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GENERAL DISCUSSION
Communication problems are common in unintelligible or non-speaking children with 
severe CP (corresponding to level IV or V of the Gross Motor Function Classification System 
(GMFCS)1 . Because of the challenges associated with communication in these children, 
discrepancies between their expressive communication skills (production of speech, use 
of augmentative and alternative communication [AAC] systems) and their receptive 
communication skills (comprehension of spoken language) may exist.2,3 Moreover, unique 
for CP is that motor impairments may explain motor speech problems (i.e. expressive 
communication), yet motor speech problems or absence of speech are  not accountable 
for intellectual disabilities (relevant for receptive communication skills). Preserving this 
differentiation when monitoring a child’s development or establishing a child’s educational 
program is of outmost importance because it may prevent over-or under stimulation. Over-
or under stimulation of the child may lead to frustration or blocking of communication 
interactions.
Most studies involving communication skills in CP have focussed on expressive language, 
(verbal) cognition and overall communication abilities of children with CP described in all 
GMFCS levels4-7.  Because adequate (language) tests specifically designed for non-speaking 
children with (severe) motor impairments are not available8, limited information is presented 
about the development of (spoken) language comprehension in children with most severely 
motor impairments. 
The aim of this thesis was to twofold.  The first aim was to develop an instrument in order 
to reliably assess comprehension of spoken language in non-speaking children with severe 
cerebral palsy (CP) corresponding to GMFCS level IV or V. The second aim was to investigate 
spoken language comprehension in children with severe CP (using the C-BiLLT) compared to 
children with typical development and to investigate the relation with motor type of CP, MRI 
pattern and severity of white matter and grey matter lesions. 
To accomplish these aims, the following research questions were addressed; 1) which 
language tests are available for the investigation of spoken language comprehension 
in non-speaking children with severe CP, and are these adequate; 2) how adequate is the 
newly developed computer-based instrument for low motor language testing (the C-BiLLT) 
for assessment of spoken language comprehension in children with severe CP and what 
are its psychometric properties; 3) what are the spoken language comprehension abilities 
of children with severe CP compared to typically developing children and finally; 4) what 
are the associations between spoken language comprehension and type and severity of the 
brain damage in children with severe CP. 
Guided by these four research questions an overview of the main findings in this thesis is provided. 
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MAIN FINDINGS
Part 1: The development of a computer-based instrument to assess spoken language 
comprehension in non-speaking children with severe cerebral palsy.
1.Which language tests are available for the investigation of spoken language comprehension 
in non-speaking children with severe CP, and are these adequate? 
Results of the systematic review, described in chapter 2, revealed that diagnostic tools 
specifically designed for the assessment of comprehension of spoken language in children 
with severe CP were not available.8 The assessment of comprehension of spoken language 
in children with CP is variable due to different test use and administration. Also, a great 
variability in mobility is shown in children with CP9-11, and considerable differences in language 
development and cognitive skills.2,12 As a result, commonly used standard language tests for 
comprehension of spoken language often need adaptations for the assessment of (young) 
children with severe CP who have unintelligible speech or cannot speak at all. However, 
permitted adjustments are often minimal and yet difficult to establish in test administration 
of children with severe limited mobility. In addition, non-standardized adjustments of test 
administration can limit the generalizing ability and validity of comparisons of groups to 
a standard. The development of a language comprehension test specifically designed for 
(young) children with severe CP was therefore relevant and wanted.
2. How adequate is the newly developed computer-based instrument for low motor language 
testing (the C-BiLLT) for assessment of spoken language comprehension in children with severe 
CP and what are its psychometric properties?
The development of the C-BiLLT is described in chapter 3. The test was designed  with the 
premise that (1) the response of the child requires a minimum of motor action and can be 
performed by each body part, (2) items pertain to verbal comprehension abilities at the 
sentence level and (3) items of the C-BiLLT are representative to establish normed data  
between 1;6 and 6;6 years of age. 
Data on face, construct and convergent validity of the pilot version of the C-BiLLT were 
promising. However, the small study group hampered adequate analysis of the psychometric 
