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Abstract
Cerebral (cortical) visual impairment (CVI) is the primary cause of visual impairment in children in
high-income countries. It is increasing globally due to improved life-saving measures for premature
and full-term infants. Yet the consequences of this condition are only beginning to be understood and
addressed. In contrast to visual impairment due to refractive error and disorders of the eye, there is
limited public awareness of CVI, and the consequent impairment of a variety of visual capabilities
may go unidentified, adversely affecting cognitive, motor, and social development. CVI refers to
visual perception deficits not related to the peripheral (i.e., prechiasmatic) system disorder, but rather,
to injury to brain areas serving assimilation, integration, and interpretation of visual information.
According to the topography, site, and the extent of the pathology, the deficit may variably concern
central visual functions, the visual field, perception of movement, visual analysis, visual exploration
and attention, or visual memory, as well as visual guidance of movement. Each affected child has a
unique clinical picture, which needs to be identified and individually profiled. This is probably the
underlying reason that CVI is commonly underdiagnosed, especially in children, and, as a
consequence, the full range of potential behavioral outcomes are not identified and adequately
addressed. The present paper shows how the use of multiple methods of assessment can improve the
understanding of children with CVI.

Keywords: Cerebral visual impairment; cortical visual impairment; learning disability; assessment;
differential diagnosis, visual impairment
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Profiling children with cerebral visual impairment

1. Cerebral Visual Impairments (CVI)
1.1 Definition, epidemiology, and etiology

Cerebral visual impairment (also called cortical visual impairment) is a brain-based visual
condition that affects pathways involved in processing incoming visual information via neural
networks throughout the brain. In terms of epidemiology, CVI has become the main cause of
childhood vision impairment in high-income countries and is on the rise in low-income countries
(Dutton & Lueck, 2015a, Kong et al., 2012). This huge increase in the proportion of visually
impaired children having CVI in industrialized countries is due to improved measures to save at risk
children born prematurely, and those who have prenatal or perinatal medical conditions, combined
with more effective prevention and management of ocular causes of visual impairment. Indeed,
cerebral anoxia (or hypoxia) and premature birth are the most common etiologies and associations
with CVI (Fazzi et al, 2009; Jacobson & Dutton, 2000; Pagliano et al., 2007, Shafer et al., 1986). In
children with CVI, a history of preterm birth with or without cerebral anoxia or cerebral hypoxia is
often reported. Although the term ‘soft’ neurological lesions, has been applied for affected children,
the resulting neurological signs are far from ‘soft’ as they have functional implications that impair
the child’s ability to access information and learn (Chokron & Dutton, 2016). In addition, traumatic
brain injury, stroke, brain infection and genetic disorders represent the next most frequent causes of
CVI (see Lueck & Dutton, 2015a pp. xvii-xviii for review). The condition can be confounded with
other disorders such as autism spectrum disorders, developmental coordination disorders, and
learning disability (Chokron & Dutton, 2016).

CVI describes deficiency in the functions of vision due to damage or malfunction of visual
pathways and centers in the brain, specifically including the lateral geniculate bodies, the optic
radiations, the occipital cortices and the visual associative areas, in any combination or degree. This
may cause or be accentuated by associated disorders of eye movement control (Boot, et al., 2010;
Dutton & Lueck, 2015a; Fazzi et al., 2009, Ortibus et al., 2011). CVI is thus an umbrella term
referring to visual and visual perceptual deficits that are not related to a peripheral (i.e.
prechiasmatic) system abnormality, but rather to an injury of cerebral areas involved in the
integration and interpretation of visual information, and guidance of movement through the
environment. However, it has to be underscored that while CVI may be present in a child, the
cerebral damage or dysfunction per se may not be detected using common brain imaging methods.
Indeed, recent studies point to the fact that even in adults who suffer from CVI after stroke, for
example, the lesion is not evident in more than 30% of the cases (Zhang et al., 2006a; 2006b). Thus,
it is important to keep in mind that many children display the functional consequences of CVI, as we
present below, even when the causative brain injury cannot be corroborated through conventional
neuroimaging techniques.

Individuals with CVI may experience several kinds of difficulty when trying to move
accurately through a visual space, or recognizing a simple visual object, and/or they may experience
discomfort when faced with a complex visual scene. According to the topography and the size of the
lesion, the deficit may concern the visual field, visual analysis, visual exploration, visual attention,
visual memory and the accuracy of movement of the limbs and body.

Research on cerebral visual impairment has recently been emerging rapidly, advancing our
understanding of the condition. CVI can be a stand-alone condition or can be accompanied by eye or
optic nerve disorders (Fazzi et al., 2007; Jacobson & Dutton, 2000). Children with CVI can range
from those with normal to near normal ability to detect the detail of what they are viewing (or close
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Profiling children with cerebral visual impairment

to 20/20 {6/6} vision), to those who have profoundly reduced visual clarity. Children’s capabilities
can span across learning levels to include those whose performance in school is equivalent to or even
better than typical contemporaries, to those with profound learning challenges and additional
disabilities (Lowery, et al., 2007).

