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USE OF THE BEHAVIOURAL APPROACH IN TEACHING COUNTING FOR CHILDREN WITH DOWN SYNDROME.
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This interventional study is concerned with the ability of twelve Egyptian children with Down syndrome to learn counting. Behavioural approach was used to teach these children to count number strings up to ten. The children were divided into three groups of four. The first group could not count at all, the second was able to count to three and the third could count to six. Observations were carried out before and after training to collect further information about their performance in counting, in a class context. According to the findings of the observation before training, children having difficulty in counting neither interacted properly with their teacher nor wanted to perform a counting task. Although, the children were at the earliest stages of the study, they were able to learn number strings to five or ten. They became competent in counting up to ten and the behavioural approach proved its effectiveness in teaching counting for children with Down syndrome.     

Recently, there has been a strong debate regarding the teaching of mathematics to children with special needs. Psychologists and educators have been investigating children’s learning of mathematics for almost one hundred years. Their effort has accounted, until recently, for the majority of mathematics teaching. The first account, which influenced teaching mathematics for children with learning difficulties, is the Behaviourism approach. It is an approach, which is used to teach new skills to children with learning difficulties, including mathematics. The Behaviourism approach focuses upon skill acquisition and tightly structured one to one teaching situations. This approach emphasises the importance of drill and practice as well as reinforcement (Daniels & Anghileri, 1995).  Sebba et al. (1995) pointed to the advantages of using this approach in teaching.  This methodology enables teachers to determine clear goals so they know exactly what they have to do with each child.  The teacher can record the students’ responses easily, in order to decide whether the child has achieved the goal and hence acquired new skills or partly new skills.  They summarised the advantages of the behaviourism approach as

It is clear that systematic organisation, ensuring differentiation, continuity and progression, and through assessment and record keeping practices are precisely the strengths of behaviourist methodology.   (p. 33) 
The constructivist approach or the interactive approach is another methodology, which is used to teach mathematics to children with learning difficulties. This approach stresses the process rather than the result and involves the pupil in negotiation of their own goals and activities. It creates many opportunities for group work and students’ collaboration.  It seeks the intentional, creative integration of subjects.  It requires students to work both on their own and within a group, demanding social behaviour, negotiation and teamwork.  It provides contexts geared to the real life, and pupil interest (Sebba et al. 1995). 

Few studies have been conducted to explore the effectiveness of the previous approaches in teaching mathematics to children with learning difficulties.  The most obvious finding of these few intervention studies is that children with learning difficulties are able to learn.  They benefited from feedback (Baroody, 1996), parent’s support (Nye et al., 2001), and individual instructions (Bashash et al., 2003).   A recent review has been conducted by Butler et al. (2001) about teaching mathematics to students with mild - to - moderate learning difficulties. They reported that there is very limited research in the area of mathematics intervention.  In their review, they divided the mathematics intervention studies into three categories. Firstly, studies concerned with basic mathematic skills such as counting, recognising numerals, telling time (e.g. Young et al., 1990).  Secondly, studies concerned with mathematics computation such as multiplication (e.g. Scott, 1993).  Thirdly, studies concerned with problem solving such as word problems (e.g. Cassel & Reid, 1996).  Looking across all three categories of reviewed studies some of the previous studies used traditional behavioural methods (e.g. Young et al., 1990) and others used constructive methods (e.g. Fasko, 1994), all proved their effectiveness and all who participated in the previous studies benefited from the intervention.

According to the previous work with Egyptian children with Down syndrome, these children experienced difficulties in counting. They could not count fluently or confidently although some of the children were able to produce long number strings.  The majority of the children fell between the non-counter and good counter groups.  In the literature, these difficulties in counting may be because of a deficit in memory and language (Abdelhameed, 2006, 2007; Abdelhameed & Porter, 2006).  Further explanation of the children’s difficulty in counting lies with the teaching methods.  Children with Down syndrome in this study received whole class teaching as well as being regarded as having low expectations in terms of their ability to learn, in particular, counting.  The aims of the teacher were often far in advance of this group of children’s understanding.  Again, the children with Down syndrome, in this study, are taught with other children with learning difficulties. According to the classroom observations, most of these children did not communicate or interact with the teacher or other children during the lesson.  They sat quietly and when the teacher encouraged them to work they preferred to withdraw and some of them left the class.  Hence the children did not benefit from the whole classroom teaching. 

