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AIM To identify and evaluate measures of visual ability used with children with cerebral
palsy (CP).
METHOD Eight databases were searched for measures of visual ability. Key selection criteria
for measures were: use with children with CP; focus of visual ability measurement at the
Activities and Participation domain of the International Classification of Functioning,
Disability and Health (ICF). The Consensus-based Standards for the Selection of
Measurement Instruments (COSMIN) Checklist was used to assess psychometric properties.
RESULTS From 6763 papers retrieved, 25 were relevant and 19 measures of visual ability
were identified. Only 10 measures were supported with evidence of validity or reliability. No
discriminative measure analogous to existing CP functional classification systems was found.
No outcome measure valid for evaluation of visual abilities of children with CP was found.
INTERPRETATION Vision impairment is recognized as relevant to the functioning of children
with CP; however, measurement of vision is most often focused at ‘Body Function’ levels, for
example visual acuity. Measuring visual abilities in the Activities and Participation domain is
important in considering how a child with CP functions in vision-related activities. The lack of
psychometrically strong measures for visual ability is a gap in current clinical practices and
research.

Cerebral palsy (CP) is a prevalent physical disability in
childhood.1 Its definition has been revised to identify the
possibility of secondary impairments relating to vision:
‘Cerebral palsy describes a group of permanent disorders of the development of movement and posture,
causing activity limitation, that are attributed to nonprogressive disturbances that occurred in the developing fetal or infant brain. The motor disorders of
cerebral palsy are often accompanied by disturbances
of sensation, perception, cognition, communication,
and behaviour, by epilepsy, and by secondary musculoskeletal problems.’2
Impairments additional to the motor disorder contribute
to the developmental and performance challenges faced by
children with CP,3 and evidence suggests that disturbances
to vision can be especially challenging for children.4 There
is a growing body of literature reporting the relationship
between vision impairments and various aspects of functioning for children with CP, including gross motor, communication, cognition, self-care, and daily functioning
skills.5–11
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Being able to describe the visual abilities of children
with CP, and targeting interventions to promote visual
abilities, are important areas for practice and research, and
valid and reliable measurement is required to establish efficacy for interventions targeting visual abilities or ‘useful
vision’. The ‘Classification of Cerebral Palsy’2 specifies that
accompanying impairments, including vision, should be
classified as either present or absent, and that if present,
the extent to which they interfere with the individual’s
ability to function or participate in desired activities and
roles should be described, but no specific guidelines are
provided for this. It is recommended that vision be
assessed, and measures of visual impairment (corrected
vision in each eye) are accepted.

THE CHALLENGE OF TERMINOLOGY WHEN
MEASURING ‘VISION’
The definition of visual impairment in the World Health
Organization’s International Statistical Classification of
Diseases and Related Health Problems (ICD-10)12 is based
on ‘best corrected’ vision. A level of vision impairment is
obtained by measuring visual acuity with best possible
© 2016 Mac Keith Press

refractive correction, and results are categorized from ‘mild
or no visual impairment’ (visual acuity equal to or better
than 6/18) to ‘blindness’ (no light perception, light perception, or visual acuity worse than 3/60). A recent systematic
review and meta-analysis of the rates of co-occurring impairments and functional limitations in children with CP used
this definition in its finding that one in 10 children with CP
has a severe visual impairment or is blind.3 These findings
suggest that impaired vision is a significant problem for
some children with CP; however, the authors of that review
identified a lack of consistency among studies in the recording of information about vision impairments, and were consequently not able to include all vision impairment data in
their analysis. Other ‘visual impairments’ included refractive
errors, myopia, hypermetropia, astigmatism, and strabismus,
in addition to the reporting of children with ‘some impairment’ or ‘functional blindness’.
A definition or measurement of ‘visual impairment’ only
describes the eye or visual functions being assessed, and
these results, although valuable, do not specifically tell us
how a child with CP functions in vision-related activities
(their ‘visual ability’), particularly in the presence of other
comorbidities such as gross motor limitations or cognitive
impairments. Children with CP may be diagnosed with
visual deficits that are of ocular (eye) or cerebral (brain)
origin, or a combination of both, and recognition of vision
impairment resulting from damage to the brain is a rapidly
growing area of research.13 Visual impairments that result
from damage to the brain may be referred to as cortical,
cerebral, or neurological visual impairment. The visual
abilities of a child can be impacted by impairments at any
point along the primary visual pathway (eye, optic nerves,
thalami, optic radiations, and primary visual cortices), in
the visual association areas, or the oculomotor system.14
Measurement of visual impairments, at the eye or brain
level, does not directly provide information on functional
limitations in daily life resulting from visual dysfunction,
and does not provide information on the ‘positive aspects’
or ‘ability’ levels found in children with CP. Whereas some
children with CP may have a visual impairment that limits
performance and restricts participation in daily life, for
other children visual ability may be considered a strength.
The measurement of visual abilities is complex. Unlike
visual acuity, where a count or measure of the finest
detectable visual detail can be made, providing direct
counts or observations of how vision is used in daily life is
less straightforward; the assessor is confronted by parameters in addition to vision. Measurement of visual functioning requires conceptualisation of what constitutes the
variable ‘visual ability’, for inferences to be made from
observations.15 The distinction between commonly used
terminologies such as ‘visual function’ and ‘functional
vision’ must be clarified, because the measurement of these
apparently similar terms can describe very different aspects
of vision-related functioning.16 The absence of clearly
defined measurement concepts is likely to lead to errors in
measurement, in the interpretation of results, or both.17

•
•
•

What this paper adds
A clear conceptual definition and framework for measuring visual ability is
critical in furthering our understanding of the topic.
No valid evaluative measures of visual ability were identified.
There is no currently available measure of visual ability for children with
cerebral palsy analogous to existing cerebral palsy functional classification
systems.