As early damage to the brain is commonly diffuse and thus affects a range of functions,
children with CVI often have concomitant neurological disorders (e.g., epilepsy, intellectual
disability, cerebral palsy) that may increase the deleterious effects of CVI on cognitive, motor and
social development. Indeed, several studies have been conducted in children with cerebral palsy to
identify and characterize their associated CVI (Stiers et al., 2002; Fazzi et al., 2004). Overall these
studies have shown that children with cerebral palsy have difficulties in visuo-perceptual, visuo-
spatial, and visuo-constructive activities, irrespective of the level of visual acuity. It has thus been
suggested that, in these children, the degree of the various deficits relates closely to the degree of
reduction of white matter located below and within the corpus callosum, associated with impaired
dorsal stream function, specifically in relation to spatial, motor, and attentional aspects of visual
cognition (Fazzi et al., 2004).

1.2 Semiology of CVI

Before describing the semiology of children with CVI, it has to be emphasized that not only
can CVI present with invisible deficits, but in addition, children who grow up with CVI may judge
their vision to be “normal”, and thus they do not systematically express a visual complaint, and so are
asymptomatic for their disabling condition.

Consequently, their visual difficulties are mostly inferred from their behaviors and, among
other deficits, can be expressed in terms of reduced learning abilities. However, as we will discuss
further, there is a risk of confounding cerebral visual impairment and its consequences with other
disorders that can affect behavioral, motor, and cognitive development. These may be the underlying
reasons for under-diagnosis of CVI along with a concurrent massive increase, in industrialized
countries, of undiagnosed children labeled as having behavioral as well as learning disabilities.

The timing, location, and extent of the causative pathology determine the severity of
impairment in children with CVI (Jan & Groenveld, 1990). As such, children can be broadly
characterized as fitting into three groups (Dutton & Lueck, 2015a): (1) children with profound visual
impairment due to CVI, (2) children with CVI who have functionally useful vision and cognitive
challenges, and (3) children with CVI who have functionally useful vision and who work at or near
the expected academic level for their age group.

When a critical pathway, nucleus, or region in the brain is affected, many functions can be
altered (Lezak, et al., 2012). Compromised vision can include issues associated with visual acuity
impairment, visual field restriction, reduction in contrast sensitivity, impaired color vision, impaired
visual fixation, oculomotor and exploratory strategy concerns, and focusing issues. Moreover, as the
visual brain maps the surroundings, what appears to be clumsiness may be due to inaccuracy of
movement due to less accurate 3D mapping of the surroundings, on account of CVI. Although often
hidden, and for this reason under-diagnosed, disordered visual processing can affect children who
have CVI in a variety of ways. Assessments must therefore address the behavioral manifestations of
CVI, taking into account the additional full spectrum of potential typical behaviors that may arise in
all children (Lueck & Dutton, 2015a; Zihl & Dutton, 2015).
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Profiling children with cerebral visual impairment

» There may be difficulty following fast movements such as rapid gestures (as in sign language)
and transient facial expressions, rapid classroom demonstrations, rapid movement of children on
skateboards or bicycles, or fast-moving animals. This difficulty may induce a fear of moving
visual stimuli in children with CVI. Often when starting preschool, children may stay alone in the
courtyard or in the playground, being diagnosed as presenting deficits in interacting with other
children, whereas the cause of their loneliness is their difficulty processing moving stimuli or due
to an effect described by parents and requiring further investigation designated as “looming”
wher? children perceive that an object at a distance away is about to hit them (CVI Scotland
2017).

= Difficulty working in crowded or cluttered environments that include a lot of visual or auditory
distractions may be noted in some children. Not only can this be overwhelming but it can lead to
CVI meltdowns where, as reported by parents and requiring further investigation, children
become incapacitated when they cannot cope with the input overload from their environment
(CVI Scotland, 2017"). Children who have this behavioral consequence of CVI may avoid busy
environments or become anxious in them, choosing to stay on the sidelines when possible, or
they may execute tasks poorly in busy situations they cannot avoid. To cope with such situations,
some of them may close their eyes to suppress visual information.

= Despite apparently full visual fields, many children with CVI may not pay attention to objects
in a particular portion of their field of vision (i.e., visual neglect), or may be unable to process
several visual targets at the same time (due to visual extinction, or simultanagnosia). This type of
deficit can induce severe difficulty in processing written language, which can be confounded with
reading disabilities or dyslexia. It can also affect the ability to negotiate unfamiliar travel routes,
to detect moving vehicles, people, or animals, or to visually search for a stimulus in a busy
environment such as in a crowded drawer. A number of affected children discover that they can
line up their toys so that they can find them again more readily.

= Children with CVI may have difficulty copying and drawing from memory. This can affect
reading, map skills, and learning the principles of geometry.

