-
gated. Feasibility can be defined as how easy and manageable the tool is to
administer, while usefulness refers to how acceptable the tool is to clients and
professionals as well as whether the acquired information is clinically useful
(68).

In two recent studies, standardised instruments have been adapted and used
in gaze-controlled devices to assess reception of language and vocabulary.
Clarkson et al. (58) adapted the Mullen Scales of Early Learning (MSEL),
(69). The adaptations to the administration procedure included replacing
standard objects with motivating objects, partial credit for multiple equivocal
answers instead of full credit for one clear response, accepting swiping and
tapping instead of precise movements, and eye gaze as a response method (58,
p- 421). Two versions of MSEL were administered: one without eye-gaze
technology (MSEL-A) and one with (MSEL-ET). The domains visual recep-
tion and receptive language were administered through eye-gaze technology,
although not all of the items were considered suitable for adaptation and thus
not used. The scores were similar, but the time for administration of MSEL-
ET was shorter. Compared with results from the interview tool Vineland
Adaptive Behavior Scales-Second Edition (70), the scores from the adapted
MSEL were higher and displayed a wider range. These results should be
viewed in the light of the methodological limitations including difficulties in
comparing the adapted versions with each other and with the standardised
MSEL. Even so, the results are interesting and indicate that the adapted MSEL
is a potential option for assessing developmental domains, including receptive
language. Ahonniska Assa et al. (57) adapted the Peabody Picture Vocabulary
test to assess receptive vocabulary. The responses were given through eye-
gaze technology and each response was then confirmed by asking the partici-
pant to confirm through a yes/no-response. Psychometric properties of this
adaptation were not reported.

The Early Social Communication Scales (ESCS) (71, 72) uses play with
objects and is administered with minimal verbal interaction during communi-
cation bids. It was used to compare a group of girls with Rett syndrome with
a control group (33). ESCS has been used in numerous studies with conditions
other than Rett syndrome and reliability is reported to be above the acceptable
level. In Fabio et al (33) the inter-rater reliability was computed by the ratio
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of agreements of number of categories of each type (87%). Given the difficul-
ties that individuals with Rett syndrome have in manipulating objects and that
interest in objects appears to be limited, ESCS may not be best suited for as-
sessing communication in Rett syndrome.

Communication Matrix (13, 73) is a tool used to assess communicative form
and function. The assessment can be based on observations or interviews.
Grether et al. (74) compiled parent interviews from clinical assessments accord-
ing to Communication Matrix. Communication Matrix was reported to have
high inter-rater agreement (73) and construct validity was estimated to be high
by experts (75).

The Inventory of Potential Communicative Acts (IPCA) (12) was devel-
oped to identify potential communicative actions and its instructions are rela-
tively open (15), which can cause problems regarding reliability and validity.
The tool has been used to describe form and functions in studies describing
communication in Rett syndrome (53, 59). Point-by-point inter-rater agree-
ment was reported as 87% in one of these studies (53). In a field test, interview
data was compared with observation data and the communication acts de-
scribed by parents were also observed, which strengthens the validity of the
IPCA (12).

Goal Attainment Scaling (GAS) (76) was used to evaluate an intervention
in which gaze-controlled devices were implemented. GAS is used in clinical
practice to assess individualised longitudinal goals and has also been used in
research studies. Possibly due to its flexibility, the tool’s reliability and con-
struct validity have been difficult to establish. Social validity may be one of
the most important aspects of validity of the tool according to Schlosser (77).

Many of the tools measure changes in complexity and may not be sensitive
enough to detect small changes or when an individual uses the same type of
communication behaviour but more frequently. Moreover, ESCS and Com-
munication Matrix, are norm referenced and based on typical communication
development in which intentional communicative actions are important. The
operationalisation of those actions often requires a sequence of movements or
that the coder interprets the intention which is a recognised difficulty in Rett
syndrome. For instance, in Communication Matrix, the observer or informant
interprets the level of intentionality in the child’s actions (13) which is not
easily done in Rett syndrome.

Communication intervention

ICF

The International Classification of Functioning, Disability and Health (ICF)
is a classification of health and health-related conditions that was developed
by the World Health Organization (WHO) and published in 2001 (78). Itis a
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framework describing functioning and disability and the interplay between in-
dividual factors and environmental (contextual) factors. ICF distinguishes be-
tween body functioning and structures, activity, and participation.

Figure 1. The ICF model of disability

Body functioning and structures are the physiological functions including psy-
chological functions and anatomical parts. Activity refers to the execution of
a task or action by the individual while participation refers to the individual’s
involvement in everyday situations and in society. Environmental factors can
serve as facilitators or barriers to an individual’s functioning and include con-
text, products and technology, knowledge and attitudes of the communication
partners, social support and relationships. Several of these factors are included
in the support provided by the habilitation services in Sweden. Personal fac-
tors comprise features that are not part of the primary health condition such as
gender and age and also factors such as an individual’s attitudes towards social
interaction, for example.

ICF highlights the importance of participation which means that in addition
to assessing, teaching and training how an individual performs a task, it is also
necessary to implement these tasks in naturally occurring situations. It also
important to optimise the individual’s engagement in various situations in
daily life. Participation is influenced by many factors and may therefore be
increased by changes in environmental factors alone.

Communication intervention services

In Sweden, communication assessments and provision of communication aids
are often provided through the region health care system, often by teams
within the habilitation services. Implementation and day-to-day support often
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take place at pre-school, schools or daily activity centres organised by the lo-
cal municipality. Individuals with significant communication and motor disa-
bilities are also entitled to personal assistance, thus personal assistants support
the daily communication and use of communication aids. However, parents of
individuals with disabilities report that they need to take an active role in find-
ing information and services (79). Parents also report that they need to coor-
dinate and monitor their children’s personal assistance for them to receive the
best, possible support (80).

In many countries speech and language pathologists (SLPs) have a central
role in communication intervention services. In Sweden, the SLPs that provide
services to people with Rett syndrome are frequently part of teams supporting
people with a wide range of disabilities. Some SLPs work in teams specialis-
ing in aided communication or communication devices that serve a county or
a larger region. Assistive technology provision has been found to differ be-
tween region health authorities in Sweden (81, 82). Internationally, pre-ser-
vice education, practice and the formal organisation of SLPs working with
communication interventions also vary. There are also indications that people
with communication disabilities do not get access to aided communication
even when needed (83-85). Parents and others in the social network of non-
speaking individuals report a lack of support in choosing and implementing
communication aids (86-89). An investigation of the current provision of com-
munication intervention services by the Swedish health sector to individuals
with Rett syndrome could indicate the direction for further studies.