A FRAMEWORK TO DESCRIBE THE MEASUREMENT
OF VISION
The International Classification of Functioning, Disability
and Health (ICF) was published by the World Health Organization in 2001 as a framework for measuring health and
disability18 (see Fig. S1, online supporting information), and
this was followed in 2006 by the release of the International
Classification of Functioning, Disability and Health for
Children and Youth (ICF-CY), designed to record the characteristics specific to the developing child. In this framework, ‘functioning’ is a term encompassing all body
functions, activities, and participation, and ‘disability’ is a
term encompassing impairments, activity limitations, and
participation restrictions. The ability of a child to function is
seen as a dynamic interaction between elements of these
domains and is powerfully influenced by contextual factors,
including environmental barriers and facilitators to functioning, and personal factors. The ICF and ICF-CY provide
a common language to describe functioning, and can serve
as a connecting framework between assessments and interventions.19 The ICF framework is now frequently used in
clinical and research practice,20 and there is a growing body
of evidence reporting that impairment-based measures can
only provide limited information on functional abilities.21,22
The ICF framework can be used to define and describe
the measurement of vision, and has been used by Colenbrander to differentiate between two types of vision.23
‘Visual functions’ describe how the eye functions, with deficits described as ‘visual impairments’, and these have been
aligned with the Body Functions and Structures domain of
the ICF. ‘Functional vision’ describes how the child functions in vision-related activities, and this has been aligned
with the Activities and Participation domain of the ICF.
Functional vision is what the current authors term ‘visual
ability’. Although in this non-hierarchical framework no
domain is superior to another, and interaction between
domains is highlighted, the ICF framework provides a
structure for considering where assessments and/or interventions are placed, and it defines the type of information
in each domain.
‘Body Functions’ are the ‘physiological functions of body
systems (including psychological functions)’, and ‘Body
Structures’ are ‘anatomical parts of the body such as
organs, limbs and their components’.18 Vision is most
clearly described by the second chapter of the ICF Body
Functions and Structures domain. The code b210 ‘Seeing
functions’ describes ‘sensory functions relating to sensing
the presence of light and sensing the form, size, shape and
colour of the visual stimuli’.24 This includes visual acuity,
Review
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visual field functions, light sensitivity, colour vision, contrast sensitivity, and the overall quality of the picture. This
chapter also includes the functions of structures in and
around the eye that facilitate seeing functions, including
internal muscles (e.g. accommodation of the lens), external
muscles (e.g. muscles to move the eyes for looking in different directions), and the eyelid (e.g. protective reflex).
The codes for b210 ‘Seeing functions’ and b2152 ‘Functions of external muscles of the eye’ have recently been
included in the ICF Core Set of categories most relevant
to children and young people with CP.25
Vision involves more than seeing with the eyes, however,
and another chapter from the ICF Body Functions and
Structures domain is critical to how and what children see.
The first chapter, b1 ‘Mental functions’, includes codes for
orientation, intellect, attention, memory, psychomotor functions, perception (including visual perception and visuospatial perception), and basic and higher-level cognition. These
functions are all relevant and necessary to seeing, and creating useful vision. Vision may also be impaired by damage to
structures related to the eye or structures of the brain.
Performance in vision-related activities is captured by the
ICF Activities and Participation domain. Activity is ‘the execution of a task or action by an individual’, and Participation
is ‘involvement in a life situation’.18 The domain chapters
describe tasks, actions, and life situations where vision
occurs: d1 ‘Learning and applying knowledge’, d2 ‘General
tasks and demands’, d3 ‘Communication’, d4 ‘Mobility’, d5
‘Self-care’, d6 ‘Domestic life’, d7 ‘Interpersonal interactions
and relationships’, d8 ‘Major life areas’ (including education), and d9 ‘Community, social and civic life’.24 There are
three codes in the first chapter which are particularly relevant to using vision: d110 ‘Watching’, d160 ‘Focusing attention’, and d161 ‘Directing attention’. An example of the
assessment of vision that references the ICF-CY activity
areas is the work of Hyv€arinen,26 where four core areas of
functioning have been identified for assessment: orientation/
mobility, communication, activities of daily living, and sustained near vision tasks, such as reading.
Visual abilities can be measured for different types of
impairment (i.e. ocular or cerebral visual impairment
[CVI]), and the type or reason for the impairment is not
the relevant factor. In this sense the measurement of vision
can be descriptive of current abilities without the need to
explain or interpret what is facilitating or inhibiting functioning. A valid measure of visual abilities will provide
information about what a child with CP can do in visionrelated activities; this is different from information that can
be derived from results of measures of the eye/s or visual
functions. Activity- and Participation-level measurement is
influenced by ‘Body Function’ parameters such as cognition, visual acuity, and muscle tone; ‘Environmental Factors’ such as wearing glasses to aid vision, or the presence
and quality of lighting and distractions; and ‘Personal Factors’ such as age and interest in the tasks at hand. This is
consistent with the ICF Framework’s depiction of these
many factors as constituting a dynamic biopsychosocial
1018
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model, and a report of visual ability is likely to represent
an integrated assessment of ‘functioning’.
Two qualifiers or constructs within the ICF Activities
and Participation domain can further assist with interpreting abilities, including vision. ‘Capacity’ describes an individual’s ‘best performance’, and ‘performance’ describes an
individual’s ‘usual activity’.18 A measure of visual ability
that describes performance in vision-related activities
would be considered to provide the most useful information on daily functioning,27 whereas a measure that
describes visual capacity provides valuable information on
how a child can perform given optimal environmental conditions. Both forms of assessment were of interest in this
review, because interventions are often aimed at reducing
the gap between these two related aspects of functioning.28

MEASUREMENT OF ‘VISUAL ABILITY’
The definition of vision that describes a child’s functioning
at the Activity and Participation domain of the ICF is the
focus of the current review, and what has previously been
referred to as ‘functional vision’ is hereafter defined as ‘visual ability’. The importance of visual abilities to the functioning of children with CP, and the potential for
providing clinical interventions at the Activity and Participation level, together warrant a review of the availability of
this type of measure. We have addressed the complexity of
defining visual ability for measurement and intervention by
applying the ICF framework to this area of practice. The
primary objectives of this systematic review were to identify what tools are currently available to classify and/or
measure the visual ability of children with CP; and to
explore, among the identified tools, the evidence for validity and reliability of visual ability measures in children with
CP. The broader research question of whether interventions can be provided to children with CP and their families to improve activity performance (skills and abilities) in
vision-related activities, and/or minimize the impact of
vision impairment (ocular or cerebral) on daily activities
and participation, cannot be answered in the absence of
valid and reliable measures. This review is one step
towards addressing the visual abilities of children with CP
for clinicians and researchers focusing on Activity and Participation level interventions.
METHOD
The methods used in this systematic review were designed
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.29 The review protocol was
registered online in February 2014 with the International
Prospective Register of Systematic Reviews (Registration
number CRD 42014006387) and can be accessed online at
http://www.crd.york.ac.uk/PROSPERO/prospero.asp.
Eligibility criteria
Populations
The review is focused on the measurement of visual ability
in children (aged 0–18y) with CP. A measure that has been

developed for, or used with, children with a disorder of
movement and posture was considered a core requirement
in the search for valid and reliable measures of visual abilities for children with CP. Studies including children with
neurological impairments were eligible for inclusion when
participant descriptions were suggestive of CP, for example
terms such as hemiplegia, hypoxic–ischemic encephalopathy, periventricular leukomalacia or intraventricular haemorrhage, brain injury or impairment in the first 5 years of
life, or where there was mention of a motor impairment
(e.g. physical disability). There was no limitation placed on
what percentage of participants must be children or have
an eligible diagnosis.
Studies were excluded when participants were exclusively
described by a diagnosis other than CP (e.g. Down syndrome) or no participants were younger than 18 years old.
The paediatric focus was important because of the variations in the activities and participation of adults compared
with children, and because the impairments seen in the
adult population are different from those seen in paediatric
populations. Studies were also excluded if participants were
described as having only ocular or ‘low vision’ impairment
– that is, with no mention or exclusion of children with
physical or neurological disabilities.

Measures
Studies were sought that included measures of visual ability.
‘Visual ability’ was defined as ‘how someone performs in
vision-related activities,’16 and measures were identified as
addressing visual ability when the focus of the vision measurement was at the Activities and Participation domain of
the ICF. Any tool designed or described as measuring ‘functional vision’ was included, and vision-specific subscales of
broader tools were included. Tools that assessed components of vision that focused only on the Body Functions and
Structures domain of the ICF (e.g. visual acuity, visual perception) are not considered to be measuring visual ability as
defined by this review and were excluded. Measures
designed for any purpose were eligible for inclusion, that is
descriptive, discriminative, evaluative, and predictive measures.30 A measure was eligible when assessment resulted in
a visual ability category, level, or score. Descriptive records
or checklists were excluded, as were single item measures
with only two categories (e.g. ‘functional vision’ and ‘no
functional vision’). Measurement tools were not excluded on
the basis of their psychometric properties.
Publication types
Quantitative interventions, diagnostic, prediction or prognostic studies, aetiological assessments, frequency, instrumentation or psychometric studies were included.
Abstracts from conferences and unpublished studies were
initially included, and further information sought from the
authors. Letters to the editor and commentaries were
excluded. Only full papers written in English were
included. There was no limit placed on the publication
dates of studies; it was anticipated that because of advances

in technology, recent studies might have a greater focus on
the measurement of Body Function elements of vision
compared with the older approaches that relied on observation of performance.