qualities of the C-BiLLT. In addition, imperfections such as improvement of the lay-out and 
expanding of the items to guarantee sufficient linguistic hierarchy were addressed, leading 
to the present version of the C-BiLLT. A detailed description of the present version of the 
C-BiLLT is presented in Appendix I of this thesis. 
To our knowledge, the C-BiLLT is the first instrument specifically designed to assess 
comprehension of spoken language in non-speaking children with severe CP. In chapter 4 the 
reliability and validity of the present version of the C-BiLLT was investigated. The construct 
validity of the C-BiLLT is good, showing high correlations with an existing language test 
(Reynell developmental language Scales [RDLS] (Dutch version)13,14 and receptive vocabulary 
test (Peabody picture vocabulary test [PPVT-III]15 (convergent validity) and moderate 
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correlation with a test for non-verbal logic reasoning (Raven’s coloured progressive matrices 
[CPM]16 (discriminant validity). In addition, excellent values of reliability were found with 
confidence intervals that are appropriate for use of diagnostic measures.17 The observable 
visual feedback of the responses on the C-BiLLT (see appendix I) and a clear observation of 
eye-gazing due to the use of a 19 inch screen, improved the reliability of the scoring of answers 
on the test items, for both the child (test taker) and the test examiner. Consequently, the 
visual feedback of the responses also improved the test-retest reliability of the C-BiLLT . We 
concluded that the calculation of normed data for the C-BiLLT was justified and warranted. 
The experimental set-up of the C-BiLLT allowed even the most severely handicapped 
children with CP to respond reliably and unambiguously to the presented tasks. One of the 
advantages of the C-BiLLT is that it allows children with severe limited mobility to use their 
most suitable response method (e.g. eye-gazing, eye-gaze computer control, touch screen 
function or input switches). Although this method of response mode may be uncommon 
in standardized tests, it is an approach to ensure independent responding, without any 
influence or interference from the investigator. 
A second advantage is that children seem to benefit from using their own time to respond to the 
questions of the test. This holds in particular for children who need more processing time before 
they can initiate the necessary motor actions (e.g. operate the input switch with the chosen body 
part, eye-gazing, pointing to touch screen), which is characteristic for children with severe CP. 
A third advantage is that the items of the C-BiLLT are presented with a clear distance 
between the images in pairs or by 2x2 sets on a 19-inch flat screen. In this way interpretation 
of the child’s response is relatively unambiguous, especially if eye gazing is the preferred 
selection strategy.  
We anticipated that the C-BiLLT may not be administrable in all children with CP. Despite 
adjustments to optimize test circumstances to the individual child’s conditions, children with 
severe (cerebral) visual impairment (CVI), or in those with uncertainty about their vision, were 
excluded. Children with severe visual impairment may experience difficulties because all answer 
alternatives are visually presented. In addition, our decision to use a wide 19 inch monitor 
display may not solve this issue entirely for children with mild visual impairments. Moreover, 
the assessment of the C-BiLLT demands an interchange between comprehension of spoken 
language and its visual presentation on the screen. Considering that CVI and CP share a common 
origin: 60- 70% of children with CP also have CVI18, continued work is needed to develop access 
and assessment techniques to investigate the spoken language comprehension of children with 
severe CP and in particular in children with severe CVI.
Nevertheless, with its standardized assessment procedure including different access methods, 
the C-BiLLT enables reliable measures of spoken language comprehension in children with severe 
CP.  Adequate and early insight of a child’s language comprehension skills can provide valuable 
information to optimize the child’s language environment in daily activities and participation. 
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Part 2: Spoken language comprehension abilities of children with severe CP compared to 
typically developing children.
3. What are the spoken language comprehension abilities of children with severe CP compared 
to typically developing children?
Derived from the large sample of TD children calculation of  C-BiLLT raw scores into z-scores 
(for children < 6;6 years) and age-equivalent (AE) scores (for children ≥ 6;6 years)  enabled 
comparison of language comprehension scores of children with severe CP relative to the 
norm. The main findings were; 1) spoken language comprehension in children with severe 
CP showed significant differences between motor type of CP; 2) level of GMFCS was of less 
importance in children > 6;6 years than in children < 6;6 years; 3) in non-speaking children 
with severe CP who function at least at a linguistic level, sentence comprehension was 
delayed rather than deviant; and 4) associated impairments and parental education were 