With the above in mind, we wanted to make the students competent in counting and isolate any factors like shyness from peers/teacher or anxiety to be sure that the children would work.  In our view, memory of number words depends on serial learning. There is no pattern, therefore, and the children have to learn through repetition and association of one number word with the next. They cannot discover it.  Hence, there is a need for individualised activities with plenty of repetition, but in a motivating situation. Furthermore, the basic mathematical skills such as counting are fundamental to the development of the higher mathematical skills (Butterworth, 2005), these direct instructions appear to be essential in enabling the children to be competent before incorporating the children in the inclusive settings. This may explain why behavioural methods were used in a one to one teaching context instead of the constructivist approach. Furthermore, we do not yet have sufficient analysis of teaching counting to children with learning difficulty, particularly children with Down syndrome and therefore it is necessary to look at general recommendations for teaching children.

This intervention study was conducted to explore the effectiveness of using the behavioural approach in teaching counting to children with Down syndrome.  Also, to explore to what extent children with Down syndrome are able to learn counting.  Indeed children at very early stages are able to learn counting.  Young children hear number words in many different kinds of situations, for example, nursery rhymes, stories, songs, saying the sequence of the number words and counting objects. Actually, it is very important that the child acquires number words and is fluent and accurate with these words.  This fluency is vital for enumerating objects.
Method

Sample

Twelve children, who were at the earliest stages of counting but who had started to acquire the count words, participated in this study.  These children were selected from a special education school for children with learning difficulties – Ismailia - Egypt.  These children were classified as having moderate learning difficulties (IQ values ranged from 50 to 75) according to Stanford-Binet measurement.  According to their performance on counting, the children were divided into three groups, four children each.  The first group (non counters) consisted of four children who could not count at all.  Their chronological age ranged from nine to ten years old and their IQ ranged from 52 to 65.  

The second group (low counters) consisted of four children who could count to three. Their chronological age ranged between nine and thirteen years old and their IQ ranged from 50 to 68.  The third group (middle counters) had four children who were able to count to six.  The children’s chronological age ranged between nine and half to eleven years old and their IQ ranged from 63 to 68.  Table 1 sets out the details about the children who were included in this study.

Table 1:

Children’s chronological age, IQ, and their performance on counting.

	 Children (n = 12)
	Mean 
	SD
	Range 

	Chronological age
	122.64 months
	12.6 months
	108 – 156 months

	IQ
	61.33
	6.39
	50 – 68

	Correct Portion
	4.50
	1.50
	0 - 6


Observations
The children were observed before and after the training.  The child was observed in the maths lesson. We observed the children’s interaction with their teacher, their behaviour during the lessons, their teacher’s view of them, how they solved the tasks and used the materials and resources, which the teacher used to explain the maths lesson and the feedback, which the teacher gave to the children.  Twelve children were observed in twelve maths lessons of 45 minutes duration and the data was collected by observation of the whole classroom during maths lessons.   

Training procedures

As the counting task is a serial recall task, it needs practice.  However, motivation is also very important so different contexts were used to interest the children and to be sure that counting was linked to different types of activity, not just something to do with objects. For that reason, different contexts were used to teach the children such as oral counting, knocking on the table, playing a phone game, etc.  The procedures included probe trials with objects, the purpose was to ensure that the children had not only learnt the number words but were also able to use them.