Search
The search strategy was conducted in two steps. Step 1
involved the identification of visual ability measures, and
Step 2 searched for evidence of validity and reliability of
the identified measures. Searches were conducted in the
following databases: Medline, CINAHL, PsycINFO,
ERIC, A+ Education, Embase, Scopus, and the Cochrane
Library. An example of the search strategy used in MEDLINE and modified for other databases is provided in
Appendix S1 (online supporting information). Additionally,
citations from papers and measures meeting the inclusion
criteria were tracked through Web of Knowledge, and
hand searching of reference lists of retrieved studies was
carried out to ensure additional relevant references were
identified. The searches were conducted up to April 2015.
Step 1: Three key concepts were used to guide the first
search strategy to identify measures of visual ability: (1)
measurement (e.g. classification, assessment), (2) cerebral palsy (e.g. hemiplegia, brain injury), and (3) vision
(e.g. vision, blindness). Relevant terms and synonyms
from the literature and medical subject headings (MeSH
terms) and relevant terms from key literature (in title
and abstract) were used to guide the search. Search
results were limited to children.
Step 2: The names of the tools/measures found during
the first search were used in a complementary search
that aimed to identify additional papers with evidence
of validity and/or reliability. The second search was
conducted using the measure or author name as text
words, and then combined with MeSH terms and keywords for validity and reliability. A decision was made
not to seek psychometric evidence for measures containing visual subscales where these properties could not be
interpreted separately from the whole measurement
score.
Study selection
The first author screened all identified papers by title, and
irrelevant papers were excluded. Two authors (BDD and
EF) then independently assessed the titles and abstracts of
papers. Papers potentially meeting the inclusion criteria
were retrieved in full text and reviewed independently by
the same two authors. Consensus on the inclusion or
exclusion of papers was reached using additional input
through discussions with a third author (CI) when
required. Where papers did not provide descriptive information on a tool, further searching was undertaken and/or
authors of papers were contacted as required.
Data collection process
A data extraction sheet adapted from the CanChild Outcome Measures Rating Form31 was developed, piloted, and
Review
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used to summarize information from published papers,
manuals, and correspondence with authors. Extracted data
included: information on papers reporting use of measures;
general information on the tool (e.g. name of measure,
authors); the focus of measure (ICF domains); clinical utility of the measure (e.g. instructions, format, time, training,
and cost); scale construction; standardization; reliability;
and validity. The purpose of each measurement tool was
determined by the review authors by looking at the aim,
content, and use of the measure, and by using established
definitions. Measures were defined as ‘describing’ details of
what and how children function; ‘discriminating’ variations
of an issue to identify discrete levels of function; ‘evaluating’ within-person change over time; and/or ‘predicting’
some concurrent or future status.32 Tools were categorized
as measuring visual ability at a ‘performance’ or ‘capacity’
level by analysing their aim and format of administration.
‘Validity’ refers to the accuracy of a measure.33 This
review evaluated the content and construct validity of
included measures. Special consideration was given to the
development and content of measures, because in considering measurement of a concept like ‘vision’ it is important
first to be sure that the measure is assessing the ‘right’
thing. Because there is no criterion standard for visual ability measurement, in this review whenever ‘criterion’ validity was mentioned as a psychometric property it was rated
as ‘construct’ validity, as done previously by de Boer
et al.34 ‘Reliability’ is the property of measure that shows
that it is measuring something in a reproducible and consistent fashion.31 Internal consistency, interrater reliability,
intrarater reliability, and test-retest reliability were considered in this review. Reliability correlation coefficients were
described according to the CanChild Outcome Measures
Rating Form (≥0.8 as ‘excellent’, 0.6–0.79 as ‘adequate’,
and <0.6 as ‘poor’).31 Responsiveness is the ability of a
measure to detect change within an individual over time.30

Quality assessment
The Consensus-based Standards for the selection of health
Measurement Instruments (COSMIN) checklist was used
to evaluate the methodological quality of studies investigating aspects of reliability, validity, responsiveness, and interpretability of identified measures of visual ability.35
Measurement properties were scored on a 4-point rating
scale (poor, fair, good, or excellent), and a final rating was
determined from the lowest rating of any within the set of
items measuring that psychometric property. Pairs of raters
including BDD plus one of EF, CI, or SW-G completed
the quality assessments independently, followed by discussion to reach consensus on a final rating. Consensus was
reached for all ratings without involvement of a third
author.
RESULTS
Search results
Search results and study selection processes that led to the
identification of 19 included measures are illustrated in
1020
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Figure 1. Most excluded papers measured vision at the
ICF Body Functions and Structures domain – that is,
visual acuity, visual field, or visual perception. A list of
excluded measures is available on request from the lead
author (BDD).

Included measures of visual ability
Table I summarizes the included measures of visual ability.
Nine measures focused on visual performance, and were
typically questionnaires administered using caregiver
report.36–44 Nine measures focused on visual capacity, and
were mostly administered test items or judgment-based
therapist ratings.45–53 One measure addressed both visual
performance and visual capacity.54 Although authors did
not articulate the purpose of their measure using defined
terminology, it was determined by the review authors that
included measures had been developed and/or used to
describe, discriminate, predict, or evaluate visual ability,
and some measures were intended for more than one purpose. The Atkinson Battery for Child Development for
Examining Functional Vision45 was the most commonly
used measure, and the Health Utilities Index – Mark III40
was the second most common, but most measures were
described or used in only a single study. A list of studies
using the measures is available in Appendix S2 (online supporting information).
The identified measures used nominal (e.g. yes or no
responses in the Preverbal Visual Assessment41) or ordinal
levels of measurement. No measure used item weighting to
calculate a total score, and the level of difficulty for individual visual ability items has not been established in any measure. The scores from measures were used to describe visual
skills and abilities,38 to establish normal or estimated visual
development,41,45–47,51 to describe or predict CVI,37,42,54
and to make recommendations about follow-up or further
assessment and for intervention planning.36,47–49,52–54
Psychometric properties of visual ability measures
Table SI (online supporting information) summarizes the
studies (n=11) that provided evidence about validity and
reliability of the included measures. Studies included children with a range of motor and visual impairments (ocular
and cerebral). Many of the included studies recruited participants from sites providing services to children known
or suspected to have visual impairments, such as from
vision clinics.37,38,41–43,52,55,56
Validity and reliability results for the included measures
are summarized in Table SII (online supporting information). While construction of visual ability measures
included comprehensive reviews of the literature and existing measures, combined with clinical experience of authors,
there was no reported inclusion of children or primary
caregivers in the selection of items for any visual ability
measure. The Functional Visual Questionnaire,38 Visual
Assessment Procedure – Capacity, Attention and Processing,52 and Visual Skills Inventory43 used factor analysis and
principal components analysis to confirm dimensionality;

Step 1: Records identified through database
searching (n=6763)
Duplicates removed (n=1983)
Records removed by screening title
(n=3273)

Records removed by screening abstract
(n=1264)
Full-text papers retrieved and
assessed for eligibility (n=243)
Full-text papers excluded: insufficient
information (n=7), unavailable in English
(n=25), study type (n=24), participants
not children/CP (n=22), measurement
focus on non-visual constructs (n=25),
measurement focus on Body Function &
Structure vision (n=119)
Full-text papers meeting inclusion
criteria (n=21)

19 measures of visual ability met
inclusion criteria (n=25)

Papers with additional measures of visual
ability identified through other sources
(n=4)

Step 2: Additional records providing evidence
for validity and reliability: papers reporting
psychometrics (n=3), and non-peer reviewed
publications (i.e. manuals) (n=2)

Figure 1: Flow diagram describing selection of relevant papers for inclusion in the review.

however, these factors were not incorporated into the scoring schema or used to aid interpretability of the measures.
Internal consistency, test–retest, or interrater reliability
were reported for six measures.38,41,47,51,52,55,56 Clinicians
in reliability studies for the CVI Range54 and Erhardt
Developmental Visual Assessment47 had undergone training programmes in the administration and scoring of the
measure, before testing. No measure reported intrarater
reliability, and there were no studies of responsiveness.
Although seven intervention studies were identified in the
search, and six of these aimed to evaluate change in vision
ability, none used an assessment tool with evidence to support validity for evaluative purposes.36,49,53,57–60
The visual ability subscales identified from the Health
Status Classification System – Preschool,39 Health Utilities
Index – Mark III,40 and 15-Dimension Questionnaire44 do
not allow interpretation of the vision scale separate from
the other dimensions of health, and were therefore
excluded from the analysis of psychometric information.
Five measures had no available evidence for validity or reliability.36,48–50,53
The methodological quality of 10 studies reporting
psychometric properties was evaluated using the

COSMIN.37,38,41–43,47,52,55,56,61 The results of this analysis
can be found in Table SIII (online supporting information). No studies reported evidence for intrarater reliability, measurement error, cultural validity, or responsiveness
on any measure. The overall quality of studies is primarily
limited by small samples and lack of hypotheses to support
construct validation. The statistical methods used in all
studies were based on classical test theory. No study used
an item response theory model to develop or evaluate the
measure.

