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An Australian national plan requires education authorities to support teachers to identify students not achieving adequate literacy and numeracy skills and to provide early intervention for these students. One such intervention program, Mathematics Intervention, aims to identify and assist, students in Year 1 at risk of not coping with the mathematics curriculum. The program incorporates mathematical activities and strategies based on recent research about student's early arithmetical learning (Steffe, von Glasersfeld, Richards & Cobb, 1983; Wright, 1991) and about the types of strategies used by students to demonstrate their mathematical knowledge (Gray & Tall, 1994). Mathematics Intervention features elements of both Reading Recovery (Clay, 1987) and Mathematics Recovery (Wright, 1991) and offers students the chance to experience success in mathematics by developing the basic concepts of number upon which they build their understanding of mathematics. The author continues to refine the assessment instruments designed to identify students mathematically "at risk" and support attempts to provide the most appropriate programs for students mathematically ‘at risk’. 

In March 1997, Australian state and territory education ministers agreed to a national goal that: "every child leaving primary school should be numerate, and be able to read, write and spell at an appropriate level" (Masters and Forster, 1997, p.1). A national plan to support this goal requires education authorities to provide support for teachers in their task of identifying students who are not achieving adequate literacy and numeracy skills and in providing early intervention strategies for these students.

One such intervention program, Mathematics Intervention, aims to identify then assist, students in Year 1 at risk of not coping with the mathematics curriculum as documented in the National Statement on Mathematics for Australian Schools (Australian Education Council, 1991). Mathematics Intervention is a collaborative project developed by two teachers from a state school in the eastern suburbs of Melbourne and a mathematics educator from a nearby university (Pearn, Merrifield & Mihalic, 1994; Pearn & Merrifield, 1995; 1996).
Mathematics Intervention features elements of both Reading Recovery (Clay, 1987) and Mathematics Recovery (Wright, 1991) and offers students the chance to experience success in mathematics by developing the basic concepts of number upon which they build their understanding of mathematics. Students are withdrawn from their classes and work in small groups to develop their mathematical skills and strategies.

This paper focuses on the ongoing challenge to improve assessment instruments used to identify students mathematically ‘at risk’ needing to participate in the Mathematics Intervention program. To determine whether students participating in the Year 1 program maintained the progress made during the program, students were also tested when in Year 3 or Year 4. The main aim of this testing was to determine whether an intervention program at Year 1 can assist students to develop flexibility in their mathematical thinking, enabling them to develop their own strategies and to be less reliant on rules and procedures. 
Previous research

The Year 1 Mathematics Intervention program incorporates mathematical activities and strategies based on recent research about student's early arithmetical learning (Steffe, von Glasersfeld, Richards & Cobb, 1983; Wright, 1991) and about the types of strategies used by students to demonstrate their mathematical knowledge (Gray & Tall, 1994). This research is summarised briefly below.

The five counting stages were developed by Steffe, Cobb, von Glasersfeld and Richards (1983) and in summary are:

· Perceptual. Students are limited to counting items they can perceive.

· Figurative. Students count from one when solving addition problems with screened collections. They appear to visualise the items and all movements are important. (Often typified by the hand waving over hidden objects.) If required to add two collections of six and three items, students must first count the six items to understand the meaning of "six", then count the three, then count the whole collection of "six and three" items.

· Initial number sequence. Students "count on" to solve addition and missing addend problems with screened collections. Students no longer count from one but begin with the appropriate number. If adding two collections of six and three, students commence counting with six and then count on: six, seven, eight, nine.

· Implicitly nested number sequence. Students focus on the collection of unit items as one thing, as well as the abstract unit items. They can "count-on" and "count-down", choosing the most appropriate method to solve problems. They generally count down to solve subtraction problems.

· Explicitly nested number sequence. Students are simultaneously aware of two number sequences and can disembed smaller composite units from the composite unit that contains it, and then compare them. They understand that addition and subtraction are inverse operations.

