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Abstract: This workshop will cover the most important visual functions that teachers should get information on from the doctors and the functions that they can observe and measure themselves. From the doctors we need to get 1) information on the anatomic changes in the eyes, visual pathways and brain, 2) refractive errors and values of the spectacle lenses as well as at which distance the child sees with his spectacles, 3) oculomotor functions, especially accommodation because we cannot assess it at school. With this basic information we can measure and observe most visual functions. The 19 most important functional tests and the list of observations will be covered.

School children with motor problems, intellectual disability or impaired hearing have their impaired vision less often assessed than visually impaired school children without other impairments. Impaired vision remains undiagnosed at the hospitals or children with intellectual disability do not get their spectacles “because they would not benefit from them”. Teachers and therapists seem to have ability to detect students who have problems in their functional vision. Four years ago when teachers and therapists at the Finnish State Schools for Children with Motor Problems chose children for thorough assessment of visual functioning every student of the cohort had vision problems. Last year when teachers of children with intellectual disabilities were asked to refer children for assessment, again every child had several problems that should have been reported to the schools. If vision teachers get training in the use of some tests and observation techniques, they can take care of most parts of the assessment of visual functioning needed at schools.        

In the assessment of school children we have four areas to cover: 1) correct information from medical and optometric services, 2) observation of oculomotor functions, 3) assessment of visual sensory functions to understand the quality of visual information entering the brain, and 4) assessment and observation of visual processing problems as a part of daily work together with co-workers and students’ parents.

Information from medical and optometric services

Testing sensory functions requires that we have correct information on the disorder of the child, the changes in the structures of the visual pathways, child’s refractive errors and how they have been corrected (under- or overcorrection) and oculomotor functions. 

The clinical diagnosis of the child’s condition is usually reported to the school with explanation what it might mean in terms of quality of vision even if it has not been possible to measure it with clinical tests. Oculomotor functions are seldom reported so that their effect on reading had been considered. It is advisable to ask, whether fixation, saccades and accommodation are normal or what the limitations are. Accommodation capacity can be measured roughly with dynamic retinoscopy. The doctor uses retinoscope and watches the narrow streak of light that bounces back from the retina and is seen in the pupil. If the child is hyperopic and looks at the retinoscope, the light in the pupil moves in the same direction as the light from the retinoscope on the eye. When an interesting object or picture is shown to the child closer than the retinoscope and the child accommodates, the light in the pupil moves in the opposite direction. This technique is possible if the child can fixate on a target even briefly. If the child is not interested in the fixation target or is frightened and looks past it at the doctor, erroneous finding of loss of accommodation would be made. In such a case the effect of near correction, reading spectacles, is examined. A child with poor accommodation usually responds to reading spectacles with surprise and obvious change in use of vision at close distances. If a child has a severe intellectual disability, however, the spectacles need to be trained several times during therapies or teaching when the child is alert.

Poor accommodation can be compensated with reading glasses; fixation and saccades can be trained as a part of therapies but usually also require changes in the strategies in reading and using picture materials, which often need to be enlarged more than the child’ visual acuity values would let us anticipate. 

Finding the optimal size and spacing, as well as the type of presentation of texts is the work of the child’s own teacher with the help of the child’s optometrist and vision teacher. If the child’s eye movements during reading are irregular, it is helpful to record eye movements when the child is reading a text copied on a clear film. The video film can then be watched several times with the child’s doctors. Sometimes the saccades are irregular while reading a text but regular when the child is fixating small pictures in a row. In such a case spelling requires so much energy that the planning of the eye movements or their execution become worse than usually. 

Assessment of sensory functions

The present selection of tests makes measurement of visual functions easy at school, easier than at hospital where the support of a familiar surrounding and the child’s own therapist and teacher are missing.

Visual acuity should be measured with several tests. It is important not to point at the optotype to be read because pointing gives visual reference and thus makes fixation easier. A second measurement with pointing may reveal the effect of fixation problems; visual acuity value improving 2-3 fold. In such a case the old fashioned reading stick helps the child to fixate on the correct letter when spelling.

The visual acuity value measured with tightly crowded optotypes depict the optimal size of texts but does not exactly predict it because motor problems and spelling difficulties play such a varying role.

Grating acuity as discrimination acuity has revealed previously unknown defects in processing of visual information. Some children with normal optotype acuity have great difficulties in perceiving gratings, especially fine gratings, and may see only a small area of the grating; the rest is seen as irregularly tangled lines. Some other children do not perceive anything on a grating test and a small group of children experiences the grating so unpleasant that they cover their eyes. This finding cannot be made with any other test.

Grating acuity as detection acuity is used in assessment of young children and children who cannot perform in testing with optotype tests. Since these children cannot describe how they see the grating, we should not think that they see the grating as we see it but report that the child responded to a certain grating.