DISCUSSION
In this review, we sought measurement systems used to
describe, discriminate, predict, or evaluate the visual abilities of children with CP, and 19 measures were identified.
The need to measure vision at a functional level has been
identified previously,62–64 and this systematic review contributes an important contemporary overview of the field
that could be used to inform future developments in alignment with modern approaches to measurement. The findings of this review suggest that visual ability measures are
not in common use with children with CP and there is little evidence of ongoing validation of existing measures.
Review
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Aim of measure and target
population

To assess functional visual
capacities in children with a
cognitive age of 0–6y

To assess visual attention and visual
communication in children with
perinatal brain damage

To assess development, including
visual development in deaf-blind
and multidisability children

To screen for cerebral visual
impairment in children suspected
of CVI

To assess visual functioning in
children with CVI

To measure visual development in
individuals of all ages and
cognitive levels (e.g. children with
developmental disabilities, multiple
disabilities, CP and/or learning
disabilitiesd)

To assess daily visual performance
in children with CP who are
difficult to assess (severe motor,
cognitive, and communicative
limitations)

Measure and
year published

ABCDEFV45
2002

Alimovic et al.36
2011

Callier Azusa
Scale46
1974

CVI
Questionnaire37
2011

CVI Range54
2007

EDVA47
1998

Functional
Visual
Questionnaire38
2011

Table I: Summary of visual ability measures

Descriptive

Descriptive
Evaluative

Descriptive
Evaluative

Discriminative
Predictive

Descriptive

Evaluative

Descriptive
Predictive

Purpose

a

Basic visual skills; visual function
during interactive play and
communication situations

Primarily involuntary visual patterns
(reflexive): pupillary reactions, doll’s
eye responses, and eyelid reflexes;
primarily voluntary eye movements
(cognitively directed): localisation
(visual approach), fixation (visual
grasp), ocular pursuit (visual
manipulation), and gaze shift (visual
release)

Visual attitude (fixation, visual field,
visual attention, influence of
environment); ventral stream; dorsal
stream; complex problems; other
senses; associated characteristics
Colour preference; need for
movement; visual latency; visual field
preferences; difficulties with visual
complexity; light gazing; nonpurposeful gaze; difficulty with
distance; atypical visual reflexes;
difficulty with visual novelty; absence
of visually guided reach

Visual development

Visual attention; visual communication

Core vision; additional tests

Measurement constructs

Educator
completed
questionnaire

Administered
items

Interview
administered
questionnaire;
observation;
administered
items

Parent/
caregiver
completed
questionnaire

Observation;
administered
items

Judgementbased
therapist
ratingc

Administered
items

Administration/
response
format

Two scores: across CVI (level of
functioning across behaviours) and
within-CVI characteristics (how much
each characteristic is interfering with
vision, or how much the CVI
characteristics has resolved);
summary score from 0 (no functional
vision) to 10 (typical or near-typical
visual functioning)
Skills rated as present, normal and
well-integrated; emerging or
abnormal; absent; or transitional
pattern replaced by more mature
pattern; results indicate development
level (up to 6mo) for each skill
cluster, and indicate gaps in skill
sequences, developmentally
inappropriate patterns, and specific
intervention needs
Items rated 1 (never) to 5 (often >75%)
or N/A

Pass/fail score for each test based on
normative data (n=318 children with
typical development);45 each failed
item includes suggestions for further
specific assessment or follow-up
Two scales rating function – visual
attention: ‘very interested in looking’
to ‘does not keep attention’; visual
communication: ‘using vision in
communication (looks and response
to facial expressions)’ to ‘does not
look at other person at all’
Developmental level for visual skills
determined by highest level of
achievement, where all lower level
behaviours consistently reached;
level/score corresponds with a
developmental age
CVI characteristics rated as present/not
present; sum scores interpreted for
CVI prediction

Scores and interpretation

Performance

Capacity

Performance
and
capacity

Performance

Capacity

Performance

Capacity

Focusb
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To diagnose CVI in children with
good visual acuity suspected to
have CVI
To screen development, including
visual skills in children birth to 5y

To measure visual function in
uncooperative patients (children
with low vision, neurological
deficits, or both)

Short CVI
Questionnaire42
2012
SoGS51
1987

To evaluate neurological abilities,
including visual competency in
brain injured populations

Institutes’
Developmental
Profile49
2006
Low Vision
Checklist50
1999

To assess visual behaviour/visual
cognitive abilities in infants <24mo

Light perception; visual exploration;
fixation; following; grabbing;
grabbing a moving object;
deambulation; optokinetic nystagmus

Descriptive

To measure health status and
health-related quality of life,
including vision, in people older
than 5y in both clinical and general
populations

HUI-III40
1996

PreViAs41
2014

Visual competency

Evaluative

To assess health status of preschool
children (2.5-5y of age), including
vision

Dorsal stream; ventral stream

Function (functional response to visual
stimuli); comprehension
(interpretation of intact visual
function)

Descriptive

Visual attention; visual
communication; visual-motor
coordination; visual processing

Vision

Vision (ability to see)

Discriminative

Descriptive

Descriptive

Descriptive

Visual function

HSCS-PS39
2005

Evaluative

To functionally evaluate vision in
research study (children with PVL
or infarction of the visual cortex)

Measurement constructs

Hoyt48
2003

Purposea

Aim of measure and target
population

Measure and
year published

Table I: Continued

Administered
items

Parent/
caregiver
completed
questionnaire
Questionnairec

Judgementbased
therapist
ratingc
Administered
items

Parent/
caregiver
completed
questionnaire
or self-report
version for
≥12y

Judgementbased
therapist
ratingc
Parent/
caregiver and/
or clinician
completed
questionnaire

Administration/
response
format

Item success scored yes/no; sum of
success scores divided by number
administered tests; final visual
quotient score ranges from 0
(absence of visual behaviour
responses) to 1 (presence of visual
behavioural responses to all tests)
Visual behaviours rated yes/no; total
score for each domain place child
within or outside normal range of
visual maturation
Presence of problems scored no/yes/
sometimes; sum score not valid
predictor of CVI diagnosis
Achieved skills recorded and summed
for total score and plotted against
chronological age to produce
developmental level; performance
two bands below age range is
recommended for further
investigation

Scale rated from 1 (light perception
only) to 6 (completely normal vision);
improvements in vision determined
by change in level of function score
Five levels of ability – 1 (sees normally
without glasses e.g. able to see well
enough to recognize small objects
and familiar people at distance) to 5
(unable to see at all); vision not
interpreted independently of other
dimensions of health status
Six levels – 1 (able to see well enough
to read ordinary newsprint and
recognize a friend on the other side
of the street, without glasses or
contact lenses) to 6 (unable to see at
all); vision attribute of health status
and health-related quality of life is
not interpreted independently of
other attributes
Visual competence subscale scored
from I (light reflex) to VII (reading
with total understanding)

