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Introduction

“The written trace is a product of the hand and it therefore is influenced by how each individual uses their body.” [Sassoon (1990), p80] 
In this statement, Rosemary Sassoon summarises the integral part which movement plays in the speed and shape of an individual’s handwriting.  She continues by affirming that handwriting is perceived as a source of irritation and a distinctive barrier for many pupils in the education system, and particularly those whose fine motor skills are in need of improvement.  Even in a computer age, writing is vital to communication and hand-writing may influence the way people think about us.  Unfortunately handwriting is often taken for granted and its complexity as a task is ignored by many and may limit progress.  Reluctant writers may fall far behind in schoolwork.  Roaf (1998, p39) confirms this fear:
“The 25 percent of students in the study unable to write faster that 15 words per minute will be struggling in all lessons where a lot of writing is required.”
This is an area of concern in secondary education, which relies heavily on reading and writing as a mode of communication of information. The question of legibility is one which is debatable, but, in this short piece of research, the only factor which would be investigated was the speed of production of reasonably legible words in a given time.
This small-scale research project was initiated by, and draws together, three distinct threads of interest: firstly, research carried out by Eccles (1977) and (Greenborough (1997), regarding the synaptic plasticity of the brain; secondly, the motor skills work carried out by Madeline Portwood (1996) on dyspraxic students to promote maturation of  brain-processing and the movement exercises known as Brain Gym; and thirdly, the concerns voiced by two Science teachers, in one school where I work, that some orally articulate pupils in their S1 classes appeared to be unable to produce either tidy or acceptable rate of written work (or both),  when taking notes in a classroom situation or producing written answers under timed test conditions.
Review Of Literature
Due to the apparent shortage of directly relevant literature (particularly in a Scottish context), consultation of the following background material influenced the direction of my investigation.
Firstly, Eccles (1977) confirms that, at all levels the response of the brain have been explained as due to the transmission of nerve impulses for the receptor organs via synaptic actions. The main neuronal pathways in the brain form at an early stage in mammals, but many of the peripheral synapses display ‘frequency potentation’, meaning they are able to build up operationally during intense activation.  This would equate with a period of learning. 
Greenborough (1997) affirms that, if the brain is not used throughout life, then its synaptic plasticity may be lost. Because the brain keeps growing from conception to maturity, the structure has to change.  However, contrary to popular belief, this process does not stop: it is a life long process. Learning appears to embellish the wiring diagram of the brain and, crucially, both mental and physical activities are important because they are complementary.  Physical exercise increases blood flow to the brain particularly the areas which control the exercise.  
Earlier work by Caine and Caine (1990) offered the principles for brain-based learning, which included the premise that learning engages the entire physiology.  More recently, Willingham (1998) has described a similar neuropsychological theory of motor-skill learning, based on the idea that learning grows directly out of motor control processes.
The aforementioned research verifies Portwood’s (1996) suggestion that a rational explanation of the difficulties encountered by the dyspraxic youngster is that the reinforced interconnections between the nerve cells in the cerebral cortex are reduced in number and that the cerebral cortex persists in a state of immaturity to a greater or lesser degree. From this, a series of motor co-ordination skills was devised to encourage growth of synaptic links to overcome these motor difficulties, with a degree of success.
Hannaford (1995) cites animal studies which confirm that muscular activities, particularly co-ordinated movements, appear to stimulate the production of natural chemicals which stimulate and increase the number of neural connections, thus enhancing learning.  Bodily kinaesthetic activities activate a wider range of neural patterns and help to integrate the two hemispheres, allowing the entire cerebrum to work as a unit.  These activities are interesting because they involve activities which a secondary age pupil might not usually experience in the academic curriculum.  Normal classrooms depend on activities which utilise verbal or analytical intelligence.  When a child is allowed to use the body, it encourages the brain to utilise a variety of intelligences including rhythmical and visual-spatial intelligence.  Long-term recall is, apparently, enhanced by this.
The Brain Gym, cited by Hannaford (1995), promotes a developmental programme to encourage efficient communication among the many nerve cells and functional centres located throughout the brain and body, based on research by educational therapists and other developmental specialists. It consists of simple movements similar to the movements which are natural in the first three years in life.  The Brain Gym can be considered a useful tool in a classroom situation because it does not require sophisticated pieces of equipment or large areas of space.  The activities are targeted to enhance performance in both gross and fine motor skills, amongst other claims.
Therefore, when considering the above findings, in the context of handwriting skills, it should be noted that Levine (1987) affirms that writing is, still, an important method of learning and expressing knowledge in schools and that the motor act of writing involves a broad array of fine motor and visual-motor skills.  Furthermore, Arter et al. (1996, p26) state:
	“No child will be able to produce the fine motor movements for writing with
     a pencil until he or she is able to control …….. larger movements.”
Likewise, Thomas (1997) noted that the Physical Education curriculum in France plays an important part in the teaching of handwriting and P.E teachers use physical activities which are closely linked to the teaching of handwriting.
Finally, Rosenbaum, (1998) suggests that studies of the development of children with disorders of motor functions afford opportunities to understand the importance of motor function to overall child development. 
Description and Justification of Methodology
The location for this research project is a small mainstream secondary school in South Lanarkshire. To protect their identity, pupils have not been identified by name.  
The research set out to observe whether pupils would be able to improve the speed and legibility of handwriting by following a short intervention programme of exercises designed to improve their gross and fine motor co-ordination skills.
The intention of the intervention programme was to benefit pupils, who would otherwise not come in contact with Support for Learning because they did not manifest any other observable barrier to their learning of these skills, and, as a consequence of this, might show improvement more quickly.
The programme of activities was deliberately designed not to interfere with or impose a new style on the child’s own image of his or her handwriting. It was designed to ascertain if working on general aspects of gross and fine motor control would speed up or make more legible the handwriting itself.  Thomas (1998) indicates that very little can be gained by attempting to change a handwriting grip or style. When tackling the issue of handwriting, many practitioners seem unwilling to accept that the pupils, with the right encouragement, are the best people to help themselves. 
The exercises (see Appendix 12) were chosen with a view to enhancing the gross and the fine motor skills which would be involved in the task of handwriting, to involve, where possible, activities which used both side of the brain at one time. 