Contrast sensitivity measurements are important for communication and perception of structures in the environment. Facial expressions are low contrast information in motion and in our environment there are numerous low contrast details. Therefore we should experience how a child perceives the surroundings and our face by making ‘simulation glasses’ of kitchen wrap folding the film as many times as necessary so that our low contrast threshold is equal to that of the child. 

School children are tested with both optotype and grating tests, except children with severe intellectual disability who can be tested only in preferential-looking situation with the Hiding Heidi test.   

Visual field should be measured at regular room light, twilight and in bright sunlight. Usually only the size is measured but for example older children with Usher syndrome can demonstrate the place of their beginning ring scotoma in their visual field. If a child has very small visual field, 10 to15 degrees, all teachers should know the size of the child’s communication field (15 degrees is 15cm at 57cm distance, 30cm at 114cm, 60cm at 228cm etc.).

Colour vision can be measured with a screening test like the Waggoner Color Vision Testing Made Easy if the anterior parts of the visual system are normal, otherwise with sorting tests. Children who cannot perform in these test situations are tested with matching tests using bright basic colours or the caps of the sorting tests. These children can be trained using the matching games at www.lea-test.fi Games.

Motion perception is not measured in clinical examinations so it is important to assess and observe it at school. For children there are only two tests, the Pepi-test, a figure-in-motion test and Johansson’s Walking Man test. Tests for discrimination of movements at higher speeds are not available so it is important to discuss with children how they see traffic, fast ball games and computer games with fast speed. If the child does not perceive motion at high speeds, ball games are not possible and training for moving in traffic becomes challenging.

Visual adaptation to different luminance levels is ineffective in many diseases. In retinal disorders night blindness and delays in cone cell adaptation can be found early and should be demonstrated to the family and other teachers so that the child is not asked to function at dark places. Children can also have photophobia, which cannot be measured but specific filters or usual sunglasses should be chosen and fitted in sporty frames with good side parts so that light does not enter from around the frame. Specific filter lenses seem to be poorly known as an optical device for photophobia.

Visual processing problems

Brain damage is common in each of the groups of children with motor, intellectual or auditory disability and therefore also visual processing problems need to be observed. If there is a checklist for each child, it helps to remember the possibility of higher order vision problems in recognition tasks and in ‘vision for action’, i.e. spatial awareness, visual orientation in space and eye-hand coordination. 

Visual processing problems are so numerous that we will not be able to discuss more than a few of them in the 15 minutes available for processing problems during the course. These functions are well known from your studies in special education but often the details of the problems have not been discussed. While observing children in visual tasks we should ask ourselves: “Does the visual quality of this text, drawing or photograph fit the needs of this child, so that the quality of visual information (contrast, size, colours) for processing is good enough?” or should be redraw the materials. 

Recognition functions, ventral stream functions are used daily so there are opportunities to observe perception and recognition of:

Length of lines, Orientation of lines, Figure-ground, Visual closure 

Concrete objects, Landmarks

Pictures of concrete objects, Abstract forms like Numbers, Letters, Words, Crowding effect, Scanning lines of text

Details in pictures, Noticing errors and missing details in pictures, Comparison with pictures in memory, ‘Reading’ series of pictures, Visual problems in copying pictures

Recognition of Faces, Facial expressions, Body language 

Perception and discrimination of textures and surface qualities

Mathematical recognition and spatial problems

Dorsal stream functions are often more difficult to assess if the child has motor disability. The functions to be observed are at least:
Spatial awareness, Perception of near and far space, Orientation in space, Memorising routes as a chain of landmarks

Simultan perception and simultanagnosia 

Eye-hand coordination

Grasping and throwing objects, Drawing, free hand, Copying from near/ from blackboard

Children’s therapists are often a great help when we try to understand what is the role of visual information in unusual motor strategies. One common situation is reaching, when a child looks at an object, turns his head and then reaches for the object. In such a case it should be tested what happens if the child shuts his eyes instead of turning his head. If reaching is smoother and easier with eyes shut than eyes open then visual information during the movement disturbs the child.

Integration of sensory information has often not developed normally so that children use information from different modalities in turn.

Visual and auditory overload are common because many children have weak inhibitory functions, cannot block disturbing sensory information and therefore stop working on a task when there is ‘insignificant’ environmental noise. In many special schools and also regular schools one of the most important changes has been to remove all unnecessary visual material from the front part of the classrooms and place it behind the children and to reduce auditory noise to a level that does not disturb disabled children. Participation and Environmental factors are stressed in the International Classification of Functioning, Disabilities and Health, Version Children &Youth (ICF-CY 2007) and are crucial for the well being of children at school. 

