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ABSTRACT

The present study investigates if intense training with the PhonicStick, a speech
generating joystick developed originally as a communication device, has an effect on
phonological ability in children with an atypical language development. Previous
studies connected to the PhonicStick and phonological ability has not shown any
improvement of phonological awareness due to training with the device. What is
unique in the present study is the amount of intense training with the PhonicStick,
something that has never been done before, as well as the focus on phonological
ability instead of phonological awareness. The study consists of nine participating
children between 4y;0m to 5y;7m of age, six of them diagnosed with an atypical
language development by a speech and language pathologist, and three of them
considered to follow a typical language development. Results indicate that intense
training with the PhonicStick combined with conventional speech and language
interventions may have an effect regarding phonological ability in children with an
atypical language development on an individual level.

Key words: The PhonicStick, phonological ability, atypical language development,
intense training.

SAMMANFATTNING

Syftet med den aktuella studien var att undersöka huruvida intensiv träning med the
PhonicStick, en talgenererande joystick ursprungligen framtagen som ett
kommunikationshjälpmedel, har en påverkan på fonologisk medvetenhet beträffande
barn med en atypisk språklig utveckling. Tidigare studier gällande the PhonicStick
och fonologisk förmåga har inte visat på någon förbättring gällande fonologisk
medvetenhet genom träning med apparaten. Unikt för denna studie är mängden
intensiv träning med the PhonicStick, samt att fokus ligger på fonologisk förmåga
istället för fonologisk medvetenhet. I studien deltog nio barn i åldrarna 4;0 till 5;7 år.
Sex av barnen har tidigare diagnosticerats av legitimerad logoped att ha en atypisk
språklig utveckling. Tre av de deltagande barnen har bedömts följa en typisk språklig
utveckling. Studiens resultat indikerar att intensiv träning med the PhonicStick,
kombinerat med sedvanliga logopediska insatser, kan ha effekt gällande fonologisk
förmåga hos barn med atypisk språkutveckling på individnivå.

Nyckelord: The PhonicStick, fonologisk förmåga, atypisk språkutveckling, intensiv
träning.
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1. Introduction
A language impairment can be described as either an abnormal language development,
or an atypical language development, from now on described as ALD. This can,
amongst other things, affect the development of understanding and/or usage of written
or spoken communication. Difficulties may affect the form, content and/or function of
language in any combination (Ingram, 2005). Delayed language development is one of
the major motives for seeking medical consultation in preschool children (Riva et al.,
2006). According to Nettelbladt & Salameh (2007), international studies show that
about 5-8 % of preschool children are affected by some kind of language impairment. In
Sweden, a control study of 4-year-olds showed that 12 % had been diagnosed with a
language impairment, whereof approximately 2 % with severe language impairments
(Nettelbladt et al, 2008). A late or deviant development of children's phonological
awareness is most often part of an ALD. Phonological awareness is an essential pre-
reading skill, and phonological training can influence reading and writing development
in a positive way. A satisfactory phonological skill is important, not least because
literacy is meaningful and necessary in today’s society (Greenald, 2007).

In the present study, the PhonicStick is evaluated as a tool to train phonological ability
in children with an ALD. Phonological training is possible with the PhonicStick, since
phonemes, i.e. speech sounds, can be selected and generated, and linked together to
form words.

2. Background
The following section will address normal and abnormal language development,
phonological awareness and its part in the linguistic development. Also, the
development of the PhonicStick, its predecessor and use in previous studies focusing on
the device will be described.

2.1. Language development

Linguistic ability and linguistic awareness are two concepts that should not be confused.
Linguistic ability refers to the use of language, whereas linguistic awareness refers to
being aware of the fact that the language has a form, with phonology, semantics,
morphology and pragmatics, besides its content. A child with a good linguistic ability
can have a weak linguistic awareness, and vice versa. Even though linguistic awareness
is not crucial for understanding and/or producing speech, knowing the form of a
language does help regarding social interaction and developing language (Magnusson &
Nauclér, 1993).

According to Hyltenstam (2007), a child’s typical language development follows a
certain anticipated and known course regardless of the language. A certain
developmental pattern can be found regarding the acquisition of a language. These
patterns indicate certain milestones in children's language development. A child will,
early in life show a want and need to communicate with the surroundings through eye
contact, babbling, screaming and crying. The social interaction will gradually, as the
child develops and grows older, turn verbal into meaningful units of words. Hyltenstam
goes on to say that the main part of our language is learned during our first couple of
years, and that the pronunciation of our native language will be obtained by the ages of
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3-4 years, with the exception of certain sounds and sound distinctions. It is important,
however, to remember that there are two sides to the development of pronunciation: the
ability to hear and perceive sounds, and the ability to articulate these sounds.

Persons with a language disorder have a deviant language development and/or use of
language. Having a language disorder means having difficulties with, amongst other
things, processing linguistic information, i.e. creating and/or understanding language.
There can be difficulties regarding language comprehension, also called receptive
language, and/or language production, so called expressive language. According to
Ingram (2005), language impairment may affect the form of language, the content of
language and/or the function of language in communication. Thus, there are many types
of developmental language disorders under the name of Specific Language Impairment
(SLI).

SLI is assessed and diagnosed by an authorised Speech and Language Pathologist
(SLP), by observations and standardised test batteries. When a child's language does not
follow the typical development pattern, SLI can be suspected if the ALD cannot be
explained in terms of hearing loss, generally slow development, deviant oral motor
function or malformation of the speech organs, an autism spectrum disorder or a trauma
to the brain (Asikainen, 2005). The 10th revision of the International Statistical
Classification of Diseases and Related Health Problems (ICD-10) has the following
definition of developmental disorders of speech and language:

“F.80 Specific developmental disorders of speech and language
Disorders in which normal patterns of language acquisition are disturbed from the
early stages of development. The conditions are not directly attributable to neurological
or speech mechanism abnormalities, sensory impairments, mental retardation, or
environmental factors. Specific developmental disorders of speech and language are
often followed by associated problems, such as difficulties in reading and spelling,
abnormalities in interpersonal relationships, and emotional and behavioural
disorders.”
(World Health Organisation, 2004).

The original aim of the study was to examine participants with SLI. However, since the
participants’ difficulties varied widely, the lowest common denominator was
determined to be ALD not caused by cognitive disorders.

2.2. Phonological ability

The focal point of this study has been phonological ability. This is due to the fact that
many of the participants are much too young to yet have established a phonological
awareness. According to the authors of Exploring the Relationship between
Phonological Awareness, Speech Impairment and Literacy many 4-year-olds with a
typical language development have restricted phonological awareness (Dodd & Gillon,
2001). A phonological ability, however, precedes and develops into a phonological
awareness.

Many confuse these concepts, and/or use them synonymously. However, there is a
narrow but essential distinction between the two. Phonological awareness refers to the
awareness that words consist of a variety of sound units, or phonemes. It develops as the
child understands that words consist of sounds, which sounds these are and in which
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order they appear. The child should also be aware of the fact that short and long words
can be used, regardless of the size of the referent (Magnusson & Nauclér, 1993).
Furthermore, the child will come to realise that the words can be divided into larger
sound units, i.e. syllables. A child with a well-developed phonological awareness should
manage to use rhyme, divide words into syllables and see smaller words within larger
words (i.e. “cat” in “catalog”). A phonological ability, however, deals with only one
aspect of sound which is the phoneme. While it, like phonological awareness, involves
understanding of a sound’s function in words, it is merely one aspect of phonological
awareness (K12Reader Reading Instruction Resources, 2014). Helped by the
phonological ability, a child can however detect where in a word a certain phoneme is
located, that is, initially, medially or finally. The child is thereby able to separate that
phoneme from the rest of the word (Niilo Mäki Instituutti, 2014).

According to Hammarberg et al. (2008), phonological difficulties are the most frequent
kind of language impairment in children. Sahlén (1991) claims in her paper, that even if
a child has an age adequate phonological ability of production, the child may still have
struggles concerning phonological understanding on different levels. This may include
perception, processing and memory of phonological structures. These difficulties can
manifest themselves in effortful trials identifying phonemes in words, or to divide
words into phoneme segments - factors that are termed together as phonological
awareness (Hammarberg et al, 2008).

There are many approaches available in order to enhance the phonological abilities in
children at risk of developing reading and writing difficulties later in life. Most of these
children already suffer from difficulties, due to an ALD. It is important to find strategies
and available treatment options for children who need to improve their linguistic skills.
The PhonicStick was partly developed for this purpose.

2.3. The PhonicStick

The PhonicStick was developed as an Augmentative and Alternative Communication
(AAC) aid and a Speech Generating Device (SGD), with the purpose to support
expressive language. The PhonicStick is a rebuilt joystick produced at the School of
Computing at the University of Dundee in Scotland. Rolf Black, researcher at the
School of Computing, who has contributed to the PhonicStick’s development describes
it as a tool which can be used for training concerning phonological ability as well as
literacy. It is possible to use the device to blend language sounds together to produce
words and nonwords, i.e. words with no meaning sounding similar to real words. This
can be made without using letters or pictures. The PhonicStick provides the user with
immediate auditory feedback when a phonic, i.e. a sound, is spoken by moving the
joystick in the corresponding direction.

When it was first produced, the developers designed it as a joystick to make it user
friendly, even to users with any kind of physical impairment. A joystick was chosen for
this purpose, due to the fact that many children with physical disabilities are able to
maneuver a wheelchair with just a joystick (Black et al., 2008). The first prototype of
The PhonicStick contained the first six phonics taught in the Jolly Phonics Programme
(see section 2.5). The future goal was to use all 42 different phonics in the English
language. During the progress of making the PhonicStick, the phonics were grouped by
their phonemic qualities, for example plosives. The phonics were then mapped on the
directions of the joystick. The first study regarding the PhonicStick investigated
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whether children with congenital complex communications needs (CCCN), could
maneuver the device. Individuals with CCCN often struggle to acquire functional
reading. When it was estimated possible, the work regarding studying whether the
PhonicStick could improve functional literacy among children with CCCN started
(Ager & Solli, 2009).

Figure 1. The PhonicStick

2.4. Augmentative and Alternative Communication (AAC)

AAC is used mainly by people with physical and/or cognitive impairment and/or no or
limited speech, to facilitate and support communication. It is common for an AAC
device to have a voice output facility, i.e. an SGD, and most devices are requested to be
easily managed by users with a physical impairment so that the users are able to co-
ordinate the movements needed correctly (Black, 2014). Nevertheless, AAC is not only
used for people with reduced communication and/or language ability, but also for their
surroundings, as a way of understanding. If a person need to use signs or pictures as an
AAC, the person’s surrounding would in the most satisfactory scenario use the same
form of alternative communication, considering communication is a two way
collaboration. Different types of AAC can be used for this purpose. However, most
SGDs compose a major problem due to the fact that it only provides access to pre-stored
words or phrases. This limits the users’ possibility to create their own words or
combinations. Instead, they have to remember where the specific words or phrases are
stored in order to retrieve them. The PhonicStick, however, allows the user to create
their own words from beginning to end giving them direct access to spoken phonemes,
as well as being user friendly due to its joystick design (Waller et al, 2008).

2.5. Jolly phonics

Jolly Phonics is a popular literacy teaching approach in the United Kingdom, focusing
on teaching literacy through synthetic phonics. All of the 42 different phonics in the
English language are included. It is a multi-sensory method, which is motivating for
children as well as for those teaching them. The approach focuses on five basic skills for
writing and reading. Those are: learning the letter sounds, learning the letter formation,
blending the sounds together, identifying sounds in words and spelling the tricky words.



6

Thus, the children approach literacy training by easy standards, enabling them to begin
building words as early as possible (Jolly Learning Ltd, 2014).

The first stage of the Jolly Phonics approach was used in order to investigate the
possibility of combining the different phonemes into sequences and words. The idea of
the PhonicStick is based on this theory. Therefore, later, six of the phonemes of the
English language were mapped on joystick movements. From these phonemes, the user
was able to produce many short words by easily accessing the sounds and combinations.
This later became the PhonicStick (Black, 2011).