 
Research studies by Gray and Tall (1994) have shown that young students who are successful with mathematics use different types of strategies to those who are struggling with mathematics. Students struggling with mathematics are usually procedural thinkers dependent on the procedure of counting and limited to the "count-all" and "count-back" procedures. Gray and Tall (1994) defined procedural thinking as being demonstrated when:

Numbers are used only as concrete entities to be manipulated through a counting process. The emphasis on the procedure reduces the focus on the relationship between input and output, often leading to idiosyncratic extensions of the counting procedure that may not generalize. (p. 132)

When asked to count back from a given number, Year 1 students have been heard to count up to each number before responding with the number required. This method is highly unlikely to generalise into a backward counting sequence. While some students were dependent on rules and procedures other students give instantaneous answers. For example, when students, who have given an instant correct response to tasks, were asked: "How did you do that?" they gave several different strategies they could have used and checked that their solutions were correct. According to Gray and Tall (1994), use of known facts and procedures to solve problems, along with the demonstration of a combination of conceptual thinking and procedural thinking, indicate that these students are proceptual thinkers. Gray and Tall (1994) defined proceptual thinking as

the flexible facility to ... enable(s) a symbol to be maintained in short-term memory in a compact form for mental manipulation or to trigger a sequence of actions in time to carry out a mental process. It includes both concepts to know and processes to do. (pp. 124-125)

The difference between these types of strategies means that procedural thinkers usually take much longer to solve a mathematical task than proceptual thinkers. For example, if students are aware that 17 is one more than 16 then they will respond instantly to the task: “What is 17 take away 16?” However if they try and solve the task using procedures and rules it will take a lot longer as they try to count back 16 from 17.

Mathematics Intervention for Year 1

The initial testing for Mathematics Intervention requires teachers to assess the extent of the student's mathematical knowledge by observing and interpreting their actions as they work on a set task. Students are clinically interviewed using tasks developed by teachers to evaluate each student's understandings and mathematical skills. A clinical interview is described in Hunting and Doig (1992) as

a dialogue or conversation ... held between an adult interviewer and a subject. The dialogue is centred around a problem or a task which has been chosen to give the subject every opportunity to display behaviour from which mental mechanisms used in thinking about that task or solving that problem can be inferred. (p. 203)

The interviewer observes students carefully to determine the strategies being used to solve the tasks because it is essential to understand whether they are counting physical objects, counting on, counting back or "just knew it".

Since 1993, Year 1 students have been individually interviewed by a clinically-trained teacher. The assessment instrument was designed, administered, and consequently modified by three teachers (Pearn, Merrifield, Mihalic, & Hunting, 1994a, 1994b; Pearn & Merrifield, 1997). Interviews were conducted at the beginning of each new school year. Initially a twenty-minute interview was used but in 1994 this was modified to a ten-minute interview. This shortened interview was found to accurately predict Year 1 students needing to be included in the Mathematics Intervention program (Pearn, Merrifield, Mihalic, & Hunting, 1994b). 

The clinical interview included tasks that ascertained the facility of the student's verbal counting skills, their knowledge of the number word sequence and tasks that would help ascertain the student’s counting stage. The interview includes verbal counting tasks such as: 

"Can you count out loud for me, beginning at one, until I tell you to stop?"

"Can you count forwards by 10s starting with 10?"

"What number comes after 4?" "What number comes before 15?"

There are only two tasks based on the counting stages. In one task six counters were displayed and three counters were hidden under a piece of paper: 

"There are six counters on the table. Can you count them?"

"Under this paper there are three counters." (Lift paper briefly)

"How many counters do I have altogether?"

By carefully observing the student's solution methods, interviewers ensured that they were aware of the strategies being used and if needed the following prompts were given: "How did you work that out?" or "How did you do that?" Table 1 highlights the typical responses of Year 1 students.

Table 1: Typical responses to a counting stage task

	Counting Stage
	Task: 

"There are six counters on the table. Under this paper are three counters." (Lift paper briefly)."How many counters do I have altogether?"

	0
	Response is usually a guess. Students attempt to recite verbal sequence but have no one-to one correspondence. 

	1
	Students can only count things they can see, hear or feel so guess responses when given tasks with some counters that are covered.

	2

 
	Usually incorrect response. Students count all collections from one. For example, will count the six counters starting at one, count the three counters starting at one, then attempt to count the nine counters again starting at one. 