Aided communication

There is strong evidence that augmentative and alternative communication
(AAC) including communication aids facilitate communication and commu-
nicative development for non-speaking individuals (90-93). Reported out-
comes include increased use of a range of communicative functions, (such as
requesting, protesting, commenting and choice-making), reduced rate of chal-
lenging behaviours, increased receptive and expressive vocabulary and in-
creased use of speech (91). AAC includes unaided forms when no external
tools are used and aided forms when such tools are used (91). Examples of
unaided AAC include facial expressions, body movements, gesture and signs,
visual behaviour and vocalisations (73). Aided forms of AAC can be low tech
or high tech. Low-tech communication aids do not have any electronic com-
ponents and examples include symbol cards, communication boards or com-
munication books with photos, graphic symbols or text. High-tech communi-
cation aids are electronic devices or computers ranging from buttons with one
single message to gaze-controlled computers. Aided forms of AAC often use
graphic symbols that may have varying degrees of iconicity, i.e. similarity to
the concept they represent (9). The collection of symbols (vocabulary) can be
arranged in different types of displays or boards, including activity boards
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with symbols that are used in a specific activity and core boards with symbols
that may be used in many situations throughout the day.

When introducing aided communication, individuals with significant com-
munication and motor disabilities need alternative access methods to select
the symbols. With gaze-controlled devices, individuals can select symbols on
the screen of the device by focusing their gaze and holding it for a certain
amount of time (i.e. dwell time), by blinking or by using an external switch
(94). For low-tech communication aids, partner-assisted scanning, (i.e. when
the communication partner reads out the options and the individual selects the
wanted option by giving a “yes-signal”’) may be an option (95, 96).

Visual attention

An individual’s attention and alertness are important for all learning. Visual
attention is presumed to be important for the learning of spoken language.
Children tend to look at the hand and the object when their parents gesture
towards the objects (97, 98). Language learning is assumingly facilitated when
the parent simultaneously labels the object. Visual attention is potentially even
more important in learning graphic symbol-based communication. To connect
the graphic symbol to the spoken word, and/or the referent, the individual
needs at minimum to focus the gaze at the symbol. Aided communication thus
differs from unaided communication by adding a gaze focus. Instead of shift-
ing the gaze between the communication partner and the object of attention,
the individual needs to shift their gaze between the communication partner,
the object of attention and the symbols (99). Visual attention in relation to
symbol-based communication aids has mainly been assessed in laboratory set-
tings. These studies have largely focused on how AAC displays are processed,
and the best way to arrange and individualise the displays (100) while no tools
have been found for the assessment of visual attention in interaction.

Partner strategies in aided communication intervention

Numerous papers have acknowledged that the communication partners are im-
portant as informants in assessment and implementation of aided communica-
tion (101-103). Partner strategies are intervention strategies that are used by
the communication partner to support communication and communicative de-
velopment (101). Systematic instruction has been identified as important for
a positive outcome in aided communication intervention (101, 104). Methods
and programs for instructing the communication partners have been developed
and evaluated (105) including programs and strategies for communication
partners of individuals with significant communication and motor disabilities.
Rensfeldt Flink et al. (106) examined the experiences of parents of children
with PIMD after a communication course. These courses are often offered
through habilitation services in Sweden and are aimed at introducing and
teaching parents various partner strategies, including responsive strategies and
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use of multi-modal AAC, such as manual signs, single message devices, and
aided symbol-based communication. The parents emphasized that they used
responsive partner strategies more often after the course, and particularly that
they more often gave their child time to communicate and paid attention to,
and acknowledged, the child’s behaviour. The results regarding AAC were
more mixed with parents finding AAC “difficult to apply with the child” or
“too soon” (p. 8). The authors state that research regarding how different fac-
tors affect parents’ use of AAC is warranted. Two strategies that are gaining
evidence as symbol-based aided communication intervention are responsive
strategies and aided language modelling (ALM). Responsive strategies and
ALM are both used in naturalistic interactions, rather than in highly structured
tasks.

Previous research show children’s communicative and linguistic develop-
ment correlate with a responsive communicative style in parents or other com-
munication partners (107-109). Examples of responsive communication in-
clude giving time for responses, looking for potential communicative actions
and responding accordingly (110). Although researchers seem to agree that
responsivity refers to contingent responses, measures and studies that investi-
gate responsive strategies often include other strategies that are thought to
have a positive impact on development such as labelling and expanding on the
child’s actions and utterances (110-112). These packages include strategies
that both precede and follow on the individual’s communicative behaviour
and with slightly different purposes. The bundle of strategies is used to create
a communicative environment that is generally advantageous for communica-
tion participation and development (113). In sum, the use of responsivity as a
term varies widely both in term of what strategies that are included, how these
are categorized and what strategies they are combined with.

Several studies show that responsive parent strategies facilitate social and
communication development in children with disabilities (114-116), for ex-
ample autism (117, 118), Down syndrome (119) and intellectual disabilities
(120, 121). A small number of studies have specifically explored responsivity
in interaction between a communication partner and individuals with signifi-
cant communication and motor challenges (122-124). Parents to individuals
with significant communication and motor disabilities were responsive (122)
and their responsivity may increase through intervention. (106). There are few
observational studies examining the use of responsive strategies in aided in-
teractions with individuals with disabilities. Medeiros et al. (125) did not find
any differences in responsivity when parents and their children played with
familiar or unfamiliar toys, and no difference was found regardless of whether
single-message speech-generating devices were used or not. This was also the
finding in a study that examined parents’ use of responsive strategies in dif-
ferent play activities (126). No studies could be found in which symbol-based
communication was used. Most studies have examined parent responsivity but
it also seems to be beneficial for engagement and language when teachers have
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a responsive communication style (107, 127). It is not established whether
personal and contextual factors influence the use of responsive strategies.

The Maternal Behavior Rating Scale (MBRS), (111, 112) has been used to
investigate interaction between parents and individuals with significant motor
and communication disabilities (114, 122, 123, 128, 129). The MBRS com-
prises 12 items categorised into four factors of which one is labelled “respon-
sive”; responsive/child oriented, affect/animation, achievement orientation
and directive. MBRS was not specifically developed for communication de-
velopment and does not specifically take aided interactions into account. The
Responsive Augmentative and Alternative Communication Style scale
(RAACS) (110) was developed for assessing parents’ communicative styles
with children with communication difficulties. The scale covers use of respon-
sive partner behaviours that have been identified as important in AAC litera-
ture and care was taken to ensure the procedure was ecologically valid. The
scale was tested for reliability and validity and, after adjustment, deemed to
be reliable, feasible and have excellent internal consistency (110, 130).