2.6. Previous studies on the PhonicStick

At the moment there are seven different master’s theses linked to Uppsala University,
the Department of Neuroscience and the unit of Speech and Language Pathology, which
have evaluated phonological awareness and the use of the PhonicStick. The studies have
been carried out in Scotland, South Africa and Sweden with children with or without
some kind of cognitive disorder. Many studies have focused on training phonological
awareness with the use of the PhonicStick in 5-8-year-old children, with a typical
language development. However, no statistical difference regarding phonological
awareness have been found when tested after training with the PhonicStick (Ager &
Solli, 2009; Andersz & Hansson, 2010; Ek, 2011; Kimhag & Lundmark, 2009). The
adjacent sections contain a brief summary of the different studies.

2.6.1. Studies on children with a typical language development
Ek (2011) carried out a study with ten 4-5-year-olds in order to investigate if any
differences could be found after training. Only two differences with statistical
significance were discovered: Both the test group and the control group improved
regarding phoneme identification (fonemidentifikation). Ek used a part of the material
made by Magnusson and Nauclér (1993) to assess this. Furthermore, the test group
performed higher on word production (ordproduktion) using the PhonicStick than the
control group. It was concluded from the results that there might be, what Ek calls, an
intuitive phonological awareness that cannot be tested with the tests used in his study.

Lindström and Peronius (2010) investigated whether or not phonological awareness
could be improved using the PhonicStick in training. Their study focused on 18 Scottish
nursery children of 4 years of age, divided into two test groups, with six training
sessions in one group and ten training sessions in the other. In addition to the two test
groups, a control group, that did not receive any training, was formed. However, the
results did not show any increase in phonological awareness in the two test groups in
relation to the control group. This was thought to be partly because the PhonicStick did
not train the parts assessed in phonological awareness before and after the training. The
authors also came to the conclusion that age seem to be an important factor in
phonological awareness.

Andersz and Hansson (2010) focused on a group of 20 typically developing South
African children between 5-6 years of age. They wanted to investigate the effects on
phonological awareness after a total of seven training sessions using the PhonicStick.
Even though the result of the study showed no difference in phonological awareness, it
was found that the children improved in handling the PhonicStick to produce sounds
and three sound combinations.
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Previous research, including both Swedish and South African children with typical
language development between the ages of 5-6 years, have not shown improvement of
phonological awareness after training with the PhonicStick (Ager & Solli, 2009;
Kimhag & Lundmark, 2009). The authors expected this to be the result of a strict time
limit and too few sessions to reach a significant difference. However, what this research
did show, just as Andersz and Hansson, was an improved ability to maneuver the
PhonicStick and produce words.

Ek (2011) also did a meta study of the previously made studies mentioned above, where
he evaluated data concerning phonological awareness and the PhonicStick. Ek found
two statistically significant differences. After the training sessions with the device, test
results regarding the test containing phoneme identification tasks had increased in both
the test groups and control groups. The test results in the meta study of 5-8-year-olds
showed that the performance on word production tasks had increased more for the test
group than the control group.

2.6.2. Studies on children with an atypical language development and/or other
difficulties

Lempke and Lindberg-Wesslert (2009) investigated if the PhonicStick could be used to
increase phonological awareness, and thereby initiate interest in reading in Scottish
children with Down syndrome. The study, which consisted of six children between five
and 15 years of age, showed that the PhonicStick could be used to introduce and
enhance phonological awareness in these children, and that this increase in phonological
awareness was clear even after a short time of practice. Granholm and Gullberg (2010)
compared intervention between the Praxis material, a speech and language therapeutic
picture material in Swedish, and the PhonicStick in six Swedish children between
8y;0m-13y;11m of age, with Down syndrome. The aim was to investigate possible
differences in improvement of phonological awareness during a six week period. The
results illustrated that even though some of the children acquired phonological
awareness during the training period, it could not be concluded the effectiveness to
either material. However, the interest shown by the children towards the PhonicStick
showed that it, as a training tool, motivated the children to participate in training.

These two studies, regarding children with Down syndrome and the effectiveness of the
PhonicStick, are the only studies with participants who do not follow a typical linguistic
development, due to their inherent difficulties. So far, no study has used the PhonicStick
during a period of many sessions of intense training to stimulate phonological ability in
small children, and never in small children with an ALD as a primary difficulty.

2.7. Intense training

An ongoing research project at Göteborg University in Sweden claims that short but
intense training sessions in a structured but playful manner from four years of age, may
have a lasting effect regarding children's early language development. The study offers
phonological training for 25 minutes a day during a six week period. Preliminary results
show immediate effect after training, as well as lasting effects up to a year later
(Göteborg universitet, Utbildningsvetenskapliga fakulteten, 2012).
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TINS, Tidig Intensiv Naturlig Språkbehandling (Early Intense Natural Language
Treatment) is a method developed at a Swedish language preschool in order to
determine whether or not intense training in a natural environment can affect language
development in a positive manner. According to Mattsson (2010), an intense language
treatment can clarify everyday life and provide the children with concepts that can
develop into a communicative interaction based on the child's ability. Results show that
an intense training of children with severe language impairment increase their linguistic
ability as well as their social ability and self-esteem.

3. Aim and research questions
The overall aim of the study was to investigate whether intense training, i.e. multiple
sessions within a short period of time, with the PhonicStick could affect phonological
ability in children with an atypical language development.

The key question was:

 Can use of the PhonicStick affect phonological ability in children, between
4y;0m-5y;7m of age, with an ALD diagnosed by an SLP?

Furthermore, a subordinate matter of the study was to investigate whether any
differences could be seen between children with a typical language development
compared to children with an atypical language development concerning training with
the device.

4. Method
4.1. Participants

The nine participants of the study were recruited by an SLP at the integrated preschool
that the children attended. Six of them had an ALD, while three followed a typical
language development. They were divided into three different groups, two experimental
and one control, with three participants in each group. The three participants with a
typical language development formed the Experimental Typical (ET) group. The
remaining participants were matched into the Experimental Atypical (EA) and Control
Atypical (CA) groups on the basis of age, gender, mono- or bilingualism and their total
score of the pretest. The goal was to create three groups that were as similar to each
other as possible. The participants were between 4y;0m to 5y;7m of age, mean age
4y;11m, median age 5y;0m. All participants attended a mixed preschool class for
children with or without an ALD.

The EA group consisted of two males and one female, age 4y;m0 to 5y;5m, mean age
4y;10m, whereas the ET group consisted of one male and two female participants, age
4y;5m to 5y;7m, mean age 5y;1m. The control group consisted of three male
participants, age 4y;5m to 5y;5m, mean age 4y;11m. This group was used to control for
the possibility that training with the PhonicStick had an effect on phonological ability in
children with an ALD, other than regular preschool activities.

The six participants who had been diagnosed with an ALD did not constitute a
homogeneous group. Their different difficulties varied, including severe phonological
disorder, dyspraxia, which gives difficulties in coordination of mouth movements,
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language impairment and/or language delay. The SLP considered one participant to be
so difficult to assess, that a quantitative assessment was not possible. Therefore, to
facilitate the definition of the participating children’s language difficulties in this paper,
the six participants are referred to as having an overall ALD.

4.1.1. Criteria for participation due to atypical language development
Since the participants in the EA- and CA groups had a wide range of difficulties, it was
not possible to form a homogenous groups. The criteria for the experimental group with
an atypical language disorder were as follows:

The participants should attend a speech- and language division of the integrated
preschool. In order to attend, a referral has to be made by an SLP, containing the child's
current speech and language status. The child had to have a language impairment.
However, the language impairment was not supposed to affect the child's ability to
communicate with their surroundings in a severe way. Conventional speech and
language therapy should have been tried and found non-sufficient. Furthermore, the
child's cognitive functions should reflect the normal variation regarding nonverbal
abilities. These functions has to be evaluated and documented by a psychologist.
Finally, it is required that the child's possible additional difficulties does not
overshadow their ability to adjust to therapy and pedagogy according to the preschool
goals (XX Preschool, 2014).

4.1.2. Descriptions of participants
This section will address the participants’ properties and difficulties, either determined
by the preschool SLP or observed by the investigators. All bilingual children received
native language education in a playful manner for 30 minutes each week, in the familiar
environment of the preschool. The information provided below regarding each
participant may be perceived as irregular. Especially regarding the participants in the
CA group (CA1, CA2, and CA3). This is due to less interaction between the
investigators and the CA-participants, naturally causing this to happen.

EA1, male, age 4y,0m
The participant was born in Sweden and he was bilingual in Swedish and Bosnian,
though Bosnian seemed to be the strongest language according to the preschool SLP
and the native language teacher. He attended a Swedish preschool at the age of
1y;6m. He started to attend the integrated preschool at the age of 3y,11m. The
participant was the youngest of his group. During the study, the investigators
contemplated whether this participant had difficulties regarding attention, and if this
might have been the reason for his low scores compared to his fellow participants.

EA2, female, age 5y;0m
The participant was born in Sweden and he was monolingual in Swedish. She attended
Swedish preschool at the age of 3y;11m. The participant started to attend the integrated
preschool at the age of 4y;11m. She had been assessed by the preschool SLP to have a
severe phonological language impairment, including dentalisation and assimilation.

EA3, male, age 5y;5m
The participant was born in Sweden and monolingual in Swedish. He attended the
integrated preschool at the age of 4y;0m. He attended speech and language therapy at an
SLP office between the ages of 2y;11 and 3y;11. He was estimated to have difficulties
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with both language production and language understanding. He has been investigated
for Autism Spectrum Disorder and AD/HD but was never given such a diagnosis. He
had been estimated by the preschool SLP to have an atypical speech and language
development, due to language delay.

ET1, female, age 5y;7m
The participant was born in Sweden and bilingual in Swedish and Persian. She attended
a Swedish preschool at the age of 1y;6m. According to the preschool SLP, Swedish was
the strongest language. The family spoke predominantly Persian at home. She had a
typical speech and language development, and had been assessed to have an age
adequate phonological awareness.

ET2, male, age 5y;4m
The participant was born in Sweden and monolingual in Swedish. He attended a
Swedish preschool at the age of 1y;4m. He had a typical speech and language
development, and the investigators estimate the participant to have a well-developed
language and phonological awareness.

ET3, female, age 4y;5m
This participant was born in Sweden and monolingual in Swedish. She attended
Swedish preschool at the age of 2y;5m. She was the youngest participant of her group,
which assumed to cause her to fall behind in both pre- and post-testing as well as
training with the PhonicStick. Her linguistic development was age adequate.

CA1, male, age 4y;11m
The participant was born in Sweden and monolingual in Swedish. He started to attend
the integrated preschool at the age of 4y;10m. He had been receiving speech and
language therapy at a SLP office approximately between the ages 2y;10m and
4y;10m. According to the preschool SLP, he had a language impairment. He had big
difficulties mainly concerning grammar and phonology. He also had difficulties with
cooperation, eye contact and turn-taking, for instance in dialogues.

CA2, male, age 5y;5m
The participant was born in Sweden and bilingual in Swedish and Albanian. He spoke
both Swedish and Albanian at home, though Swedish seemed to be the strongest
language, according to the preschool SLP. He attended a Swedish preschool at the age
of 1y;1m. He attended the integrated preschool at the age of 4y;0m. He received speech
and language therapy at an SLP office between the ages of 3y;6m and 4y;0m.. He was
assessed to have a moderate to severe language impairment, due to severe language
delay. He had difficulties concerning word mobilisation, grammar, such as preposition
and sentence length, as well as syntax. He had been estimated by the preschool SLP to
have big difficulties regarding attention, which aggravated the speech- and language
acquisition making him difficult to assess.

CA3, male, age 4y;5m
The participant was born in Sweden and monolingual in Swedish. He attended the
integrated preschool at the age of 4y;4m. He received speech and language therapy at a
SLP office between the ages of 3y;2m and 4y;2m. He had been assessed to have
dyspraxia. He had big phonological difficulties due to not being able to produce certain
speech sounds. He was also affected by rapid talking pace.
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4.1.3. Regular activities with SLP parallel to training
During the four week training period, the preschool SLP performed speech and
language treatment with the participants according to their ordinary work. One
participant (EA2) received sound training, which can be equated with the PhonicStick
training, on one occasion.