	3 
	Student counts on from the first collection of six: six, seven, eight, nine. 

	4
	Student gives instant response and can justify it: "I know 3+3 = 6 and another 3 is 9".

	5
	Student gives instant response. (As for Counting Stage 4). 


Table 2 compares Year 1 results from the interviews from 1993 until 1998. In 1993 the program was trialed at Bulleen Primary but the program was transferred in 1994 to a nearby school, Boroondara Park Primary, where it is remains a priority.

Table 2: Year 1 results from Level AA tests: 1993 -1998 (in percentages).

	Year
	ones
	back

20-1
	back

10-1
	twos
	fives
	tens
	6 -12
	before/after
	14 beads
	patterns
	numeral
	6+3=
	10 = +2

	1993
(n=27)
	100
	--
	96
	30
	26
	59
	67
	85
	--
	100
	--
	85
	59

	1994
(n=48)
	98
	69
	77
	44
	48
	67
	69
	---
	88
	--
	71
	---
	71

	1995  (n=26)
	96
	65
	96
	50
	50
	54
	88
	92
	100
	96
	46
	85
	69

	1996

(n=57)
	95
	44
	95
	32
	32
	72
	54
	67
	82
	72
	33
	69
	62

	1997

(n=62)
	100
	73
	97
	53
	47
	66
	63
	84
	90
	94
	37
	79
	56

	1998

(n=58)
	95
	52
	97
	24
	41
	59
	50
	72/84*
	78/97**
	69
	29
	72
	55

	1993-1998

(230<n<278)
	97
	60
	93
	38
	41
	64
	62
	77
	86
	83
	41
	76
	62


* 72% of the students were successful with "before" while 84% were successful with "after".

** 78% of the students could count out 14 counters while 97% were able to count out 8 counters.

In summary, Year 1 students who were successful with the tasks from the initial interviews were able to count by ones forwards and backwards, counted fluently by twos, fives and tens from a given number, and demonstrated their ability to choose and use the appropriate strategy of count on and count back. These students were at Stage 4 or 5 of the Counting Stages and appeared to exhibit proceptual thought (Gray & Tall, 1994).

Students found to be at Counting Stages 1 or 2 were judged as in need of Mathematics Intervention. These students were experiencing difficulties with the verbal counting sequence and used the procedural strategy of "count-all". When unsure of an answer these students would guess with no attempt to confirm their answers. Significantly, many years of testing Year 1 students reveals that students needing Mathematics Intervention are more likely to also need Reading Recovery. This apparent link between difficulties in reading and mathematics is discussed later in this paper.

The Mathematics Intervention program
Since 1994, all Year 1 students from Boroondara Park Primary School are clinically interviewed using the ICAPM Level AA short version (Pearn, Merrifield, Mihalic, & Hunting, 1994b). Students are chosen to participate in the program based on the results of the clinical interviews. After recording all results, students are grouped according to similar difficulties with the interview tasks and then matched so that those in each group would need the same types of assistance. Some of these difficulties would require intervention from a specially trained teacher while others require extra assistance from classroom teachers. For example, a student experiencing difficulty with the 'ty/teen' confusion would probably only require assistance from their classroom teacher while students having difficulty with one-to-one correspondence would probably require sessions with the intervention teacher.

After the initial grouping, the students considered 'at risk' are listed and a tentative choice made. Decisions are made after looking at the particular cohort of students. After deciding on the students to participate in the program an in-depth interview is conducted by the Mathematics Intervention teacher to test the security of the student's strategies as demonstrated by the initial screening interview. 

The students are withdrawn from their classes for seven half-hour sessions per fortnight with a maximum participation of twenty weeks. They work in groups of no more than three, with a trained intervention teacher, to assist with the development of their mathematical language skills and co-operation strategies. Small groups of students with similar difficulties, working together with a trained teacher ensures that the student's 'on-task' time is maximised. Emphasis is each session is placed on: 

• counting activities both verbally and using concrete materials such as blocks, counters, bead frames, straws

• games designed to highlight and correct a perceived weakness

• oral work using concrete materials 

• questions that expect the student to reflect on their strategies

• the verbal interaction between teacher and students, and between students

• the expectation that all student would explain their strategies and would listen when some-one else was explaining solutions and/or strategies and 

• a written activity

We believe that students experiencing difficulties with mathematics in the early years of schooling need to be withdrawn from the mainstream classroom for lessons with a teacher who has undertaken special training. 