Aided language modelling (ALM), i.e. when the communication partner
uses symbols in a communication aid when speaking is often used in combi-
nation with responsive strategies. The rationale behind ALM is to provide
models for communication that the non-speaking individual may be able to
use. ALM may therefore be used before the individual necessarily uses sym-
bols to express themselves. Communication interventions involving ALM
have been shown to have positive outcomes for individuals of various ages
and developmental stages (131, 132). ALM has also been shown to have pos-
itive effects on a range of language skills. These include: pragmatic skills such
as turn-taking (133, 134); expressive and receptive vocabulary (135-138); and
grammar (139-141). Despite the growing support for ALM, few replications
have been conducted and participants, measures and procedures vary across
studies. Most studies of ALM have targeted individuals who were able to ac-
cess symbols by pointing and several of the participants also used gestures to
communicate (136, 138, 142, 143). Only one individual who used alternative
symbol selection methods has participated in a study investigating ALM.
(144) and no study included participants with Rett syndrome.

Rett syndrome and communication intervention

Knowledge and practices in the AAC field are developing quickly (145, 146)
and the number of communication intervention studies involving individuals
with Rett syndrome have increased in the latest decade (147). Recently, con-
sensus-based guidelines regarding communication intervention have been
published to support clinical decisions (27, 96). The guidelines were devel-
oped in three phases: literature review, survey of experiences of families and
clinicians, and a two-stage Delphi survey including a panel of experts consist-
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ing of expert clinicians and representatives of parent organisations. The guide-
lines consist of a table with over 250 statements and recommendations that
reached consensus, a handbook in which the statements and recommendations
are explained and illustrated by examples, and a publication describing the
methodology. The guidelines include parts that are specific to Rett syndrome
(i.e. features and characteristics of Rett syndrome and their impact on com-
munication and a focus on communication through eye gaze). Other parts are
more general and could potentially be applicable for individuals with other
conditions. The guidelines include a range of intervention strategies (e.g. re-
sponsive strategies and ALM) and also emphasize the importance of introduc-
ing a symbol-based communication aid that includes a larger selection of sym-
bols to optimise communication and language development.

Although the guidelines were systematically developed, they draw on a
small number of publications on Rett syndrome, evidence from studies includ-
ing other populations and clinical and family experiences. As with all guide-
lines, these consensus-based guidelines need to be reviewed and updated as
the research-based knowledge expands.

Communication aids seem to be a promising way to elicit more specific
and intentional communicative acts. People with Rett syndrome can learn to
touch or look at pictures on instruction, demonstrate literacy skills, as well as
to choose, request and comment when given systematic instruction and access
to communication aids (135, 148-160). However, these studies predominantly
have targeted a limited number of communicative functions. The studies also
often have targeted early communicative functions such as requesting or
choice-making rather than communicative functions that facilitate ongoing in-
teraction. In most of the studies a therapist provided the interventions. Few of
the aforementioned studies included a more extensive vocabulary for a variety
of settings.

24



Rationale

Rett syndrome is a rare disorder and some of the symptoms and characteristics
that impede communication are syndrome specific. Communication aids have
been found to elicit more intentional and specific expressive communication
in individuals with Rett syndrome. Nevertheless, those involved with Rett syn-
drome report a need for support in choosing and implementing communica-
tion aids and knowledge and practice vary across individual therapists and
regions around the world. A lack of communication support services may lead
to the abandonment of communication aids even though they could still be
beneficial for the non-speaking individual. Individuals with significant com-
munication and motor disabilities, including those with Rett syndrome, form
a small proportion of the group supported by habilitation services in Sweden.
Existing assessment tools and intervention formats and strategies may there-
fore not meet the needs of these individuals. Knowledge of the current com-
munication intervention services provided to people with Rett syndrome in
Sweden is limited. It would therefore be valuable to investigate the current
situation to identify gaps and draw from experiences collected.

Visual attention is central to communication through eye gaze, which is the
most important form of communication for many individuals with Rett syn-
drome. Visual attention is important for learning symbol-based communica-
tion. There is currently no tool for assessing visual attention during interac-
tions. Such a tool could be useful in planning and evaluating symbol-based
aided interventions. Overall, there is a paucity of assessment tools that are
suitable for evaluating interventions for individuals with Rett syndrome.

It is also necessary to systematically explore intervention strategies for in-
dividuals with Rett syndrome that are knowledge-based for other groups.
Aided language modelling (ALM) is a strategy that has been found to increase
symbol-based expressive communication in non-speaking individuals. No
such intervention study has been conducted with participants with Rett syn-
drome, and the research that includes individuals who use alternative access
is sparse. ALM is often used in conjunction with other strategies such as re-
sponsive communication partner strategies. Responsive partner strategies
have been found to facilitate communicative development in several studies.
However, responsive partner strategies have been described and assessed dif-
ferently in various studies and little is known about the detailed mechanisms.
For example, it is not yet known whether factors related to the non-speaking
individual or his/her context may influence the communication partner’s use
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of these strategies. Moreover, research on responsive strategies in aided sym-
bol-based interactions with individuals with significant communication and
motor disabilities is lacking.

In summary, although communication intervention research is quickly
growing, there is still a need for knowledge regarding tools and intervention
strategies to optimise communication and language development.
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A1ims

The overall aim of this thesis was to investigate communication intervention
for individuals with Rett syndrome, especially aided symbol-based communi-
cation intervention and communication partner strategies. The aims for each
specific study were:

Study I: To explore the service provided to people with Rett syndrome by
Swedish speech language pathologists working in various habilitation set-
tings. Specific research questions were: Which intervention methods are used
to assess and evaluate communication in Rett syndrome? What are the overall
aims, formats and estimated outcomes of general communication interven-
tions for people with Rett syndrome? What are the formats and estimated out-
come of communication?

Study I1: To (a) develop a tool for assessing visual attention in individuals with
Rett syndrome using augmentative and alternative communication with a
communication partner during naturalistic interactions in clinical settings, and
(b) explore aspects of the tool’s reliability, validity, and utility. This includes
an assessment of (i) inter- and intra-rater agreement, (ii) sensitivity to change,
and (iii) acceptability.

Study I1I: To examine the effect of a communication intervention package on
expressive communication and visual attention in individuals diagnosed with
Rett syndrome. More specifically, the aims were to examine the effect of aided
language modelling while using responsive partner strategies and a gaze-con-
trolled device, on the participants’ rate of digitised words per minute, different
digitised words per minute, and visual attention.

Study IV: To explore and describe a trained communication partner’s use of
Responsive and Scaffolding Partner Strategies (RSPS) in interactions with
adults with Rett syndrome. More specifically, the study aimed to explore
whether the use of RSPS varied as measured through the Responsive Aug-
mentative and Alternative Communication Style scale (RAACS), (a) in inter-
actions with different participants, and (b) when the communication partner
also used aided language modelling, and (c) whether the rate of confirmations
and expansions differed between the participants’ digitised and non-digitised
communication.