All the children were tested before the training in order to determine their ability in counting.  The first group of children could not count at all.  The second group could count to three with and without objects and the third group could count to six with and without objects.  The training procedures were: 

· repeat the number string - (the number string was presented verbally and the child

was asked to repeat it)

· count after me - while the investigator knocked on the table

· play a phone game - the investigator dialed the child’s phone number by counting and asked him/her to dial the same number in the same way, the investigator counted the phone number loudly while she was dialing it and asked the child to repeat it, again, the number string was counted and the child was asked to phone his/her brother/sister and ask him/her to repeat it for him/her

·  repeat the number string after the puppet called “Tamtam” (the puppet counted the number string and the child repeated after the puppet) 

· the number string was presented on cards (numbers were written in these cards) and the investigator counted it, the child was asked to count after her, however this task was modified because the children could not read the numbers and some of them were confused when these cards were presented.  Some of them thought that number four was number two (the child could not read number two) so when the child repeated the number string he/she said 1-2-3-2 instead of 1-2-3-4 because he/she knew that this is number two but actually it is four. Hence, blank coloured cards were presented instead.  For example, three cards with different colours were presented, the investigator counted one, two, and three and asked the child to repeat after her

· counting song - the child heard a counting song and was asked to repeat it 

· the number string was presented with coins and the child was asked to repeat the number string after counting the coins 

· small toys were displayed in a line - the investigator counted them and asked the child to repeat what the investigator had said 

· moving inside the room to count the objects such as chairs, disks, pictures, fruits, snails’ shells etc. 

· sometimes the investigator counted the number string by jumping and asked the child to repeat it after her 

· using the form boards which the children like, the number string was counted after putting the objects in its place and asked the child to repeat this number string again. 

The previous methods were presented in a random way and sometimes one method was used more than others depending on the child’s interest.  For example, if the children liked the phone game and the form boards, these methods were used more than others.  One girl loved the puppet, so this method was used with her more than others and so on.  The investigator always counted first and asked the child to repeat after her, sometimes some children started to count with the investigator but they were asked to listen first and repeat counting the number string.  

After every correct trial the child was presented with a probe trial, which consisted of blocks arranged in a line and the child was asked to count them.  For example, the child repeated to three correctly, three objects were arranged in a line and the child was asked to count the blocks and say, How many blocks are there?  If the child could not repeat the number string to three correctly, no probe trial was presented.  The investigator used these methods over and over till the child counted perfectly.  To be sure that the child could count perfectly, he/she was asked to count the number string ten times at the end of the session after he/she made progress in counting.  In addition, after the children finished learning the number string, five sessions were held for revision and make them more competent in counting. The children were tested individually in a separate and a quiet room in the school. The children were motivated by verbal reinforcement (e.g. good boy/girl, excellent etc.). 

Results

The first observation

The children with Down syndrome have difficulty in maths, particularly in counting.  There was no reaction from most children with Down syndrome while the teacher was presenting the lesson.  The teacher was standing at the front writing some numbers on the blackboard and asked the children to count and read numbers.  All the children, except those with Down syndrome repeated what she asked them to do.  Although twelve children were observed in the maths lessons only three children reacted to the teacher.  When the teacher asked the children with Down syndrome to count on their hands, they could not do this and sometimes children knew the number string but they were unable to count it on their hands.  The children with Down syndrome were always calm and quiet in the class except for one child, who was very active moving here and there, sharing with the teacher. He speaks well and sometimes says sentences consisting of four or five words.  His father is a farmer and he lives as a boarder of the city, which means that he mixes with the other children and plays with them. His behaviour confirms that he is not isolated from typically developing children, and this may explain why he is different from his Down syndrome’s classmates   The teacher used glue tack, colouring, cut and paste materials, etc.  Most of the children with Down syndrome could neither write nor read numbers.  Only two children could read two or three numbers, such as 2 or 4 from the whole number string (1-10). 