Common Difficulties 

Since the introduction of the Mathematics Intervention program it has been noted that there were common problems exhibited by Year 1 students considered to be mathematically "at risk". These problems have been noted in both the assessment procedure and during Mathematics Intervention classes. These difficulties include the following:

1. Difficulties in elaborating the number sequence.

a) This could be an incorrect count where the right words are used but in the wrong order: one, two, three, four, six, five.

b) A number could be omitted: one, two, three, five, six.

c) Sometimes students confuse two sequences as in: ten, eleven, twelve, thirty, forty, fifty, sixty, seventy, eighty, ninety, twenty.

2. Students exhibit little or no one-to-one correspondence. We found students in need of Mathematics Intervention have difficulty in coordinating their spoken number sequence with the actual counting of objects.

3. Once students are able to count past ten there is confusion with the "teen" words and "ty " words. Incorrect sequences seem to result from the irregularities in the English system of words for the words from ten to twenty and the decade words. 

4. Students experiencing difficulty learning the forward counting sequence to 20 have great difficulty in counting backwards from 20.

5. Bridging both forwards and backwards. Several students did not recognise that 20 came after 19, and similarly 30 after 29. Each bridging of the decades appeared to be an additional hurdle for the child.

6. Difficulties in understanding what the symbols mean. Although students had encountered the signs: +, -, = in their classroom mathematics they do not appear to understand what they mean.

Teaching Strategies

Both the initial assessment and the Mathematics Intervention program require the teacher to observe and interpret the child's actions as he/she works on a set task. The initial interview requires the teacher to assess the extent of the student's mathematical knowledge while the intervention program relies on the teacher's ability to interpret the student's mathematical knowledge and then design or adapt tasks and problems that enable the students to progress mathematically. All teachers involved with the initial Mathematics Intervention program had attended a course in Clinical Approaches to Mathematics Assessment  (see for example, Gibson, Doig & Hunting, 1993; Hunting & Doig, 1992) to develop and refine their observational and interpretative skills as they all felt the need for additional support in this area. They all believe that this should be a requirement for teachers working with students 'at risk' in mathematics.

In Mathematics Intervention emphasis is placed on the verbal interaction between teacher and students, and between students. Each session is planned to build on previous understandings as interpreted by the teacher during the session. The Clinical Approaches to Mathematics Assessment course ensures that teachers can observe what the student is doing, interpret the student’s actions, act on these actions and then reflect on the intervention. Experience with the Mathematics Intervention program has highlighted several teaching strategies that will allow students to experience success with mathematics. These include:

Verbal Counting: To facilitate the improvement of each student’s counting skills time must be spent each lesson counting both orally and with structured materials. For example, counting beads on a bead frame, collections of counters, beads, bears and in fact anything countable. Emphasis is also placed on the pronunciation of the number words. Every year Mathematics Intervention teachers have observed that students experience difficulties with the number sequence due to poor speech especially with the "teen" and "ty" words. Quite frequently the student’s mispronunciation of the ‘teen’ words had not been noticed by their teachers. 

Questioning: Teachers need to be skilled in questioning and be able to ask mathematical questions using the correct mathematical language. Skilful questioning by the teacher is imperative to ensure that the student's mathematical knowledge can be used to form a strong foundation on which to build further mathematical knowledge. Students should be expected to explain their strategies to both the teacher and other students and where necessary prompts should be given such as: "How did you do that?"

Alternative solutions: Students are encouraged to think of, and discuss, different ways tasks could be solved. Teachers must refrain from saying whether answer is correct or incorrect or that one procedure is better than another. Teacher should encourage students to explain their solutions and to tell each other whether or not an explanation makes sense to them.