not associated with level of spoken language comprehension. These findings are discussed 
subsequently in the next paragraphs. 
Comprehension of spoken language varied considerably among children with severe CP 
and was overall significantly delayed compared to TD children (chapter 5). In addition, 
considerable differences in comprehension were found between motor type of CP. In 
general, spoken language comprehension in dyskinetic CP was better than in spastic CP. 
The finding that language comprehension is more favorable in dyskinetic than in spastic CP 
was also reported in earlier studies including children, adolescents and adults with CP across 
all levels of motor impairment.4,19 Importantly and relevant for the observed differences 
between type of CP is that GA was associated with the motor type of CP. The association 
between type of CP and GA may be attributed to the fact that, in preterm born children, 
white matter injury (periventricular leukomalacia; PVL) is the most common cause of CP 
leading to spastic CP.  In term born children, lesions of the basal ganglia and thalamus (grey 
matter injury) most often occur, leading to dyskinetic CP.20 Children with dyskinetic CP often 
have severe motor problems but less prominent cognitive deficits21 whereas severe PVL 
with bilateral extensive white matter loss leads to severe spastic CP and is related to severe 
cognitive impairment.22,23 Although it is unknown how language interacts with cognition, a 
hallmark of modern cognitive science is the goal of developing a theory of cognition that is 
powerful enough to encompass all human mental abilities, including language abilities.24 It is 
thought that cognition and language interact in a cyclic manner as children develop25 ; from 
this viewpoint, one can expect a more favourable development in language comprehension 
in children without (severe) cognitive deficits. 
Furthermore, our data are less explicit with previous studies on how GMFCS levels are 
associated with language comprehension abilities. Previous studies reported on increased 
restrictions in communication for children with higher GMFCS levels (i.e. IV or V)26-28.  
We also found raw C-BiLLT scores to be poorest in children with GMFCS V compared to 
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GMFCS IV, and level of GMFCS contributed significantly to the variance in spoken language 
comprehension. And indeed, based on standardized z-scores a significant association was 
found between GMFCS level and spoken language comprehension abilities. However, 
based on age equivalent (AE) scores, no significant group differences in spoken language 
comprehension were found between GMFCS levels IV and V. This inconsistency in outcome 
may be due to the differences between the subsamples and/or because of several limitations 
associated with AE scores.19 Most relevant is the lack of information AE scores provide 
about the child’s individual performance on the test to their relative standing. In addition, 
the highest achievable C-BiLLT score corresponds to an AE score of ≥ 6;6 years. Specifically 
for the children older than 6;6 years who achieved maximum C-BiLLT scores (dominated by 
dyskinetic CP), ceiling effects may have occurred. This potentially limits the comparison of 
children older than 6;6 years to their relative standing (i.e. no differentiation between equal 
scores for different chronological ages).
As far as we know this is the first in-depth study of sentence comprehension in non-
speaking children with severe CP using a specifically developed instrument for assessment 
of comprehension of spoken language.  For children with severe CP who function at least at 
a linguistic level, sentence comprehension appears to develop up to at least age 12 years and 
tends to follow the developmental trajectory of typically developing (TD) children, albeit at 
a much slower rate (chapter 6). Sentence types with linguistically more complex sentences 
not only showed more discrepancy with TD children, but also significant differences in 
performance between individual children and between the subtypes of CP. Some children 
with dyskinetic CP showed comprehension of complex sentences, within the average range 
of TD children. In contrast, all children with spastic CP showed poor comprehension of the 
more complex sentences. This significant difference between motor type of CP was found 
for all sentence types pertaining to complex syntactical analyses, with better performances 
in children with dyskinetic CP. This finding suggests that children with spastic CP experience 
more difficulty in integrating lexical, syntactical, morphological and prosodic cues necessary 
to understand more complex sentences. Indeed, sentence comprehension is a complex 
function that engages many components of the language network and other brain regions 
that support language, such as working memory and cognitive control systems. 29,30 Studies 
examining the neurological basis for language comprehension indicate the involvement of 
an extensive network of cortical regions and white matter pathways 31, which are likely to be 
more affected in children with spastic CP than in children with dyskinetic CP.
Recent brain imaging studies identified more than 50 brain areas involved in various aspects 