Scores and interpretation

Capacity

Performance

Performance

Capacity

Capacity

Performance

Performance

Capacity

Focusb
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To assess visual functioning
(capacity, processing, and
attention) in children who are
visually impaired

To evaluate visual skills and
responses to familiar situations in
children with neurological
impairment
To assess functional visual outcome
in research study (children aged
18mo–14.5y with central or
peripheral visual disorder, and lack
of clinical visual recovery for at
least 12mo)
To measure health-related quality of
life, including vision, in adults
(aged 16y+)f

VAP-CAP52
1993

Visual Skills
Inventory43
2007

Descriptive

Evaluative

Descriptive

Descriptive

Purpose

a

Vision

Low vision (visual capacity and basic
levels of visual attention – how much
the child can see and how visual
attention is motivated); visual
processing (visual perceptual and
visual cognitive abilities and the
more complex levels of visual
attention)
Visual skills and responses to familiar
situations – visual recognition of food
and objects; visual guided behaviours
with social content
Functional vision

Measurement constructs

Selfadministered
questionnaire

5 level scale: 1 (I see normally, i.e. I
can read newspapers and TV text
without difficulty, with or without
glasses) to 5 (I cannot see enough to
walk about without a guide, i.e. I am
almost or completely blind); vision
scale not interpreted separately from
other health domains

Performance

Questions scored yes/no for visual
behaviours; additional scores for
some items e.g. distance for vision
from 6 feet to <1 foot
Scale from 1 (light perception only) to
5 (completely normal vision); study
interpreted positive outcomes as
improvement of one level

Parent/
caregiver
completed
questionnaire
Judgementbased
therapist
ratingc

Performance

Capacity

Capacity

Focusb

Scoring method unclear; range of
response options and interpretation
described;e highlights areas of visual
deficit and areas for intervention

Scores and interpretation

Administered
items

Administration/
response
format

Purpose of measure (to describe, discriminate, predict, or evaluate) determined by review authors based on aim, content, and use of the measure. bFocus of measure (Performance or
Capacity) determined by review authors based on measurement aim and format. cAdministration format interpreted by review authors from limited information. dUK usage for mental retardation. eThe Instructional Video and VAP-CAP Kit which were unavailable may provide additional information on scoring and interpretation. f16D (for adolescents aged 12–15y) and 17D (for
children aged 8–11y) were developed based on the original 15D. ABCDEFV, Atkinson Battery for Child Development for Examining Functional Vision; CVI, cerebral or cortical visual impairment; EDVA, Erhardt Developmental Visual Assessment; CP, cerebral palsy; PVL, periventricular leukomalacia; HSCS-PS, Health Status Classification System – Preschool; HUI-III, Health Utilities Index – Mark III; PreViAs, Preverbal Visual Assessment; SoGS, Schedule of Growing Skills; VAP-CAP, Visual Assessment Procedure – Capacity, Attention, and Processing;
15-D, 15-Dimension Questionnaire.

a

15-D44
1994

Wong et al53
2006

Aim of measure and target
population

Measure and
year published

Table I: Continued

For this review the ICF was used as a conceptual framework to define the measurement of visual ability in relation
to a child’s level of functioning in vision-related activities.
This approach measures vision at the Activities and Participation domain, rather than measuring vision according to
the Body Functions and Structures domain, where inferences need to be made about levels of functioning in daily
activities. Despite the frequent use of the ICF in rehabilitation research since its publication in 2001, only the authors
of the Visual Function Questionnaire made reference to
this framework.
The review identified some evidence of measures discriminating between levels of visual ability,37,42 but there is
currently no available measure to discriminate between
levels of daily visual functioning analogous to existing
functional classification systems for children with CP: the
Gross Motor Function Classification System,65 Manual
Ability Classification System,66 Communication Function
Classification System,67 and Eating and Drinking Ability
Classification System.68 Most available measures of visual
ability are descriptive, and there are no measures validated
for predictive or evaluative purposes.

Current issues in visual ability measurement
The results of this systematic review highlight a number of
problems with the measurement of visual ability. First, a
measure should be designed and validated for a specific
purpose,69 but most measures included in this review did
not clearly state the intended purpose of the ‘assessment’.
Analysis of the included measures by the review authors
suggests that most existing measures are meant to be
descriptive tools.
Second, the items selected for a measure are important,
and items in a descriptive measure should include all the
characteristics that discriminate between individuals.33 The
absence of children with CP, their primary caregivers, and
practitioners in the development of included measures
makes it difficult to determine whether all domains of
visual ability that are meaningful to the target population
have been included. Furthermore, vision is a complex construct and it is important, in establishing validity, to determine whether only visual ability is being measured or
whether other factors are also making a significant contribution to the assessment of ability (e.g. motor skills, cognition, or attention). Non-visual factors influence
performance in vision-related activities, and therefore
probably the measurement of visual ability. For example,
the cognitive or learning skills of a child may influence
their ability to see and recognize letters. Visual ability has
been established as a unidimensional construct for measurement in other populations,70,71 and therefore it appears
theoretically possible to achieve this in a measure suitable
for children with CP. When determining the measurement
construct it is also important not to be influenced by the
name of a measure, but instead to look at the content and
items.32 The Atkinson Battery for Child Development for
Examining Functional Vision would appear to consist

primarily of tests and items measuring vision at the Body
Functions domain of the ICF, and although it includes
‘Functional Vision’ in the battery name, it may not provide
the type of information required by a practitioner interested in the direct assessment of daily visual functioning.
The third problem is that some measures included in
this review used the common but problematic approach of
adding raw nominal or ordinal scores to determine the
‘level’ of ability, and the relative contribution of each item
to the total score was either not considered or not
reported.33,72 This problem has previously been explained
by Massof,15 and an example from the Functional Visual
Questionnaire illustrates the issue. Two items from this
measure, ‘Looks around when entering a room’ and
‘Responds to facial expressions’, have the same ordered
response alternatives that range from ‘never’ to ‘often
>75%’ on a 5-point Likert scale. Although both items load
on the same task-orientated visual skills factor, looking
around a room is not likely to require the same level of
visual ability as recognizing and responding to facial
expressions. Averaging the scores on items such as these to
produce a score would not provide a valid measure of daily
visual performance, because the items themselves are not
equivalent. In measurement systems such as this, the score
estimating a person’s visual ability depends on the choice
of items. The scoring option of ‘not relevant’ – or an
equivalent option that results in no numerical score – was
present in a number of the included measures and provides
additional compromise to the measurement score.38,46,50
The degree to which one can assign any qualitative meaning to quantitative scores is also a major limitation of the
visual ability measures in this review.
Finally, measures included in this review with evidence
of construct validity relied heavily on correlations with,
or discrimination from, Body Functions or Impairmentlevel measures.37,38,42,43,56,61 This was done in the
absence of specific hypotheses for evidence of construct
validity. The visual acuity and visual perceptual measures
commonly used in these validation studies do not measure the same construct as visual ability or functioning
in vision-related activities, and while positive correlations
could be expected, a priori hypotheses that specify both
the direction and the strength of the anticipated relationships need to be developed and tested to support construct validity.35