Choice of Pupils
As previously stated, the five pupils chosen for study were suggested by two Science teachers who indicated that these pupils’ handwriting and general presentation appeared to be hindering their progress.  One teacher felt that there was a discrepancy between good oral knowledge and poor marks achieved when asked to produce written answers in tests.  The other teacher was concerned that poor presentation might detract from an otherwise potentially good performance in the senior school.  The pupils did not appear to have any other observable difficulties within the curriculum and had not previously been identified as requiring support. 
Pupil ‘A’ presented as a very articulate, able and confident pupil who was enthusiastic about the Programme. He could be construed as the catalyst for the others to participate, as he was known to be popular and clever. He admitted that he did rush headlong into work and that it might help him to improve his presentation.  He knew something about Brain Gym exercises because he said that his mother, who is a teacher, used them with her classes.
Pupil ‘B’ was not enthusiastic and did not feel that he required any assistance in tidying up his handwriting. He considered his untidy handwriting as ‘just one of those things’ and, given that he wants to become a professional footballer, he did not consider that handwriting would be a priority for him.  He wanted to think carefully about joining the Programme and, I think, was probably swayed to join by the more out-going ‘A’.
Pupil ‘C’ readily admitted to his difficulties. He was not confident that he would improve but talked animatedly about the fact that his parents, on several occasions, had spoken to him concerning his untidiness and poor handwriting. ‘C’ is tall for an S1 pupil and, apparently, still in a growing phase.  When he came in on the afternoon of the first interview, he was late and his shoe laces were undone and his jumper was on back to front (and had been all day), indicating a tendency to dyspraxia, as described by Portwood (1996).
Pupil ‘D’ was not enthusiastic about joining the Programme but, reluctantly, decide to join because his friend, ‘A’, was taking part.  He did not consider that he had any particular difficulty with either presentation or co-ordination.
‘E’ was the only girl in the group but felt that she belonged there. She readily admitted to having very poor co-ordination skills and to having poor handwriting and presentation skills in all of her subjects.
It was a conscious decision to invite only a few pupils to participate in the programme because the activities would take place during registration time and in a reasonably limited space. Furthermore, although the pupils were in charge of their own programme, it did need to be overseen. This task was undertaken by me and by two S6 pupils who were using the experience to gain a Community Involvement Module.  Each helper was instructed to look for any missed movements and to bring the pupil’s attention to this.

Equipment
 The skills had to be undertaken in a fairly confined space and they had to involve very little equipment, so that, if some degree of success were noted, the research could be continued in other educational establishments with minimum outlay or disturbance to curricular situations.
This equipment consisted of two tennis balls and one wastepaper bin, several sheets of paper which were shared out amongst the pupils and one pencil and programme sheet per pupil.  This kept the cost and the complexity of the programme to a minimum.