27



The empirical studies

Overview

Table 1. Study design, participants, data collection and statistical methods

Study Design Participants Data collection Statistical methods
I Cross-sectional SLPs (n=77) Web-based Descriptive
study survey statistics
1I Descriptive psy-  Teenagers & Video-recorded Descriptive statis-
chometric study  adults (n=11) interactions tics, Cohens
kappa, Wilcoxon
signed rank test
I Single case Adults (n=3) Video-recorded Descriptive statis-
experimental interactions tics, Tau-U, Intra-
design Class Correlation
v Case study AAC specialist Video-recorded Descriptive statis-

Adults (n=3)

interactions

tics, Wilcoxon

signed rank test,
Friedmann test

Ethical considerations

Ethical regulations and guidelines were followed according to the Declaration
of Helsinki and complied with Swedish law. According to Swedish law, ethi-
cal approval was not sought for study I since no sensitive data was collected
and individual responses could not be traced back to any specific e-mail ad-
dress. The participants received written information about the study through
e-mail, in which they were told that participation was voluntary and that their
answers could not be linked to any specific e-mail address. The e-mail also
contained a link through which the SLPs could remove themselves from the
distribution list. Studies II-IV obtained ethical approval from the Regional
Ethical Review Board (Dnr 2014/222 & Dnr 2018/079). The caregivers or
trustees were given written information about the confidentiality of the study
and gave their written informed consent on behalf of the participants. The
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caregivers and trustees were informed that they were free to withdraw on be-
half of the participants at any stage without any adverse consequences. In
study II, the participants with Rett syndrome were also shown a schedule with
text and photos explaining what would happen during the data collection. Be-
fore each session the communication partner showed the same schedule and
explained what would happen. The participant could then give consent by par-
ticipating or not. The caregivers were present during the data collection in
studies II-IV and were instructed to alert the test leaders to any signs of dis-
comfort inflicted by the situation on the participants with Rett syndrome. The
test leaders were also attentive to signs of discomfort from the participants
with Rett syndrome. In such cases, the activity was changed or the session
would be terminated.

Study I

Study I was a web-based survey with a cross-sectional descriptive approach.

Participants

Seventy-seven speech language pathologists (SLPs), working in Swedish ha-
bilitation centres and technical aid centres, participated in the survey.

Materials and procedure

A study-specific web-based survey was used (Appendix 1). The survey con-
sisted of four sections, covering; (a) demographics and work task-related data,
(b) aided communication intervention in general, (c) background data on the
person with Rett syndrome, time frames and aims of the intervention, format
and outcome of general communication intervention, and (d) aided communi-
cation intervention. The survey was administered through the survey tool Sur-
veyMonkey (161).

A manual search of the web pages of Sweden’s different county council’s
web pages was conducted to identify the e-mail addresses of SLPs working at
habilitation and technical aid centres. These SLPs were asked to provide e-
mail addresses to any additional SLPs that were missing from the distribution
list. A cover letter with information about the study and a link to the web-
based survey was sent to the SLPs on the final distribution list (n=352). Two
reminders were sent.

Data analysis

Descriptive statistics were used to present the data as frequencies and percent-
ages.
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Results

Of the 352 SLPs invited, 256 (67%) responded. Of these, 77 SLPs worked
with aided communication and had experience of working with at least one
individual with Rett syndrome and could therefore participate in the study.
The majority (48%) of the participants had experience of working with only
one client with Rett syndrome. Information from the social network of the
individual with Rett syndrome and observation were the most common ap-
proaches to assessment, followed by direct interaction. Systematic instru-
ments and tools were not used in 65% of the assessments. Generally, interven-
tions mostly targeted communicative functions that express wants and needs
(choice making and requesting). Just over a quarter of the SLPs targeted com-
municative functions that are important in interaction (turn-taking and joint
attention). About half of the SLPs did not target more linguistically charged
communicative functions (asking, commenting, narrating, and initiating topic)
at all. Partner strategies were targeted in all interventions. The number of SLPs
who targeted each partner strategy “exclusively” or “to a large extent” is pre-
sented below:

®  Behaviour state regulation: “Catch attention, regulate arousal”, n=36
(47%%) and “identify motivating activities”, n=51 (67%).

e Responsive strategies: “Acknowledge and confirm expressions”, n=52
(68%), “attend to expressions”, n=46 (61%), and “give time”, n=48
(63%).

o  Eliciting specific actions: “Expectant delays”, n=38 (50%), “model com-
munication”, n=36 (47), and “provide opportunities for choice making”,
n=54 (71%).

Partner strategies were exclusively, or to a large extent, instructed informally
in conversation. Communication aids were reportedly used by 87% of the re-
spondents, and 94% of them included trials with two or more communication
aids. Communication aids that aimed to support understanding (pictures/ob-
jects of reference and visual support) and single message devices were most
commonly used, closely followed by communication charts/books. Thirty-
eight percent of the respondents included gaze-controlled computers in inter-
ventions and 25% included computers with other access options. Gaze was
used as an access method in 77% of interventions and hand or one or more
fingers were used in 45% of the interventions. Of the communication aids
used, 60-90% were reported to be useful by the SLPs with the exception of
computers with other access than eye gaze (47%) and the Picture Exchange
Communication System (PECS) (44%). Most SLPs reported that the aids clar-
ified or increased the client’s communicative contributions. They considered
that their client contributed to communication more frequently or effectively
through communication aids ranging from choice-making (73%) to narrating
(8%). The results showed that the communication aids were used in at least
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one setting as reported by half of the survey respondents. One third of the
SLPs reported that the aids often/always worked satisfactorily according to
the social network of the client.

Discussion

The clients’ social networks were highly involved as informants in assessment
and evaluation. Observations in settings that were well-known to the individ-
uals and in interaction with familiar communication partners were also com-
mon assessment and evaluation procedures. Both of these practices are con-
sidered important by researchers (162-164). Systematic instruments and tools
were rarely used, although some tools of potential clinical value exist, such as
Inventory of Potential Communication Acts (IPCA) (12).

The communicative functions choice-making and requesting were most
frequently targeted which is in line with a study by Von Tetzchner et al. (1997)
(43). Turn-taking and joint attention, which are important in interaction, were
not frequently targeted. However, the use of communication aids was consid-
ered to positively influence these functions, which are considered to be foun-
dational for communicative development (165-167). Communicative func-
tions that are used in conversation, (e.g. commenting) were not commonly
targeted. In one study, girls with Rett syndrome commented and labelled more
frequently when communication aids were introduced in story book reading
(135).