Implications for practice and research
The focus of this systematic review should encourage practitioners and researchers to consider the possibility of
visual impairments (ocular or cerebral) influencing the
activities and participation of children with CP. Vision
should be considered when gathering information from
families, setting goals, and considering the focus for assessment and intervention. The results of this review can be
used to guide visual ability measurement in practice and
research. Clinical reasoning should include the consideration of purpose, content, and focus of available measures,
Review
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and tools chosen must have proven validity and reliability
for the intended purpose and population.
Based on the results of this review, five tools have some
evidence to support their validity and reliability as descriptive performance measures of daily visual functioning.37,38,41,43,54 The CVI Range assesses visual functioning
in children with CVI, the CVI Questionnaire screens for
CVI, the Functional Visual Questionnaire assesses daily
visual performance in children with CP who are difficult to
assess, and the Visual Skills Inventory evaluates visual skills
and responses in neurologically impaired children. The
Preverbal Visual Assessment assesses visual behaviour and
visual cognitive abilities in infants, although there is only
limited evidence of construct validity for children with
motor impairments. Until psychometric evidence is available to support the use of these measures in clinical
practice, questionnaires can be used to guide informationgathering on areas of daily functioning that are commonly
limited by visual impairment. A useful finding of this
review is the knowledge that measures using questionnaires
to gather information from parents result in information
about a child’s daily performance, while clinician-administered measures provide information on best performance.
There are also six tools with some psychometric evidence
to support their use as descriptive measures of visual capacity (best performance).45–47,51,52,54
There are currently no valid measures of visual ability
for predictive or evaluative purposes. In the absence of
valid and reliable evaluative measures, it is impossible to
quantify whether interventions are without efficacy or
whether we are simply unable to detect clinically important
change. The current lack of evidence about interventions
to improve the visual abilities of children with CP adds
urgency to the need for valid and reliable measures of
visual abilities.73–75 Until valid and reliable visual ability
measures are developed, it is recommended that practitioners consider using individualized goal-based measures such
as the Canadian Occupational Performance Measure76 or
Goal Attainment Scaling77 for the evaluation of interventions related to specific visual ability goals. These outcome
measures have established validity, reliability, and are sensitive to change.78

Future directions for research
Several directions for future research have been highlighted
by this review. First, further analysis of the conceptual
foundations of identified measures is essential, because
clinicians and researchers must know whether they are
measuring visual ability or some other construct. Linking
items from measures to specific chapters and codes of the
ICF using Cieza’s established linking rules79 will clarify
which content and tools focus at an item level on measuring visual ability. Preliminary analysis of the content of
included visual ability measures at a subscale level identifies
frequently occurring constructs such as attention, communication and social interactions, visual processing, visual
motor coordination, and the role of the environment and
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other senses (e.g. touch, listening). Further analysis of content may also provide insight into whether vision measured
within the context of functional activities is a measure of
activity level performance, or whether scoring occurs at the
Body Function level.22
Second, the review results also suggest the need for a
classification system to describe ‘levels’ of visual functioning in children with CP analogous to existing functional
classification systems, for example the Manual Ability Classification System.66 Third, future research should seek confirmation from children with CP and their families that all
characteristics relating to levels of visual functioning, and
those that are meaningful, have been identified. Fourth,
there is a need for evaluative measures of visual ability for
use in intervention studies and clinical practice. Parents
and practitioners are likely to have valuable insights on
what is functionally important in the daily lives of children
with CP, and which abilities are likely to change after
intervention.30 Fifth, the dimensionality of a measure of
visual ability needs to be investigated to confirm whether
measurement of this construct can be achieved in a single
scale. Sixth, a hierarchy for visual abilities should be established using methods such as item response theory, and
using interval level measurement. And finally, systems for
the qualitative interpretation of scores must also be developed for families, practitioners, and researchers to make
use of quantitative scores.
To move this field of research forward, future studies
need to consider the spectrum of children diagnosed with
CP, including age and functional levels. Researchers are
encouraged to select and describe participants using the
Gross Motor Function Classification System, Manual Ability Classification System, and Communication Function
Classification System. Limiting factors for a number of the
included measures in this review are the focus on subsets
of the CP population, or not all measurement items being
relevant for all children. Children with CP present with a
diverse range of functional abilities, including varied levels
of motor and cognitive abilities. It is also suggested that –
in the future, as a complement to visual diagnoses –
measures of visual ability should focus not only on the
underlying reasons for impairment (i.e. CVI), but rather
on levels of visual ability in daily activities. This approach,
focusing on ability, has been well established in other functional measurement systems for children with CP.27 This
review also highlights the importance of good quality psychometric studies. An increasing awareness and use of
checklists such as the COSMIN rating system would help
in designing and reporting future high-quality studies in
support of measurement systems.
Benefits from focusing on the functional impact of visual
impairments are likely to include: increased focus on and
monitoring of the development of visual abilities; increased
analysis of how vision impacts activity performance; and
increased focus on visual abilities as facilitators or barriers
to participation. Interventions will be developed to target
visual abilities, and levels of visual ability may be able to

guide the selection of management options. Consistency in
terminology will increase the clarity of communication
about vision and visual abilities, and enable comparisons
across CP populations and research studies. Research into
other areas of functioning (e.g. manual abilities) will also
benefit from the ability to stratify participants by level of
visual ability. Establishing the validity of visual ability measurement systems for predictive purposes will also assist
services and policy makers with planning for future intervention and care needs.

ability for children with CP. Results show that while visual
ability is being measured, there is no consensus on which
visual abilities should be measured, nor how, and there is
generally a lack of strong psychometric properties. We are
currently unable to discriminate the range of visual abilities
across the CP population, and there is no valid method to
evaluate interventions aiming to change visual ability.
While measurement in the Body Functions and Structures
domain, such as visual acuity tests for measuring eye function, and cognitive test for measuring perception of vision,
will continue to be important, it is hoped that the ICF
framework can be used by researchers, practitioners, and
policy administrators to understand the inadequacy of relying on impairment measures to describe levels of functioning and disability. In the future, vision measurement
should occur at both the Body Function and Activity and
Participation levels of the ICF.
The results of this review can be used to develop the
ways that visual impairment and daily functioning are considered, and to guide future development of valid and reliable visual ability measurement in both new and existing
tools. Although not an easy task, appropriately developed
and psychometrically sound measures would have tremendous clinical and practical utility for children with CP
because they would promote understanding of the impact
visual impairment (ocular or cerebral) can have on daily
functioning and other areas of development, and facilitate
the development of future interventions targeted at visual
abilities.

Limitations
There are some limitations to this review. First, studies not
published in English were excluded, so some measures of
visual ability may have been missed. Second, this review
focused specifically on the identification of measurement in
children with CP. Although this criterion was established
because the primary disability of this population is a movement or posture impairment that is likely to need consideration in item selection, it is acknowledged that measures
developed for use with children without physical impairments might also provide valuable information. Future
research may include validation studies of other existing
measures for children with CP (e.g. CVI Inventory80).
Third, this review has not reported on clinical utility of available measures, focusing instead on measurement properties.
Finally, although inclusion criteria focused this review on
the identification of visual measurement at the Activities and
Participation level of the ICF, the extent to which the
selected measures met this aim requires further assessment,
as some included measures appear to contain both Body
Function and Activities and Participation level items. Body
Function items are likely to assess different aspects of visual
ability from items related to Activities and Participation.
While analysis of visual ability measures at an item level was
beyond the scope of this review, further exploration may
contribute to our understanding of the visual ability construct in children with CP, and provide evidence on the usefulness of existing visual ability measures at an item level.

SUPPORTING INFORMATION
The following additional material may be found online:
Figure S1: International Classification of Functioning, Disability and Health (ICF), as published by the World Health Organization in 2001.18
Appendix S1: Example of database search strategies.
Appendix S2: Included studies using a measure of visual
ability.
Table SI: Summary of studies reporting data on Validity and
Reliability.
Table SII: Summary of results: Validity and Reliability.
Table SIII: Quality assessment of psychometric studies according to COSMIN criteria.