= Some children may not be able to see faces and/or facial expressions, and thus may have
difficulty recognizing people or ‘reading’ the emotions of others. This deficit is often confounded
with autism or difficulty in interacting with people.

= There may be difficulty recognizing all or certain objects, shapes, letters, or numbers. Often,
children with CVI presenting with recognition disorders are mistakenly identified as children who

do not pay attention or who present learning disabilities.

= Some children with CVI may get lost in space, and have difficulty remembering the locations
of landmarks on their travel routes.

= Difficulty negotiating curbs and stairs can be found in some children.

= Accurate reach and grasp may be affected. Although in children with CVI these deficits in

LCVI Scotland. (2017.) Sharing and developing our understanding of CVI.

http://cviscotland.org. Accessed 7 October 2017.
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visuo-motor coordination are linked to the visual deficit, there is often a confusion with
developmental coordination disorder (See for review and discussion, Chokron & Dutton, 2016.)

= Some children may have difficulty attending to auditory stimuli in addition to visual processing
issues: some may be overwhelmed by competing and compelling stimuli in other sensory areas;
others may not know where sounds are coming from, and some children may attend more readily
to a particular cadence of speech or to speech that includes large changes in pitch that serve to
attract auditory attention. (See Zihl & Dutton, 2015.)

In all children, assessments must address issues associated with CVI specifically, but they must
also address the full spectrum of potential behaviors that arise due to CVI including those that impact
functional performance in various critical activities such as reading disorders, mathematical skills
such as reading graphs, or following a prescribed travel route (Lueck & Dutton, 2015a).

2.  Impact of CVI on cognitive and social development
2.1 CVI and learning disabilities

Vision plays an essential role in the development of sensory-motor and cognitive skills
(Mazeau, 2005; Chokron & Dutton, 2016; Atkinson & Braddick, 2007; Fraiberg, 1977; Fazzi, et al.,
2010; Piaget, 1952, 1954, 1970). Vision has thus the capacity to coordinate all other perceptual-
sensory systems (Fraiberg, 1977). Visual experiences are first involved in the development of mental
representations (in Fazzi et al., 2010; see Warren, 1984). Vision allows the child to learn though
imitation, a process regarded as essential in human development (Carroll & Bandura, 1982, 1987).

While studies on the impact of CVI upon development of young children are rare, there has
been a good deal of research on the early development of children who are functionally blind due to
ocular disabilities. Indeed, studies on blind children indicate a developmental delay, in comparison
with typically sighted subjects, in various domains of motor development, especially self-initiated
mobility, posture, and locomotion (Fraiberg, 1977; Troster & Brambring, 1992; Sonksen, 1993; Fazzi
et al., 2002). Fazzi et al. (2002) assessed early neuromotor development in children born with
congenital blindness and showed that all their milestones were reached, albeit delayed. Similarly,
children with multiple disabilities (i.e. cerebral palsy or intellectual disability) show a more marked
postural delay (see also Fraiberg, 1997) as well as differences in the acquisition of object permanence
(i.e. the ability to recognize that an object still exists even when it is no longer perceived), which is
an indicator of cognitive development level (Bigelow, 1986; Fazzi et al., 2011).

In the same vein, studies on early visual deprivation (i.e., children born with central cataracts in
both eyes and consequently deprived of visual input) indicate that early visual experience is
necessary for the normal development of several visual functions, such as the ultimate development
of normal visual acuity, contrast sensitivity for mid and high sensory frequencies, and some aspect of
face perception (McKyton et al., 2015). Following these studies, and given the crucial role of vision
in learning and cognitive development, it is evident that CVI, whatever the severity of visual
impairment, will impact several areas of normal development and learning, especially if not
identified and acted upon. Moreover, as CVI is the outcome of altered brain function, additional
adverse effects of collateral impact can be foreseen.

2.2 CVI and social interactions
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Profiling children with cerebral visual impairment

Visual impairment can affect the development of social responsiveness and communication. In
the mother-child relationship during the first year of life, it is through sight that bonding and
attachment are established. It has been suggested that if bonding is not, or is only partially established
in infancy, this predisposes a child to future difficulties in interacting with people and the
environment (Sonksen & Dale 2002; Pawletko et al., 2015). It is essential to first determine whether
spectacle correction for near results in engagement (Hyvarinen, 1995). However, when the visual
deficit is diagnosed early enough in development, bonding can also be promoted by other non-visual
sensory modalities including consistent, meaningful and contextualized verbalization and touch, to
encourage attachment. This underscores the need for carefully matched and structured early
intervention programs to support optimal development for these children.