The communication partners were most often instructed in informal con-
versations, which has also been reported in other populations (168). However,
previous studies have suggested that systematic and strategic instruction may
increase the likelihood that the partner strategies are used and generalised on
a long-term basis (104).

The majority of the SLPs included communication aids in their intervention
and deemed that they worked well and were used in at least one setting. Two
previous studies surveying parents of individuals with Rett syndrome report
somewhat differing results. In Didden et al (59), none of the girls used com-
munication aids to express themselves according to their parents while one
third of the children and adults used communication aids in a previous Swe-
dish study (39). This may reflect differences in forms of expression. However,
the methodology in these studies differed from each other and from the current
study, and the differences should be viewed in this light.

In line with previous research, (43, 169, 170), less complex communication
aids (pictures for reference and single-message devices) were used most fre-
quently. Nevertheless, gaze-controlled devices, despite being more complex,
were considered useful. In a study by Calculator (168), parents of individuals
with Angelman syndrome also reported that more complex communication
aids worked well, partly because they enabled their children to use a more
extensive vocabulary.
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One limitation of the study was the risk of recall bias even though many of
the respondents reported that their latest contact was within the preceding 12
months. Caution should be taken when interpreting results as the results from
the survey are not supported by observational data or reports from every day
interaction partners. Nevertheless, it may be concluded that the AAC process
was not supported by the use of tools and that all parts of the intervention
process did not follow research-based knowledge.

Study II

Study II consisted of two phases. In Phase 1, the tool Assessment of Visual
Attention in Interaction was developed. In Phase 2, the revised tool’s reliabil-
ity and aspects of validity was assessed using video-recorded interactions with
a group of participants with Rett syndrome.

Participants

Two individuals with Rett syndrome participated in the video-recorded inter-
actions during Phase 1 and nine individuals with Rett syndrome participated
in the video-recorded interactions during Phase 2. Three external coders par-
ticipated in Phase 1 and one of these also participated in Phase 2 during the
assessment of inter-rater reliability. All coders had a wide experience of as-
sessing communication with individuals with communication and motor dis-
abilities.

Materials and procedure

A Panasonic HCx920 video camera was used to record video clips of interac-
tions for both phases and Adobe Premiere Pro CC3 video editing software was
used to code the recorded interactions. A symbol set Picture Communication
Symbols was arranged in pages for core words (e.g. more and finished), for
comments (e.g. good and boring), and for specific activities (e.g. sing and
play).

For Phase 1, a preliminary version of the Assessment of Visual Attention
in Interaction (AVAI) tool was used. The first 5 minutes of four video-rec-
orded interactions were independently coded by three coders using the pre-
liminary version of AVAI They also noted comments on the coding process
while coding. The first author conducted a brief interview with each of the
coders once the coding was complete in order to explore feasibility. Inter-rater
agreement was assessed across all three coders.

For Phase 2, the revised version of the AVAI tool was used, consisting of
instructions for the video-recorded interaction, definitions of coding catego-
ries and the coding procedure. The instructions were that the video-recorded
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interactions should take place at a table during activities that were considered
interesting to the participant. A symbol set and objects used in the activity
were to be placed within the field of vision. When interacting, the communi-
cation partner was to engage the participant in the activity, give opportunities
to choose and wait for initiative. The first step in the coding procedure was to
identify what clips to code. For this, the video-recorded session was coded
using the Alertness Observation List (AOL) (171) to identify the four minutes
where the participant was the most alert and focused on the environment. The
next step was to identify gaze shifts in the four-minute clip. Each gaze shift
was noted along with the gaze focus (communication partner, object, symbol
set or no specific focus). In the last step, all focused gazes (one second or
longer) were identified by calculating the time between each gaze shift.

In Phase 2, two interactions with each participant were video-recorded (in
total 18), and to explore sensitivity of change, the communication partner used
aided language modelling (ALM) in one of these interactions. The first author
coded all clips.

Data analysis

In Phase 1, occurrence percentage agreement across all three coders was cal-
culated and the comments were grouped. In Phase 2, six of the 18 clips were
coded by the external coder to assess inter-rater agreement and the same coder
coded six randomly selected clips to assess intra-rater agreement. Cohen’s
kappa was used to assess inter-rater and intra-rater agreement. Acceptability
was studied with the AOL assessments and presented with descriptive statis-
tics. A Wilcoxon-signed rank test was used to analyse the differences between
focused gazes when ALM was used and when it was not used. SPSS version
22.0 was used for all analyses.

Results

Phase 1 resulted in a revised version of the AVAI tool. The revisions included
that the Alertness Observation List (AOL) was added to identify what se-
quences to code and that visual attention was operationalised as focused gazes.
In Phase 2, the participants were assessed using AOL as being active/focused
on the environment for between 6 to 98% of the coded intervals and agi-
tated/discontent for 1% of the coded intervals. The number of focused gazes
were 0-22 for communication partner, 1-15 for objects, and 0-13 for symbol
set. The total number of gazes ranged between 7 and 45. Inter-rater agreement
was moderate for objects (0.79) and strong for communication partner (0.86)
and symbol set (0.88). Intra-rater agreement was strong for communication
partner (0.95), objects (0.81) and symbol set (0.93). For the whole group, there
were 24 more focused gazes at the communication partner when ALM was
used, 15 at objects, 26 at the symbol set, and 81 in total. These differences
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were significant for gazes at the symbol set and for the total number of focused
gazes.

Discussion

Visual attention is an important aspect to assess in aided AAC interventions,
especially for individuals with Rett syndrome for whom eye gaze is consid-
ered to be the most frequent form of communication. The AVAI tool devel-
oped and used in this pilot study appears to be the first tool to assess visual
attention in interaction. It has the potential to be useful both in research and
clinical practice. The reliability was acceptable although measures can be
taken to enhance it even further. The tool appeared to be acceptable to the
participants and be valid in terms of sensitivity to change. The step-by-step
procedure applied in this pilot study was important for the tool’s development
to enhance reliability and feasibility, although there is still room for develop-
ment. Clinical acceptability and feasibility remain to be examined.

Studies 11T & IV

In study III, a modified withdrawal (A-B1-A'-B2-A?) single case experi-
mental design with a direct inter-subject replication across three participants
was applied. All sessions were video recorded. In study IV, the recorded in-
teractions from the first two phases were analysed. The participants, material
and procedure are therefore described together for these two studies.

