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Abstract

Surveillance registers monitor the prevalence of cerebral palsy and the severity of
resulting impairments across time and place. The motor disorders of cerebral palsy
can affect children’s speech production and limit their intelligibility. We describe the
development of a scale to classify children’s speech performance for use in cerebral
palsy surveillance registers, and its reliability across raters and across time. Speech
and language therapists, other healthcare professionals and parents classified the
speech of 139 children with cerebral palsy (85 boys, 54 girls; mean age 6.03 years, SD
1.09) from observation and previous knowledge of the children. Another group of
health professionals rated children’s speech from information in their medical notes.
With the exception of parents, raters reclassified children’s speech at least four
weeks after their initial classification. Raters were asked to rate how easy the scale
was to use and how well the scale described the child’s speech production using
Likert scales. Inter-rater reliability was moderate to substantial (k >.58 for all
comparisons). Test-retest reliability was substantial to almost perfect for all groups
(k >.68). Over 74% of raters found the scale easy or very easy to use; 66% of parents

and over 70% of health care professionals judged the scale to describe children’s
speech well or very well. We conclude that the Viking Speech Scale is a reliable tool
to describe the speech performance of children with cerebral palsy, which can be
applied through direct observation of children or through case note review.
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Highlights




The Viking Speech Scale classifies the speech of children with cerebral palsy
Parents and health professionals judge the Scale as valid and easy to use
The Scale can be applied from direct observation of the child or using case notes
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1. Introduction
1.1. Cerebral palsy
Cerebral palsy is defined as a permanent but not unchanging disorder of movement
and/or posture and of motor function; due to a non-progressive
interference/lesion/abnormality of the developing/immature brain (Surveillance of
Cerebral Palsy in Europe, 2000). It is the most common cause of motor disorder in
childhood affecting around 2-3 per thousand live births (Cans, De-la-Cruz, & Mermet,
2008). “The motor disorders of cerebral palsy are often accompanied by
disturbances of sensation, cognition, communication, perception, and/or behaviour,
and/or by a seizure disorder” (Rosenbaum et al., 2007).

1.2. Surveillance of cerebral palsy
International surveillance of cerebral palsy monitors trends in the prevalence of
cerebral palsy and measures the functional severity of the resulting impairments, in
order to inform health and social care policy and practice. Regional registers collect
information on factors relating to birth (e.g. gestational age, birth weight), type and
distribution of motor disorder, presence and severity of accompanying impairments
such as vision and hearing, and performance. For registration purposes confirmation
of a diagnosis of cerebral palsy and assessment of children’s function usually occurs
after age four, to allow for resolution of transient anomalies or diagnosis of slowly
progressive disorders and the appearance of clinical features not manifest in the first
years of life. The network of European registries - Surveillance of Cerebral Palsy in
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Europe (SCPE) - agreed that five years was the optimal age for confirmation of
diagnosis and case registration (Surveillance of Cerebral Palsy in Europe, 2000).
Surveillance registers vary in their method of data collection. In some registers,
clinicians complete questionnaires on children’s diagnoses, impairment and function
and return this information to the surveillance centre. In other registers, surveillance
centre staff (who may not be clinicians) extract information from children’s health
records (EURO-PERISTAT, 2008). Extensive, clinical assessments are rarely practicable
for surveillance purposes because of the time taken for completion and variation in
personnel reporting data. Easy to use scales have been developed to describe the
gross motor performance (Palisano et al., 1997) and manual performance (Beckung
& Hagberg, 2002; Eliasson et al., 2006) of children with cerebral palsy and are now
used across surveillance registers rather than detailed clinical assessments such as
the Gross Motor Function Measure (Russell et al., 1993) or the ABILHAND-Kids
(Arnould, Penta, Renders, & Thonnard, 2004). The use of common, consistent
measures by registers has enabled the comparison of prevalence rates by severity of
impairment across time and regions (Arneson et al., 2009; Platt et al., 2007; SCPE,
2002).