Invented Strategies: Many students construct their own rules and procedures for adding and subtracting multi-digit numbers. Carpenter et al. (1998) called these strategies "invented strategies". They found that students who use invented strategies developed knowledge of base-ten number concepts earlier than students who relied more on standard algorithms. In their study they found that students made "relatively few conceptual errors in using invented strategies, whereas students exhibited a number of buggy procedures in using standard algorithms" (p. 19). Students in Mathematics Intervention are encouraged to develop and record their own strategies, first with concrete materials, and then without using concrete materials.

Games: To ensure active participation in the intervention program, games are used wherever appropriate. The variety of the games depended on the imagination and skill of the teachers. Games using dice are used to compare numbers, add and subtract numbers and assists students to make up their own mathematical problems. Teachers need to make the links between the underpinning mathematical concepts used in the games and the purpose of the game. 

Is there a correlation between mathematics and reading at Year 1?

Since 1994 reading tests have been conducted independently of mathematics tests at the beginning of each school year. Reading tests are used to identify students needing to participate in Reading Recovery (Clay, 1987). All students were tested using a letter identification test and the Edward's Word Recognition test. Each year the results from the letter and word tests are analysed to decide which students require further comprehensive testing. These students are then tested individually using letter identification, word recognition tests, running records, concepts about print, writing and dictation tests. From these results four students are chosen to participate in the Reading Recovery program.

As we had noticed that students needing Mathematics Intervention were usually also in need of Reading Recovery in 1996 we performed a correlation analysis on the 57 Year 1 test results (see Table 3). Number is the score obtained using ICAPM - Level AAs (Pearn, Merrifield, Mihalic, & Hunting, 1994b); Counting is the score obtained from the verbal counting tasks; Letter is the score obtained when tested for letter and sound recognition of the alphabet; Word is the score from the Edward's Word Recognition test; and Reading is the combined score of Letter and Word.

Table 3: Correlation of results from 1996 Year 1 mathematics and reading tests (N= 57, p<0.05). 

	 
	Number
	Counting
	Letter
	Word
	Reading

	Number
	1.00
	0.88
	0.49
	0.62
	0.66

	Counting
	
	1.00
	0.43
	0.53
	0.57

	Letter
	
	
	1.00
	0.46
	0.78

	Word
	
	
	
	1.00
	0.91

	Reading
	
	
	
	
	1.00


There appears to be a link between the scores obtained from Reading and Number tests (correlation co-efficient r = 0.66). The weakest correlation is between Letter (score for knowledge of letter names and sounds) and Counting (score for verbal counting) - that is, r = 0.43. As expected the highest correlations appear to be between Word, the score obtained on the word recognition test, and the overall score for Reading (r = 0.91) and between the scores for Number and Counting (r = 0.88).

Extending Mathematics Intervention into Years 3 and Year 4

Due to concern that many students in the middle primary years were also experiencing difficulties with the basic concepts of mathematics, testing was extended in 1997 to include students from Year 3 and Year 4. Fifty-seven students were interviewed by the author and the Mathematics Intervention teacher. The tasks were developed and trialed by two of the three teachers involved in the original Year 1 testing. The interview for Years 3 and 4 (Pearn & Merrifield, 1997) included tasks which tested knowledge of verbal counting sequences, whole numbers, oral responses to addition and subtraction facts and word problems. These were designed to give students every opportunity to demonstrate the various strategies they use to solve mathematical tasks.

Most Year 3 and Year 4 students were successful with verbal counting tasks and with identifying the number "one more than," "ten more than," and "100 less than" 342. Results showed that students successful with mathematics were flexible in their mathematical thinking and used a variety of strategies and were usually at Counting Stage 4 or 5. 

However, students struggling with mathematics relied on rules and procedures even when these were inefficient and unreliable. These students were at Counting Stage 3; that is, they could "count on" but could not "count back" or "down to" as evidenced by the number who were unsuccessful with subtraction. Closer observation has revealed that students experiencing difficulties at Year 3 or Year 4 were counting on from the first number given which can be very inefficient. They also were reliant on using their fingers to complete the "counting on". For example, if they were given 6 + 3 = they would count: 6, 7, 8, 9. However if they were given 3 + 6 = they would count: 3, 4, 5, 6, 7, 8, 9. This would become exceedingly difficult if they had to add 3 + 12 not only because it was time consuming but because they would run out of fingers.