4.1.4. Summary of caregivers’ evaluation of the children's’ participation
After the training period, a letter was sent out to the caregivers’ of the participating
children via e-mail. The letter contained a brief summary of the study, as well as an
expression of gratitude due to their participation. Furthermore, three questions regarding
the child's experience and sounding development were enclosed. The caregivers were
asked to reply via e-mail as soon as possible.

The questions were as follows:
1. How do you perceive your child to have experienced the training?
2. Have you noticed any development in your child during the training period, regarding

sounding ability, i.e. recognising sounds and/or producing sounds? If so, can you
give any examples?

3. Is there anything else you would like us to know?

4.2. Investigators

The investigators were two Speech and Language Pathology students during their fourth
year at Uppsala University, Uppsala, Sweden. The study is a master’s thesis in Speech
and Language Pathology.

4.3. Material

This section will address the design and setup of the study, as well as the preparations
necessary for the implementation of the study.

4.3.1. Project design
This study has a mixed design, with a within group-variable (pre- and post-testing of
phonological ability) and a between group-variable (training with the PhonicStick).
Thus, the within group-variable consists of two levels, whereas the between group-
variable separates the EA and CA groups.

4.3.2. Recording of phonemes and words
The PhonicStick, along with its software, used in this study initially had six Swedish
phonemes (/a/, /k/, /l/, /m/, /ɔ/, /t/) previously recorded during a former study by Ager
and Solli (2009). To enable more combinations of sounds, the investigators added two
more phonemes - one vowel (/ɪ/) and one consonant (/s/). These additional phonemes
were chosen due to their capacity to form many different Swedish words in combination
with the already existing phonemes. This also decreased the risk of a ceiling-effect, i.e.
when a participant receives the maximum score on both the pre- and the posttest, which
was suspected to happen due to the intense training with only six phonemes. To do this,
the investigators had to re-record all of the already existing sounds and combinations to
ensure that the participants were not disturbed by different voices due to different
recordings and speakers. The total of combinations possible (two- and three sound
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combinations) then added up to 63 different words and 385 different nonwords. This
adds up to 448 different combinations. The eight single Swedish phonemes excluded
(see appendix 3).

Figure 2. Map of the sounds of the PhonicStick

4.3.3. Pilot studies
Two pilot studies were carried out prior to the training period. These regarded the use of
the PhonicStick, and the pretest of phonological ability.

4.3.3.1 Pilot study of the use of the PhonicStick
Five months prior to the study, the investigators conducted an initial pilot study. It
consisted of three sessions with three different participants, all male between the ages
5y;6m-7y;2m, with an atypical language development. None of the participants were
part of the actual study. The reason for carrying out a pilot study of the use of the
PhonicStick was to make the investigators comfortable in directing training sessions
regarding the device. Another reason was for the investigators to become familiar with
the environment on the preschool.

4.3.3.2 Pilot pretest
Prior to the pretesting of the participants, a pilot pretest was conducted in order for the
investigators to get comfortable with the implementation of the test and to control for
any possible problems in advance. The pilot pretest consisted of one (1) testing session
with one (1) male participant, 5y:6m of age, who was not part of the actual study.

4.3.4. Pre- and posttest
In order to measure any progress due to training with the PhonicStick, a pre- and
posttest regarding phonological ability was conducted. The investigators made two
equivalent tests, named “Pre/Posttest One” and “Pre/Posttest Two” (see appendix 5).
Four of the participants were assessed with “Pre/Posttest One” for the pretesting and the
“Pre/Posttest Two” for the post testing, while the other five participants were assessed
in the opposite order. This was made to avoid a learning effect due to recognition of the
tasks. Furthermore, the posttest also included direct tasks related to the use of the
PhonicStick (the PhonicStick Handling Test) to clarify the effect of the training.
The pre- and posttest protocol was used to assess all participants before and after the
training period. It consisted of four parts, including tests of phonological ability,
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adjusted to fit the ages of the participants. Three of the four parts were: Production of
own name (produktion av eget namn), Imitation (eftersägning) and Position analysis
(positionsanalys). They were designed by the investigators, with inspiration taken from
the Swedish assessment material Umesol (Taube et al, 1984). The fourth and last part
was Phoneme discrimination (fonemdiskrimination), designed with inspiration from the
Swedish assessment material Nya Nelli (Holmberg & Sahlén, 2000). The first task,
where the participants were asked to say their first name, was thought to be an
important part of the testing due to the possibility of gathering significant information
about the participants’ phonological system and pronunciation. In the second part, the
participants were asked to imitate simple, isolated sounds and sound pairs to assess how
well they could interpret and repeat phonemes (Holmberg & Sahlén, 2000). Through
this task, the investigators could retrieve further information about the child’s
articulation. This information could also be seen as a completion to the collected
information accomplished by the first task. The test regarding imitation included tasks
where the participants were asked to imitate phonemes, monosyllabic real words and
monosyllabic nonwords. The purpose was to enable the investigators to map any
phonological difficulties concerning pronunciation and if so, to what degree. In the test
concerning Position analysis, the participants were asked to point out which of three
different phonemes, a certain word started with (“does the word “bat” start with the
sound /b/, /t/, or /a/?”). As they were introduced to the three alternatives, the
investigators used their fingers to visualise the three different sound options. Some of
the participants answered this question orally, whereas some answered by pointing to
one of the fingers. In the latter cases, the investigators vocalised the specific sound,
making sure the participant meant to point at the finger representing the sound they had
in mind. The purpose of this test was to map any effect of the training sessions with the
PhonicStick regarding phonological ability. A high score on the posttest for the
participants in the experimental groups could indicate training effect. The fourth and
last part of the pre- and post-testing consisted of tasks regarding phoneme
discrimination. It was performed using cartoon images of minimal pairs (see appendix
7), words that differ in only one sound (for instance: “hat” - “cat”). The participants
were shown two images, i.e. one minimal pair, at a time. The investigators named the
images, and the participant was then asked to point to the one that the investigators
asked for. It was critical that the investigators did not look at the images while asking
the question, to avoid influencing the participants’ answer. The purpose of this task was
to assess the participant’s auditory perception as well as their ability to discriminate
between sounds. Another aim was to have a task where the participants did not have to
speak, since it would lower the pressure and the demand put on them. The four different
suited test parts were chosen to assess the participants’ ability to identify and interpret
the different phonemes, as well as evaluate the components of the phonological ability
of interest and initiative in relation to the PhonicStick. The concluding test, the posttest,
was given after all twelve session were fulfilled. The results of the pre- and posttest
were analysed and the data were compared within and between the groups. The results
would show whether any participant’s phonological ability had been affected or not.

An additional test was carried out between seven and twelve days after the last session
concurrently with the posttest. The test concerned the handling of the PhonicStick. The
participants in the two experimental groups took part in the test “Handling of the
PhonicStick”, where they were asked to produce certain sounds using the device. They
received a full score of two points if they found the requested sound right away, and one
point if they had to listen to various sounds before coming to an answer. If they could
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not find the specific sound they would receive no points. The purpose of this test was to
examine how well the participants had learned to manage the device and produce words.
The participants were free to look at the maps of the eight phonemes, which had been
used consequently during the training sessions, in order to find the sounds asked for.
Furthermore, the investigators repeated the sounds with the PhonicStick prior to the
testing began. The investigators’ intention with this procedure was to be sure that this
test would not be a memory test, but rather a test concerning the maneuvering of the
device.

4.3.5. Observations
According to Løkken and Søbstad (1995), a scientific observation has three different
stages. The first is the observation itself, where the observer uses his/her five senses.
The second is to produce a written description of the observation. The third and last
stage is to interpret the observation. During the pre- and posttests, as well as the
PhonicStick handling test, one investigator managed the testing while the other wrote
down observations along with the participant’s answers. A protocol was also filled out
during the training sessions containing the participant’s initiative, interest and
interpretation of phonemes and combinations (see appendix 12).

4.3.6. The PhonicStick and additional equipment
The recordings of both the new and already existing phonemes were made using a
MacBook Pro computer, an OM3 microphone with an appropriate condenser, a Duet
soundcard and the audio editor program Audacity. The recordings were then labeled and
exported from Audacity to the PhonicStick software. In order for the PhonicStick
software to connect with the joystick, the software for the computer joystick by label
Logitech, Attack ™ 3 Joystick, also had to be installed and used.

In order to clarify the handling of the PhonicStick, the two buttons used during the
study was marked using different coloured stickers, where green indicated “talk” and
red indicated “erase”. Furthermore, the participants received hand drawn mappings of
the sounds in order to simplify the process of locating the correct sound or sequence.

4.4. Procedure

Figure 3. Timeline illustrating the procedure of the study.

Pilot studies

Pretest

Sampling & grouping

Training
(five weeks, including

one week of
compensatory training)

Posttest & The
PhonicStick Handling Test
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4.4.1. Selection of participants
Prior to the study, a letter of information was sent out to the assistant preschool director
(see appendix 1). After the investigators received his approval, a letter of information
was sent to the possible participants’ caregivers (see appendix 2). The letters contained
information of the study, as well as a consent form for the caregivers to sign. The
consent forms were handed to the SLP at the preschool who handed them to the
investigators. When the selection of the participants was done, the investigators sent
separate e-mails to the caregivers involved, since this was the preferred way of contact
stated by each caregiver.

4.4.2. Training sessions
Each training session consisted of about 20 minutes of group training with three
participants using one PhonicStick each, during three days a week in a four week
period. The training focused on imitation, initiative and the participants’ ability to
interpret the different phonemes. The qualitative differences were noted in the
observation during each session by the two investigators. These observations were,
along with the results, the foundation for the discussion about the differences between
the participants with and without an ALD regarding handling the PhonicStick. The
participants only had access to the PhonicStick during the training sessions. The
purpose of this was to control that use of the joystick, besides the training, would not
have an effect on the participants’ sounding ability.

Each training session focused on a playful and undemanding training under free
conditions in the natural environment of the familiar preschool attended by the
participants. The training was adapted to the participants’ needs and reactions. The
investigators acted as models to encourage the participants to partake and experiment as
much as possible with the PhonicStick during the training sessions. This meant giving
the participants a lot of positive feedback and rewarding them for progress as well as
effort. Therefore, at the end of each session, the participants got to choose a sticker to
put on personalised paper cards they had been handed. At the end of the training period,
the participants got to bring their paper cards home as a reward for their involvement in
the study.

4.4.3. Avoidance of absence
During the four week training period, there were cases of absence in the groups. While
some participants fell ill (ET2, ET3), others simply refused to participate due to
disapprovement against their fellow participants (EA3). In the cases where participants
were absent due to illness, the lost training was offered to them once they got back. In
case of more than one missed training session, these training sessions were distributed
in chronological order, so as to make sure they got the same level and quality of training
as the other participants. However, in the case of the participant who refused to continue
alongside another participant in the same group, the only solution was to realign the
groups. Thus, during the last three sessions, the EA group was divided into two groups -
the original group, consisting of participants EA1 and EA2, and an additional group
consisting of participant EA3 and an external friend. The friend’s training and results
were not reported in the study. Even though there had been a change of group dynamic,
participant EA3 followed the same structure of training to assimilate the lost training
sessions. Concurrently, the remaining participants of the EA group completed the last
training week in a pair.
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4.4.4. Week 1 (Sessions 1-3) with the PhonicStick
Session 1
During the first session, the PhonicStick was introduced along with the different
phonemes, combinations and buttons. The participants received one PhonicStick each.
The participants were allowed to operate the PhonicStick and try its different functions,
as well as listen and imitate the phonemes produced. In this session, as well as
upcoming sessions, a stuffed animal rat was a part of the training. Only the person
holding the stuffed animal rat was allowed to speak or use the device.

Session 2
How to handle the PhonicStick was repeated by the investigators. The participants each
received a map (see figure 2) of the different phonemes of the PhonicStick in order to
operate it more competently. They started producing different speech sound
combinations and were asked to determine whether or not they were real Swedish
words.