1.3. Speech, communication and cerebral palsy
Two systems to classify children’s communication have been developed. One
describes children’s performance in sending and receiving messages (Hidecker et al.,
2011); the other rates expression only (Barty & Caynes, 2009). These scales classify
children’s success in communicating information using their usual modes of
communication. For children with cerebral palsy, communication may be
4

accomplished via multiple modes, such as speech, vocalisation, and aided or unaided
augmentative and alternative communication systems. As cerebral palsy always
involves a motor disorder and children may also have other developmental
difficulties, for surveillance purposes it is important to know the extent to which
children’s communication difficulties are associated with motor speech disorder.
The motor disorders of cerebral palsy may affect the speed, range, strength,
coordination and accuracy of movements of the vocal tract, leading to the motor
speech disorder dysarthria (Duffy, 2005). Control of all speech systems - respiration,
phonation, resonance, articulation and prosody - may be impaired (Patel, 2003;
Yorkston, Beukelman, Strand, & Bell, 1999). For example, children with cerebral
palsy may have shallow, irregular breathing for speech (for instance speaking on
small pockets of residual air); their voice may sound harsh and have little pitch
variation; air may escape through their nose during speech and they may have a
reduced range of vowels and consonants that they can produce clearly. Severity
ranges from mild with slight imprecision of speech movements to profound with
inability to coordinate the subsystems to produce any recognisable words. The
speech systems may be differentially affected, for example respiration may be
insufficient to support clear speech but articulation of a range of consonants may be
possible. Impairments are usually more severe for children with dyskinetic cerebral
palsy than those with spastic forms, but most of the perceptual characteristics (e.g.
harshness of voice, mono-pitch) are observed in the speech of children across the
different types of cerebral palsy (Love, 2000; Workinger & Kent, 1991).
Speech production can be measured at the individual speech subsystem
level. For example, schemes have been developed to rate impairment of phonation
5

through perceptual vocal profile scales rating harshness and aesthaenia (Hirano,
1981). However, a global measure is necessary for epidemiological surveillance
purposes. The global measure should measure speech performance, that is, how
speech is produced in daily life to communicate information. Such a scheme should
classify the perceptual characteristics of speech associated with underlying function
of speech subsystems (respiration, phonation etc) but might also include speech
intelligibility, as the purpose of speech is to convey information(Dykstra, Hakel, &
Adams, 2007; HUI, 2003).

1.4. Review of speech classification systems
We undertook a review of the literature to investigate if global scales of speech
function in childhood dysarthria had been developed and tested in terms of their
reliability and validity. In June 2010 we searched for speech classification tools via
Medline, CINAHL, EMBASE, PsychInfo, Web of Knowledge, Scopus, First Search, ERIC,
Linguistics and Language Behaviour Abstracts and DARE, searching papers that were
indexed under the terms speech production measurement/ speech articulation tests
or papers that included participants with cerebral palsy and were indexed under the
terms speech disorders, articulation disorders, communication disorders or
dysarthria. We also hand-searched the following journals from their inception or
from 1980 until end March 2010: American Journal of Speech-Language Pathology;
Augmentative and Alternative Communication; Developmental Medicine and Child
Neurology; Folia Phoniatrica; International Journal of Language and Communication
Disorders; International Journal of Rehabilitation Research; Journal of
Communication Disorders; Journal of Medical Speech-Language Pathology; Journal
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of Speech, Language and Hearing Research; Speech, Language and Hearing in
Schools. (The current titles are given for journals experiencing name changes since
1980.)
We found two scales. The Speech Production Rating Scale (SPRS) (Pennington &
McConachie, 2001) classifies children’s speech according to three criteria: severity of
motor speech disorder; phonemic structure of words produced; and intelligibility to
familiar and unfamiliar adults in and out of context. Inter-rater reliability between
two experienced speech and language therapists was calculated using percentage
agreement (83%), therefore failing to correct for chance agreement. The scale’s
reliability has not been tested with other groups of raters who may complete
surveillance measures and who may be less familiar with linguistic concepts such as
word structure. Furthermore, it is unclear how raters should prioritise the different
dimensions captured within the scale when classifying children’s performance and
how impairments of speech subsystems other than articulation, such as respiration
and phonation are accommodated. Andersen, Mjøen and Vik classified the speech of
children on the Norwegian cerebral palsy register according to their speech clarity
using a five point scale (normal speech, slightly indistinct, obviously indistinct,
severely indistinct, no verbal speech) (Andersen, Mjøen, & Vik, 2010). This scale
would seem to relate closely to articulation and no other speech characteristics are
included. No definitions for the five levels, or differentiation between the levels,
were provided nor was information on the scale’s validity or reliability. Thus neither
of the scales was robust in terms of validity, reproducibility and reliability.