Students found the missing addend and subtraction tasks much more difficult due to a reliance on rules and procedures (see Table 4). For example, six students responded that 52 - 17 was 45 because "you take the small number from the large one". 

Table 4: Results from Year 3 and 4 whole number tasks (in percentages). 

	Year Level
	63 = 39 + ?
	52 - 17 =
	subtraction facts
	subtraction problem
	addition facts
	addition problem
	multiplic'n problem
	division problem

	Year 3

n = 24
	46
	42
	54
	42
	71
	88
	63
	63

	Year 4 

n = 33
	73
	67
	61
	52
	70
	91
	55
	79

	Total 

n = 57
	61
	56
	58
	47
	70
	89
	58
	72


Hiebert and Lefevre (1986), commenting on the reliance of Year 3 and 4 students on rules and procedures, noted that

 … by the time students are in third and fourth grade, they have acquired a large array of symbol manipulation rules. In general, the rules are more sensitive to syntactic constraints than to conceptual underpinnings. (pp. 20-21)

The difficulty experienced by the students with subtraction is also reflected in Table 5 where a variety of typical responses to the subtraction word problem are shown. Although most students were able to identify the word problem as subtraction, 53% of the students were unable to complete the computation successfully.

Table 5: Typical responses to subtraction word problem

	Richard is 131 cm tall. 

Mary is 17 cm shorter than Richard. 

How tall is Mary?

	Student
	Response
	Strategy Type

	James
	Drew, or attempted to draw, 131 tally marks. This required constant checking. Crossed off 17 marks, then attempted to count the number of tally marks left.
	Count all

	Lynda
	Successfully counted back by ones from 131 keeping track on her fingers. Gave correct answer.
	Count back

	Mike
	Took 10 away from 31 then 7 away from 21. Gave correct answer.
	Intuitive

	Barry
	Written algorithm 
131




- 17




126      incorrect answer.
	Buggy algorithm or faulty procedure

	Mary
	Written algorithm

131




- 17




114
correct response
	Traditional algorithm


Lynda successfully used the procedural strategy of counting back by ones on her fingers. Using a similar procedural strategy some students drew 131 tally marks but because these were not in any regular array they then had difficulty counting the number of tally marks left after crossing off 17 of them. Students using this strategy were usually unsuccessful and took a long time to complete the task. Mike used his own informal strategy to solve the task correctly. There were several different invented strategies used by students and those students who used them were all successful and able to explain their strategies. Barry was just one example of the difficulty experienced by students trying to "remember the rule". 

Megan

This section discusses in more detail the strategies used by Megan, a student who had been interviewed in both Year 1 and Year 3. In her November interview Megan (Year 3) was heard to say "Seventeen take away sixteen. That's hard!" For Megan it was hard. She was given a card on which was written 17 - 16 and asked to give an answer as quickly as she could. She tried to perform the traditional written algorithm in her head. For Megan, the focus was on the procedure and not on the relationship between seventeen and sixteen. She did not see the numbers as being related, but just that 17 - 16 was something she had to do.

Megan had been tested while in Year 1 in 1995. At this time she could count forwards by ones to 20, could not count backwards by ones from either 10 or 20, and was unable to count forwards by twos, fives or tens. She was able to give the number "after" but not the number "before" a given number and was able to name the teen numbers: 13,14 and 15. She successfully counted out 14 beads and counted patterns of dots by touching each dot as she counted. She guessed the responses to the counting stage tasks. After observing her responses to the other tasks, we decided that Megan was a perceptual counter. That is, she could only count things she could see, hear or feel.

When Megan was interviewed in 1997, at the end of Year 3, she had made considerable progress since her initial testing in Year 1. In summary, she could

· count forwards by ones from 98 to 109, by twos from 15 to 37 and by fives from 25 to 80,

· count forwards by tens from 150 to 220 and backwards from 100 by tens,

· was able to place 2 and 3 digit numbers in order,

· read 3 x 4 as "3 groups of 4", drew an appropriate diagram but could not make up a story about 3 x 4. She read 8 ÷ 2 as "8 divided by 2" but could not draw an appropriate diagram and was unable to give a word story about 8 ÷ 2,

· counted by ones on her fingers to solve simple addition sums,

· recognised and solved an addition word problem, recognised subtraction and division word problems but used a incorrect algorithm, and

· found 1/3 of 12 and 1/2 of 14 dinosaurs.