of language and cognitive mechanisms.32,33,34 The proposed relation between language and 
cognition may be most relevant for the results emerging from the present study, suggesting 
a relation between the pathogenic event at different trimesters of gestation, the location 
and severity of lesions (causing different types of CP), and functional outcome in language 
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comprehension on a sentence level. Furthermore, the finding that language comprehension 
may be relatively spared in dyskinetic CP stresses the importance to distinguish between 
expressive (speech and gestures) and receptive communication (understanding language ) 
when diagnosing non-speaking children with severe CP. 
Neither gender, MACS level nor the presence of epilepsy contributed to the variability 
in sentence comprehension in children with severe CP. Furthermore, parental level of 
education did not appear to contribute to outcomes in spoken language comprehension. 
Previous findings on complex sentence comprehension suggest that simple and more 
complex syntactic skills are related in different ways to educational environments.35 It seems 
that despite restrictions in production of speech or variability in language input (e.g. limited 
spoken language input or adult addressed language), non-speaking children with severe CP 
can learn and recognise a substantial amount of spoken vocabulary.36,37 On the other hand, 
our study demonstrates that this development is severely delayed and shows significant 
differences between subtypes of CP and between individual children with severe CP. 
Part 3: Neuroimaging in non-speaking children with severe cerebral palsy related to 
outcomes in spoken language comprehension.
4. What are the associations between spoken language comprehension and type and severity of 
the brain damage in children with severe CP ? 
In our study (chapter 7), associations between MRI patterns (classified as; a basal ganglia 
necrosis (BGN) pattern, periventricular leucomalacia (PVL), miscellaneous and malformations) 
and language comprehension were not very explicit, other than that children with the BGN 
pattern generally scored better than children with a PVL pattern. Language comprehension 
of children with a miscellaneous pattern or brain malformations showed similar results. 
Because brain malformations constitute a different developmental sequel of the brain, 
they were excluded from the analyses of the influence of brain lesions on spoken language 
comprehension. The findings emphasized that in severe CP, the brain abnormality pattern on 
MRI seems not important for understanding language comprehension, whereas concomitant 
damage to (especially) WM areas is. Language comprehension was most affected in children 
with WM lesions that involve subcortical areas, followed by periventricular areas. GM lesions 
were not associated with language comprehension. Analyses revealed that, especially WM 
lesions, were highly associated with moderate to severe delays in language comprehension. 
In contrast to GM lesions, our findings emphasise the consistent relationship between WM 
lesions and neurodevelopmental outcomes.38,39 In our cohort, diffuse thinning of the corpus 
callosum (relevant for interhemispheric connectivity), and diffuse reduction of the frontal 
and parieto-occipital WM areas (relevant for intrahemispheric connectivity), consistently 
corresponded with poor spoken language comprehension, indicating the importance of 
inter- to intrahemispheric connectivity for language development.40,41
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Overall, in our severely affected population, we found no relation between central/cortical 
GM areas and spoken language comprehension. Barbas et al.42 recently reviewed the role of 
frontal-thalamic circuits and reported a strong association between the basal ganglia and 
prefrontal as well as motor and premotor cortices; they stated that this association suggests 
control of movements such as speech articulation which involves the centrally located mouth 
and larynx that must be controlled by both hemispheres. Thus, our study results might be 
explained by the focus on the development of language comprehension tasks, rather than 
on language output representation tasks.
Importantly, neuroimaging in children with severe CP is essential for clinical purpose but can 
only be executed under sedation in the severely affected children. More detailed and specific 
investigation of brain functions with fMRI or resting state MRI’s is not possible in children 
with severe CP. Therefore, the use of conventional MRI images to semi quantitatively judge 
brain lesions in children with severe CP is most likely being adept. When interpreting these 
images, it may be of importance to consider the role of the WM. The importance of WM 
involvement with regard to the language network was confirmed with the results of the 
diffusion tensor imaging (DTI) study (chapter 8), showing that the disturbed integrity of 
language pathways coincided with severely hampered language comprehension. Therefore, 
structural identification of language tracts using DTI could be an important additional 
procedure in understanding language impairment in CP and calls for further research in this field.