When their teachers were asked about their language ability and their attainments in maths she said: the children with Down syndrome could not speak properly and their attainments in maths were lower than their peers.  They confirmed that the children were quiet and when the teacher asked them to do the task there was no response (the teacher appeared to loose her enthusiasm with children with Down syndrome very quickly because of their low attainments and poor reaction).  Also, the teacher encouraged the children and gave reinforcement such as praise or sweets.  Three children with Down syndrome withdrew from the task, for example, a girl left the teacher and went to sit down when the teacher asked her to come to read and write numbers, she said I am tired and went to sit down again.  Her teacher did not encourage her to work leaving her to sit down.  When the teacher was asked why she did this and did not motivate her more to do the task, she said that the girl always left the task and wanted to sit down to watch and not speak.  On the other hand, some children refused to listen to their teacher and went to write something on the blackboard.  Another girl left the classroom but the teacher brought her back to complete the lesson.  They counted slowly, incorrectly, and missed numbers.  They could not count backwards although the children, who were able to count to six, sometimes could count forwards.  Indeed, some of the children who were observed have some language problems while some of them could communicate.  

The results of the training

The most obvious finding of this study is that Egyptian children with Down syndrome were able to learn counting.  All children completed the task and could acquire the number string to five or ten regardless of the number of trials or sessions.  All the children had some difficulties in learning long number strings regardless of the length of the number string.  However, they could learn the whole number string to five or ten, could count a set of objects, found some difficulties in counting longer number strings and could sometimes give the last tag response.  Across the sessions, they forgot some portions of number strings especially long number strings.  Sometimes sessions were ended without achieving progress and in some sessions they could not maintain the number string.  

An important finding of this study is that the behavioural approach proved its effectiveness in teaching counting to children with Down syndrome.  This approach enabled the children to receive one to one teaching in a motivating situation, which enabled them to be competent in counting.  As mentioned before, these children had received whole class teaching which did not enable them to be perfect counters.  Furthermore, two children self-corrected their mistakes.  After counting the objects in the probe trials, suddenly they said, No, no, this is wrong and started to count again from the beginning.  At the start of the training, some children could not give the last tag response but by the end of the training they could.  Six of them could give the last tag response correctly at the end of the training.  These children did not make any mistakes while they were answering the how many? question.  Although they sometimes counted the objects incorrectly they chose the last number they had said as an answer of the total number of objects. 
In the probe trials, children made different types of errors, such as double counting, point – no word and skipped an object counting errors.  Some of them were reluctant to complete the task but sometimes they agreed after a little encouragement.  For example, one boy went to sleep on the floor, the investigator said, Oh, you are tired you want to sleep, OK take a nap and I am going out to let you sleep in peace.  The child jumped and said, No, do not go I want to carry on, now what do I have to do, shall I repeat the number string.  Indeed a few of them refused to complete and went to play in the playground, they did not like to go to their classes. 

Regarding the number of sessions and trials, which children took to learn the number string, some children took more sessions and trials to learn the number string than others.  According to the observation, children, who had fewer language problems, could talk more fluently than others and took less sessions and trials than others.  The following table summarises the children’s performance during training. 

Table 2:

Children’s performance during training.

	Children (n = 12)
	Mean
	SD
	Range

	No. sessions
	10.25
	4.11
	6-18

	Session’s duration
	27.50
	3.23
	25-30 min.

	Correct portion
	8.33
	2.36
	5-10


Finally, this study also pointed to the importance of consolidating learning.  Children need plenty of practice in order to maintain what they have learnt and to ensure that they experience success. 

The observation results after training

The children were observed again after training.  As mentioned before in the training results, all the children achieved the objective of the training.  To see if the children maintained what they had learned and if they could use it, permission was obtained from their maths teachers to observe them again.  Regarding the performance of the children who learned to count to five, they were able to count verbally to five and two of them could sometimes count five objects.  Two of them were able to give the last tag response and the others could not.  The children started to work a little with the teacher.  When their teacher asked them to answer a question, they looked at me before answering and on receiving  a big smile, they were encouraged to carry on and count.  Their teachers were asked before the lesson to use some pictures and objects to let the child show his/her ability to count.  We were very excited when we saw the children could count and work with the teacher.  The children counted with confidence to the number, which they had learned.  The children could not count beyond what they had learned in the intervention sessions.  