There is indeed a close link between the visual system and the perception, experience and
interpretation of emotion. It has been shown that the visual system contributes to amygdala activity
which in turn modulates the responses of the ventral visual system involved in visual recognition (see
Sabatinelli et al., 2009)]. Social abilities thus depend on several processes, including the ability to
detect and interpret visual cues within interpersonal contexts (Dyck et al., 2004). It is also likely that
delayed acquisition of communication skills can be a consequence of early visual impairment, rather
than a primary disorder of socialization (Dale & Sonksen, 2002; Fazzi et al., 2007; Fraiberg, 1977,
Fazzi et al. 1999). Several studies have demonstrated that children with visual impairment are at risk
for developing autistic-like behaviors (see for recent review Do et al., 2017).

CVI may thus interfere with the processing of visual information in all domains, and in
addition, CVI may have mild to profound adverse effects on cognitive, motor and social
development. Moreover, the potential consequences of other brain injuries must also be kept in mind.
It is thus important to understand and document, through careful assessment, the full impact of CVI
in children who have this condition to optimize their participation and learning within educational
settings.

3. Early identification of children with cerebral visual impairment

Identification of children with cerebral visual impairment is vital for the provision of
appropriate training for parents and services that optimize development and skill acquisition, as well
as participation in school, home, and community life to the fullest extent possible. The need for early
diagnosis and characterization of visual impairments, including cerebral visual impairments, in
young children is well-recognized (e.g., Struble et al., 2016). This can lead to targeted interventions
at younger ages, and improved outcomes in later years (Chokron & Dutton, 2016).

Unfortunately, a number of the behavioral manifestations of CVI can be missed or
misinterpreted if not understood within the context of damage to the visual brain (Dutton & Lueck,
2015a). An inability to complete pre-academic or academic tasks, for example, may have been fully
attributed to other learning or behavioral issues (Pawletko et al., 2015) when, in fact, it may be fully
or partially related to CVI. In addition, cerebral visual impairment can be difficult to uncover when
visual processing concerns are the primary manifestation of the condition (Lowery et al., 2007), and
when they are coupled with normal or near normal visual acuity. Furthermore, visual processing
concerns associated with CVI may not be discovered until a child attends primary school when more
subtle features, particularly those related to reading, are noted (Cavézian et al., 2010). In addition, the
range of effects of CVI may be overlooked in children who have additional disabilities (e.g., Ego, et
al, 2015) or in children who have profound vision impairment, (Dutton & Lueck, 2015b). In such
instances, behavioral manifestations associated with impaired visual functions (e.g., visual acuity,

This is a provisional file, not the final typeset article
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visual field, contrast sensitivity deficits), and more obvious areas of visual processing (e.g., inability
to look and reach at the same time; the need for reduced visual clutter) may be assumed to be the
only ones in operation, overshadowing additional, but more subtle expressions of the condition that
can adversely affect visual and overall performance as children mature and are required to respond to
greater visual demands for learning.

4. Goals of assessment of children with CVI in educational settings

Assessment is a key component of educational programs, and in educational settings,
assessment can have multiple goals. These range from initial screening that will result in follow-up
evaluations to aid in early identification, in-depth examination related to identification and diagnosis,
and gathering of functional information about performance in order to make optimal decisions about
students (Salvia et al., 2013; Ysseldyke et al., 2009). The types of assessment conducted must take
into account the ways in which assessment outcomes are to be applied for identification, intervention,
and decision-making purposes.

5. Use of multiple methods of assessment

CVlis a complex condition, and assessment methods must ensure that both readily apparent
and subtle manifestations of CVI are uncovered and documented. To accomplish this, there is a need
to investigate potential outcomes of CVI within a variety of activities and tasks that provide data
from different perspectives using multiple methods. This can be considered a variant of the research
approach called “Triangulation of Data”, where multiple data sources are used to produce
understanding that captures different aspects of the same phenomenon. Even when there may be
inconsistencies across data sources, such inconsistencies are a source of strength as they provide an
avenue to explore deeper meaning in the data (Nokleby, 2011; Patton, 2002). For children with a
complex condition such as CVI, using multiple methods of investigation is the necessary course of
action because, at this time, one system that evaluates all possible factors associated with CVI does
not exist.

In addition to assessment of developmental progress and skills in various activities in the
school, home, and community, an important area to assess for children with CVI and their families,
centers around knowing about, understanding and accepting the condition (Morse & Morse, 2015).
Understanding and acceptance can promote positive circumstances that lead to empowerment, self-
efficacy, and self-determination.

A comprehensive assessment includes contributions from a multidisciplinary team including
the family, and when possible, the child. The make-up of a multidisciplinary team will vary for each
child, and can include both educational and medical practitioners, with membership varying in
different regions.

Given the various goals of assessment and the range of the effects of CVI, an assessment
process that includes a variety of diagnostic techniques can prove highly useful (Walthes et al.,
2015). In clinical practice, this is best founded upon detailed prior knowledge of the subject to
correctly interpret the multiple methods of assessment that can include: (1) interview/expert history-
taking and interpretation, (2) observation of behavior, (3) formal/informal assessment of visual
functions and functional vision, (4) evaluation of skills across developmental and educational
domains in school, home, community, (5) analysis of the physical environment and instructional
material, and (6) diagnostic teaching (i. e., where intervention methods and results are carefully
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monitored and recorded, with results used to modify or maintain ongoing interventions (Lueck &
Dutton, 2015b; Koenig & Holbrook, 1989)). The latter will be discussed in conjunction with
intervention later in this paper.