CLINICAL UTILITY AND IMPLICATIONS
What is the clinical utility of the C-BiLLT and what are the implications of the findings, 
presented in this thesis, for children with severe CP and, for their parents/caregivers and 
professionals working with children with severe CP.

Clinical utility of the C-BiLLT
Firstly, the C-BiLLT, can be used to assess spoken language comprehension from the age of 
1;6 years. Measures of a child’s level of spoken language comprehension may provide useful 
information on how to address the child and on how to provide adequate stimulation of the 
child’s comprehension skills such as educational programs and the use of AAC devices.           
Secondly, results of C-BiLLT administration can be used to follow and monitor the 
development of spoken language comprehension in unintelligible or non-speaking 
children with  severe motor impairments. More consistent repeated measures of language 
comprehension can be assured because limitations in mobility do not interfere with the 
assessment of the C-BiLLT. Moreover, the different access methods of the C-BiLLT enable 
children to respond autonomously to the test items. 
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Clinical implications
Thirdly, despite a comparable level of functional limitations, including disability in 
communication, children with dyskinetic CP performed better than spastic children. 
More than 50% of the children < 6;6 years and one-third of the children > 6;6 years with 
dyskinetic CP even reached comprehensive language scores within the normal range. To 
provide a complete clinical picture when evaluating children with severe CP, both expressive 
as well as receptive communication skills need to be considered. Furthermore, the results 
on differences between spoken language comprehension abilities between children with 
dyskinetic and spastic CP, highlights the importance of bearing in mind the subtype of CP 
when environmental and educational programs are considered for the child with severe CP.  
The results of the present study show a relation between location of a lesion / severity of 
lesions / type of CP and functional outcome in language comprehension and advocate that 
accurate classification could also lead to better management of the development of the 
child with severe CP.  
Fourthly, not only for TD children (as expected), but also for CP children, the chronological 
age of the child modulated the child’s comprehension of sentence types. Comparison 
between TD and CP children suggest that CP children’s accuracy for syntactically complex 
sentences is significantly poorer. Yet, findings also indicate that CP children show large 
individual differences and a delay in spoken language comprehension rather than a deviance 
in comprehension. For children who function at a linguistic level, development of language 
comprehension continues up to at least age 12 years in children with severe CP and needs to 
be monitored yearly from an early age on.  
Fifthly, educational programs for children with severe CP should consider the linguistic 
hierarchy of sentence comprehension even after the age of 12 years when focusing 
on the input (e.g. for communication devices) and understanding of spoken language 
comprehension. 
Finally, the MRI study showed that not the brain abnormality, but rather the underlying 
damage to especially WM areas are important for understanding language comprehension 
abilities. Particularly the involvement of WM lesions of corpus callosum, frontal and parieto-
occipital areas were related to adverse outcomes in spoken language comprehension. The 
findings reveal that an incorporated use of the classification of subtype of CP, the established 
classification systems to describe functionality and MRI findings may contribute to early 
strategies for the appropriate and accurate stimulation of the child and its environment.