Participants

Three women diagnosed with Rett syndrome participated in the study. The
interventionist (communication partner) was an AAC educational specialist,
trained and experienced in responsive partner strategies and aided language
modelling (ALM). Participant 1 was 31 years old and communicated through
body movements, visual behaviour and relatively consistently a yes/no signal.
She also used photos, objects or abstract symbols to request, choose and to
comment. She was reported and observed to have difficulties with her oculo-
motor control. Participant 2 was 27 years old and used facial expressions, body
movements, visual behaviour and looked at symbols for yes/no. She also used
photos, objects or abstract symbols to request, choose or name things and ac-
tivities. Participant 3 was 29 years old and communicated through body move-
ments, simple hand gestures, sounds and facial expressions. She used photos
and a few abstract symbols for choice making, and in a few situations to com-
ment.
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Materials and procedure

The sessions took place at a specialist AAC centre in a room with few com-
peting stimuli. The interventionist interacted in activities that were judged by
the caregivers to be motivating for the participants. Over a six-week period,
32 sessions were conducted with each participant. The baseline phase (A)
comprised of six sessions, each intervention phase (B1 and B2) comprised of
eight sessions and the withdrawal phases (A' and A%) comprised of five ses-
sions. Two sessions were conducted on the same study day to limit the number
of journeys to the centre for the participants. The sessions lasted between 15
and 41 minutes.

A vocabulary consisting of pages with core words, comments, and activity
specific pages was programmed into a gaze-controlled device (Tobii 112") us-
ing the software Communicator. The participants’ own favourite books and
games were used in the activities as well as games, books, and a tablet with
apps, music, and video clips regularly used in assessments at the centre. The
sessions were recorded with a Panasonic HCx9201 video camera and a Sony
HC22E video camera. The video editing software Adobe Premiere Pro CC3
was used when coding the recorded interactions.

During the baseline phase the interventionist used responsive partner strat-
egies, the gaze-controlled device was placed on the table within the field of
vision of the participant and was accessible, although slightly to the side. The
dwell time (the time period the user has to focus their gaze to activate a choice
on the screen) was set at one second. In the intervention phases, the following
changes were made: the interventionist pointed at symbols on the screen while
speaking (using ALM) and an individual dwell time was set. During the with-
drawal phases (A' and A?) the interventionist did not use ALM but the indi-
vidual dwell time remained and the interventionist continued to use responsive
strategies.

Before the baseline session, the gaze-controlled device was calibrated and
a training page-set was used to check that the participants could access all the
symbols on the screen. The individualised dwell time was estimated based on
this session. The caregivers were also interviewed using Communication Ma-
trix to obtain background information and information on indications of dif-
ferent levels of health status was also collected. These descriptions were used
when the caregivers estimated general health at the beginning of each study
day. After the last session the first author conducted an informal interview
with the caregivers to explore social validity of the procedure and intervention.

Measures and data analysis study III

Rate of digitised words per minute: The number of words expressed through
the gaze-controlled device by the participant was counted. Repetitions of a
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word within four seconds and without gaze-shifts in between were not
counted. The total rate was divided by minutes of the session.

Rate of different digitised words per minute: The number of different dig-
itised words was counted and the total rate was divided by minutes of the ses-
sion.

Visual attention: The tool that was developed in study II, AVAI was used
to assess visual attention. The total rate of focused gazes was calculated. The
data was analysed following the procedure described in Lane and Gast (172).
The effect size was calculated using the Tau-U calculator available on the
website singlecaseresearch.org. An external coder coded 21 (22%) clips se-
lected through stratified random sampling. Cohen’s kappa was used to assess
inter-rater agreement (IRA) for digitised words and different digitised words,
and IntraClass Correlation (ICC) was used to assess IRA for visual attention.
A two-way mixed model, single-rater and absolute agreement ICC was used.
The significance level was set at p <.001. All IRA analyses were performed
using SPSS version 25.0.

Results study II1

For the graphed results and the Tau-U results, see Figures 2-10 and Table 2
respectively in the original manuscript. Few trends were stable and across the
participants there was a pattern of a lower rate every other session.

Rate of digitised words per minute: For Participants 1 and 2, visual inspec-
tion did not reveal any intervention effect across all phases. The overall effect
size was moderate. A clear increase could be seen in the first intervention
phase and the effect size was large. No clear withdrawal effect could be seen.
For Participant 3, visual inspection showed no intervention effect.

Rate of different digitised words per minute: An intervention effect across
the phases could be seen for all participants. The overall effect size was large
across all participants.

Rate of focused gazes: An intervention effect was demonstrated for Partic-
ipant 1. The overall effect size was large. For Participants 2 and 3, no inter-
vention effects were demonstrated through visual analysis. The overall effect
sizes were moderate.

Additional results: All caregivers reported that the participants had ap-
peared to enjoy the intervention. They were perceived to be in a good mood
and the caregivers of Participants 1 and 2 reported that they had learned strat-
egies simply by observing the interventionist during the sessions with the par-
ticipants and that they had used the gaze-controlled device more frequently at
home in conversations with the participants after the study sessions.

Treatment fidelity: In 25% of the sessions, the rate of ALM did not reach
two models per minute. The RAACS score was above the pre-set threshold
during all sessions. Inter-rater agreement was 0.91 for digitised words, 0.99
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for different digitised words, and 0.78-0.90 for visual attention (focused
gazes).

Discussion study I1I

All three participants increased their rate of expressive communication in at
least one aspect. Two of the participants increased their rate of digitised words
per minute but no withdrawal effect could be demonstrated. ALM may thus
only partly have contributed to the increased rate. Moreover, the rate of digit-
ised words may not be a reversible variable. For one participant, the interven-
tion did not have any effect. This participant’s communication profile slightly
differed from the others. An intervention effect was demonstrated on the rate
of different digitised words across the participants. This is not surprising as
ALM included the interventionist changing pages and thus provided access to
a more varied vocabulary and may also have drawn attention to vocabulary
relevant to the activity or topic. ALM had an intervention effect on visual at-
tention for the participant with the most severe observed oculomotor difficul-
ties. The detailed observational measures may provide clinically valuable in-
sights. The design of study II does not allow the results to be generalised to
individuals outside of the study group. Nonetheless, the results of the study
highlight the need for intervention options for adults with Rett syndrome as
well as the need for further communication intervention studies.

Measures and data analysis study [V

The tool Responsive Augmentative and Alternative Communication Style
scale (RAACS) (110) was originally developed to assess parents’ communi-
cative style based on video recordings of dyadic interaction. It was adapted
for the study to suit its specific conditions and also following the recommen-
dations from earlier studies. The first ten minutes of the session were coded.
The communication partner’s use of strategies was rated minute by minute
(items 1-6) and overall for the whole coded period. A point was scored each
time the communication partner confirmed the trial participant’s contribution.
Additionally, it was noted whether the confirmation followed a digitised or a
non-digitised contribution as this was not included in RAACS. The same was
also done for the communication partner’s expansions. Descriptive statistics
were used. The Wilcoxon signed ranked test and the Friedmann test were used
to study differences between means between the study phases, between digit-
ised and non-digitised communication and between the trial participants. An
external coder coded 21 (22%) clips, selected through stratified random sam-
pling, to assess inter-rater agreement (IRA). Both significance levels p < .05,
and p < .005 were pre-set. A two-way mixed model, single-rater and absolute
agreement IntraClass Correlation (ICC) was performed. A significance level
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of p < .001 for IRA was pre-set. All analyses were performed using SPSS,
version 25.0.