Session 3
The participants continued to produce different combinations of two phonemes, assisted
by the maps as well as notes with pre written letters. For example; the participants
picked a note with /M/ written on it and were asked to find the sound with the
PhonicStick using the map. They were then asked to repeat the sound orally.
Furthermore, they got to listen to the investigators producing a sound orally and were
asked to imitate it. They were then asked to produce the sound using the PhonicStick.

4.4.5. Week 2 (Sessions 4-6) with the PhonicStick
Session 4
The participants were asked to produce combinations of three different phonemes and
determine whether or not they were real Swedish words. Both the investigators and the
participants repeated what the PhonicStick produced. They were also asked to produce a
speech sound with the device and come up with a word of their choice starting with that
specific speech sound. The latter task was accompanied by graphic support in the form
of pictures.

Session 5
The participants were shown a picture and were asked to produce the first sound of the
word orally and then using the PhonicStick. They were then shown two different
pictures, with varying initial sounds, and were asked to point to the picture with the
same initial sound produced by the investigators. Finally, they were asked to listen to
the sound made by the investigators and imitate it orally and using the PhonicStick.

Session 6
Since the tasks in session 5 were more challenging than earlier tasks, a short repetition
was conducted. Furthermore, the participants were given three pre made notes, as
described above, with three different phonemes that made up a real Swedish word, for
example /L/, /A/ and /M/ to create the Swedish word “lamm” (lamb). They used the
PhonicStick to produce the word and were then asked to repeat the word orally. Finally,
the participants were asked to explain the meaning of the word.
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4.4.6. Week 3 (Sessions 7-9) with the PhonicStick
Session 7
The participants got to look at different pictures and name them accordingly. After that,
they were asked to pick out the initial sound of the word. Furthermore, they were asked
to listen to words pronounced by the investigators, and then asked to tell how many
sounds that specific word consisted of.

Session 8
The tasks from session 7 were repeated. Moreover, the participants were asked to point
to one of three pictures, deciding which one started with a sound produced orally by the
investigators.

Session 9
The participants got to see a picture each and were asked to describe and name them.
They were then asked to identify the initial sound of that word. They were also asked to
produce the sound both orally and using the PhonicStick. Additionally, they were asked
to choose a picture with the same initial sound as produced on the device by the
investigators, out of three options. They were also given three pre chosen letters to
combine into a sequence, after which they were asked to tell the investigators if the
combination led up to a real Swedish word or a nonsense word. Both the investigators
and the participants repeated the combination orally.

4.4.7. Week 4 (Sessions 10-12) with the PhonicStick
Session 10
The investigators named different one-syllable real Swedish words, and the participants
were asked to identify the initial and final sounds of these words. They were then asked
to produce them orally and using the PhonicStick. Furthermore, they received a note
with different letter combinations and were asked to produce them on the PhonicStick
then deciding whether or not they were real Swedish words.

Session 11
The tasks from the previous sessions were repeated. The participants were also given
specific phonemes and were told to listen for these sounds in words pronounced by the
investigators. Some of the words contained the specific sounds, some did not.

Session 12
The participants were asked to produce a sound with the PhonicStick from within a
specific one-syllable real Swedish word. They were also asked to orally produce two
sounds from their given word, including producing them using the PhonicStick.
Furthermore, they were asked to imitate phonemes, both orally and with the device, as
well as to come up with a word starting with that specific sound.

4.4.8. The participants rating of enjoyment and difficulty using the PhonicStick
The participants were, once a week and within the group, asked to describe how they
experienced the training with the PhonicStick. Thus an evaluation of the enjoyment as
well as difficulty handling the device were carried out in association with sessions 2, 5,
8 and 11. The participants separately, but in front of the other participants of their
group, rated their training experience using a five degree scale. The scale contained five
different looking smileys, with various expressions ranging from widely smiling to sad
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looking faces (see appendix 10). The smiley to the left looked most unhappy, indicating
no enjoyment and/or big difficulties, while the smiley to the right looked most happy,
indicating much enjoyment and/or no difficulties. The smileys were graded with
different points, ranging from one to five from left to right. That is, the unhappy smiley
equaled one point and the happiest smiley equaled five points. The highest possible
score was 5.0.

4.5. Data analysis

Due to the differences between the participants, the results will be presented on an
individual level. Differences between pre- and posttests were calculated for each part
separately, and finally for the summarised scores of pre- and posttests.

The data from the participants rating of enjoyment and difficulty was analysed in a
quantitative manner, using mean scores and standard deviations. The results are
presented on a group level. The answers that the investigators received back from the
caregivers, regarding the evaluation of their child's participation, is reported
qualitatively in the result section of this paper and will be presented on an individual
level.

4.6. Ethical considerations

A letter of information regarding the study was sent to the assistant director of the
preschool. The parents had to give their written informed consent to allow their child to
participate in the study. They were told that they had the right to discontinue their
child's participation in the study at any time, without having to give a reason. The
parents were also asked to answer questions regarding their child's language
development, which might be regarded as delicate information. This was rectified by
not asking for any additional information other than what was necessary for the study.
To further control for this, it was made sure that the information was decoded and kept
away from unauthorised persons.

The participants in the two experimental groups received equal training to make sure
that any development was due to the training with the PhonicStick. The parents of the
participants in the control group were assured that their child would receive equal
training with the PhonicStick from the SLP at the preschool, if the training would prove
to be effective.

The participating children were given individual code numbers, and no names or dates
of birth could be identified. Personal information and test results have been collected
and stored in a locked closet at the preschool where the study was carried out. No
recording of the children were made.

5. Results
5.1. Pre- and posttests

The pre- and posttest protocol were focused on phonological ability. The four parts
tested were production of own name, imitation of sounds, words and nonwords, position
analysis and phoneme discrimination and in connection with the posttest also the
handling of the PhonicStick. The observations regarded differences before and after
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training with the PhonicStick, between children with an ALD compared to children with
a typical language development, as well as a control group.

5.1.1. Production of own name
In this part of the test, the maximum possible score to receive was one (1). In Table 1,
individual scores are presented. The mean score of the pretest for the EA-, ET- and CA
groups were 0.3, 1.0, and 0.7 respectively. The median scores were 0, 1 and 1
respectively. The mean score of the posttest for the EA-, ET- and CA groups were 0.7,
1.0 and 0.3 respectively. The median scores were 1, 1 and 0 respectively. The mean
scores of the posttest then increased for the EA group, but decreased for the CA group
in comparison with the pretest scores. The same applies for the median scores of the
groups.

Table 1. Production of own name-task. Individual scores and difference of pre- and posttest.
Maximum score: 1.

EA1 EA2 EA3 ET1 ET2 ET3 CA1 CA2 CA3

Pretest 0 1 0 1 1 1 1 1 0

Posttest 0 1 1 1 1 1 0 1 0

Difference 0 0 +1 0 0 0 -1 0 0

5.1.2. Imitation
In the pre- and posttests concerning imitation of phonemes and words, the maximum
possible score was 16. Individual scores are presented in Table 2. The mean score of the
pretest for the EA-, ET- and CA groups were 10.7, 16.0 and 13.0. The median scores
were 10, 16 and 13 respectively. The mean scores of the posttest achieved by the EA-,
ET- and CA groups were 12.3, 16.0 and 12.7 respectively. The median scores were 12,
16 and 11 respectively. Results show that the mean score for the EA group increased,
whereas the mean score for the CA group decreased. The same applies for the median
scores. On an individual level, the differences between the pre- and posttest show that
two participants in the EA group increased their scores, whereas two participants in the
CA group decreased their scores. Results also show that the ET group showed a ceiling-
effect already during the pretest.

Table 2. Imitation task. Individual scores and difference of pre- and posttest. Maximum score: 16.

EA1 EA2 EA3 ET1 ET2 ET3 CA1 CA2 CA3

Pretest 10 13 10 16 16 16 13 16 12

Posttest 12 11 15 16 16 16 11 16 11

Difference +2 -2 +5 0 0 0 -2 0 +1
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5.1.3. Position analysis
The test where the participants were asked to identify which phoneme a certain word
started with, the maximum possible score was 10. Individual scores are presented in
Table 3. The mean scores of the pretest received by the EA-, ET- and CA groups were
3.0, 7.7 and 1.3 respectively. The median scores were 3, 9 and 1 respectively. The
mean score of the posttest achieved by the EA-, ET- and CA groups were 4.3, 9.3 and
1.7 respectively. The median scores were 4, 10 and 1 respectively. The mean scores of
the posttest then increased for the EA- and ET groups, but decreased for the CA group.
The median scores show an increase for the EA- and ET groups, whereas the CA
group’s score is uniform. On an individual level the results varied widely among the
participants. The participants who showed an increase were EA3, ET2, ET3 and CA2,
whereas the participant who showed a decrease was EA1. The participants who neither
increased, nor decreased were EA2, ET1, CA1 and CA3. However, ET1 showed a
ceiling effect in this task.

Table 3. Position analysis-task. Individual scores and difference of pre- and posttest. Maximum
score: 10.

EA1 EA2 EA3 ET1 ET2 ET3 CA1 CA2 CA3

Pretest 3 4 2 10 9 4 1 3 0

Posttest 1 4 8 10 10 8 1 4 0

Difference -2 0 +6 0 0 +4 0 +1 0

EA1 EA2 EA3 ET1 ET2 ET3 CA1 CA2 CA3

5.1.4. Phoneme discrimination
The maximum possible score to achieve on the test concerning phoneme discrimination
was eight. Individual scores are presented in Table 4. The mean scores of the pretest for
the EA-, ET- and CA groups were 6.7, 8.0 and 8.0 respectively. The median scores were
8 for all groups. The mean scores of the posttest achieved by the EA-, ET- and CA
groups were 7.7, 8.0 and 7.0 respectively. The median scores were 8, 8 and 7
respectively. The mean scores of the posttest then increased for the EA group, but
decreased for the CA group. The median scores were uniform for the EA- and ET
groups, but decreased for the CA group. On an individual level, all participants of the
ET group showed a ceiling-effect. Furthermore, two participants in the EA group also
showed a ceiling-effect, whereas the remaining participant increased his scores. Only
one participant in the CA group showed ceiling-effect, while the remaining two showed
a decrease of their scores.
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Table 4. Phoneme discrimination-task. Individual scores and difference of pre- and posttest.
Maximum score: 8.

EA1 EA2 EA3 ET1 ET2 ET3 CA1 CA2 CA3

Pretest 4 8 8 8 8 8 8 8 8

Posttest 7 8 8 8 8 8 6 8 7

Difference +3 0 0 0 0 0 -2 0 -1

5.1.5. Total Pre- and posttests
The scores for all parts of the pre- and posttest were summarised. The maximum
possible score was 35. Individual scores are presented in Table 5, and are also presented
in a bar chart (see figure 4). The mean scores of the pre-test achieved by the EA-, ET-
and CA groups were 20.7; 32,6 and 23.0 respectively. The median scores were 20; 29
and 21 respectively. The mean scores of the posttest achieved by the EA-, ET- and CA
groups were 25.0; 33.3, and 21.7 respectively (Table 6). The median scores were 24, 35
and 18 respectively. The mean scores of the posttest then increased for the EA- and ET
groups, but decreased for the CA group. The same applies for the median scores. Only
one participant, ET1, showed a ceiling-effect for the total pre- and posttest. The
remaining participants of the ET group increased, whereof one participant reached the
total score during the posttest. Two participants of the EA group showed an increase,
whereas the remaining participant showed a decrease. Two participants of the CA group
showed a decrease, while the remaining participant showed the same result on both pre-
and posttest.

Table 5. Total pre- and posttest. Ages, individual scores and difference of pre- and posttest. Maximum
score: 35.