The second group who learned to count to ten did the same.  All the children could count to ten.  Two of them still did not interact with the teacher like the previous group but when the teacher asked them to count individually they did.  One day, we attended a maths lesson in the computer room.  The teacher explained the lesson by using the computer.  There was a white board with numbers and pictures reflected from the computer onto it.  The teacher tried to teach the children to count to 9.  The number was displayed with pictures of strawberries and the child was asked to listen to the voice and repeat the number word.  The voice was low and the pictures were not clear.  The child who received the training sessions acted and repeated the number string with eagerness and confidence.  The child showed numbers on her hand and when the program stopped the child asked the assistant to repeat it again.  

The teacher asked the children to count the objects on the whiteboard.  As the pictures were very faint, the teacher asked the children to come near to the board to count, which they found easier.  A child counted the nine objects correctly and the teacher asked the children to clap their hands for him.  The teacher illustrated some computer pictures on the white board asking the children to count and say how many objects there were.  Only the child with Down syndrome who received the training was able to count and answer the How many? question correctly and with confidence (the teacher asked four children without Down syndrome and one with Down syndrome).  

Regarding the third group who could count to six and whom were taught to count to ten, they maintained what they had learnt.   The children counted to ten with and without objects.  They could count perfectly and confidently and gave the last tag response.  Again, fortunately all the children could count the number string, which they had learnt orally and could count with objects, although some of them could not give the last tag response correctly.  

Discussion

In this study, the finding that children with Down syndrome are able to learn was supported by the most relevant literature (e.g. Young et al, 1990; Vacc & Cannon, 1991; Hendler & Weisberg, 1992; Broadley & MacDonald 1993; Buckley, 1995; Gallaher, et al. 2003).  All children gained the objective of the training and could learn the whole number string although they made errors during counting.   Jones et al. (2002) comments on the impact of such learning: 

Under specific conditions people with mental retardation are able to learn new materials as well as their peers without mental retardation, which could have important implications for education, training, and rehabilitation.  In particular, the experience of success on learning tasks could have positive effects on self-esteem, confidence, and future learning capacity. (p. 103) 

Across sessions, children with Down syndrome forgot some portions of number strings especially long ones and some sessions were ended without achieving the objective.  However, the same was found in typically developing children.  Sigler’s (1995) work, on typically developing children, found that there is a decreasing accuracy across sessions.  They made double counting, point-no word and skip an object errors, which were made by typically developing children as well.  Fuson, (1988) found that the most frequent types of errors, which the typically developing children made, were skipped-object, point-no word, multiple words- one point, double count and recount errors.  She found, that in the early stages of counting, children make frequent errors, especially as set sizes increase. The skipped-object error is the most common type of error which the children made in this study and this finding supports Porter’s (1999) findings that children with Down syndrome have a tendency to leave objects without counting rather than to double count.    

Some children made self-correction for their mistakes and this may indicate that these children were developing some understanding of the underlying principles of counting and can use this knowledge to monitor their own actions.  Also, this may indicate that the training procedures were not purely a rote task because two children could self-correct their mistakes.  These findings contradict Gelman & Cohen’s (1988) finding that the preschoolers could self correct their mistakes but Down syndrome children could not. They concluded that children with Down syndrome have no understanding of the underlying principles of counting.  Actually, the finding of this study supports the notion that some children with Down syndrome have some underlying understanding of counting.  The evidence emerged from the counting pattern of the children who self corrected their mistakes.  Further evidence emerged from the children who could give the last tag response.  At the beginning of the training, some children could not produce the last tag response but at the end of the training they could. Their performance indicated that they have some underlying understanding of cardinality rule and by training they could develop this and discover the last tag rule.  