Results study IV

The mean scores across items and trial participants ranged from 1.25 to 3.00.
The RAACS score varied when the communication partner interacted with the
different trial participants. One of the participants had a lower score for all
items except for item 2, “adjusts physically”. Item for item, there was also a
significant difference between the interactions across the study phases. The
score was almost exclusively higher in Phase 2 when the communication part-
ner used ALM. The difference was significant for RAACS-items 1-6. The
communication partner more frequently confirmed and expanded on the trial
participants’ digitised communication than on non-digitised communication.
The differences were statistically significant (p < .05, and p < .005.)

Discussion study IV

It should be noted that the findings of study IV are not possible to generalise,
given that it was a case study. Nevertheless, the results highlight some areas
for further research. Earlier research states that there is a difference in how
communication partners to individuals with different diagnoses use respon-
sive and scaffolding strategies (173). Findings from other studies (109, 119)
suggest that it may be of interest to search for factors related to the non-speak-
ing individual that may influence the communication partner’s use of these
strategies. In study IV, the use of responsive and scaffolding strategies dif-
fered when interacting with different participants and under different condi-
tions. The rate of confirmations and expansions were also higher when the
trial participants communicated through the gaze-controlled device. This may
have been what contributed to the higher RAACS score in the intervention
phase, rather than whether the communication partner used ALM or not. Dig-
itised communication may thus be useful to try when aiming to elicit responses
from a communication partner.
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General discussion

The overall aim of this thesis was to investigate communication intervention
for individuals with Rett syndrome, especially aided symbol-based communi-
cation intervention and partner strategies. This general discussion will develop
the overarching results regarding partner strategies, eye gaze communication,
communication intervention for adults with Rett syndrome, and methodolog-
ical considerations.

Intervention

The studies in this thesis mainly involved what are described in the Interna-
tional Classification of Functioning (ICF) as environmental factors, i.e. com-
munication aids (products and technology), partner strategies (support and re-
lationships), and the support (i.e. services, systems, and policies) provided by
Speech Language Pathologists (SLPs). The outcome measures (including the
tool that was developed in study II) were context dependent, implying that
they had a focus on communicative participation rather than the individuals’
functioning in isolation.

Partner strategies

In this thesis partner strategies have been examined from different angles. The
content and format of the support provided by SLP services in Sweden were
investigated in study I, responsive and scaffolding partner strategies were de-
scribed in detail to deepen the understanding of these strategies in study II,
and Aided Language Modelling (ALM) was applied as an independent varia-
ble in an intervention in study III. Aided interactions depend on the joint com-
munication skills of non-speaking individuals and their communication part-
ners. The studies therefore explored partner strategies that are used in natural-
istic interactions rather than in task-based training. The strategies that were
applied in study II-IV also targeted communicative functions related to inter-
action rather than requesting or choice making. Previous research of non-
speaking individuals with and without Rett syndrome has to a large extent
focused on the non-speaking individual and on teaching requesting and choice
making (146, 147).
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The definitions and measures of the term responsivity varies. In study IV
the term responsive and scaffolding strategies (RSPS) were used and specified
in detail according to the items in the Responsive Augmentative and Alterna-
tive Communication Style scale (RAACS). The use of responsive strategies is
context-dependent and consequently varied in interactions with different indi-
viduals, when the person communicated through a device or did not, or when
Aided Language Modelling (ALM) was used or was not. This indicates that
the application of RSPS varies when environmental factors are changed. There
was unequal variation in the item scores and it may therefore be valuable to
assess the use of RSPS in different situations and time points in an interven-
tion.

In study II, it was hypothesized that ALM would increase visual attention.
The findings in the study were in line with this hypothesis and in study III
ALM had an effect on one of the three participants’ visual attention in terms
of focused gazes. Previous research indicates that attention may be improved
by structured task-based training by a therapist (154). The findings in study 11
and III suggest that it may also be possible to influence visual attention by
using ALM in naturalistic interaction.

The clearest effect of ALM was to increase the participants’ variation of
digitised expressions. When using ALM, the communication partner turned
the pages in the vocabulary on the device, which may have drawn attention to
new symbols that were relevant for the ongoing activity or topic and in addi-
tion, and the participants were provided access to a more varied vocabulary.
The communication partner’s use of ALM in that way increased the partici-
pants’ variation of expressive vocabulary. Scaffolding strategies such as to
recast and to expand on the individual’s communication behaviour are thought
to facilitate language learning. Access to a larger variation of symbol-based
communication may therefore result in a more linguistically stimulating envi-
ronment (110, 141). It was not within the scope of this thesis to investigate
language understanding before and after the intervention, which would have
been desirable.

Eye gaze communication

Given that eye gaze is the most commonly reported form of communication
of individuals with Rett syndrome, this thesis investigated communication
through gaze-controlled devices. As oculomotor function is apparently less
affected than the hand function, gaze-controlled devices provide an alternative
means to execute voluntary (goal-directed) actions and to access communica-
tion boards with graphic symbols. The participants in studies III and IV all
frequently expressed digitised words which the communication partner con-
firmed and expanded on more frequently than was done on non-digitised com-
munication. The participants also increased their expressive communication
at the start of the intervention. However, their communicative intent was not
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assessed and could therefore not be ascertained. Nevertheless, the participants
had increased the number of voluntary actions that contributed to the interac-
tion. These goal-directed actions are stated to be important to identify and re-
spond to in order for these actions to become intentional (5, 174).

Communication intervention for adults with Rett syndrome

The findings in study III underscore that it is possible for adults with Rett
syndrome to increase their expressive communication. Adults increased their
rate and variation of expressions during the intervention which is in line with
previous intervention research where adults, as well as teenagers with Rett
syndrome increased their communication skills (148, 150, 153, 160, 175). In
study I, 42% of the participating SLPs worked at habilitation centres for
adults. However, the distribution of SLP across the country varies and there
are regions in Sweden without access to SLPs in the habilitation services for
adults (174). Given that cognitive and communication skills are reported to be
preserved in adulthood (47-50) and that systematic interventions seem to fa-
cilitate learning of communication skills, it is of great importance that indi-
viduals with Rett syndrome have access to communication intervention ser-
vices throughout life.