2. Aim
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The aim of this study was to develop a scale to indicate the presence of a motor
speech disorder and speech performance for use in cerebral palsy surveillance. The
objectives were to test the face validity of the speech scale, its content validity, its
test-retest reliability and its inter-rater reliability. As surveillance registers often
collect data using information from case notes, we aimed to compare the agreement
between ratings of children’s speech from direct observation and from information
recorded in case notes. The study is part of SCPE-NET (http://www.scpenetwork.eu),
a three-year programme to promote best practice in describing children with
cerebral palsy and to document variations in access to health care and in health
outcomes. It follows directly from earlier SCPE recommendations for consistent
description of children with cerebral palsy (Cans et al., 2007).

3. Material and Methods
3.1. Development of the scale: content validity
An international expert group comprising two speech and language therapists, one
occupational therapist and one neurodevelopmental paediatrician developed the
initial scale. It was decided that the original version of the scale would be in English.
We took as our starting point the speech of children with cerebral palsy with whom
we worked (including live observations, videotaped observations and audio
recordings) and descriptions of speech from research papers involving children and
adults with cerebral palsy. We wanted the scale to classify the perceptual
characteristics of children’s speech and the severity of motor speech disorder. We
therefore differentiated levels in the classification by the extent to which speech
subsystems – respiration, phonation, resonance, articulation and prosody - were
8

affected by speech motor disorder. As speech is used for the activity of
communication we also classified the intelligibility of speech. We considered
intelligibility to unfamiliar listeners only, to allow for coding without observation of
the child outside clinical environments and to reduce complexity. Preliminary
versions of the scale were discussed verbally and via email by the development
group. Any disagreements led to changes in wording of the levels. The penultimate
iteration of the scale was reviewed by three further content experts (specialist
speech and language therapists working with children with cerebral palsy) for face
validity. The feedback from these experts led to a change in order of the information
in the descriptors, with intelligibility being described first in levels II to IV.
The finalised scale – The Viking Speech Scale - comprised four levels:
I.

Speech is not affected by motor disorder.

II.

Speech is imprecise but usually understandable to unfamiliar listeners.
Loudness of speech is adequate for one to one conversation. Voice may
be breathy or harsh sounding but does not impair intelligibility.
Articulation is imprecise; most consonants are produced, but
deterioration is noticeable in longer utterances. Although difficulties are
noticeable, speech is usually understandable to unfamiliar listeners out of
context.

III.

Speech is unclear and not usually understandable to unfamiliar listeners
out of context. Difficulties controlling breathing for speech - can produce
one word per utterance and/or speech is sometimes too loud or too quiet
to be understood. Voice may be harsh sounding; pitch may change
suddenly. Speech may be markedly hyper nasal. A very small range of
9

consonants are produced. The severity of the difficulties makes the
speech difficult to understand out of context.
IV.

No understandable speech.

Explanations of the differences between levels I and II and levels II and III were
provided in the scale. The full scale can be found at
http://www.scpenetwork.eu/en/about-scpe/scpe-netproject/harmonisation/communication/
The scale was translated into Danish, Latvian, Lithuanian, Norwegian,
Portuguese (Portugal), Spanish (Spain) and Swedish, following international
guidelines that included two independent translators, discussions on phrasing and
terminology by two focus-groups (parents and health professionals) and back
translation, to ensure retention of original concepts and meaning (Beaton,
Bombardier, Guillemin, & Ferraz, 1976). Examples of phoneme substitutions given to
describe typically developing speech were adapted to each language. Back
translations were checked and approved by the first author. Focus groups agreed
that the scale reflected speech impairment and its impact on intelligibility in each
language, and that levels within the scale were differentiable.