EA1 EA2 EA3 ET1 ET2 ET3 CA1 CA2 CA3

Age (y;m) 4;0 5;0 5;5 5;7 5;4 4;4 4;11 5;5 4;5

Pretest 17 25 20 35 34 29 21 29 20

Posttest 20 24 31 35 35 33 18 29 18

Difference +3 -1 +11 0 +1 +4 -3 +1 -2

Table 6. Total pre- and posttest. Mean scores and standard deviations within each group, M (SD).

EA ET CA
N 3 3 3
Pretest 20.7 (4.0) 32.7 (3.2) 23.3 (4.9)

Posttest 25.0 (5.6) 34.3 (1.2) 21.7 (6.4)



22

Figure 4. Bar chart illustrating individual differences in score of pre- and posttest.

5.2. Results of the PhonicStick handling test

The participants in the CA group did not partake in this test, since they had not
experienced any training with the PhonicStick. The maximum score of tasks 1-8 was set
to 21, and one (1) extra point was given for each real Swedish word produced in the
ninth and final task. Individual scores are presented in Table 7. The mean scores of the
tasks 1-8 of the EA- and ET groups were 13.7 and 17.3 respectively. The median scores
were 13 and 21 respectively. The mean scores of the total test, of the EA- and ET
groups were 15.0 and 21.0 respectively (Table 8). The median scores were 15 and 25.
On an individual level two participants (EA3 and ET3) stood out within their group,
receiving the highest respectively the lowest scores.

Table 7. The PhonicStick handling test. Individual scores and difference of pre- and posttest.
Maximum score: 21+ numbers of words produced.

EA1 EA2 EA3 ET1 ET2 ET3

Score 9+1 13+2 19+1 21+4 21+5 10+2

Total score 10 15 20 25 26 12

Table 8. The PhonicStick handling test. Mean scores and standard deviations within each group.

EA ET
N 3 3

M (SD) 15.0 (5.0) 21.0 (7.8)

5.3. Observations of the participants

Both the EA- and ET groups received twelve training sessions with the PhonicStick,
while the CA group did not receive any training. Thus, the observations made were only
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of the two experimental groups. The observations show individual strategies and
development among the participants, which is described in a qualitative manner below.

EA1
Observations showed concentration difficulties and a need for clear and direct
instructions. However, the participant was very interested in the device and was happy
to cooperate according to capability. The investigators impression was that he had a
hard time following the training, assumably due to bilingualism and weak attention.

EA2
The participant seemed to be demand-sensitive, but could however be lured to
participate using motivational factors. The participant appeared to be somewhat
bothered when not being able to make herself understood due to pronunciation
difficulties.

EA3
The participant appeared to respond well to the training. He participated on his own
terms, and sometimes had to be lured into carrying out certain tasks that did not meet
his interests. He did, however, receive a great knowledge of the PhonicStick and its
functions.

ET1
Though finding the training uncomplicated and seemingly easy, the participant did not
find any strategies to challenge herself to increase the level of difficulty. She did,
however, receive a great knowledge of the device and its functions.

ET2
The participant appeared to feel comfortable with the device as well as the phonological
tasks. A sign of this was when he, on two different occasions, modified the position of
the PhonicStick, thus, reversed the phonemes. He did this intentionally, supposedly to
challenge himself.

ET3
The participant had a genuine interest to engage in the training sessions, although she
appeared to find it fairly difficult to manage the phonological tasks. She fell behind the
other participants in the group, presumably due to the age difference. She was, however,
age adequate in her responses and followed instructions well in order to carry out the
tasks.

5.4. Participants’ rating of enjoyment and difficulty using the PhonicStick

The mean score for all participants of the experimental groups of the first evaluation
was 4.7 (SD 0.5) regarding enjoyment and 4.8 (SD 0.4) regarding difficulty. The mean
score of the second evaluation was 5.0 (SD 0) regarding enjoyment and 4.5 (SD 0.2)
regarding difficulty. The mean score of the third evaluation was 4.8 (SD 0.4) regarding
enjoyment and 4.2 (SD 1.6) regarding difficulty. Finally, the mean score of the fourth
and last evaluation, was 4.8 (SD 0.4) regarding enjoyment and 5.0 (SD 0.0) regarding
difficulty. The mean of the scores presented above connected to enjoyment and
difficulty were 4.9 and 4.7 respectively. The high numbers suggest that the participants
experienced the training sessions as an entertaining and uncomplicated activity.
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5.5. The caregivers’ evaluation of the children's participation

In all, three out of six caregivers communicated their responses to the three questions
that the evaluation of the children’s participation consisted of, during the writing of the
present paper. Following is a summarised depiction of each caregiver’s answer.
Caregivers of participant EA3 explains that he started to become more interested in
writing letters, and that he had started to mouth the letters when he did so. He had also
started to ask about the initial speech sound of everyday words, subsequently of the
study. Caregivers of participant ET2 informed the investigators that he had appreciated
the sessions. The caregivers’ understanding is that ET2 has improved his ability of
sounding and to identify sounds. Caregivers of ET3 reported that she has talked about
the sessions in a positive manner, which makes the caregivers believe she enjoyed being
involved in the study. Furthermore, the caregivers stated that ET3 expressed a great
fondness of her personalised paper card with stickers that she received on the final day
of the study. The caregiver had, since the start of the study, noticed an improvement of
pronunciation of the sound /r/. According to the caregiver, ET3 had produced /r/ more
resembled to /l/ or /j/ before the study. The caregiver’s opinion is that ET3’s language is
now more varying, following the study.

5.6. Summary of results

On an individual level the results of the pre- and posttest showed progress for some
participants, thus suggesting that a possibility in affecting the participants’ phonological
ability due to training with the PhonicStick exist. It is, however, difficult to conclude
that the shown difference in scores regarding the pre- and posttest, exclusively is due to
training with the PhonicStick, rather than random improvement. The higher scores of
the posttest could be due to coincidence. This is considered to be the case among all the
participants except for participant EA1 who increased his score by 11 points. Since the
participant’s increase was so great, the investigators judge it to be due to training.

6. Discussion
The aim of the present study is to examine if intense training with the device, referred to
as The PhonicStick, has an influence on phonological ability in persons with an ALD.
To sum up, the results suggest that intense training with the device possibly did have an
effect on the phonological ability concerning one participant of the study on an
individual level. However, any effect seen regarding the remaining participants is
thought to be due to random improvement. A comparison between the experimental
group and the control group, both affected by various language difficulties, show that on
a group level the experimental group increased their results on the posttest, while the
control group decreased their results. Due to the varying results, showing both increase
and decrease where results should have been uniform, the effect cannot be assumed to
depend on training with the PhonicStick.

6.1. Method

6.1.1. Participants
Previous studies have focused on children with either a typical language development
(Ager & Solli, 2009; Andersz & Hansson, 2010; Ek, 2011; Kimhag & Lundmark, 2009;
Lindström & Peronius, 2010) or Down syndrome, and thereby an ALD (Lempke &



25

Lindberg-Wesslert, 2009; Granholm & Gullberg, 2010). The present study has focused
mainly on participants with ALD, investigating effect on an individual level.

In order to obtain the widest sample possible, the participants were matched into their
respective groups by the factors mentioned previously (see 4.1). The purpose of
matching the groups was to control for extraneous variables. Another reason why
matching was applied, was to eliminate variance of errors of measurement related to the
variables, thus increase the power of the study (Borg & Westerlund, 2012). The
differences between the participants, regarding difficulties, age and mono- and
bilingualism, may have affected the outcome of the study and reflected on the results.
Even though it is the investigators’ firm belief that the matching of the groups
controlled for this issue as much as possible, there is always a chance of such factors
affecting the result in any way. Different, additional difficulties can never be compared
and can pose a problem based on too high a difference between the participants
regarding input and processing. Furthermore, bilingualism can pose a problem
regarding learning new skills from instructions, especially if instructions are given in
the weaker language. Lastly, the participants varied in age, both in all and in their
respective groups. This will affect their result and form a gap between the younger
participant and its’ older group mates, even if the participants’ language development is
age adequate.

6.1.1.1 Grouping
All groups consisted of three participants each, which proved to be the upper limit to
what was viable due to the participants’ needs. Individual training would, for some,
have been the most desirable option since this would have made it possible to avoid that
the participants were disturbed by each other, got more attention and support and did
not have to wait for their turn in order for the others to finish their tasks. However, due
to the strict time limit and spatial limitations, this was not found possible. Due to
disagreements and disharmony within the EA group, a rearrangement had to be made
during the last week of training. Though this was unfortunate, it was the only solution in
order to proceed with the study. This caused irregularity in obtained training among the
participants, and may have affected the results for the participant receiving a more
individually shaped training (EA3). The investigators did however try to control for this
by focusing as much on the external participant brought in to form the additional group,
as the original participant.

6.1.1.2 Bilingualism
The present study featured three bilingual participants, divided into each of the three
groups. This was performed due to maintaining a consistency and diversity of the
groups. The second languages spoken were Albanian, Bosnian and Persian respectively.
While two of the participants were thought to have Swedish as their strongest language,
according to the SLP and native language teacher, the third participant was assumed to
have Bosnian as his strongest language. This might have had an effect on the
participants’ results, since all training was performed in Swedish.

It always imposes an inconvenience when including bilingual participants with
monolingual participants in a study, due to the difficulties assessing them on the same
terms. A bilingual speaker could have greater difficulties following instructions and/or
performing on the same level as a monolingual speaker, but it may as well be the other
way around due to a larger vocabulary, thus a larger amount of words produced. The
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investigators were aware of these facts, and the fact that one participant might
experience difficulties in following instructions due to Swedish being the weaker
language. It was attempted to control for this by making sure the participant in question
received clear instructions, as well as being supported by body language, and that he
understood them before proceeding with the task. It is, however, possible that a
language barrier could have affected his results.

6.1.2. Material
In order for the participants to keep track of whose turn it was to use the PhonicStick
and perform the tasks, a stuffed animal rat was passed around, indicating that the other
participants had to be quiet. One reason for this was to control for difficulties regarding
turn-taking, which can be hard for any child to conform to. However, even though the
participants did grasp the concept of turn-taking, the stuffed animal rat proved to be too
interesting an object to prove entirely useful. At several occasions, the investigators had
to remind the participants who had the stuffed animal rat, thus reminding everyone
whose turn it was. Rather, it would have been desirable to use a more neutral object, not
attracting as much attention by the participants.

The purpose of the stickers the participants received to put on their personalised paper
cards after each training session, was to keep the participating children motivated. The
stickers were also an award for their involvement in the study, as well as the effort they
put into the training.

During the training sessions, a hand written map of the different phonics were used to
assist the participants in locating the different phonemes. It is possible that the older
participants could read letters better and therefore had more use of the map than the
younger children who possibly could not read letters as effectively. However, the map
symbolised the position of the phonics, not always sounding similar to the letters
previously learned by the participants, which could rather have confused than helped
them.

6.1.2.1 Project design

The present study has a mixed design, and consists of a between group-variable and a
within group-variable. The within group-variable consists of dependent measurements
of the levels of the independent variable, the PhonicStick. These dependent
measurements arise from the fact that the same participants have been assessed at more
than one occasion. A benefit with dependent measurements, which is prevailing since
the study consists of a within group-variable, is that it in general generates more power,
and therefore a decreased risk of type two-errors (Borg & Westerlund, 2012). Some of
the extraneous variables in the present study are bilingualism, mood of the day and
motivation.

6.1.3. Procedure
The present study differs from previous research concerning the PhonicStick and
phonological awareness by focusing on a more intense training with more sessions.
Among the previous studies, Gullberg and Granholm’s study (2010) was the only one
offering the participants twelve sessions of training, while comparing the effectiveness
of the Praxis material and the PhonicStick combined, regarding phonological
improvement. However, these twelve sessions were carried out during a six week
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period, as opposed to the present study’s four week period, and the training can thereby
be said not to be as intense. All remaining studies (Ager & Solli 2009, Andersz &
Hansson 2010, Ek 2011, Kimhag & Lindmark 2009, Lempke & Lindberg-Wesslert
2009, Lindström & Peronius 2010) varied between two to ten training sessions.