Location
The school library was chosen as the location of each period of activities. It is at the end of the building and it is not overlooked by any other classroom. I felt that it was important to protect the children’s dignity and anonymity should be protected while these exercises were continuing, because they were unusual and could subject the pupils to ridicule, if observed by their peers.
Furthermore, the library is situated next door to the Support for Learning Base and this meant that I only needed to carry the box of equipment for a short distance every morning.  A further advantage was that the library is partly floored with a carpet which has a horizontal stripe which relieved me from the task of drawing a chalk line on the floor every morning. Also, the two S6 pupils, who assisted with the Programme, registered in the room nearest the library and this made it easier for them to access that.
The librarian accepted that his place of work was used because it caused a minimum of disruption to his work during the ten minutes of registration and it allowed utilisation of one quiet area in a already crowded school.

Skills chosen for the Programme
The pupils were asked to carry out a programme of nine different skills. 
Two of the skills involved jumping or hopping on a static line. This was designed to improve balance, which relies on both sides of the brain. 
Two of the activities asked the pupils to throw a tennis ball into the wastepaper bin  which was placed at a distance of one yard.  It was interesting to note that most pupils were better at this hand-eye co-ordinated activity than the other.  One pupil in particular was better with his left hand and this led to an interesting discussion about the fact that he is a good footballer and kicks with his left foot, although he is right-handed.
One activity was based on the Brain Gym exercises which asked the pupils to ‘cross-crawl’ (see Appendix 12) standing up.  The purpose of this exercise is to stimulate both hemispheres.  Portwood (1996) suggests that this be done on a skateboard in a gymnasium, but, for reason already discussed, the chosen exercise stimulates similar areas of the brain.  The ‘Arm Activation’ and ‘Lazy Eights’ (both Appendix 12), other Brain Gym exercises, stimulate both hemispheres of the brain, while encouraging gross motor control of the arm.  
The ‘double doodle’ (Appendix 12) was the only piece of pencil work which the pupils were required to carry out.  This consisted of holding two pencils and simultaneously drawing two circles over and over again, progressing to two figures of eight. 

Prior to Commencement of the Programme / Practical and Ethical Considerations
After initial selection of potential pupils for the Programme, a short informal consultation was held with them to explain the situation which their teachers had described. The pupils were then asked if they would be willing to participation the programme, and they were informed that a letter would be sent independently to their parents asking permission.  They were given a clear indication that there would be no interference to the curriculum because the Programme would run during Registration times. It was made clear that I would take on the duties of Registration teacher for the duration of the Programme, so that no information given at Registration time would be missed. They were also informed of the kinds of exercises which they would be asked to perform and that it was specifically to benefit their handwriting.   It was agreed that, if the pupils and parents consented, the signed tear-off slip would be brought back, indicating willingness to participate.

After Completion of the Programme 
After the Programme had taken place, the pupils were all given a short informal interview to ask for feedback on their thoughts about the experience, and to find out about their general motor and presentation skills.  A letter was sent to each parent with a copy of the Programme and the timed sample of their child’s handwriting from both before and after the month’s exercises.  The letter also suggested further exercises could be carried out at home and an invitation was extended for parents to either comment of any differences they had noted or ask for information about the Programme.  To date, no parent has responded.
SUMMARY OF DATA

The table below provides the results of a three minutes’ copying test which was undertaken both before and after the Programme of exercises.

Pupil’s Identification
Number of words copied in 3 minutes: Before + (average)
Number of words copied in 3 minutes: After  + (average)

A


33 (average 11)

48 (average 16)

B


34 (average 11)

48 (average 16)

C


32 (average 11)

37 (average 12.3)

D


42 (average 14)

74 (average 24.6)

E


36 (average 12)
   
44 (average 14.6)


Observations and Comments 

The grid below summarises relevant comments made:


My Observations

My Observations
Teacher Observations 
Parental Observations/
Comments

PUPIL ‘A’
I have not observed any difference in handwriting or in any other aspect of this pupil. 
This pupil was not observed as having made any progression because he was taken on holiday immediately after the Programme  of exercises.



No response


PUPIL ‘B’
Pupil ‘B’ is more forthcoming and will answer questions more willingly. However,  I detect a difference in handwriting: it is slightly larger and more legible than before.
This pupil  showed more motivation to write more legible and to present work neatly, but this  initial burst was quickly lost.


No response


PUPIL ‘C’
This pupil’s handwriting has become more  uniform in style and is evidence of use of punctuation after the exercise programme. It is still slow. 
There has been a positive difference in this pupil’s performance in the written part of the Science tests since starting the Programme.