3.2. Application of the scale - Psychometric testing
To test the content validity and reliability of the scale we asked parents (or
caretakers), speech and language therapists and other healthcare professionals to
apply the scale to classify the speech of children with cerebral palsy and rate their
experience of applying the scheme.
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3.2.1. Participants: Children
The speech of a convenience sample of 139 children aged four to thirteen years (85
boys, 54 girls, mean age 6.03 years, SD 1.09 years) with cerebral palsy was rated for
the study. The children were purposively sampled from seven SCPE surveillance
centres (North of England, Portugal (Lisbon and Oporto), Latvia, Lithuania, Norway,
Spain (Madrid), Western Sweden), to provide a sample at each centre that varied in
clinical type of cerebral palsy, gross motor function and cognitive skills. Denmark did
not participate in the sampling of children.
Data on children’s motor, sensory and intellectual function were collected
using the classification schemes used by SCPE, to show children’s wide ranging
severity of impairments. Most children had spastic type cerebral palsy (n=104;
76.1%; unilateral n=35, bilateral n=69); 28 (19.9%) had dyskinetic type and 7 (4.6%)
had ataxic type cerebral palsy. Following usual practice in SCPE surveillance, IQ was
classified by paediatricians from clinical observations and medical notes using a
three point scale: 41 (29.54%) children were classified as having an IQ of less than
50; 25 (18.0%) had IQ 50-69; 56 (40.3%) had IQ above 70 and the IQ of 17 (12.25%)
was unknown. Gross motor function was classified using the Gross Motor Function
Classification System (GMFCS) (Palisano et al., 1997), upper limb function was
classified using the Manual Ability Classification System (MACS) (Eliasson et al., 2006)
and the Bimanual Fine Motor Function scale (BFMF) (Beckung & Hagberg, 2002)
(Table 1). Vision was classified using a three point scale: 67 (48.2%) had no visual
impairment; 52 (37.4%) had impairment but not severe; 16 (11.5%) had severe
impairment and the visual function of four (2.9%) children was unknown. Hearing
was classified in the same manner: 122 (87.8%) had no impairment; six (4.3%) had
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impairment but not severe; three (2.2%) had severe impairment and the hearing of
eight (5.8%) children was unknown. Usual modes of communication were recorded:
96 of the children (69.1%) had some functional speech; 56 (40.3%) used
vocalisations; 34(24.5%) used gestures; 22 (15.8%) used manual signs; 31 (22.3%)
had a light tech augmentative and alternative communication (AAC) book and 17
(12.2%) used a high tech AAC device.

Insert Table 1 about here

3.2.2. Participants: Raters of children’s speech
We aimed for each child’s speech to be rated by a parent/caretaker through their
knowledge of the child; by a speech and language therapist through direct
observation of the child; by one other healthcare professional through direct
observation and by a healthcare professional through access to case notes. Speech
and language therapists are rare in Norway, and children receive services to address
language and communication needs from special educators. The speech of
Norwegian children in the study was rated by special educators rather than speech
and language therapists. For ease we have referred to the special educators
providing language and communication services to children in this study as speech
and language therapists. In total 122 children were rated by their caretakers (98
(80.3%) mothers; 16 (13.1%) fathers; 2 (1.6%) other relative; 6 (4.9%) other
caretaker). The speech of 129 children was rated by speech and language therapists
(special educators, Norway); 131 were rated by other healthcare professionals from
direct observation (22 (16.8%) physiotherapists; 58 (44.3%) paediatricians, 51
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(38.9%) other healthcare professionals) and 134 were rated using case notes (1 (.7%)
physiotherapist; 1 (.7%) nurse; 112 (83.6%) paediatricians, 20 (14.9%) other health
professionals). Of those rating children using case notes, 30 (22.4%) recorded that
they had previous knowledge of the child.

3.2.3. Procedure
Ethics permission was obtained from each of the participating centres. Families were
recruited from clinical caseloads by local clinicians. Parents gave written consent to
participate and for their child’s skills to be rated for the purpose of the study. Each
rater was provided with a copy of the scale in their spoken language. No training on
the scale was provided. Each rater classified children’s speech skills using the Viking
Speech Scale blind to other raters’ assessments. At least four weeks later all health
professionals were asked to rate each child again, blind to their original rating.
Parents completed the scale only once.
To investigate the content validity of the scale each rater was asked to
complete Likert ratings of how well the scale describes the performance of
producing speech (1 = very well; 5 = very badly). The comparison of application of
the scale by different groups of raters and through direct observation of the child
versus access to case notes enabled us to assess the suitability of the scale for
adoption by surveillance registers which collect information in different ways. To
enhance this assessment each respondent was asked “How easy did you find the
application of this scale in this particular child?” and to answer using a 5 point scale
(1=very easy; 2= easy; 3= some doubts; 4= difficult; 5= very difficult).
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3.2.4. Analysis
Test-retest reliability and inter-rater reliability between rater groups (parent-speech
and language therapist; parent-other health professionals; speech and language
therapists–other health professionals) was assessed using weighted Kappa (k), with
95% confidence intervals (95%CI). Ratings of ease of use and content validity of the
scale were compared across raters using Chi square. Analysis was carried out using
Stata, Release 11 (StataCorp, 2009).