During training, some children needed more sessions and trials to learn the number string than others.  Memory and language seem to be the main factors, which lie beneath the previous finding. Some researchers reported that the poor development of phonological working memory in children with Down syndrome might be related to the difficulty in learning new information (e.g. Hulme & Mackenzie, 1992; Chapman & Hesketh 2001; Purser et al. 2005). With regard to the role of language, children with Down syndrome had some difficulties in articulation, and experienced difficulty when uttering some numbers (i.e. number three, four, five, nine). This may have implications for learning the number string.  However, the using of the behavioural approach in teaching them counting proved its effectiveness and enabled children with Down syndrome, in this study, to receive step-by-step instruction and feedback, which led to them learning and achieving the whole number string to ten.  They had plenty of time to rehearse number strings in motivating situations. 

Again, children with Down syndrome in this study received whole class teaching, which might not have addressed their articulation problems or given them an opportunity to rehearse numbers.  Many studies have emphasised the importance of using rehearsal to learn new information, including counting (e.g. Hulme & Mackenzie, 1992; Broadley & MacDonald, 1993; Comblain 1994; Jarrold & Baddeley, 1997; Jarrold, et al. 1999; Jarrold et al. 2000; Jarrold & Baddeley 2001; Gathercole & Pickering 2001). And this might explain the superior performance of some children across training. They might rehearse number strings more rapidly than others, given their superior spoken language and this may explain why they took fewer trials. So, as mentioned before, language has an important role in learning (e.g. Bird & Buckley, 1994; Rondal & Comblain, 1996; Roberts et al. 2005). 
This study also pointed to the importance of consolidating learning. Children need plenty of practice in order to maintain what they have learnt and to ensure that they experience success.  In a recent review of Butler et al. (2001) about teaching children with mental retardation, they reported that 
Students with mental retardation benefited from intervention, stressing frequent feedback, explicit instruction, and ample drill and practice.  These approaches conform to the traditional behaviourist methods of teaching students with disabilities.  Techniques such as constant time delay, peer tutoring, time trials, and direct instructions continue to prove effective for teaching students with mild and moderate mental retardation.  (p. 29)  
Some children at some stages refused to complete the task because of the task difficulty. This finding concurred with Germain (2002) and Wishart’s & Pitcairn (2000) findings.  Germain found that Paul (the child with Down syndrome on her small-scale study) showed some inappropriate behaviour when he faced a hard task.  When the children with Down syndrome are presented with a new task they use their social skills to draw the investigator’s attention away from the task.  They sometimes start to clap or engage in smiling or laughing.  A further explanation is that some older children with Down syndrome prefer to withdraw from the task more than younger children (Wishart, 1996; 2001).  However, individual teaching motivated the children to work, according to our observation, children are sometimes afraid of their teachers, especially if they have made mistakes and this may hinder them from learning or doing their best.  Also, the using of different contexts motivated the children as they enjoyed the task and refused to go back to their own teacher after the session ended.  Hence, their desire to stay with us and learn was good motivation to succeed in the task.  Despite the difficulty level of some tasks, few children asked to withdraw from the session and some of them, with a little encouragement, agreed to work.

Conclusion

This study is concerned with teaching counting to twelve children with Down syndrome.  Although, the children were at the earliest stages at the start of the study, all of the children were able to learn number strings to five or ten.  Unsurprisingly, they made errors during their counting as well as, at some stages, finding it difficult to complete the task.  Some children took more sessions to learn the number string than others and were unable to recognise the last tag response, except in some trials.  

It was useful to use the behavioural approach at this stage to teach counting for children with Down syndrome.  According to the observations’ results, most of the children neither interacted with their teacher nor paid attention to what she was trying to teach them.  The children received whole class teaching, which did not meet their needs.  During counting training in one to one teaching they could learn and even maintain what they had learned in the maths lesson, according to the post training observations’ finding. However, the findings of this study send a message to teachers: that children with Down syndrome are able to learn and, in particular counting, if they are exposed to the appropriate conditions, which match their needs.    
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