Methodological discussion

Rett syndrome is a rare disorder (18) and consequently observation studies are
usually conducted with small samples. The findings are therefore not possible
to generalise. However, measures were taken to conduct the studies in this
thesis rigorously. These measures include assessment of inter-rater agreement
(II-IV), non-respondent analysis (I), and adherence to established reporting
guidelines (I, III). Several threats to the internal validity could be ruled out,
thus strengthening the internal validity (63). Control for these threats was en-
sured for order effect in study II, when assessing sensitivity to change, as well
as for general health as a confounder in study III. In addition, treatment fidelity
was assessed in study II1. Below, methodological considerations regarding de-
sign, tools and measures will be discussed.

Design

Four types of research designs were applied as they were judged to be able to
answer the studies’ research questions. A cross-sectional survey was used to
explore the service provided by SLPs to people with Rett syndrome in Swe-
den. A qualitative approach (e.g. interviewing a smaller sample of SLPs)
would have provided a more in-depth picture of the provided service. As prac-
tices have been found to vary across regions and it is likely that individuals

41



with Rett syndrome live in all Swedish regions, it was considered a priority to
collect information that would be more able to be generalised. Study II was a
descriptive psychometric study. Psychometric studies usually include data
from a larger sample while study II was limited to 11 participants. The study
included both development and evaluation of AVAI and all stages of the pro-
cess were time-consuming, above all data collection, as the eligible partici-
pants lived far apart. No comparable tool existed, and a thorough development
procedure was therefore necessary, at the expense of a larger study group.
Study III was an experimental single case design (SCED), which is suited to
evaluating intervention effects and one of the most common designs in AAC
intervention research (146). SCED enables a high experimental control even
when larger group studies are not possible, for example when involving indi-
viduals with rare conditions. One advantage with the design is also the possi-
bility to evaluate the intervention session-by-session and modify the interven-
tion when necessary (172). Finally, study IV was an exploratory case study as
the aim was to explore and describe the use of a set of partner strategies that
are often described and reported under the term responsivity.

Tools and measures

The quality of research studies rests strongly on the quality of the instruments
and measures that are used. They need to be psychometrically sound, i.e. the
reliability, validity, and utility should be empirically tested. The same is ap-
plicable for tools used in clinical practice and there is a paucity of clinical
tools and instruments that are evaluated psychometrically. Overall, few tools
are used in clinical practice (88, 177), which was confirmed in study I. Tools
and systematic procedures can also be used to evaluate and assess outcomes.
Systematic tools further prevent arbitrary decisions and ensure that relevant
information is collected and reliably measured.

The tool Assessment of Visual Attention in Interaction (AVAI) was devel-
oped and evaluated in study II to assess visual attention and was applied in
study III. The tool demonstrated acceptable inter-rater agreement, both in
study II and study III with different external coders. Visual attention as as-
sessed with AVAI, was deemed to be a context-dependent measure and sen-
sitivity of change was therefore chosen as a validity measure. Sensitivity to
change was demonstrated in both study II and study III. Construct validity
could not be assessed as no other instrument was suitable for assessing visual
attention in interaction. It was not within the scope of this work to assess clin-
ical utility, (i.e. feasibility and usefulness). Utility in terms of acceptability to
the participants was prioritised as this would indicate that the tool would be
possible to use in research. Clinical utility remains to be assessed.

Study III was exploratory in the sense that it did not use outcome measures
that have been used in previous studies of ALM. It was considered necessary
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to use measures that relied as little as possible on interpretation of communi-
cative and linguistic intention and that were sensitive enough to be suitable as
a continuous measure for individuals with Rett syndrome. The rate of digitised
words and the rate of different digitised words that were used in study III were
found to have good inter-rater agreement. An alternative would have been to
use available instruments (13, 178, 179) although they require interpretation
of intention or may not be sensitive to change.

Future directions

Most urgent is to replicate study III to establish whether the findings are trans-
ferable when environmental and personal factors vary, for example age or pre-
vious experience of gaze-controlled devices. Given the paucity of tools in clin-
ical practice, it would be of value to investigate the clinical utility of AVAL
As the tool is time-consuming to administer, one alternative would be to de-
velop a simpler procedure and evaluate psychometric properties.

Further studies to examine the validity of AVAI are also needed. To assist
instruction of communication partners, it would be of interest to investigate
whether RAACS could be used in educating the communication partners and
in that case, in what manner. Receptive vocabulary was not investigated in the
intervention study. This is a logical next step for future research. The fact that
methods for testing receptive language appear to be developing (57, 58) in-
crease the feasibility of such studies. An important aim of communication in-
tervention is to increase communication in the person’s natural environment.
A next step would be to instruct the everyday communication partners to con-
duct the intervention that was used in study III. In such a study, it would be of
interest to assess social validity in a systematic manner. It would also be de-
sirable to involve the individual with Rett syndrome in the assessment of so-
cial validity. Finally, international guidelines for management of communica-
tion in Rett syndrome have recently been published (27). An important future
research direction would be to conduct studies on the implementation of these
guidelines and whether they would need to be adapted to Swedish conditions.

Conclusions and clinical implications

The combined findings of the four studies in this thesis are in line with previ-
ous research suggesting that communication aids are beneficial for individuals
with Rett syndrome. The results also highlight that gaze-controlled devices
should be considered in communication intervention. Moreover, visual atten-
tion and the use of gaze-controlled devices vary among individuals with Rett
syndrome. The communication partner’s use of facilitating strategies is con-
text dependent, which was demonstrated by the detailed assessment with
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RAACS. Neither literature, nor the studies in this thesis, provide clear guid-
ance for which functions and personal or environmental factors influence the
outcome of aided communication intervention the most. Therefore, compre-
hensive assessments as a base for decision regarding interventions, detailed
monitoring during interventions and evaluations to take decisions about next
steps, are necessary in clinical practice (27). Tools with satisfactory reliability,
validity and utility (e.g. sensitive to change and clinical usefulness) are critical
to such an evaluation. Given that the communication difficulties remain in
adult age and that it is possible for adults to develop their communication, it
is crucial that communication intervention services are available for individu-
als with Rett syndrome throughout their lifetime to ensure optimal communi-
cative participation.
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Silence falls like a heavy veil

I strain to say a word

I get set

Form my lips

Take a deep breath

It becomes a sort of noise

Is it just a word?

Is it just nonsense?

Is it a word?

Are words just words?

Do they have any significance?
Are they just waves?

that are bobbing around

never reaching anyone’s ear?
Perhaps the waves can speak?
Perhaps they carry

a message

Perhaps a question?

Perhaps an explanation?
Perhaps a feeling?
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To finally lift the veil

And slowly, slowly creep deep inside someone’s
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