5.1 Interview/history-taking

Interviews and history-taking are critical to the evaluation of children with CVI because the
condition often goes undiagnosed, and children are frequently given alternative diagnoses that center
around behaviors attributed to cognitive, motor, or social developmental issues. These issues may
actually be outcomes of CVI, however. When this occurs, there is a major risk of diagnostic
confusion between CVI and learning disabilities and/or motor disabilities and/or social interaction
deficits such as autistic traits. In this way, medical history-taking, examination and (when indicated)
brain imaging, need to be sufficiently thorough and comprehensive to uncover the nature, etiology,
probable location and origin of the cerebral pathology, while habilitational history-taking focuses
upon the nature and origins of the limitations caused by the visual impairment, the behavioral
outcomes, and their impact.

Moreover, in both education and medical settings, interviews and history-taking can also be
ways to determine a broad spectrum of adverse effects of CVI (Zihl & Dutton, 2015; Dutton, (2017);
Dutton & Lueck, 2015a; Ortibus et al., 2011). Use of non-leading, open-ended targeted questions can
reveal many behavioral manifestations of the condition (Dutton, 2015; Zihl & Dutton, 2015).

Short versions of history-taking questionnaires used in careful combination with medical
history and other medical information have been found to help suspect and support a diagnosis of
CVI, particularly for children with normal/near-normal visual acuity (van Genderen et al, 2012). In
addition, a more expanded history taking method that has been developed, not to diagnose CVI, but
to identify patterns of expression of the condition that can be tied to intervention options is being
made available (Dutton, 2017% Macintyre-Beon et al., 2012; Mitry et al., 2016).

5.2 Observation

The ways in which children with CVI approach and complete various tasks (observing motor,
cognitive, and communicative behaviors within them); perform with different materials and in
different environments; and respond in social situations and to social cues provide abundant insights
into the ways in which a child’s CVI manifests. Interpretation of observed behaviors requires an
understanding of development and learning as well as the ways in which CVI can affect function.
Observations can be completed independently from the administration of formal or informal
assessments, or they can be an integral part of these methods. For example, the observation that a
child uses his left hand, rather than his right hand, to sort clothes on his left side and uses his right
hand to sort clothes on his right side can provide important information about how the child
integrates vision and motor skills. It may also be noted that the child spreads the clothes out to sort
them rather than pulling them out from a pile of clothes. These observational findings provide
valuable insights into how the child operates and learns. Determining factors that motivate children
with CVI to learn via observation (as well as interview) can help to establish appropriate intervention
strategies that help maintain the child’s interest in learning tasks, and thereby maximize positive

2 Dutton, G.N. Insight- approaches for visual perceptual difficulties. Web document in
preparation.
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learning outcomes. Various observational protocols are available for recording observations of
children with visual impairments or, more specifically, CVI (e.g., Lueck & Dutton, 2015b; Roman-
Lantzy, 2010; Steendam, 2015). But a keen observer will be alert to behaviors and conditions that are
not listed on available protocols as well, since CVI can manifest in so many ways that are unique to
individual children. These attendant behaviors can surface during more formal testing situations, and
when they do, they can provide helpful clues toward understanding the nature of a child’s CVL.

5.3 Assessment of visual functions and functional vision in children with CVI

Perhaps the most researched and applied areas of assessment for children with visual
impairment in general are those related to the evaluation of visual functions and functional vision.
Fortunately, a small number of highly specific, standardized assessment tools associated with early
diagnosis of visual perception disorders in young children are available, and more protocols are being
developed. Many of these tools or methods target early diagnosis/identification (e.g., Atkinson et al.,
2002; Cavézian et al., 2010; Garcia-Ormaechea et al., 2014; Ortibus et al., 2009; Ortibus et al., 2016;
Pel et al., 2016; Vancleef et al., 2009), while others are connected to curricular applications and
compensatory adaptations (e.g., Dutton, 2014 Macintyre-Beon et al., 2012; Mitry et al., 2016;
Roman-Lantzy, 2007).

Methods to evaluate the visual capabilities of young children with visual impairments
associated with their visual functions such as visual acuity, visual field, contrast sensitivity,
oculomotor mechanisms, and accommodation have been developed and refined over the past 30
years (Lueck, 2004; Corn & Erin, 2010; Duckman, 2006;). These behavioral and electro-diagnostic
techniques have been further refined for application to children who have CVI (Kran & Mayer, 2015;
Hyvarinen & Jacob, 2011; Dutton & Bax, 2010; Watson et al., 2010). Furthermore, diagnostic
methods associated with the evaluation of visual processing concerns for children who specifically
have CVI have received attention (Hyvarinen & Jacob, 2011; Zuidhoek et al., 2015). Application of
neuropsychological assessment methods for children with CVI requires careful attention, since norms
on current standardized tests have yet to include or target children with CVI within their population
samples (Zuidhoek, 2015; et al., 2015).

