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Within the framework of the International Classification of Functioning, Disability and Health – Version Children & Youth (ICF-CY) we are asked to assess visual functioning in a holistic way using collaborative approach between medicine, education and social services. 

A great majority of visually impaired children has at least one other impairment or chronic illness that causes problems in one or several domains of functioning. The nine domains of the ICF-CY may not be pertinent in assessment of young school children or children with intellectual disability and motor problems, especially cerebral palsy with severe visual processing disorders. The two last domains of the ICF, ‘major life areas’ and ‘community, social and civic life’ could be excluded in most cases and other domains included, namely use of abstract space and visual imagination. There are many children who have problems with awareness of concrete space and even greater difficulties with abstract space, mathematics and visual imagination in general. Another specific area of poor functioning is hypersensitivity to noise, visual, auditory and tactile noise due to ineffective inhibitory functions.

Projects on visual functioning of children in State Schools for Children with Motor Problems in Finland and Germany and an ongoing pilot study on visual functioning of children with severe intellectual disability in the Finnish Lapland have shown that a thorough assessment should contain at least the following main areas: 

1. Motor and oculomotor functions, of which fixation, saccades, accommodation and head and body control were found to be the most important. In the beginning of the study on visual functioning of children with motor functions, 18 children out of 53 received near correction glasses, reading glasses because of weak accommodation, focusing at near. Among children with severe intellectual disability accommodation problems are even more common.

 2. Thorough examinations of visual sensory functions in the hospitals, in preschool and school are necessary to define the quality of visual information entering the brain. More clinical tests have been used during the projects than what is common: five tests of visual acuity, two of grating acuity, three of contrast sensitivity, two of visual field, two of colour vision and two of motion perception. Photophobia was common and required individual assessment of filter lenses.

3. The nature of problems in visual processing required observations during the whole three-year period in the Finnish State Schools and they continue through the whole school age. More than thirty specific losses in the brain functions were common in varying combinations of recognition functions (ventral stream) and space related functions (dorsal stream).  

The projects immediately caused changes in children’s devices, classroom and other school environment and in the techniques and strategies of teaching, especially in mathematics.

Motor and oculomotor functions

General hypotonia and isolated weakness of head control often disturb visual functioning. If there is a demanding visual task that requires careful accommodation and fixation, the child may not be able to handle several motor functions, body control, head control, accommodation, convergence, fixation and saccades at the same time as the sensory functions of reading and comprehension of the text require concentration. The overload of demanding functions causes loss of body and head control, the child slowly falls on the desk and the use of visual functions becomes difficult or impossible. This happens so often in children with cerebral palsy (CP) that it is taken as a normal functioning of these children. By avoiding overload, having good visual ergonomics children can concentrate on learning. This may involve restructuring the teaching materials so that they are less demanding visually and observing the posture of the child during demanding tasks.

Reading at near and at the distance of the black or white board is one of the most often used visual functions at school. Reading is usually thought as use of language but there is an important visual component involved: the words must be perceived, coded and recognised as visual information after which they become parts of language carrying the meaning of the sentence. If fixation is unstable or does not stop at individual words at all, if saccades from one word to the next are not exact but irregular or must be compensated by head movements, reading becomes fatiguing and reading errors are more common than in typically developing children. These children do not have dyslexia but reading difficulties due to poor oculomotor functions, which need to be overcome by using varying presentations of text, larger font, more spacing between letters and lines, only one word at a time in the middle of the screen supported with auditory materials; larger  and simpler pictures, no text printed on pictures, no jumping around on the page to compare details or to find routes through a mace. We do not ask children in wheelchair to start walking. We should not ask children with poor oculomotor functions use normal reading techniques.

. 

Visual sensory functions

Before assessing sensory functions we should know what kind of refractive error the child has and how it has been corrected with spectacles. Spectacle corrections are different from the refractive error because spectacles are used to straighten strabismus, prevent amblyopia or train an amblyopic eye, correct one eye for near, the other eye for distance to decrease alternating use of eyes etc. Therefore schools should always get information on how the spectacles support the child’ visual functions, at which distance the child sees best with his right and left eye and whether the child uses eyes together, is binocular or uses eyes in turn or one eye dominates.

Variation in visual sensory functions is equally common and variable as in motor functions. Therefore we assess visual acuity more carefully than in typically developing children. The usual distance and near acuity values are measured with line tests but also with more tightly crowded optotypes (25% to 12% of normal spacing between optotypes). If visual acuity measured with the more crowded tests is several lines worse than that measured with the standard test, the child has increased crowding effect, cannot keep details apart but they glide partially on top of each other. Some of these children may have good normal visual acuity measured with single optotypes at distance, somewhat lower line acuity at distance, still lower acuity with the standard test at near and up to ten lines lower when measured with the tightly crowded test. The increased crowding effect may become much less in a few years but the child may still prefer much larger texts than what would be usual when visual acuity is normal. Why some of these children continue using 36 to 48 point font, sometimes CCTV for recreational reading when their visual acuity is 1.0 (6/6) or better is not understood. Comfortable reading is necessary for efficient and enjoyable reading and thus we should spend more time in assessing reading strategies, speed and comprehension. If too much energy is used in the technical reading, too little capacity is available for learning.  