Methodological considerations
Study population
The study population of the present study compromised two cohorts. A cohort of TD children 
aged 1;6 to 7;6 years recruited from mainstream primary schools and day-care centres 
throughout the Netherlands and a cohort of children with severe CP aged 1;7 to 12;0 years 
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recruited in rehabilitation centres, special schools and day-care centres for children with 
physically and mentally disabled children and from the outpatient clinics of departments of 
rehabilitation medicine throughout the Netherlands (not including the provinces Groningen 
and Friesland). Because we needed normed data of Dutch spoken language comprehension, 
for both TD and CP children, only children with at least one Dutch speaking parent were 
included. Consequently, the established normed data are representative of children in the 
Netherlands between 1;6 years and 7;0 years (TD children) and 1;8 years and 12;0 years (CP 
children) where at least one of the parents speaks Dutch.  
Population-based studies of CP on the distribution of subtype in CP concerning all GMFCS 
levels are reporting a prevalence of 80% for spastic CP and 10-15% for dyskinetic CP.43,44 
However, when controlled for the distribution in levels IV and V, children with spastic and 
dyskinetic CP are almost equally represented.45,46 Moreover, in line with prevalence figures 
in Europe, the majority of our CP sample was born term.47 Although we did not include 
children from two provinces, our cohort of children is likely to be a representative group of 
children with severe CP in the Netherlands between the age of 1;8 and 12 years. Indeed, our 
cohort included only children with GMFCS level IV and V, limiting the heterogeneity of the 
CP population and providing a more distinct comparison between the child with bilateral 
spastic CP and dyskinetic CP. On the other hand, investigation and descriptions of spoken 
language comprehension abilities and MRI abnormalities resulted in analyses of small 
subgroups which resulted in loss of power. For instance the group of children with PVL was 
small and the  results of the contribution of the parieto-occipital WM area for the variance in 
spoken language comprehension in children with PVL, need to be interpreted carefully and 
should be confirmed in future research with larger samples. 
Measurements and outcome measures
Yielded from the systematic review, no appropriate language instruments were available 
to investigate reliably comprehension of spoken language in children with severe CP. 
Particularly for young children, the applied and adapted access methods of common used 
standard tests posted a difficulty in comprehensive assessments. Obviously we used the 
C-BiLLT to investigate and report on spoken language comprehension abilities in children 
with severe CP. 
For the investigation of the validity of the C-BiLLT additional tests were administered for 
convergent validity (Reynell Developmental Language Scale [RDLS] and Peabody Picture 
Vocabulary Test [PPVT-III])15 and discriminant validity (Coloured progressive matrices 
[CPM]). All tests could be applied in TD children but had their restrictions in children with 
severe CP. The RDLS, used in the pilot study 3 demonstrated the limitations of a common 
used language test and was therefore not applied in children with severe CP in the validity 
study. The PPVT-III a common used vocabulary test in children with severe CP, used in the 
validity study, has its restrictions for use in young children and children with intellectual 
disabilities. As a result, only few reliable outcomes were available for comparison of PPVT-III 
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with C-BiLLT test results in children with severe CP. Furthermore, the choice to not apply the 
CPM in children with severe CP was driven by the experiences with common used non-verbal 
tests. However, the CPM is also available in a computerized version and might have been 
of additional value in investigating the discriminant validity of the C-BiLLT in children with 
severe CP. Further development of the C-BiLLT may address this shortcoming. 
A major concern is that the present study was not cognition oriented. Interpreting 
communication disabilities solely as a result of the speech disorder is unlikely given the fact 
that beside speech impairment, language development was severely delayed in the vast 
majority of the children.  If communication problems in children with severe CP are specific 
to language or can be explained with reference to other more general aspects of cognition 
needs further investigation. Population-based studies (including all GMFCS levels) indicate 
that children with intellectual impairment (IQ<70) are at higher risk of communication 
impairment than those without48. Indeed, with a few exceptions, children with CP performed 
worse than TD children. Considering that cognition and language are highly correlated49, 
memory, attention and skills to plan or organize mental activities are important aspects of 
cognitive functioning to examine in children with CP. Yet, cognitive assessment of children 
with severe CP still remains a challenge. Psychological tests demand precise physical 
and verbal responses. What’s more, they are not validated for children with severe motor 
impairments and therefore limiting reliable assessments.4,50 Moreover, reliable measures of 
cognitive abilities using IQ scores is fraught with difficulties in children with severe CP.51,52 
As a result, cognitive skills, such as working memory, visuo-spatial abilities or non-verbal IQ 
is not possible to test in a reliable way.  On the other hand, working memory capacities are 
taken as being crucial for success in understanding complex syntax.53 Given the central role 
of working memory in a range of cognitive processes including learning, planning, problem 