CONCLUSION
This systematic review used the ICF framework to define,
identify, and evaluate currently available measures of visual

REFERENCES
1. ACPR Group. Australian Cerebral Palsy Register

4. Cass HD, Sonksen PM, McConachie HR. Developmen-

6. Schenk-Rootlieb A, Nieuwenhuizen O, Schiemanck N,

Report 2013. Sydney, NSW: Cerebral Palsy Alliance,

tal setback in severe visual impairment. Arch Dis Child

Graaf Y, Willemse J. Impact of cerebral visual impair-

2013.

1994; 70: 192–96.

ment on the everyday life of cerebral palsied children.

2. Rosenbaum P, Paneth N, Leviton A, et al. A report: the

5. Salavati M, Rameckers EAA, Steenbergen B, Van

definition and classification of cerebral palsy April 2006.

Der Schans C. Gross motor function, functional skills

Dev Med Child Neurol Suppl 2007; 109: 8–14.

and

3. Novak I, Hines M, Goldsmith S, Barclay R. Clinical

caregiver

cerebral

palsy

assistance
(CP)

in children with

with

and

without

spastic
cerebral

prognostic messages from a systematic review on cere-

visual impairment (CVI). Eur J Physiother 2014; 16:

bral palsy. Pediatrics 2012; 130: e1–28.

159–67.

Child Care Health Dev 1993; 19: 411–23.
7. Yin Foo R, Guppy M, Johnston LM. Intelligence assessments for children with cerebral palsy: a systematic
review. Dev Med Child Neurol 2013; 55: 911–18.
8. Elbasan B, Atasavun S, D€
uger T. Effects of visual perception and motor function on the activities of daily

Review

1027

living in children with disabilities. Fizyoter Rehabil 2011;

palsy: a consensus meeting. Dev Med Child Neurol 2015;

22: 224–30.

57: 149–58.

9. James S, Ziviani J, Ware RS, Boyd RN. Relationships
between activities of daily living, upper limb function,

26. Hyv€arinen L, Jacob N. What and How does this Child
See? Helsinki, Finland: VISTEST Ltd, 2011.

44. Sintonen H, Richardson J. The 15-d Measure of Health
Related Quality of Life: Reliability, Validity and Sensitivity
of its Health State Descriptive System. Melbourne, Vic.:
National Centre for Health Program Evaluation, 1994.

and visual perception in children and adolescents with

27. Rosenbaum P, Eliasson A-C, Hidecker MJC, Palisano

45. Atkinson J, Anker S, Rae S, Hughes C, Braddick O. A

unilateral cerebral palsy. Dev Med Child Neurol 2015; 57:

RJ. Classification in childhood disability: focusing on

test battery of child development for examining func-

852–57.

function in the 21st century. J Child Neurol 2014; 29:

10. Coleman A, Weir K, Ware RS, Boyd R. Predicting

1036–45.

tional vision (ABCDEFV). Strabismus 2002; 10: 245–69.
46. Stillman RD. The Callier-Azusa Scale. Dallas, TX: Cal-

functional communication ability in children with cere-

28. Rosenbaum P, Stewart D. The World Health Organiza-

bral palsy at school entry. Dev Med Child Neurol 2015;

tion International Classification of Functioning, Disabil-

47. Erhardt RP, Beatty PA, Hertsgaard DM. A developmen-

57: 279–85.

ity, and Health: a model to guide clinical thinking,

tal visual assessment for children with multiple handi-

11. Dutton GNCJ, Cockburn D, Ibrahim H, MacintyreBeon C. Visual disorders in children with cerebral palsy:
the implications for rehabilitation programs and school
work. East J Med 2012; 17: 178–87.
12. World Health Organization. International Statistical
Classification of Diseases and Related Health Problems:
Tenth Revision. Geneva, Switzerland: World Health
Organization, 1992.

practice and research in the field of cerebral palsy. Semin
Pediatr Neurol 2004; 11: 5–10.
29. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred

lyses: the PRISMA statement. Ann Intern Med 2009;

cortical visual impairment in children. Int J Neurosci

151: 264–69.
30. Kirshner B, Guyatt G. A methodological framework for
assessing health indices. J Chronic Dis 1985; 38: 27–36.

dren Due to Damage to the Brain. London: Mac Keith

ON, Canada: CanChild Centre for Childhood Disability

disorders in a population-based cerebral palsy cohort.
Pediatr Neurol 2014; 50: 324–28.
15. Massof RW. The measurement of vision disability.
Optom Vis Sci 2002; 79: 516–52.

Eye 2003; 17: 369–84.
49. Malkowicz DE, Myers G, Leisman G. Rehabilitation of

31. Law M. Outcome Measures Rating Form. Hamilton,

Press, 2010.

caps. Topics Early Child Spec Educ 1988; 7: 84–101.
48. Hoyt CS. Visual function in the brain-damaged child.

reporting items for systematic reviews and meta-ana-

13. Dutton G, Bax M, editors. Visual Impairment in Chil-

14. Dufresne D, Dagenais L, Shevell MI. Spectrum of visual

lier Center for Communication Disorders, 1974.

Research, 2004.
32. Rosenbaum P. The ABCs of clinical measures. Dev Med
Child Neurol 2015; 57: 496.
33. Law M. Measurement in occupational therapy: scientific

2006; 116: 1015–33.
50. Salati RA, Pinuccia G, Cannao M. A checklist for the
evaluation of low vision in non-collaborative subjects. J
Pediatr Ophthalmol Strabismus 1999; 38: 90–94.
51. Bellman M, Cash J. The Schedule of Growing Skills in
Practice. Windosr, UK: NFER-Nelson, 1987.
52. Blanksby DC, Langford PE. VAP-CAP: a procedure to
assess the visual functioning of young visually impaired
children. J Vis Impair Blind 1993; 87: 46–49.

criteria for evaluation. Can J Occup Ther 1987; 54: 133–38.

53. Wong VC, Sun JG, Yeung DW. Pilot study of efficacy

34. de Boer MR, Moll AC, De Vet HC, Terwee CB,

of tongue and body acupuncture in children with visual

16. Colenbrander A. Aspects of vision loss-visual functions

V€
olker-Dieben HJ, Van Rens GH. Psychometric prop-

and functional vision. Vis Impair Res 2003; 5: 115–36.

erties of vision-related quality of life questionnaires: a

54. Roman-Lantzy C. Cortical Visual Impairment: An

17. Fawcett AL. Principles of Assessment and Outcome

systematic review. Ophthalmic Physiol Opt 2004; 24: 257–

Approach to Assessment and Intervention. New York,

Measurement for Occupational Therapists and Physiotherapists: Theory, Skills and Application. Hoboken, NJ:
John Wiley & Sons, 2007.

73.

NY: AFB Press, 2007.

35. Terwee CB, Mokkink LB, Knol DL, Ostelo RW, Bou-

55. Newcomb S. The reliability of the CVI range: a func-

ter LM, de Vet HC. Rating the methodological quality

tional vision assessment for children with cortical visual

18. World Health Organization. International Classification

in systematic reviews of studies on measurement proper-

of Functioning, Disability and Health. Geneva, Switzer-

ties: a scoring system for the COSMIN checklist. Qual

land: World Health Organization, 2001.

impairment. J Child Neurol 2006; 21: 462–73.

Life Res 2012; 21: 651–57.

impairment. J Vis Impair Blind 2010; 104: 637–47.
56. Garcıa-Ormaechea I, Gonzalez I, Dupla M, Andres E,
Pueyo V. Validation of the Preverbal Visual Assessment

19. Cieza A, Brockow T, Ewert T, et al. Linking health-sta-

36. Alimovic S, Mejaski-Bosnjak V. Stimulation of func-

(PreViAs) questionnaire. Early Hum Dev 2014; 90: 635–38.

tus measurements to the international classification of

tional vision in children with perinatal brain damage.