5.4 Evaluation of skills across developmental and educational domains

While it is imperative to pinpoint and isolate specific consequences of CVI for individual
children, the potential effects of CVI cannot be considered in isolation from overall learning, daily
living and social activities in the school, home, and community (Lueck & Dutton, 2015b). As a
result, systematic, multidisciplinary and multidimensional assessment approaches are needed that:

= Determine the consequences of both ocular and brain-based visual impairment (Kran & Mayer,
2015),

= Recognize the role of executive functions, the issues related to attention and their role in
behavioral outcomes for children with CVI (Zuidhoek, 2015; Zuidhoek et al., 2015; Zihl &
Dutton, 2015),

* Pinpoint areas of strength as well as challenges (Hyvarinen, 2003),

= Investigate the possibility of attendant disorders (Pawletko et al., 2015),

= Look at vision within the context of the whole child and the activities they perform in various
settings (Creamer O’Brien & Martyn, 2015; Lueck et al., 1999; Lueck & Dutton, 2015b).

5.5 Analysis of the physical environment, instructional materials, and children’s interests
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and motivators

CVlI requires interventions that address activities in school, home, and community
environments, as well as appropriate formats for methods and materials that promote development
and learning. The performance of children with CVI can vary greatly depending upon conditions in
the physical environment, biobehavioral state, types of materials used in the instructional program,
performance requirements of targeted intervention tasks, and familiarity with
materials/locales/evaluators, and task motivation (Lueck & Dutton, 2015b). These broader external
and internal elements associated with the learning environment and children’s physical and mental
states may influence performance outcomes and need to be documented throughout the assessment
and intervention process to identify factors that will lead to optimal outcomes. Materials designed to
systematically characterize these important elements are emerging (e.g., Roman, 2010; Tietjen, 2015;
Sheline, n.d3.). Furthermore, children’s interests and motivators must be taken into account in the
development of instructional goals and strategies. Tasks must be accessible, age appropriate,
meaningful and enjoyable in order to engage and encourage children to participate and learn.

6. Towards a process that ties assessment to intervention

Currently, a single instrument that pinpoints and characterizes all possible behavioral outcomes
of CVI is not available due to the scope of expression of the disorder as well as the unique ways in
which CVI can arise in individual children. Until more refined and overarching methods of
assessment are available (and perhaps this will never be possible with such a complex set of
conditions), a comprehensive understanding of the effects of CVI in individual children requires a
synthesis of the methods discussed earlier.

The coordination of such methods, based upon a firm knowledge of potential effects of CVI,
coupled with a detailed medical and educational history, along with an understanding of children’s
and family’s capabilities, desires and interests, can assist in the interpretation of performance
outcomes. This approach is applied to evaluate the ways in which a child responds to a variety of
tasks in a variety of environments with a variety of materials. This informed “observation of
process”, rather than reliance on final outcome scores, helps construct a detailed and comprehensive
picture of a child’s functional capabilities that can guide ongoing intervention approaches (Zuidhoek
et al., 2015). The observation of process can be evaluated within some available tools or methods
developed specifically for children with CVI but also within other types of assessment or
developmental protocols designed for children who have visual impairments (e.g., Anderson et al.,
2007; Lueck et al., 2008; Roman-Lantzy, 2007).

Future work on assessment paradigms that focus on process and encompass a broad range of
effects of CVI will hopefully be developed and refined as knowledge of CVI expands. Development
of reliable and valid assessment tools takes time. Until such tools are available, practitioners must
carefully evaluate a child’s performance using items within existing formal and informal assessment
and intervention protocols in the context of their knowledge of CVI (e.g., Zuidhoek et al., 2015).
Results can point the way toward task modifications that can then be incorporated into instructional
programs to enhance a child’s engagement in task activities and promote learning. Instruments
related to overall development for young children as well as tools designed to measure pre-academic

3 Sheline, D. Strategies for Improving Literacy Skills in Students with CVI. Perkins E-Learning
http://www.perkinselearning.org/videos/webinar/strategies-for-improving-literacy-skills-in- students-cvi. Accessed 13
October, 2016.
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skills, reading, mathematics and other curricular areas can be administered and scrutinized in this
way. Emphasis is therefore placed on observation of ow tasks are approached and completed,
looking for behavioral variants that may be consistent across tasks and associated with CVI, given
the particular child’s medical history.