solving and language development, these impairments are likely to impact significantly on 
these children’s educational and language progress. Nonetheless, research has indicated that 
measures of language comprehension can provide a distinctly estimate of skills that is less 
influenced by the motor impairment of the child with physical impairments than nonverbal 
cognition measures54. More specific; in the present study motor skills did not interfere with 
C-BiLLT test results and thus measuring a pure comprehension score. Therefore, a receptive 
language based assessment may be considered most feasible for estimating cognitive 
levels in children with severe CP particularly when the domain of interest is related to verbal 
cognition or language skills55. 
Another concern is that the present study did not control for autism spectrum disorders 
(ASD). Yet, the frequency of ASD is elevated in children with CP compared with the estimated 
prevalence of ASD in the general population.56-58 It is likely that numerous factors underlie 
the co-occurrence of ASD and CP.59 Language assessments and communication need in 
children with severe CP may reflect difficulty in distinguishing sensory and communication 
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problems associated with CP from behaviours related to ASD. Therefore, further validation of 
diagnostic tools for assessment of early social communication in this special population is needed. 
Our aim was to provide normed data up to the age of 6;6 years. As a result, for children 
older than 6;6 years, age-equivalent scores (AE) were used, enabling only a comparison of 
performance for a particular age group. However, AE scores do not provide information 
about the child’s individual performance on the test to their relative standing. For instance 
a child of 8;0 years achieving the maximum C-BiLLT score corresponded to an AE score 
of > 6;6 years. Yet, information if this child would also achieve scores within the average 
range of TD children of 8;0 years is not provided.  On the other hand, language acquisition 
of syntactical complex comprehension is found to be well established by the age of 6;6 
years.60,61  It is for this reason that we have set our goal to develop an instrument that 
provides normed data up to the age of 6;6 years. However, specifically for children with 
severe CP older than 6;6 years, who achieved scores within the average range of TD children 
(dominated by children with dyskinetic CP) ceiling effects may have obscured their actual 
level of language comprehension. Recent studies on language comprehension have shown 
that complex syntax continues to develop until early adolescence.62 On the other hand, 
relevant information is provided for individual goal settings when a child with severe CP 
reaches AE of > 6;6 years. Nevertheless, individually, both in TD children as well as in children 
with (dyskinetic) CP, some children did reach the maximum achievable score. This highlights 
the importance to broaden the age range in the TD sample which is currently taken place in 
our department.
In the present study, sentence comprehension of children with CP, who function at least at 
a linguistic level, was delayed rather than deviant and seemed to develop up to at least 12 
years. However, follow-up research with  longitudinal data of C-BiLLT test results is necessary 
for a more fundamental statement about this finding.
Furthermore, in the present study, only the level of parental education was taken into 
account whereas the quality and diversity of parental language input was not investigated. 
Besides, in our study sample, levels of education were missing in 12% and relatively few 
parents had low levels of education. A more in-depth study of parental language input is 
clearly required to investigate whether language input and education have an effect on 
sentence comprehension in children with severe.
In addition, other important outcome measures such as socioeconomic status and 
educational programs of the child have not been taken into account. Hence, more research 
is necessary to investigate which impact these cofactors would have on spoken language 
comprehension abilities in non-speaking children with severe CP.
Lastly, in the present study the recently established Communication Function Classification 
System (CFCS),  to describe communication performance in children with CP, was not used. 
The investigation between level of CFCS  and spoken language comprehension may have 
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contributed to a more comprehensive picture of  communication skills in children with severe 
CP. However, at the start of this study and during the period of data collection, the CFCS was 
not yet fully developed.  It is our intention to investigate this relation in the near future.
Strength of the present study
There are several strength to the present study that are worth to mention. First, this study 
was built on a multidisciplinary teamwork and a conceptual framework which is reflected 
by the collaboration with many professionals working in the field with children with severe 
CP. The expertise of the researcher(s) is no exception in this matter. Second, large samples 
of both children with severe CP as well as TD children were used for the development of the 
C-BiLLT and for investigation of spoken language comprehension in children with severe 
CP. These large samples enabled appropriate analyses of validity and reliability measures of 
the C-BiLLT. Third, all children were recruited throughout the Netherlands. Considering our 
multicultural population with many children raised bilingual, our samples are representative 
for the Dutch population of children with CP and TD children of which at least one parent 
speaks Dutch. 
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Recommendations for future studies
Test construction and C-BiLLT assessment