57. Poland D, Doebler L. Effects of a black-light visual field

functioning, disability and health. J Rehabil Med 2002;
34: 205–10.
20. Schiariti V, Klassen AF, Cieza A, et al. Comparing contents of outcome measures in cerebral palsy using the
International Classification of Functioning (ICF-CY): a
systematic review. Eur J Paediatr Neurol 2014; 18: 1–12.
21. Gorter JW, Rosenbaum PL, Hanna SE, et al. Limb distribution, motor impairment, and functional classification of cerebral palsy. Dev Med Child Neurol 2004; 46:
461–67.
22. Hoare B, Imms C, Randall M, Carey L. Linking cere-

Coll Antropol 2011; 35(Suppl. 1): 3–9.
37. EL Ortibus A, Verhoeven J, De Cock P, et al. Screening
for cerebral visual impairment: value of a CVI questionnaire. Neuropediatrics 2011; 42: 138–47.
38. Ferziger NB, Nemet P, Brezner A, Feldman R, Galili

on eye-contact training of spastic cerebral palsied children. Percept Mot Skills 1980; 51: 335–38.
58. Erhardt RP. Sequential levels in the visual-motor development of a child with cerebral palsy. Am J Occup Ther
1987; 41: 43–49.

G, Zivotofsky AZ. Visual assessment in children with

59. Luan Z, Qu S, Du K, et al. Neural stem/progenitor cell

cerebral palsy: implementation of a functional question-

transplantation for cortical visual impairment in neonatal

naire. Dev Med Child Neurol 2011; 53: 422–28.

brain injured patients. Cell Transplant 2013; 22: S101–12.

39. Saigal S, Rosenbaum P, Stoskopf B, et al. Development,

60. Woolfson LH. Using a change index to evaluate devel-

reliability and validity of a new measure of overall health

opmental progress in young children with cerebral palsy.

for pre-school children. Qual Life Res 2005; 14: 243–52.

Eur J Spec Needs Educ 1998; 13: 243–53.

bral palsy upper limb measures to the International

40. Feeny D, Torrance G, Furlong W. Health Utilities

61. Mercuri E, Haataja L, Guzzetta A, et al. Visual function

Classification of Functioning, Disability and Health. J

Index. In: Spilker B, editor. Quality of Life and Pharma-

in term infants with hypoxic-ischaemic insults: correla-

Rehabil Med 2011; 43: 987–96.

coeconomics in Clinical Trials. Philadelphia, PA: Lip-

tion with neurodevelopment at 2 years of age. Arch Dis

23. Colenbrander A. Assessment of functional vision and its
rehabilitation. Acta Ophthalmol (Copenh) 2010; 88: 163–
73.
24. World Health Organization. International Classification

pincott-Raven Press, 1996: 239–52.

62. Colenbrander A. Towards the development of a classifica-

opment of the Preverbal Visual Assessment (PreViAs)

tion of vision related functioning. In: Dutton GN, Bax M,

questionnaire. Early Hum Dev 2014; 90: 165–68.

editors. Visual Impairment in Children Due to Damage

of Functioning, Disability, and Health: Children &

42. Van Genderen M, Dekker M, Pilon F, Bals I. Diagnos-

Youth Version. Geneva, Switzerland: World Health

ing cerebral visual impairment in children with good

Organization, 2007.

Child Fetal Neonatal Ed 1999; 80: F99–104.

41. Pueyo V, Garcıa-Ormaechea I, Gonzalez I, et al. Devel-

visual acuity. Strabismus 2012; 20: 78–83.

to the Brain. London: Mac Keith Press, 2010: 282–94.
63. Hyv€arinen L. Classification of visual functioning and
disability in children with visual processing disorders. In:

25. Schiariti V, Selb M, Cieza A, O’Donnell M. Interna-

43. McCulloch D, Mackie R, Dutton G, et al. A visual skills

Dutton GN, Bax M, editors. Visual Impairment in Chil-

tional Classification of Functioning, Disability and

inventory for children with neurological impairments.

dren Due to Damage to the Brain. London: Mac Keith

Health Core Sets for children and youth with cerebral

Dev Med Child Neurol 2007; 49: 757–63.

Press, 2010: 265–81.

1028

Developmental Medicine & Child Neurology 2016, 58: 1016–1029

64. Leissner J, Coenen M, Froehlich S, Loyola D, Cieza A.

69. Hanna S, Russell D, Bartlett D, Kertoy M, Rosenbaum P,

75. Zihl J, Dutton GN, editors. Cerebral Visual Impairment

What explains health in persons with visual impairment?

Swinton M. Clinical Measurement Guidelines for Service

in Children: Visuoperceptive and Visuocognitive Disor-

Health Qual Life Outcomes 2014; 12: 1–16.

Providers. Hamilton, ON: CanChild Centre for Child-

65. Rosenbaum PL, Palisano RJ, Bartlett DJ, Galuppi BE.

hood Disability Research, McMaster University, 2005.

ders. Vienna: Springer-Verlag, 2015.
76. Law M, Baptiste S, Carswell A, McColl MA, Polatajko

Development of the gross motor function classification

70. Velozo CA, Warren M, Hicks E, Berger KA. Generat-

H, Pollock N. Canadian Occupational Performance

system for cerebral palsy. Dev Med Child Neurol 2008;

ing clinical outputs for self-reports of visual functioning.

Measure (COPM). Ottawa, ON: CAOT Publications,

50: 249–53.

Optom Vis Sci 2013; 90: 765–75.

1998.

66. Eliasson A-C, Krumlinde-Sundholm L, R€
osblad B, et al.

71. Lamoureux EL, Pallant JF, Pesudovs K, Rees G, Hassell

77. Kiresuk TJ, Sherman MRE. Goal attainment scaling: a

The Manual Ability Classification System (MACS) for

JB, Keeffe JE. The impact of vision impairment ques-

general method for evaluating comprehensive commu-

children with cerebral palsy: scale development and evi-

tionnaire: an assessment of its domain structure using

nity mental health programs. Community Ment Health J

dence of validity and reliability. Dev Med Child Neurol

confirmatory factor analysis and Rasch analysis. Invest

2006; 48: 549–54.

Ophthalmol Vis Sci 2007; 48: 1001–06.

1968; 4: 443–53.
78. Sakzewski L, Boyd R, Ziviani J. Clinimetric properties

67. Hidecker MJC, Paneth N, Rosenbaum PL, et al.

72. Wright BD, Linacre JM. Observations are always ordi-

of participation measures for 5-to 13-year-old children

Developing and validating the Communication Function

nal; measurements, however, must be interval. Arch Phys

with cerebral palsy: a systematic review. Dev Med Child

Classification System for individuals with cerebral palsy.

Med Rehabil 1989; 70: 857–60.

Dev Med Child Neurol 2011; 53: 704–10.
68. Sellers D, Mandy A, Pennington L, Hankins M,
Morris C. Development and reliability of a system to

Neurol 2007; 49: 232–40.

73. Williams C, Northstone K, Borwick C, et al. How to

79. Cieza A, Geyh S, Chatterji S, Kostanjsek N, Ust€
un B,

help children with neurodevelopmental and visual prob-

Stucki G. ICF linking rules: an update based on lessons

lems: a scoping review. Br J Ophthalmol 2014; 98: 6–12.

learned. J Rehabil Med 2005; 37: 212–18.

classify the eating and drinking ability of people

74. Novak I, Mcintyre S, Morgan C, et al. A systematic review

80. Macintyre-Beon C. Cerebral Visual Impairment in Chil-

with cerebral palsy. Dev Med Child Neurol 2014; 56:

of interventions for children with cerebral palsy: state of

dren Born Prematurely (MSc(R) Thesis). Glasgow:

245–51.

the evidence. Dev Med Child Neurol 2013; 55: 885–910.

University of Glasgow, 2015.

Review

1029