4. Results
4.1. Agreement of ratings on The Viking Speech Scale between rater groups
Inter-rater reliability of the Viking Scale was observed to be moderate-substantial for
all pairs of rater groups, with Kappa coefficients being in the range of .58 to .81, and
lower confidence limits being .43 or above, for all pairs of rater groups (Landis &
Koch, 1977) (Table 2 shows kappa results with 95%CI. Percentage agreement and
raw data for the individual levels by pairs of rater groups are provided in the
Supplementary Data file).

Insert Table 2 about here

4.2. Test-retest reliability of The Viking Speech Scale
Most of the health care professionals who rated the children’s speech completed a
second rating, blind to their original rating, two to four weeks later. Test-retest
reliability was almost perfect for speech and language therapists (n=97, k =.89,
95%CI= .73 – 1.0), substantial for healthcare professionals by direct observation
14

(n=72, k =.68, 95%CI = .50 - .87) and almost perfect for healthcare professionals
using case notes (n=61, k =.92, 95%CI= .72 - 1.00) (Landis & Koch, 1977). (See
Supplementary Data File for actual agreement).

4.3. Ease of use of The Viking Speech Scale
Most raters found the scale easy to apply, with proportionally more speech and
language therapists finding the scale easy to use: 74.6% of parents; 84.5% of speech
and language therapists; 77.6% of healthcare professionals rating from direct
observation and 74.1% of professionals rating using case notes rated the scale as
very easy or easy to apply (Figure 1). The effect of rater group was statistically
significant (X2(df 9) = 28.50, p = .001). A post-hoc comparison, combining some
doubt/difficult/very difficult categories, suggested that health professionals rating
speech from case notes found the scale most difficult to apply (X2(df 3) = 9.78, p =
.02). However, the percentage judging the scale as difficult or very difficult to use
was small (9.3%).

4.4. Content validity of The Viking Speech Scale
Most raters judged the scale to rate speech performance well: 66.4% of parents,
74.1% of speech and language therapists, 77.3% of healthcare professionals rating
through direct observation of the child and 70.9% of healthcare professionals rating
children through access to case notes judged the scale to describe the child’s speech
well or very well (Figure 2). Again, the effect of rater group was statistically
significant (X2 (df 9) = 29.36, p = .001). We undertook two post-hoc comparisons: 1)
compared the combined categories ‘very well/well’ with all other categories
15

combined. 2) compared the combined categories ‘very badly/badly’ with all other
rating categories combined. Neither comparison showed significant differences
between rater groups in judgments on whether the scale described the children’s
speech well or badly.

5. Discussion
This study aimed to develop an easy to use, valid and reliable scale of the speech of
children with cerebral palsy for use in the surveillance of cerebral palsy. The scale
incorporates the presence of a motor speech disorder and the severity of limitations
in speech performance in everyday life. The process of developing the scale was
similar to that of other classification scales (Eliasson et al., 2006) and took as its
starting point the description of the speech of children with cerebral palsy with
whom we worked who had different types of motor disorders and severities of
dysarthria. Multidisciplinary experts (parents, speech and language therapists,
occupational therapists, physiotherapists and paediatricians) were involved in
developing the scale, and agreed on the description of speech at each level and the
differentiation between levels, thereby ensuring face validity. Content validity was
demonstrated by the high percentage of raters from all groups judging the scale to
describe well or very well the speech of the children they were rating.
Inter-rater reliability of the scale between groups from different backgrounds
and using different sources of information (knowledge of the child, observation and
case notes) was moderate to substantial for all rater pairs (Landis & Koch, 1977).
Most raters found the scale easy to apply and ratings were stable over time. In both
inter-rater reliability and test-retest reliability assessments lowest reliability was
16

