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The research project
A three-year multidisciplinary research project was carried out in three state schools offering general education for children with physical disabilities and long term illnesses in Finland. 
The project was started by suggestion of Dr. Lea Hyvärinen, an ophthalmologist who has worked much with children with functional vision problems. Each school had a multiprofessional team which consisted of pediatrician or child neurologist, neuropsychologist, vision therapist, speech therapist or occupational therapist and special education teacher
Fifty three students participated in the project. Most of them, 87 % were CP-children, 7 % had meningomyelocele (MMC) and 6 % had other reasons for the physical disability. The age of the students varied between 5.5 years to 17 years, so the average age was 10.8 years. 
The physical disability is not necessarily the most challenging thing in school attendance and functional ability for physically disabled children. There has been a suspicion that behind learning difficulties have been central nervous system based vision problems which haven’t emerged in traditional ophthalmologist examination.   

The goals of the project were to find out methods to research functional vision, to research the prevalence of vision problems among physically disabled children and to assess if the methods are suited to research multidisabled children. 

The goals of the research
The goals of the research in pedagogical point of view were to find out: 

· How do the teaching methods and materials suit to teach students who have problems in functional vision? 
· What kinds of modifications are needed in each student’s material or is there a need for more extensive modification of learning material and aids? 
The research was also defined to examine reading and mathematical skills and learning material was developed based on research results. 

Visual functions of the students were researched as widely as possible by ophthalmologist.
The data about functional vision difficulties in everyday life and school attendance were collected from families and students’ closest employee by interviewing them and observing students. That data were classified in four classes: communication, sustained near vision tasks, activities of daily life, and orientation.
Neuropsychological research was done for all students emphasizing visual perception and visual cognitive functions. 
During the project many aids for vision were assessed: for example slanted desks, spot lights, audio books, individual text layouts for computers, learning material editing, close circuit televisions, spectacles and absorptive glasses. 

The results

It was found that physically disabled children had more functional vision difficulties and vision impairments than had come out in prior research. About half of the students had problems in eye contact and to recognize expressions. Every tenth student had remarkable problems to identify faces. 
In activities of daily life the problems to use the vision was observed in getting dressed and eating. Eating was easier. Orientation in new environments was difficult. It was remarkably difficult to identify diverse pictures for many of the students. 

In neuropsychological research it was found that the students had particularly great difficulties in visual cognitive functions and in mathematics. The most students’ linguistic abilities were clearly better than visual and mathematical abilities. 

Visual-spatial perception or ability to perceive and understand spatial relations, directions and ability to organize things in the mind was especially difficult for our students. Spatial perception develops through experiences and attempts. Little by little memory constructions develop in the mind. 
After that it’s possible to organize things in the mind to certain places or even swirl those in the mind. This ability is connected with learning math, it is one part of perceiving it. For example: moving back and forth on the number line requires this ability. 

According our questionnaire in the beginning and after the project the awareness of functional vision increased among the families and school staff. 

Reading and mathematics
Reading and mathematical skills were tested individually considering the data collected before. The math tests were dynamic, the tests were edited considering research results. The font sizes were modified, the letter spaces were widened, contrasts were taken in consideration and letter colors were noted. The students could have as much time as they needed for the test, optimal lighting and working ergonomics were arranged. The students could work independently or have an assistant or speech interpreter if they needed. 
In reading tests the students could use a large screen as close as they wanted so that working was comfortable and they were able to see pictures and texts. 

The idea was to find out the real know-how. The level of the test was selected according to classroom teacher’s evaluation.
The tests were: 

· Provia: computer test, tests readiness to read, reading and writing 

· Mavalka: readiness in math: number sense, number line skills, number permanence and structure and

· Makeko: curriculum based tests for all class levels
Reading was easier than math. Almost half of the students had good or quite good reading skills. About 30 % had phonological skills without reading skills and 20 % of the students had developing phonological skills. Memory tasks were difficult, especially to remember the order of the geometric figures. 
Table 1

Testlevel in mathematical tests
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Table 2

Reading skills
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It became apparent that we had a lack of clear material for picture reading and learning material, which is oriented to certain purpose in mathematics.   
The sight related things which make learning to read and learning math difficult are for example the differentiation of eye movements from head movements, problems to fix the sight and in saccades. The problems emerge for example so that the reading direction has not become established,  it’s difficult to stay on the line, reading speed is slow or the reader makes many mistakes when reading. The problems in spatial perception emerge especially in learning math. 
The lack of number line skills in preschool age and when starting school predicts difficulties in learning math. Learning difficulties seem to be related with short term memory, long-term memory, linguistic skills, attention span and difficulties in executive functions. Definite explanation for mathematic difficulties has not been found yet.

Because of the hierarchical structure of math you have to understand earlier things to learn and understand new things. It’s difficult, almost impossible to make progress in learning with lacking skills. It develops a negative attitude and negative feelings towards math.

In the Finnish language phonological knowledge is essential in development of reading skills. Lack of phonological skills is supposed to be the most important reason for reading problems. Memory has an essential role in receiving knowledge.

Teaching

Also the way of teaching has significant consequences how the student learns. The student utilizes if the teacher has exact comprehension about the level of his/her skills and cognitive and motivational and emotional factors which could slow down learning. The student should have a realistic understanding about the same things as above. 

The support of learning should be based on the strengths of the pupil: it means for example opportunities to touch, feel, hear, see, experience, try, take challenges and use of visually clear materials. Guidance to more deep understanding of metacognitive skills is especially important.
Demonstration and making things concrete with pictures and objects,  reading aloud, telling about things with own words, using analogies and metaphors, discussion with the student about how  she/he has gotten to her/ his solution will help.
Other advises for the teacher:

· give the student as much time as she/he needs 
· estimate, what is the primary sense the child uses and how can you support it 
· repeat, repeat and repeat 
· make changes slowly introduce new things verbally and let the child touch them 
· make sure that learning material motivates the student 
· take breaks 
· utilize routines in different situations 
· talk to people using names in group situations.

After the project

How did our objectives come true? We have published a multiprofessionally written book about our project. Two learning material DVD:s for reading pictures and learning basic things in math, hands-on materials for certain tasks has been created. 

We considered figure-background differentiation, font sizes and colors, crowding-phenomena, contrasts, clarity and the possibility to edit materials. Most of the pictures are both colored and black-white and have a certain function in visual perception. It’s possible to use them either as printed paper version or work with them on computer. 

Mathematical material is an application of the material used in math therapy.  The material is from preschool to the 2nd grade. The applications were made considering research results. 

We have developed a two day assessment pattern for pupils with problems in functional vision with a questionnaire for parents and school staff.  A multiprofessional assessment team (special needs teacher, psychologist, occupational therapist/vision therapist, a pediatrician) carries out the assessment.
We have been asked for lectures about functional vision by school authorities. Our materials have been introduced and sold on different educational occasions. 