No response


PUPIL ‘D’
There appears little difference in this pupil’s handwriting.
The programme of exercises has made no notable difference in performance in class.


No response



PUPIL ‘E’
This pupil’s handwriting is more legible, but she still takes time to produce it.
Some change in motivation to present work well has been noted but  this pupil could have benefitted from a longer spell of exercises because it was quickly lost.


No response



Analysis and Evaluation of Findings

It can be seen from the raw data that the number of words copied by every pupil after three minutes of copying the same text had increased, to a greater or lesser degree, after they had undertaken the programme of motor skills exercises.
Appendices 1 to 5 also show that the style of handwriting became more legible and controlled, particularly for  ‘E’ and ‘C’.
For the first interview, the pupils met me at the same time. This may have inhibited those who did not want to take part, but I had hoped that the expected enthusiasm of those who were keen to try the programme would influence those who were not so inclined.  This did prove to be the case.  However, each child was clearly told what would be expected of them while participating in the programme and they were told that a letter would be sent home (see Appendix 11) where they were to discuss the matter with their parents.  All of those who were asked to participate did bring in the permission slip from their parents, with only one prompt to one pupil: ‘C’.
Ideally, the programme should have been carried out every morning for ten minutes. This was not possible for several reasons.  S1 pupils have a year assembly most Mondays during the school session, where the Year Head teacher meets with them.  Also, there are monthly House Assemblies where the Guidance teacher meets all year groups who belong to a specific guidance grouping. It was felt that the pupils should attend these assemblies when they occurred during the month of March.  Therefore, the pupils missed five days because of this. Every child on the programme was bussed into school and on several occasions, two of the school buses were late and so three of the boys missed their  exercises.  During the month of March the school ran a ‘No School Uniform’ Day for  charity.  One of the children was a class representative and one of his duties was to collect the sponsor money from classmates, so he had to miss one registration.
Furthermore, a rolling programme of Meningitis C vaccinations was held in this school during the middle of the month and several of the pupils were absent or had a sore arm for two days after this and the Programme of exercises was disrupted.  Finally, two boys simply ‘forgot’ to come during the first week, so they lost one day each.  Also, I work in another school one day a week and the two sixth year pupils were not always available because they were completing SYS Projects and had to be absent from time to time.  These factors meant that the pupils were not monitored as carefully every day of the Programme.
Even though the exercises were carried out under some supervision, this did not  prevent the pupils from ‘individualising’ them.  For example, the exercise to make both hands draw a circle at the same time was carried out slowly by some pupils and quickly by others.
It was interesting to note that most pupils had a preferred hand at the hand-eye co-ordinated activities.  One pupil in particular was better with his left hand and this led to an interesting discussion about the fact that he is a good footballer and kicks with his left foot, although he is a right-handed writer.
The  ‘cross-crawl’ (see Appendix 12) was completed every day, but, in hindsight, the pupils completed this exercise too quickly.  I feel, therefore that the full benefit may not have been derived from the exercise. 
Four out of the five pupils found it difficult to hop on the line, but this may have been due to the fact that they tried to lift the foot quite high off the ground.  Interestingly, three held their hands out in the manner which a diagnosed dyspraxic child would, as described by Portwood (1996).
In the second interview, two of the pupils felt that they had benefited from such a short programme.  Possible evidence was provided by the Science teacher of one pupil, ‘C’, whose Grade 4’s in previous Science tests changed to Grade 1 in the test which he did at the end of March.  His teacher said that this was due to the marks he gained in the written section, which had previously been very poor.  The only girl, ‘E’, felt that she did detect a difference and she had begun to change in that she was taking more care in her handwriting. Her Science teacher also considered that there was a difference in her presentational skills.  This may have been because she had been reminded constantly about this during the month of March.  However, it is interesting to note that both of these pupils were the ones, I feel, who were in most need of an intervention programme and it is interesting to note that they were the ones who said who had benefited most.
The other three boys were more non- committal about the experience and they seemed not to experience any significant benefit, other than the benefits of feeling more ‘awake’ because of the exercise and having been slightly more organised during the month of March.  Again this may be due to the more individual attention they received during this time in the morning. Follow-up interviews with the pupils will be carried out at the start of second year. Perhaps, all that these children need is to be reminded that someone is interested in these skills. 
It may be worth keeping in mind Mahoney, (1999) who concludes that, in its current form, the neurobehavioral approach is only an initial step toward developing new methods for addressing developmental concerns. 
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