6.1.3.1 Observations during training
Sources of experimental errors can affect observations before, during and after
observation. To avoid conceivable sources of experimental errors, for instance errors
due to the first impression, the latest impression and the overestimating tendency, the
investigators read Observation och intervju i förskolan by Løkken and Søbstad (1995),
regarding the topic before meeting the participants. Since the investigators were fully
aware of these possible elements affecting the observations, it could be controlled for.

6.1.3.2 Pre- and posttesting
Regarding the task where the participants were asked to produce their own name, the
differential scores could have been affected by the participant’s general condition of the
day. Moreover, if a participant could not pronounce their own name during the pretest,
it appear to be a small chance that the participant will be able to pronounce it five weeks
later, without a phonological training specifically concentrating on this. Furthermore,
pronunciation of one’s own name should be established at the age of the participants’ in
the study, whereupon their achievement should not have worsened in this consideration.
The investigators agreed, subsequently to the study, that this task did not supply
adequate information about the participants’ phonological system, due to the children's
different names and pronunciation difficulties. Nor was the score adequate, but rather
caused the participants able to pronounce their name correctly to reach an immediate
ceiling-effect.
In the imitation test, the scores were deliberately based on the participant’s capacity to
phonologically repeat the phonemes and words. The task only included phonemes, real
Swedish words and non-words possible to produce with the PhonicStick. By doing so,
the task allowed for results based on progress gained by training. Using phonemes and
words outside what was included in the PhonicStick is connected to generalisation.
However, the investigators wanted the task to illustrate the training effect of the device
regarding improvement of the participants’ phonological system, and not how well they
were able to generalise this knowledge to their phonology. In retrospect, the
investigators were pleased with the task, regarding it as an adequate way to receive
information about the participants’ phonological abilities.

The position analysis test proved to be the most challenging task for the participants. A
few factors to why this proved to be so difficult could have been connected to
concentration and working memory. The participants had to keep instructions, as well
as the words spoken by the investigators, in mind while listening to three answer
alternatives. In order to simplify the task, the investigators attempted to visualise the
alternatives to the participants, by using three fingers to emphasise them. The first
alternative was visualised by the thumb, the second by the index finger and the third and
last by the middle finger. However, it is possible this was not enough to clarify the
different answers and another, more direct and concrete way of visualising might have
proven better. Even though the investigators were satisfied with the test itself, the
prosecution of the tasks did leave more to be desired. A more direct and clear way of
visualising the options to the participants would have been more optimal in order for the
participants to fully grasp the task.
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Regarding the phoneme discrimination task, the investigators deliberately choose to use
cartoon images in order to suit the participants’ age as much as possible. The words of
the minimal pairs used were all concrete nouns. The purpose of this was to strain only
the phonological ability, and to strain other cognitive processes as little as possible. The
words chosen were words the investigators believed to find in the participants’ everyday
vocabularies. The words belonged to the same word type, since there is evidence that
the level of difficulty increases when the words of a minimal pair belong to different
word types, such as one word being a noun and the other a verb (Holmberg & Sahlén,
2000). Similar phonemes produced in the same area of the mouth, and in the same
articulation manner only differing from each other in the sense that they are voiced or
voiceless, were not posed against each other. This would have been favorable, since it
imposes a greater challenge on the participant to tell them apart. Moreover, the
investigators were careful not to look directly at, or in the direction of the right
alternative since that could reveal the correct answer to the participant. Covering of the
investigators mouth while pronouncing the minimal pairs is an additional element on
how to operate this task. The investigators did not do this actively, since the participants
instinctively looked down at the table in front of them where the images had been
placed. Even though the task proved to be easy for all participants, the investigators
believe that it was necessary in order to gain information regarding the participants’
ability to discriminate among similar words differing only in initial phoneme.

The maximum possible score for some of the tasks of the pre- and posttests was
received by two participants from the ET group (ET1 and ET2), thus they showed a
ceiling-effect. The investigators do not see this as a fault in how the tests were designed,
since neither of the participants of the other groups scored as high. This is because the
aim of the study was to examine if training with the PhonicStick had an effect on
children with an ALD, not if it had an effect on children with a typical language
development. However, the consistent presence of ceiling-effect among the tests is
regarded as problematic, as it affects the chances of a result.

6.2. Results

Since the present study differ from previous studies made with the PhonicStick in both
age and problem areas of the participants, as well as the number and intensity of training
sessions, it is hard to compare the results with previous findings. The only studies to
investigate training with the Phonicstick and a possible effect on phonological
awareness in persons with ALD are focused on children with Down syndrome, thus
concentrating on different problem areas (Lempke & Lindberg-Wesslert, 2009;
Gullberg & Granholm, 2010). This complicates any possibility of finding a connection
between the previous and present study. Among the similarities found, the PhonicStick
as a creator of interest and motivation is the most meaningful. Lempke and Lindberg-
Wesslert, as well as Gullberg and Granholm, found the device to be a motivational tool
regarding introduction and training of the phonological awareness. Looking at the
participants’ grading along with the caretakers’ evaluation of their children's
participation, the present study could confirm the PhonicStick as an interesting
introduction to training. On a different matter, Gullberg and Granholm’s study, offered
a number of twelve training sessions with the device to a group of participants during a
period of six weeks. Unlike their study, the results of the present study could possibly
demonstrate an indication of a relationship between a more intense training with the
PhonicStick and an increase in phonological ability among one of the participants
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affected by an ALD. However, this seems to be due to individual progress, since the
results can only show a connection in the one individual, suggesting the other
participants’ increase or decrease to be part of a random improvement.

6.2.1. Pre- and posttest
The production of own name-task left a minimal chance for improvement during the
four weeks of the study. Since the total score was one (1) it meant a big risk for ceiling
effect. The participant received one (1) point if their name was pronounced correctly.
This setup was due to the fact that the investigators examined the participants’
phonology, not their knowledge regarding their own names. However, only one
participant (EA3) increased their score on this task, presumably due to the fact that
training had focused on the specific phoneme that was troublesome during the pretest.
In retrospect, the investigators realised that his part of the pre/post testing was not
satisfactory. Since the participants had names with various phonemic difficulties,
together with the fact that the participants were of different ages, this test had no high
reliability.

Regarding the imitation task, the investigators decided that even though the participants
were perceived to discriminate and interpret the sounds they heard, no score would be
handed out unless the pronunciation of the repetition was completely correct. This was
due to the same reason as in the production of own name-task. The investigators are
well aware of the fact that, because of this decision, a majority of points fell out by
reason of pronunciation difficulties. This may have seemed unfair, since some
participants suffered from greater phonological difficulties than others. However, it was
thought necessary in order to fully control for the participants’ phonological system and
to gain information regarding the phonemes that imposed most difficulty for each
individual. This information later inspired the training, allowing the investigators to
focus on specifically problematic areas of pronunciation.

The position analysis task left a 33 % chance for the participants to convincingly guess
the right answer. However, among the participants who responded with the correct
answer no signs of insecurity were present. Furthermore, due to the low scores among
the participants affected by ALD, this should not have been an influencing factor on the
results. The only participants receiving high scores on this task were the older
participants of the ET group, i.e. the ones who had already started to read and write.
Thus, these participants may have had an advantage compared to the remaining
participants. However, any improvement due to training among the participants affected
by ALD would still be apparent when comparing the pre- and posttest. Even though the
investigators considered the task to be a good fundamental idea the implementation of
the task was plainly too challenging and demanding for some of the participants to
follow through.

In the phoneme discrimination-task, where the participants were asked to indicate one
out of two alternatives, there is always a 50 % chance that the participant has performed
a convincingly assured guess which happened to be right. Thus, this task requires a
refined perspective of the participant’s answer of the task. If any insecurity was present
during a participant's answer, such as an obscure answer, answering before the complete
question had been performed, the investigators returned to the same minimal pair, to
control the distinction afresh. During the few occasions this happened, it was unclear if
the participant’s answer was obscure due to difficulties following an instruction,
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attention complications or a display of phonological insecurity. However, the
investigators believe all participants to have a developed phoneme discrimination, partly
due to the results of the testing, but also because of observations during the training.

6.2.1.1 The PhonicStick handling test
Since it was possible to produce a total of 63 different real Swedish words with the
PhonicStick, there was no risk of a ceiling-effect in this task. The investigators did not
expect the participants to achieve such a high score due to their age and the strict time
limit of two minutes. Furthermore, this situation clearly distinguished itself from the
training sessions, since it was a test situation and therefore demanded the investigators
rigidity. The participants were alone with the investigators during the test situation and,
consequently, they might have felt a higher pressure to perform. Even though the
investigators tried to keep the tasks on the same level of difficulty, some of the tasks in
The PhonicStick Handling test (see appendix 6) were more difficult and demanding than
the tasks implemented in the training sessions. Furthermore, regarding the ninth task,
aimless attempts of producing real Swedish words with the device which resulted in
correct answers, were included in the total score, if the participant could determine the
word to be real. Finally, considerations regarding one participant’s sensitivity to
demands were possibly weak following the situation being a test situation.

The results showed varying results within both groups. One participant’s result in each
group stood out against the other results. Participant EA3 received the highest score in
his group while ET3 received the lowest score in her group. It is the investigators’ belief
that this is partly due to the participants’ ages. EA3 was the oldest participants in his
group, by five respectively eighteen months. ET3, however, was the youngest
participant in her group, by eleven respectively fourteen months. She was also twelve
months younger than EA3.

6.2.2. Factors that could have had an effect on the training and thereby the results
Some of the participants underwent some training in pairs or individually. This was due
to unplanned absence of participants, such as illness. On the occasions when the groups
were not complete, the investigators found the training participant(s) to operate the
device more freely. This discovery would not have been detected if some of the
participants were not absent. The investigators interpret this to be due to the fact that the
participant(s) in a plenary group unarguably got more attention, since the group was
smaller. It can also be noted that the focus and attention of participants in a plenary
group were stronger. Furthermore, some of the participants seemed to have attention
difficulties. It is in the writing moment unknown what caused the attention impediment.
All of the participants could show signs of impatience and lack of interest when they
had to wait their turn to handle the device.

Two out of the total twelve training sessions took place before noon. Ten of them took
place in the afternoon. Moreover, all testing sessions took place in the afternoon. This
may possibly have had an effect on some of the participants’ results. Some individuals
are more focused and alert before noon and some are more so in the afternoon. The
investigators took this into consideration when trying to schedule the training sessions
at the preschool, but it was difficult due to the participants’ everyday schema and
activity, something the investigators had ensured both caregivers and preschool would
not be affected by the training.
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Some of the participants received conventional speech and language therapy by the
preschool SLP parallel to the PhonicStick training period. It would have been more
favorable for the study's final result if these therapy sessions did not intervene with the
training, since the eventual differences shown between pre- and post-testing cannot be
assumed to be the results of training with the device alone. However, it would have
been unethical to intervene with the participants’ natural preschool activities, resulting
in withholding their regular speech and language therapy.

6.2.3. Participants’ rating of enjoyment and difficulty using the PhonicStick
The participants were to rate the enjoyment and/or difficulty level in front of their
fellow participants by pointing to the scale. To the investigators, it did not seem like the
participants were affected by this, but there is a possibility that the participants
experienced peer pressure. If any of the participants did not respond as they would have
done if they had been alone with the investigators, there is a risk he/she did not answer
the questions according to her/his true estimation. The investigators aimed to somewhat
control for this by asking the participants’ caregivers what their impression of the
participants’ training experience had been.

6.2.4. The caregivers’ evaluation of the participating children
The questionnaire sent to the caregivers (see appendix 13) concerned the notion of any
new skills regarding phonological ability after the training sessions. What needs to be
considered, however, are difficulties distinguishing what may be an effect of training
and what is due to a normal development. An SLP, or anyone else involved in the
child's training and educated within the field of language development, however, is well
aware of what can be an improvement due to training and what is to be expected from a
normal development. Furthermore, every caregiver evaluates their child differently and
a bias may occur due to the fact that they want their child to perform well.

During the writing of this paper, only three out of six caregivers responded to the
evaluation. It would have been desirable to have had all requested caregivers to answer
the evaluating questions to get a clearer view of the caregivers’ appreciation of the
participants’ involvement in the study.