• As with any other test construction, continued work in establishing normed data 
will be necessary to maintain a constructive instrument. In doing so, the C-BiLLT 
can be used to follow the developmental course of language comprehension more 
consistently and contribute to the understanding of language development in 
children with severe CP. 

• To address information on performance of the individual child across time the 
responsiveness (i.e. to measure change) of the C-BiLLT will be investigated with 
follow-up research of comprehension of spoken language in children with severe CP.  

• In the near future, analyses (i.e. item-response theory [IRT]) will be performed 
to establish an adaptive C-BiLLT test. Computer adaptive testing might be of 
considerable advantage in children with severe CP because it adapts to the test 
taker’s ability level and reduces the length of the assessment. 

• It is our intention to investigate the introduction of C-BiLLT assessments in children 
with progressive neurological conditions to monitor language deterioration.  

• The development of a reliable measure of spoken language comprehension for 
children with severe CP is a large and challenging process, yet an important need 
in many language communities. First contacts have been made for international 
collaboration and translation of the C-BiLLT into English and German. 

Associated factors
• A more in depth study is required to investigate if parental spoken language input 

and parental education would have effect on sentence comprehension in children 
with severe CP.

• Future research should investigate the relation between spoken language 
comprehension, methods of communication and level of CFCS (Communication 
function classification system). With a jointly use of the C-BiLLT and the CFCS, 
research on spoken language comprehension and early recognition of the potential 
of the child with severe CP may lead to protocols for targeted treatment strategy 
and adequate use of alternative and augmented communication to improve 
communication skills in children with severe CP. 

Intervention and innovation
• The C-BiLLT can be used to measure effects in intervention studies that focus on  

development of spoken language comprehension or communication performance.
• Further research with DTI is necessary to investigate the critical role of  

interhemispheric and intrahemispheric connectivities for development of spoken 
language comprehension in children with severe CP. 
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Recommendations for practice
• The first step for practical use of the C-BiLLT is the implementation of the instrument 

in the Netherlands. Training sessions are necessary to guarantee a standardized use 
of the C-BiLLT. (see www.c-billt.com)

• CP is an umbrella term, covering different aetiologies that cause CP. One of the 
striking characteristics of CP is its variability in neurodevelopmental outcomes. This 
study augments that MRI findings may play an important role in the prognosis of 
spoken language comprehension abilities in children with severe CP. 

• It is for the arrangement of a well-coordinated rehabilitation program (including 
language programs) important to have sufficient knowledge about the cause, 
severity and type of CP of the individual child, in order to adequately address any 
language potential. 

• In the rehabilitation program of the child with severe CP it is essential that 
development of communication receives as much attention as motor development.  

• The assessment of spoken language comprehension should take place as soon 
as possible. In particular, the follow-up of these findings may provide important 
information on the pace of the child’s linguistic development. The results of follow-
up assessments may provide important information for parents/caregivers and other 
communication partners of the child on how to address the child and on how to 
enhance the linguistic environment of the child in terms of activity and participation.  

• In daily practice, due to the focus on speech production or the practical use of 
other methods of communication, educational programs of spoken language 
comprehension diminish to the background. Yet, the results of the present study 
show that it is important to follow the linguistic development of the child with 
severe CP more gradually, even beyond age 12 years, and to continue to offer tools 
for development of spoken language comprehension.

• Poor comprehension skills were observed more in non-speaking children with 
spastic CP. When addressing the non-speaking child with spastic CP, small 
increments of linguistic hierarchy, more frequent use of simple syntax (e.g. noun 
and verb phrases, short simple sentences) instead of complex syntax, may enhance 
or alleviate language development in these children.

• Children with the dyskinetic type motor disorder, are likely to follow the 
developmental trajectory of language comprehension within the average range 
of TD children, yet at a slower pace. For that reason, it is important, that despite 
severely limited oro-motor and mobility skills, these children are stimulated and 
treated as such that they are able to understand every word that is spoken or 
addressed to them. The use of alternative communication strategies and speech-
generated devices should start from early childhood.