When formal assessment items require any form of adaptation or modification, and children
with visual impairments have not been included in the standardization protocols, it is generally
accepted that standardized scores cannot be applied without additional validation efforts that includes
these children (Morash & McKerracher, 2017). It has, however, also been proposed that the need for
additional standardization studies for this population may depend upon the types of adaptations
introduced since some may not significantly alter the degree of difficulty of test items (Ruiter et al.,
2011). For children who have CVI, it must be determined whether or not particular adaptations or
modifications alter the underlying skills and behaviors tapped by the original item. For instance,
inability to perceive more than one or two items at once, due to simultanagnosia, confounds any
attempt to assess the ability to find and match paired items amongst other similar items as well as
performing any test that comprises several visual stimuli to process.

6.1 Hypothetical case study as an example of evaluation of process

To clarify the evaluation of process rather than outcome, a task item has been broken down to
evaluate process for a 7-year-old child with CVI who reads at grade level. This hypothetical child has
been diagnosed with hypoxic-ischemia encephalopathy at full-term birth (a brain injury due to
reduced blood flow and oxygen to the brain) and has difficulty copying figures. Rather than making a
summary statement that the child cannot copy outlined figures of shapes and capital letters, an
investigator has decided to explore how the child approaches copying tasks by adjusting the copying
activities to clarify precisely where the copying issues arise.

Many factors could be involved when a child is asked to copy a figure such as: (1)
understanding the instructions, (2) detecting and paying attention to the whole visual field, (3) being
able to fixate on and encompass the figure to be copied, (4) being able to process the space on the
sheet of paper and the figure, (5) size of the figures and the working distance of the figure, (6) level
of illumination, (7) color of the lines and/or the color of the background, (8) contrast levels of the
figure and background, (9) complexity of the figure or array of figures (e.g., a diagonal line versus a
complete triangle versus an octagon; one figure on a line versus an array of figures), (10) presence or
absence of visual distractors and the nature of those distractors, (11) auditory and other sensory
distractors in the physical environment, (12) child’s ability to process the global shape as well as the
local details, (13) child’s motor control in copying lines in different directions and connecting them
without overlap, (14) use of line markers or other methods to draw a child’s attention to the figure,
(15) effect of modeling by the examiner who might draw the full figure immediately prior to copying
or who might draw successive parts of a figure for the child to copy, (16) child’s familiarity with the
figure in target tasks, (17) spatial placement of figures that might indicate any visual field loss or
visual neglect (such as finding figures on the left right or bottom of the page visually following along
lines of figures or locating the beginning of a line of figures), (18) ability of the child to scan from
right to left, left to right, or from top to bottom, bottom to top of an array of figures and to use an
adequate and strategic visual exploration method, (19) ability of the child to shift gaze from the
model figure to the paper to create a copy, (20) ability of the child to hold the pen and visually
control his/her drawing, and (21) ability of the child to find the target of interest each time, as gaze
shifts back and forth.

11
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Deconstructing items on protocols or in activities or tasks in this manner and adjusting task
components can be extremely helpful in understanding, more precisely, how a child with CVI
operates and lead to important intervention recommendations. It will also lead to a clearer
understanding by the child and family about how the child sees best and learns. Analyzing a child’s
errors and response modes may, in turn, lead to the introduction of alternative, easier methods that
can then be evaluated to determine how effective they are. For example, in most children with CVI,
performing a task with no visual control (eyes closed) greatly improves the performance in motor
tasks even when some precision is required such as in writing tasks (Chokron & Dutton, 2016).

7. Diagnostic teaching

Within an instructional program, learning techniques and instructional adaptations can be
monitored for impact on performance. Approaches can be maintained or revised based on
observations within targeted tasks as part of a diagnostic teaching paradigm (Koenig & Holbrook,
1989; Lueck & Dutton, 2015b; Lueck & Dutton, 2015¢). Hypotheses about children are implemented
using teaching methods derived from assessments. Performance outcomes are noted, and revisions to
instruction are made based upon these outcomes. As intervention programs are implemented, careful
monitoring of materials, methods, and environment are continued, with further refinement of
intervention techniques as new knowledge of the child emerges and as the child’s performance and
learning environment change over time.

8.  Issues in assessment for children with cerebral visual impairment

The complexity of CVI, a brain-based disorder, raises a number of issues that must be
addressed throughout a child’s school career:

e Systematic methods are needed to identify affected children in schools, including those with
normal to near-normal visual acuity. This includes close monitoring and assessment of children
born prematurely and those with very low birthweight who may be at risk of impairments in
visual perceptive abilities, particularly in visual-spatial perception, as well as visual-motor
integration deficits (Geldof et al., 2012).

e Children with CVI must be differentiated from those who have Autism Spectrum Disorder,
Attention-Deficit/Hyperactivity Disorder (ADHD), Learning Disability, or Developmental
Coordination Disorder (DCD), or children who may have one of these conditions in addition to
CVI (Pawletko et al., 2015; Chokron & Dutton, 2016).