6.3. Limitations of the study

6.3.1. Technical limitations
Prior to the training sessions with the PhonicStick, it came to the investigators attention
that two combinations of real Swedish words were lost (“tass” and “mitt”). Because of
this, the words had to be re-recorded, which caused them to sound different to the ones
previously recorded. The investigators were aware of this and controlled for the two
words not appearing during the training sessions, in case this would cause an abruption
in the training and possibly affect the participants’ concentration. However, one of the
words (“mitt”) did appear for one participant during the final production part of the
PhonicStick Handling Test. Observations showed that the participant did not react
noticeably to the different sounding word, thus, this was judged not to affect the results
of the study.

Furthermore, the computer program connected to the devices shut down unexpectedly a
few times during the training sessions with the participants. When this happened, two
participants had to share one device amongst each other. According to Rackensperger et



32

al. (2005), a technical disruption may affect the learning process. Therefore, it is
important that the AAC device and additional equipment used in training is reliable and
will not shut down, thus affecting the training negatively. However, in the present study
the participants’ focus or handling did not seem to be affected by this inconvenience,
but either way it caused an abruption of the training. To avoid that this happened in the
middle of a session the investigators looked over the condition of each device and
computer program shortly before each start. Despite of these precautions, unexpected
shutdowns still occurred. Another technical adversity that occurred was that the
phonemes produced on the PhonicStick was rather delayed. This was controlled for, as
the investigators checked for this problem before each session began.

6.4. Suggestions for future research

6.4.1. Individual training
What can be concluded from the results is that the effect of the training vary radically
among the participants. Two participants in the ET group showed ceiling-effect,
assumably due to the simplicity of the tasks and their older age. However, the
participants in the EA group were still in need of support and guidance, regardless of
their age. The investigators noted that one child in particular (EA1) benefited much
from individual support, which increased his focus and thereby his performance.
However, all participants would possibly have benefitted from individual training as
this would have provided them with more support and encouragement from the training
leaders, as well as training adapted to their specific needs. Furthermore, a quiet and
peaceful environment without disrupting elements is, by the investigators, assumed to
be more optimal to learning and developing language skills. As this is the case for all
children facing learning of new skill, it goes for children with any linguistic delay or
additional difficulties in particular. An intense, individual training period will
presumably illustrate a greater difference than this study.

6.4.2. Additional sounds, combinations and words
Additional sounds and combinations could result in a wider, more need-focused training
for any child using the PhonicStick device. More sounds would allow the training to be
individual, focusing on the difficulties of a particular child, and would create more
possibilities in training. It would also enable children who follow a typical language
development to use the device in order to develop their phonological awareness, without
them risking a ceiling-effect.

6.4.3. Including the custodians
An interesting and valuable method of investigation regarding the use of the
PhonicStick would be to interview the participants’ custodians and surroundings
regarding the device and its functions. It would be useful to get their aspects of
phonological training with the device in order to develop both training and device
further to suit as many users as possible.

6.5. Summary of conclusions

The present study was designed to determine whether phonological ability in children
between 4y;0m-5y;5m of age, with an ALD can be affected by training with the
PhonicStick. One of the more meaningful findings to emerge from this study is that a
period of intense training with the device combined with customary speech and
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language therapy, seem to have increased the phonological ability in one of the
participants with ALD. This was shown by comparing the participant’s results of the
pre- and posttest with a control group, consisting of participants also affected by ALD,
as well as the remaining participants of his group. While other participants did show an
increase between the pre- and posttest, the increase was too small not to suspect the
progress to be part of unreliable improvement. Furthermore, this unreliable
improvement is supported by the fact that participants in the CA group showed a
decrease between the pre- and posttest, rather than remaining at the same level
throughout the training period. The above suggests individual training with the
PhonicStick could improve phonological ability in some individuals, depending on
environment, support and method of intervention. However, not all children benefit
from individual training, which leads the investigators to the conclusion that individual
evaluation is necessary when initiating any training or therapy using the device.

Another conclusion of the study regards additional sounds of the PhonicStick. A more
diverse sound system, containing more or all of a languages phonemes would enable
children, already following a typical language development, training with the device.
Their age adequate phonological awareness could then benefit from training with the
PhonicStick, without them risking a ceiling-effect due to a limited number of phonemes
and/or combinations.

After analyzing the scores from the participants’ rating of enjoyment and difficulty
using the PhonicStick the investigators are certain of the fact that all the participating
children highly appreciated the training sessions with the device. Along with the
caretakers’ evaluation which confirms the participants’ enjoyment, the PhonicStick can
be viewed as a creator of interest which suggests that it could be a very valuable and
motivating tool in phonological training.

The investigators suggest further research regarding the PhonicStick and its effect on
phonological ability in children with an atypical language development before possible
clinical use.
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Unit of Speech and Language Pathology
Department of Neuroscience

Uppsala, 23 maj 2014

Till biträdande förskolechef

I ett projekt vid Uppsala universitet skall under hösten 2014 en metod att stimulera fonologisk
medvetenhet hos barn, med och utan språkstörning, i förskoleklass prövas. Denna metod har
utvecklats vid University of Dundee i Skottland och bygger på användandet av en joystick för
träning av den språkliga förmågan. Denna joystick kallas the PhonicStick och är
programmerad med olika svenska språkljud. Man kan skapa både riktiga ord och nonsensord,
bestående av två eller tre språkljud, genom att kombinera dem på olika sätt. The PhonicStick
skulle kunna användas som ett hjälpmedel för att utveckla den fonologiska förmågan.

Vi önskar nu få vända oss till föräldrar och barn vid Er förskola. Vi vill gärna träffa nio
stycken barn i åldrarna 4-5 år och låta dem testa denna joystick.
Vi önskar träffa sex barn med diagnosen språkstörning, vilka kommer att delas in i två
grupper: en grupp som får träning och en kontrollgrupp som ej tränas; samt tre barn med en
typisk språkutveckling, för att kunna jämföra effekten av träningen med dessa barn. Genom
att utföra ett test i ljudande före och ett efter dessa träningstillfällen hos de båda grupperna
skall vi kunna se den eventuella effekten av träningen. Testet innehåller bland annat uppgifter
där barnen ombeds urskilja språkljud och stavelser ur svenska ord. Vi räknar med att träffa
barnen och träna med the PhonicStick 12 gånger, ca 15-30 minuter per gång i samband med
deras ordinarie förskoletid. Träningen kommer läggas upp på ett sätt som påverkar den
ordinarie verksamheten så lite som möjligt.
Innan vi träffar barnen kommer deras vårdnadshavare få ta del av ett informationsbrev om
studien samt få skriva under ett brev om informerat samtycke.
Studien utgör examensarbete på logopedprogrammet vid Uppsala universitet. Handledare är
docent Margareta Jennische, Uppsala universitet och kontaktperson är legitimerad logoped
Jenny Kimhag på förskolan.

Vid eventuella frågor, kontakta oss gärna via nedanstående kontaktuppgifter. Svar önskas
främst via e-mail senast 29 augusti. Vi ser fram emot att höra från Er.

Med vänliga hälsningar,
Fanny Lundberg Nicole Sidendal
070-7441344 073-5782158
fanny.lundberg.1306@student.uu.se nicole.sidendal.0888@student.uu.se
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Unit of Speech and Language Pathology

Department of Neuroscience

Informationsbrev om forskning angående barns
språkutveckling med hjälp av träningshjälpmedel

Ett steg i barns språkutveckling är att bli medveten om de olika språkljuden och deras
betydelse för ordens uppbyggnad och innebörd, dvs ljudande förmåga.

The PhonicStick
I detta projekt kommer vi att använda oss av en joystick, en så kallad PhonicStick (PS), utvecklad
vid The University of Dundee i Skottland. PS är ett hjälpmedel med syftet att utveckla språket
med speciellt fokus på förmågan att ljuda. Detta hjälpmedel används för att kombinera olika
språkljud till ord, vilket tränar barnen att lyssna på språkljud och kombinera dem till ord.

Deltagare
Vi söker barn mellan åldrarna 4-5 år, med eller utan diagnosen språkstörning.
Efter ett förtest, där barnets fonologiska förmåga testas, kommer deltagarna slumpvis att delas
upp i tre grupper utifrån kriterierna ålder, språkstörning och förtestets resultat. En grupp med
barn utan språkstörning, och en grupp med barn med språkstörning kommer att tränas med PS.
En grupp barn med språkstörning kommer att verka som kontrollgrupp och kommer därför inte
erhålla träning. Om träning med PS skulle visa sig vara effektivt för den ljudande förmågan
kommer barnen i kontrollgruppen erbjudas likvärdig träning efter studiens slut.

Vad innebär deltagande?
Deltagandet i projektet är helt frivilligt, och deltagaren kan välja att avbryta sin medverkan när
som helst under studiens gång utan att ange orsak. Tackar Du ja till deltagande kommer Du
som vårdnadshavare att få fylla i ett samtyckesformulär för deltagande i studien. Detta
samtyckesformulär visar att Du tagit del av denna information, men är inte bindande för
fortsatt medverkan.

Varje träningstillfälle kommer att ta mellan 15 och 30 minuter och utförs på förskolan under
barnets ordinarie förskoletid under ca fyra veckor. Vi kommer att försöka hitta tider som passar
Ditt barns vistelse på förskolan och stör den vanliga verksamheten så lite som möjligt.
Träningen kommer att ske i lek under fria former som känns naturliga för barnet. Vi anpassar
vår metod efter barnets behov och reaktioner för att träningen ska vara så rolig och motiverande
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som möjligt. Träningen kommer att fokusera på imitation, initiativförmåga och tolkning av
språkljud. För att se om träning med PS ger
effekt kommer vi att utföra ett för- och eftertest i anslutning till träningsperioden. Ljud-
och/eller videoinspelning kommer att ske i samband med dessa test. Dessa inspelningar
behandlas konfidentiellt.
Resultatet kommer att sammanfattas i en uppsats som kommer att publiceras.

Deltagare
Vi söker barn mellan åldrarna 4-5 år, med eller utan diagnosen språkstörning.

Personuppgifter
Alla uppgifter kommer att hanteras konfidentiellt. Personuppgifter kommer att kodas och
avidentifieras. Personuppgiftansvarig är Margareta Jennische, Institutionen för neurovetenskap,
Enheten för logopedi, Uppsala universitet.

Intresseanmälan
Om Du ger Ditt samtycke till Ditt barns deltagande i studien är vi tacksamma om Du vill lämna
bifogad svarsblankett till ansvarig pedagog/logoped senast fredagen den 29 augusti. Vi meddelar
sedan om Ditt barn kommit med i någon av projektgrupperna. Vid eventuella frågor om projektet
är Du välkommen att kontakta oss via nedanstående kontaktuppgifter.