However Megan was unable to

· count by ones from 187 to 210, count backwards by ones from either 123 or 208, count by tens from 36 up to 96 or count back from 120 by tens.

· give the number "one more than", "ten more than" and or "100 less than" 342.

· solve the missing addend or subtraction task given orally.

· solve five of the eight subtraction sums. She tried to work two digit subtraction sums out in her head without writing it down (paper was available if she wanted it). She also made mistakes, such as, 9 - 8 = 0 because she miscounted using her fingers.

· did not recognise the multiplication word problem but divided 12 by 9 to get 10.

When we look at Megan's attempt to solve the basic number facts, we find that although she was successful with the eight addition facts she used a very inefficient procedure. Megan used the "count-on" strategy successfully but counted from the first number given using her fingers. However Megan struggled with subtraction tasks. For the subtraction facts she gave the following responses:

  20 - 10 = 10     17 - 16 = 9     9 - 8 = 0     15 - 9 = 0     16 - 8 = 0     15 - 13 = 2     13 - 7 = 0     10 - 5 = 5

Megan was successful with three of these eight subtraction facts. She gave instant responses and said she just knew 20 – 10 = 10 and 10 – 5 = 5 and was successful for 15 - 13. However she used an inefficient and unreliable method for the other five facts. She tried to solve these mentally as if they were written on paper. Further probing revealed she believed that you cannot take a large single digit from a smaller one. For example, when solving 15 - 9 she said, "Five take nine you can't do. Put down a zero." She did not see 15 as a number but as two digits: one and five that she had to do something with. Megan used this same solution strategy to solve the subtraction word problem (see Table 6).

Table 6: Megan’s solution to the subtraction word problem

	Subtraction Word Problem
	Megan’s solution

	Richard is 131 cm tall. 

Mary is 17 cm shorter than Richard. 

How tall is Mary?
	[image: image1.wmf] 

Mary is 30 cm tall.


Several researchers have focused on students' systematic errors in addition and subtraction, and one hypothesis is that

… systematic errors or buggy algorithms, as they are frequently called, are a result of students relying on rote manipulation of symbols, and that developing understanding of multi-digit procedures would eliminate most buggy algorithms (Carpenter et al, 1998, p.6).

Although Megan has improved considerably since Year 1, she needs additional support from a clinically trained teacher to help her develop an understanding of multi-digit procedures and the confidence to develop her own invented strategies.

Conclusion

The importance of providing a program such as Mathematics Intervention to students "mathematically at risk" cannot be over-emphasised. There will always be a need for a program such as Mathematics Intervention that is specifically designed to cater for students who are "at risk". Mathematics Intervention teachers need to be confident and competent in mathematics and need to share their knowledge of these special students with the classroom teacher. By being aware of the child's mathematical knowledge and the types of strategies used the teacher is able to design appropriate activities to extend his/her mathematical understanding together with the classroom teacher. 

This paper highlights the differences between successful students' strategies and strategies used by students "at risk". Like many students struggling with mathematics, Megan was reliant on remembering rules and procedures even when these were inefficient and unreliable. Students "at risk" of not succeeding at mathematics, do not possess "rich mathematical ideas" nor do they have the powerful strategies that will enable them to use their mathematical knowledge to improve and their mathematical thinking.

Teachers implementing Mathematics Intervention programs would not only need to determine each student's mathematical skills, knowledge and strategies but would also need to be aware of each student’s reading ability. All students need to develop strategies to enhance their understanding of number concepts rather than being left dependent on rules and procedures that make no sense to them. 

This research continues into developing the most appropriate assessment instruments to identify students mathematically ‘at risk’ and the provision of effective programs for students mathematically "at risk". An effective intervention program will assist students to develop efficient strategies that allow them to be less reliant on rules and procedures they do not understand.
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