achieved for healthcare professionals who rated children’s speech from observation.
This may be due to variability within the healthcare professionals on their knowledge
of the children they were rating. In order to evaluate classification of children’s
abilities in usual surveillance conditions no stipulations were made on whether the
health care professionals should have prior knowledge of the children in this study.
Lower reliability for this group may also arise from variability in their knowledge of
speech development; speech and language therapists who have greatest expertise in
speech development, found the scale easiest to use. Further research is needed to
test the effect of familiarity with the child being coded, familiarity with the scale, and
professional group.
Together these results suggest that the scale is suitable for adoption by
cerebral palsy surveillance centres, but that it is best applied by healthcare
professionals using children’s notes and by parents or speech and language
therapists from observation.
The Viking Speech Scale was developed to classify the presence of dysarthria
and limitations in speech performance. The scale may complement other scales
(Barty & Caynes, 2009; Hidecker et al., 2011) of communication, showing the extent
to which motor speech disorders impact on communication performance.
Like other schemes designed to classify children’s performance, such as the GMFCS
(Palisano et al., 1997), it relies on information from the domains of both body
function and activity within the International Classification of Functioning, Disability
and Health (ICF) (WHO, 2001). The scale describes the children’s speech
performance at the level of the individual speech functions affected by dysarthria:
breath support for speech, phonation, articulation and rhythm/prosody (Kim,
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Martin, Hasegawa-Johnson, & Perlman, 2010; Love, 2000; Patel, 2002a, 2002b;
Solomon & Charron, 1998). As the purpose of speech is to convey information, levels
within the scale are also differentiated according to the extent to which the speech
signal can be understood by unfamiliar people – its intelligibility. Intelligibility of
speech is coded as an activity (‘Producing Communication – Speaking’) in the ICF
(Dykstra et al., 2007). Children whose speech is delayed in development, but who do
not have dysarthria would be classified as ‘Level I – speech not affected by motor
disorder’, even though their intelligibility may be compromised. The inclusion of
intelligibility descriptions may make the scale easier to apply by individuals with little
theoretical knowledge of speech disorders. However, from the current study it is not
clear whether raters are using speech function or speech intelligibility descriptions to
assign a level; such understanding would require cognitive interviewing of raters
applying the scale (Willis, 1994).
The Viking Speech Scale was designed for and tested with children aged four
years and above. This was to ensure that all SCPE surveillance centres, which have a
minimum reporting age of four years, could adopt the scale if it were shown to be
valid and reliable. The scale contains only one set of levels; no age bands have been
created. However, it is acknowledged that at four years children’s phonological
system, and potentially their intelligibility, will still be developing (Dodd, Holm, Hua,
& Crosbie, 2003) and in the introduction to the scale examples of developmental
speech substitutions are given. The scale may be easier to apply with older children,
whose speech has matured. However, further research is necessary to examine if
age affects reliability and ease of application, and if levels on the Viking are stable
over time.
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Unlike other classification systems (Beckung & Hagberg, 2002; Eliasson et al.,
2006; Hidecker et al., 2011; Palisano et al., 1997), the Viking Speech Scale contains
four levels. The scale’s levels were determined by the need to create meaningful
categories for epidemiological surveillance. The scale is not intended to be a clinical
assessment, but may be helpful when summarising children’s speech performance in
clinical reports and research. Further research is needed to determine the criterion
validity of the scale and research is currently underway to assess the association
between the Viking Speech Scale and objective measures of children’s speech
intelligibility (Pennington and Hustad, in preparation).
A limitation of the study is the low numbers of children in the sample from
some of the participating countries. Each centre aimed to recruit 30 children to the
study, but for some centres this was not possible for reasons relating either to the
size of the area covered or to financial constraints. Although the scale has acceptable
overall reliability, it is possible that reliability of the scale differs between countries
and languages, in spite of cultural adaptation processes undertaken during
translation. Further research would be necessary to test similarity in reliability
between countries and languages as the sample in the current study is too small to
investigate this issue. On the other hand, its multinational design has the advantages
of highlighting the validity of the scale as a tool to be used for international
surveillance of cerebral palsy and providing validated versions of the scale in eight
different languages.
6. Conclusion
From its application with a sample of children with cerebral palsy who had a
wide ranging motor, cognitive and sensory skills by healthcare professionals from
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observation and using notes and by parents from recollection of children’s speech,
we have shown that the scale has face and content validity, is easy to use and
reliable. We conclude that the scale can be applied by cerebral palsy surveillance
registers that collect information from clinicians’ observations and those that collect
information from children’s medical notes to describe the speech performance of
children with cerebral palsy aged four years and above.
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Table 1 Children’s motor function as classified using the GMFCS, MACS and BFMF

GMFCS

BFMF

MACS

n=139 (%)

n=138 (%)

n=138 (%)

I

32 (23.0)

22 (15.8)

18 (12.9)

II

16 (11.5)

25 (18.0)

33 (23.7)

III

27 (19.4)

27 (19.4)