Det här projektet genomförs under hösten 2014 som ett examensarbete på logopedutbildningen
vid Institutionen för neurovetenskap, Enheten för logopedi, Uppsala universitet. Handledare för
projektet är Margareta Jennische, logoped och docent, margareta.jennische@neuro.uu.se.
Med vänliga hälsningar,
Fanny Lundberg Nicole Sidendal
070-7441344 073-5782158
fanny.lundberg.1306@student.uu.se nicole.sidendal.0888@student.uu.se
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Deltagande i studie
Samtycke till Mitt barns deltagande i studien om barns språkutveckling

Jag har tagit del av informationen i informationsbrevet. Jag är medveten om att deltagandet i
studien är helt frivilligt och att jag eller Mitt barn när som helst kan avbryta deltagandet utan att
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List of phonemes possible to produce with the PhonicStick
A [a], I [ɪ], O [ɔ], K [k], L [l], M [m], S [s], T [t]
Total of 8 different types of phonemes

List of real Swedish words possible to produce with the PhonicStick

A
Ack (AK)

Ax (AKS)

All (AL)

Att (AT)

Alla (ALA)

Alls (ALS)

Allt (ALT)

Alm (ALM)

Amma (AMA)

Akt (AKT)

Ask (ASK)

I

I (I)

Illa (ILA)

Imma (IMA)

Ism (ISM)

O

O (O)

Och (OK)

Om (OM)

Oss (OS)

Olla (OLA)

Åtta (OTA)

L

L (L)

Lack (LAK)

Lamm (LAM)

Lass (LAS)

Lill (LIL)

Lim (LIM)

Lock (LOK)

Loss (LOS)

Lott (LOT)

M

M (M)

Mack (MAK)

Mall (MAL)

Matt (MAT)

Mick (MIK)

Miss (MIS)

Mitt (MIT)

Moll (MOL)

Moss (MOS)

Mått (MOT)

S

S (S)

Satt (SAT)



[Phonemes, real Swedish words, nonwords] Appendix 3

Åtti (OTI)

K

K (K)

Kall (KAL)

Kam (KAM)

Kass (KAS)

Katt (KAT)

Kick (KIK)

Kim (KIM)

Kiss (KIS)

Kitt (KIT)

Koll (KOL)

Kom (KOM)

Kock (KOK)

Sill (SIL)

Sam (SAM)

Simm (SIM)

Sitt (SIT)

Såll (SOL)

Som (SOM)

Sått (OT)

T

T (T)

Tack (TAK)

Tall (TAL)

Tass (TAS)

Tick (TIK)

Till (TIL)

Titt (TIT)

Tom (TOM)

Total of 60 different types

List of nonwords possible to produce with the PhonicStick

A

Ai
Aia

Aio

Aik

Ail

Aim

Ais

Ait

L

La

Lai

Lao

Lal

Lat

Li
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Ao

Aoa

Aoi

Aok

Aol

Aom

Aos

Aot

Aka

Aki

Ako

Akl

Akm

Ali

Alo

Alk

Am

Ami

Amo

Amk

Aml

Ams

Amt

As

Asa

Lia

Lio

Lik

Lis

Lit

Lo

Loa

Loi

Lol

Lom

Lk

Lka

Lki

Lko

Lkl

Lkm

Lks

Lkt

Lm

Lma

Lmi

Lmo

Lmk

Lml

Lms

Lmt
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Asi

Aso

Asl

Asm

Ast

Ata

Ati

Ato

Atk

Atl

Atm

Ats

I

Ia

Iai

Iao

Iak

Ial

Iam

Ias

Iat

Io

Ioa

Ioi

Iok

Iol

Iom

Ls

Lsa

Lsi

Lso

Lsk

Lsl

Lsm

Lst

Lt

Lta

Lti

Lto

Ltk

Ltl

Ltm

Lts

M

Ma

Mai

Mao

Mam

Mas

Mi

Mia

Mio

Mil
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Ios

Iot

Ik

Ika

Iki

Iko

Ikl

Ikm

Iks

Ikt

Il

Ili

Ilo

Ilk

Ilm

Ils

Ilt

Im

Imi

Imo

Imk

Iml

Ims

Imt

Is

Isa

Mim

Mo

Moa

Moi

Mok

Mom

Mk

Mka

Mki

Mko

Mkl

Mkm

Mks

Mkt

Ml

Mla

Mli

Mlo

Mlk

Mlm

Mls

Mlt

Ms

Msa

Msi

Mso
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Isi

Iso

Isk

Isl

Ist

It

Ita

Iti

Ito

Itk

Itl

Itm

Its

O

Oa

Oai

Oao

Oak

Oal

Oam

Oas

Oat

Oi

Oia

Oio

Oik

Oil

Msk

Msl

Msm

Mst

Mt

Mta

Mti

Mto

Mtk

Mtl

Mtm

Mts

S

Sa

Sai

Sao

Sak

Sal

Sam

Sas

Sa

Sia

Sio

Sik

Sis

So
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Oim

Ois

Oit

Oka

Oki

Oko

Okl

Okm

Oks

Okt

Ol

Oli

Olo

Olk

Olm

Ols

Olt

Oma

Omi

Omo

Omk

Oms

Omt

Osa

Osi

Oso

Soa

Soi

Sok

Sos

Sk

Ska

Ski

Sko

Skl

Skm

Sks

Skt

Sl

Sla

Sli

Slo

Slk

Slm

Sls

Slt

Sm

Sma

Smi

Smo

Smk

Sml

Sms



[Phonemes, real Swedish words, nonwords] Appendix 3

Osk

Osl

Osm

Ost

Ot

Oto

Otk

Otl

Otm

Ots

K

Ka

Kai

Kao

Kak

Ki

Kia

Kio

Kil

Ko

Koa

Koi

Kok

Kos

Kot

Smt

St

Sta

Sti

Sto

Stk

Stl

Stm

Sts

T

Ta

Tai

Tam

Tao

Tat

Ti

Tia

Tio

Tis

To

Toa

Toi

Tok

Tol

Tot

Tos
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Kl

Kla

Kli

Klo

Klk

Klm

Kls

Klt

Km

Kma

Kmi

Kmo

Kmk

Kml

Kms

Kmt

Ks

Ksa

Ksi

Kso

Ksk

Ksl

Ksm

Kst

Kt

Kta

Kti

Tk

Tka

Tki

Tkl

Tkm

Tks

Tkt

Tko

Tl

Tla

Tli

Tlk

Tlm

Tlt

Tls

Tlo

Tm

Tma

Tmi

Tmk

Tml

Tmo

Tms

Tmt

Ts

Tsa



[Phonemes, real Swedish words, nonwords] Appendix 3

Kto

Ktk

Ktl

Ktm

Kts

Tsi

Tsk

Tsl

Tsm

Tso

Tst

Total of 771 different types
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If the reader wishes to listen to these sounds, please copy the link below and insert it in your

browser. Finally click the sound you wish to listen to.

http://web.uvic.ca/ling/resources/ipa/charts/IPAlab/IPAlab.htm
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Pre-/posttest 1

Datum

Säga eget namn

Maxpoäng:1

Eftersägning

“Nu ska jag säga några ljud. Lyssna noga. Kan du säga precis likadant?”

/m/

/s/

/o/

/k/

/l/

/a/

/t/

/i/

Lim

Satt

Titt

Mack

Icka

Åsså

Kack

Assi

Maxpoäng: 16.

Första ljudet

“Vilket ljud börjar...

...måne på /m/, /t/, /s/?

...kall på /l/, /k/, /a/?
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...lock på /i/, /s/, /l/?

...tack på /o/, /t/, /m/?

...som på /s/, /l/, /t/?

...alla på /t/, /a/, /i/?

...imma på /o/, /a/, /i/?

...åtta på /o/, /a/, /i/?

...boll på /k/, /b/, /t/?

...pass på /l/, /p/, /s/?”

Maxpoäng: 10

Fonemdiskrimination

“Nu ska vi titta på några bilder. Peka på den som jag säger.”

Såg - Tåg

Buss - Puss

Pall - Kall

Hatt - Katt

Lamm - kam

Topp - Kopp

Lök - Rök

Maxpoäng: 8
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Pre-/posttest 2

Datum

Säga eget namn

Maxpoäng: 1

Eftersägning

“Nu ska jag säga några ljud. Lyssna noga. Kan du säga precis likadant?”

/t/

/i/

/m/

/a/

/s/

/l/

/o/

/k/

Mack

Lim

Titt

Satt

Kack

Assi

Icka

Åsså

Maxpoäng: 16

Första ljudet

“Vilket ljud börjar...

...moll på /m/, /t/, /s/?

...kock på /l/, /k/, /a/?
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...lack på /i/, /s/, /l/?

...till på /o/, /t/, /m/?

...sitt på /s/, /l/, /t/?

...allt på /t/, /a/, /i/?

...illa på /o/, /a/, /i/?

...åttio på /o/, /a/, /i/?

...back på /k/, /b/, /t/?

...pall på /l/, /p/, /s/?”

Maxpoäng: 10

Fonemdiskrimination

“Nu ska vi titta på några bilder. Peka på den som jag säger.”

Hatt - Katt

Lamm - Kam

Lök - rök

Såg - Tåg

Hus - Mus

Topp - kopp

Kall - Pall

Buss - puss

Maxpoäng: 8



[The PhonicStick handling test] Appendix 6

Child’s code:
Date:

The PhonicStick Handling Test

1. Vilken knapp är “prata-knappen”? 1 poäng
2. Vad gör den? 1 poäng
3. Vilken knapp är “sudda-knappen”? 1 poäng
4. Vad gör den? 1 poäng
5. Var finns ljuden /l/, /m/, /a/, /i/? 8 poäng
6. Gör “lock”, “katt”, “lamm” och “åtta” (bildstöd). 4 poäng
7. Gör två låtsasord. 2 poäng
8. Gör första ljudet i “lamm”, “katt” och “tiger” (bildstöd). 3 poäng

9. Gör så många riktiga ord som du kan/kommer ihåg under två minuter. 1 poäng/ord

Den totala poängen på uppgift 1-8 är 21.

Den totala poängen på uppgift 9 är 60, dock förväntas deltagarna inte att få en sådan hög poäng.
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Pictures of minimal pairs in Swedish (Phoneme discrimination task)

Såg Tåg

Kam Lamm

Topp
Kopp
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Mus Hus

Kall

Pall

Lök

Rök
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Buss Puss

Hatt Katt
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Training sessions with the PhonicStick

Session 1

 Introduction of the speech sounds,
combinations and buttons.

 Oral imitation of the speech sounds.

Session 7

 Naming of pictures and determining initial
sound.

 Listening and determining number of
sounds in real Swedish words.

Session 2

 Map of the speech sounds.
 Production of speech sounds.
 Determine whether or not the

combinations were real Swedish words
or nonsense words.

Session 8

 Short repetition of tasks from session 7.
 Listening for initial sound, pointing to

picture with that same sound.

Session 3

 Combination of two speech sounds,
assisted by map and pre written notes.

 Listening and imitation, orally and
manually with the PhonicStick.

Session 9

 Naming of picture, identify initial sound.
Imitate orally and manually. Point to 1 of 3
pictures with same initial sound.

 Combination of three pre written letters,
determine whether or not a real Swedish
word.

Session 4

 Combination of three speech sounds,
assisted by map. Determine whether or
not real Swedish words.

 Produce words starting with the same
sound made by the PhonicStick,
assisted by graphic support.

Session 10

 Identification of initial and final sounds of
real Swedish words. Production orally and
manually.

 Production of letter combinations with the
PhonicStick. Decide whether or not real
Swedish words.

Session 5

 Produce the first word of a picture
orally and manually.

 Decide which picture started with a
sound made by the experimenters

 Listening and imitation, orally and
manually.

Session 11

 Short repetition of tasks from session 11.
 Listening to and deciding whether or not

specific sounds occured in real Swedish
words.

Session 6 Session 12
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 Short repetition of tasks from session 5.
 Production of real Swedish words using

pre written notes.

 Production of sounds occuring in real
Swedish words using the PhonicStick.

 Imitation of sounds, orally and manually.
 Coming up with real Swedish words starting

with specific sounds.
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Material used in training, images from the Praxis- and Metafon materials
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Scale of enjoyment and difficulty

1 2 3 4 5

1: Not enjoyable at all/Very difficult

2: Not enjoyable/Difficult

3: In between enjoyable/difficult

4: Enjoyable/Easy

5: Very enjoyable/very easy
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Material used in training sessions with The PhonicStick

Handwritten map of the sounds the PhonicStick can produce.

Stuffed animal rat used for turn taking during training sessions.
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Protocol of observations. A protocol was filled in at each session, i.e. 12 protocols.

Participant Interest Initiative Imitation Production Real Swedish word/nonword? General condition
EA1
(am/pm)
EA2
(am/pm)
EA3
(am/pm)
ET1
(am/pm)
ET2
(am/pm)
ET3
(am/pm)
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The caregivers’ evaluation of the childrens’ participation

1. Hur har du/ni uppfattat att ditt/ert barn har upplevt träningen?

2. Har du/ni märkt att ditt/ert barn har lärt sig något nytt under träningsperioden vad
gäller ljudande förmåga? Ge exempel:

3. Är det något annat som ni vill meddela så här i efterhand?