e Children who have profound visual impairments are most likely to be identified at early ages
due to the severity and more visible nature of their conditions. However, more subtle effects of
their disorders may not be recognized as these children move through the education system,
since they can be masked by other issues. Thus, appropriate educational interventions to address
these more “hidden” impairments may not be addressed (Lueck & Dutton, 2015b; Morse &
Morse, 2015).

e In addition, the presence of CVI can be masked in children who have visual disorders such as
amblyopia or strabismus, because these diagnoses are the focus of attention.

e Investigation of subtle sequelae of the disorder must be instituted for children who have

12
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multiple disabilities including CVI. For example, Ego et al., (2015), reviewed visual-perceptual
skills for children with cerebral palsy (CP) and recommended that the impairment of visual-
perceptual skills be considered a core disorder within the CP syndrome, requiring the adoption of
a more systematic approach to the evaluation of these skills within neuropsychological testing of
the CP population.

¢ Understanding the visual capabilities of young children with CVI, including the array of visual
perceptual skills that can be affected is critical. How these compromised skills might affect
overall development requires additional research along with insightful observation and
assessment when using existing resources (Fazzi et al., 2015).

e The impact of CVI throughout a child’s entire school program and environments, as well as in
home and community needs to be fully addressed (Lueck & Dutton, 2015b), otherwise these
children might be failing where they could otherwise succeed given appropriate understanding of
their condition and intervention methods.

e Practitioners require training in understanding the breadth and depth of effects of CVI so that
they can understand how children function on assessment and intervention tasks, make
appropriate task adaptations and goals, and thereby maximize learning without placing undue
stress or demands on children with this condition.

e Parents and caregivers must be taught in detail about how their children see, and how to
optimize their parenting, as well as working closely with schools to ensure that the child’s school
and home experiences are coordinated.

9. Discussion

Throughout this paper, we have presented ways in which vision has a cardinal role in a
child’s visual development and the extent to which CVI can compromise learning, cognitive and
motor development, and interaction with the outside world. The importance of the visual modality
throughout all skills learned in early life is illustrated.

Consequently, given the role played by vision in childhood development, a number of
foundational skill sets can be disrupted when vision cannot make its typical contributions to
perception, visual-motor coordination or relationships toward the outside world. Along these lines,
it has been recommended that a neuropsychological approach should be adopted that
systematically evaluates, in detail, the cognitive, motor, and alternative sensory processes
involved in task performance (Pennington, 2008). Whenever a complex neuropsychological task is
given to a child, one should always first ensure that all elements of the task are — or have been
rendered - visible, as well as question the nature of the cognitive and perceptual processes
entailed, so as to decipher the nature of the child’s problem solving and performance capabilities
(Chokron & Dutton, 2016; Zuidhoek et al., 2015). When encountering a child with a deficit in
cognitive, motor, or social development, a range of visual capabilities (not just visual acuity) must
first be evaluated. This is essential to avoid confusion between CVI, with its impact upon
cognitive, motor, and social development, (including the ability to learn and acquire Theory of
Mind). This will help ensure that the diagnosis of CVI is not erroneously confounded with autistic
traits or intellectual deficiency (Pawletko et al., 2015; Chokron & Dutton, 2016).

13
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CVI can impair the capacity to perform a large variety of tasks, giving the illusion of
multiple deficits when, in fact the entire cause is the visual impairment. This is the reason why, the
deleterious effects of CVI on social interaction, reading, writing, calculating, visuo-motor
coordination, and so on, can easily be confounded with such conditions as autistic spectrum
disorder, dyslexia, dysgraphia, dyscalculia and developmental coordination disorder. The
complex variety of behavioral outcomes of the condition can best be discovered through the use of
multiple methods of assessment at this time.

In conclusion, CVI is not a single diagnosis, it is an umbrella term for all types of visual
impairment due to brain injury or dysfunction. Each affected child has his or her own unique
clinical picture, which needs to be identified and individually profiled. However, in contrast to
visual impairment due to refractive error and disorders of the eye, there is limited public
awareness of CVI, and the consequent impairment of a variety of visual capabilities may go
unidentified (Chokron & Dutton, 2016). Differentiation between CVI and other
neurodevelopmental disabilities is thus crucial, and methods for achieving this aim have yet to be
systematized.

On the other hand, while a ‘learning disability’ can be the ‘visible’ deficit in a child,
potential underlying CVI may be present and invisible, often going unnoticed even by the child,
who grows up unaware that his or her vision is atypical since it is what the child has always
known (Chokron & Dutton, 2016). There is thus an urgent need for greater understanding of these
impairments to enable better and earlier diagnosis and intervention. Optimal characterization of
the interplay between CVI and the various developmental disorders, especially developmental
coordination disorder and autism spectrum disorders, which share a similar semiology and
etiology, is essential (Chokron & Dutton, 2016). Greater knowledge and awareness of CVI in all
its presentations is likely to significantly improve clinical practice and reshape fundamental
theories concerning visual and cognitive development in typically and atypically developing
children.

14
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