25 (18.0)

IV

25 (18.0)

20 (14.4)

20 (14.4)

V

34 (24.5)

22 (15.8)

23 (16.5)

Unknown

5 (3.6)

22 (15.8)

19 (13.7)

Level

GMFCS: Gross Motor Function Classification System
BFMF: Bimanual Fine Motor Function scale
MACS: Manual Ability Classification System
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Table 2 Inter-rater reliability using weighted Kappa coefficients with 95% confidence
intervals

Rater groups

n

k

95% CI

Parents x SLTs

126 .81 .66 - .96

Parents x HCP direct observation

107 .58 .43 - .73

Parents x HCPs using notes

117 .74 .60 - .89

SLTs x HCP direct observation

116 .58 .44 - .73

SLTs x HCP using notes

126 .78 .64 - .92

HCP direct observation x HPC using notes 123 .63 .49 - .78

SLT = speech and language therapist
HCP = Healthcare professional
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Figure 1

Ease of application of the Viking Speech Scale by rater group

SLT = Speech and language therapist
HCP direct = Healthcare professional rating speech from direct observation of the child
HCP notes = Healthcare professional rating speech from case notes
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Figure 2

Raters’ perceptions of the fit of the descriptions in the Viking Speech Scale with the
child’s speech

SLT = Speech and language therapist
HCP direct = Healthcare professional rating speech from direct observation of the
child
HCP notes = Healthcare professional rating speech from case notes
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CLASSIFYING THE SPEECH OF CHILDREN WITH CEREBRAL PALSY: THE VIKING SPEECH SCALE
SUPPLEMENTARY DATA FILE
Agreement between rater groups on Viking Speech Scale
For all tables: HCP = Healthcare Professional, SLT = Speech and Language Therapist

Parent and SLT: percentage of agreement, 77.0 (97/126)
Parent
1
2
3
4
Total

SLT
1

2

3

4

Total

40

7

0

0

47

4

11

6

1

22

0

1

9

8

18

1

0

1

37

39

45

19

16

46

126

Parent and HCP direct observation: percentage of agreement, 65.4 (70/107)
Parent
1
2
3
4
Total

HCP direct
1

2

3

4

Total

25

3

2

8

38

3

14

2

3

22

0

4

2

7

13

1

3

1

29

34

29

24

7

47

107

Parent and HCP notes: percentage of agreement, 71.8 (84/117)

Parent
1
2
3
4
Total

HCP notes
1

2

3

4

Total

32

7

0

3

42

2

12

6

2

22

2

2

3

9

16

0

0

0

37

37

36

21

9

51

117

30

SLT and HCP direct observation: percentage of agreement, 63.8 (74/116)
SLT
1
2
3
4
Total

HCP direct
1

2

3

4

Total

24

7

1

7

39

5

10

1

3

19

0

4

5

5

14

1

6

2

35

44

30

27

9

50

116

SLT and HCP notes: percentage of agreement, 77.0 (97/126)
SLT
1
2
3
4
Total

HCP notes
1

2

3

4

Total

31

8

2

2

43

5

12

1

2

20

2

3

8

3

16

0

0

1

46

47

38

23

12

53

126

HCP direct observation and HCP notes: percentage of agreement, 68.3 (84/123)

HCP
direct
1
2
3
4
Total

HCP notes
1

2

3

4

Total

27

5

0

2

34

6

13

3

6

28

1

0

6

3

10

4

5

4

38

51

38

23

13

49

123

31

Test-retest agreement
SLT test-retest: percentage of agreement, 89.7 (87/97)
SLT
1st rating
1
2
3
4
Total

SLT 2nd rating
1

2

3

4

Total

27

4

1

2

34

0

15

0

0

15

0

1

11

1

13

0

0

1

34

35

27

20

13

37

97

4

Total

HCP direct test-retest: percentage of agreement, 73.6 (53/72)
HCP direct
1st rating
1
2
3
4
Total

1

HCP direct2ndrating
2
3

18

3

0

0

21

1

11

0

2

14

1

1

3

2

7

3

4

2

21

30

23

19

5

25

72

4

Total

HCP notes test-retest: percentage of agreement, 90.2 (55/61)
HCP notes
1st rating
1
2
3
4
Total

1

HCP notes2ndrating
2
3

17

2

0

0

19

1

12

0

1

14

0

1

6

1

8

0

0

0

20

20

18

15

6

22

61
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