The group of children with severe intellectual disability cannot be tested with optotype tests. Grating acuity values measured with Teller Cards or LEA Gratings depict detection acuity, how different two surfaces must be to be perceived different. The child is not likely to perceive the grating as we see gratings but as a distorted group of lines. Grating acuity measured as discrimination acuity asking the child to tell or show the direction of lines, gives somewhat better information on how long lines are seen. However, the child may see the lines in only a part of the test surface to answer. Children who can discuss the structure of lines should always describe what they see on the test. If the lines are distorted, similar distortions occur in line structures in the learning materials and in the environment.

Contrast sensitivity, ability to perceive and recognise details at low contrast levels is often needed to understand complex pictures in pastel colours, to recognise facial features and expressions and low contrast information in environment, especially when going down on stairs, walking on paths or on snow on cloudy days etc. In teaching situation the teacher should know how close (s)he needs to be so that the student with loss of low contrast vision can perceive facial expressions. Facial expressions are fast moving low contrast shadows on the face. Therefore also motion perception should be known. 

Motion perception is not assessed during usual clinical examinations. Therefore children’s problems in this area of vision are poorly known. A child who does not perceive the high-speed short movements of lips either sees a motionless empty or blurred area of mouth of the person talking. This may be experienced so unpleasant that the child looks past the face of the person but looks at the person when answering, which is often interpreted as an impolite behaviour. If lip movements are not seen, the connection between speaking and mouth may not be known and a child may think that voice comes out of ears. Children will not spontaneously discuss their unusual perceptions because they do not know how other children perceive people and the surrounding world. Therefore all details related to communication should be carefully observed. Motion perception plays an important role in moving, the environment is in relative motion and the places of objects are experienced based on the speed that they seem to have. 

Colour vision is an amazingly robust function in children with brain damage related vision loss but disturbed in retinal disorders and lesions of the optic nerve. The changes in colour vision may not be detected with the Ishihara test or similar screening tests and should be tested with quantitative sorting tests. The colour game on www.lea-test.fi can be used to train children before a formal test situation. If the child confuses certain colours in the colour vision game, the same confusions happen also in the classroom.

Photophobia disturbs vision of many children with retinal and optic pathway disorders. It is worst in children with achromatopsia, day blindness. Carefully chosen filter lenses make these functionally blind children sighted in usual classroom illumination. With good filter lenses, well fitted frames and side shields these children see like normally sighted people see in twilight when all colours have disappeared, i.e. when only rod cells function.

Visual field is the most difficult function to assess. Usually only the size of the visual field is reported. Scotomas, areas of decreased sensitivity within the visual field are difficult to measure, the smallest cannot be measured with most clinical instruments. They can disturb reading and other demanding tasks because important details may disappear in these small blind areas. We can become aware of small scotomas on the right side of the fixation point, if a child makes unusual errors when reading small texts but no errors when reading very large texts. By asking the child to read texts with gradually increasing size we find that the nature of errors first changes as a function of the text size and at a certain size the errors disappear. The text has become so large that a loss of a small part of a letter does not disturb reading. Some children hold the text vertically to avoid the scotoma, other children tilt the book a little and a third group learn to read texts upside down to move the scotoma on the less disturbing side of the central visual field.    

Visual processing problems (CVI)     

Visual processing problems are present in more than 20% of visually impaired children. If the child has changes in the quality of visual information entering the brain, it can be very difficult to assess, whether the loss of a specific recognition function is due to the loss of a cortical function or due to poor image quality. Therefore the observer of visual processing functions needs to know the child’s usual strategies well to become aware of a behaviour that does fit in the functioning a particular child. It is not enough to check whether a child has all of the common recognition functions and “vision for action” but to ask the question why the child uses an unusual strategy to perform a certain function, how he perceives and processes visual information used in that task.

Parents and family members of a child, her therapist(s) and teachers may be able to answer many questions related to recognition functions. On the other hand, they may misinterpret some failures to recognise as lack of interest or concentration problems. First when they hear of deviations in strategies typical to children with visual processing disorders, they see the similarity between the functioning of their child and other children with processing problems.   

If a child has motor problems, we often need the child’s physiotherapist or occupational therapist to assess with us, whether an abnormal motor function is due to a poor quality of the visual map for motor function, poor planning of the motor function or poor execution of the motor task. A typical example of problems in the visual map are children who look at an object, turn their head away, then reach for and grasp the object. It is simple to find out, whether and how the visual map is renewed during the movement. If reaching is easier when the eyes are closed than when the child is looking at the object, then a poor quality visual map disturbs motor planning. Simultanagnosia, poor awareness of directions and distances and difficulties in recognition of landmarks often occur together and make teaching of routes and map based orientation difficult.

Conclusion
Assessment of visual functioning is based on information gathered in hospitals, private offices of medical and optometric specialists, orthoptists and psychologists and from families. Assessment for the individual educational plan and practical work in the classroom is best done at schools by teams trained in thorough evaluation of visual and other functions of the child. Further education of all people involved in the assessment and all classroom teachers of children with impaired vision with or without other impairments is a necessary task so that children can have inclusive education. 

