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This is the written report of a school-based enquiry which formed part of a Masters of Education.
Abstract

Within primary school classrooms, children are often required to engage in mathematical problem-solving activities. Research shows that problem solving is fundamental to the acquisition of deeper mathematical understanding but that frequently children find such activities to be difficult and de-motivating. The beneficial impact that positive motivation has on learning has been extensively researched and as such the negative effects of problem-solving activities on children's motivation is concerning. 

This study draws on mainly quantitative evidence in order to examine the way in which the classroom use of a published selection of problem-solving activities, namely those produced by NRICH, affect children's motivation during problem solving in mathematics. Over the course of a term the children in a year three class were asked to rate their enjoyment of a selection of problem-solving activities. Main findings indicate that the Nrich activities had a positive motivational effect on the children irrespective of their ability level. Further evidence supporting these findings was collected by means of a systematic time sample of pupil behaviour carried out on four individuals chosen to be representative of the class. This evidence showed greater engagement during the NRICH activities and a significant increase in collaborative group work.

Introduction

In 1982 Cockroft described problem solving as lying at the 'heart' of mathematics (Cockroft, 1982). His report highlighted the value that solving problems has on mathematical education and made it clear that children should be given opportunities to apply their knowledge to a range of situations. Allowing children time to engage in practical experience and discussion was recommended in order to lead to useful mathematical knowledge. These values have been echoed many times over in the National Curriculum for Mathematics (2000), the National Numeracy Strategy (1999) and, more recently, the Renewed Strategy (2006) all of which have the theme of problem solving threaded through them. 

Whilst it is clear that problem solving is a critical element of Curriculum development, the success of its implementation in primary classrooms is more arguable.  In 2002 the QCA reported that in Key Stage One, children's performance in problem-solving tasks was poorer than on calculations not set in context. The Smith report in 2004 claimed that many young people left school without the problem-solving skills required in industry. Indeed it is the belief of some that there is little evidence to show a focus on problem solving in today's classrooms (Rogers, 2004; Lovitt, 2000).

The purpose of this study was to examine the impact that using a set of published problem-solving activities could have on the motivation, engagement and enjoyment of a group of year 3 children. These children's attainment in problem-solving activities was below that of similarly leveled non-context set tasks. They displayed signs of indecision and misconception, particularly when faced with worded problems, often choosing inappropriate or inefficient methods.

Most concerning was the change in the children's motivation during these sessions. Where behaviour in mathematics was usually good, in problem-solving activities they showed less interest, less confidence and were more inclined to give up. Mathematics that they had previously considered to make sense no longer 'worked'. The skills of persistence, trial and error; and risk-taking that these children needed to succeed appeared to be lacking during these sessions yet in other activities the children displayed them confidently. This was most strongly the case during worded problem activities that have traditionally formed the basis for problem solving in the primary classroom (Rogers, 2004).

The NRICH maths team produces activities, games, articles and other resources to support teachers in the classroom. Some of their aims are:

· Enrich the experience of the mathematics curriculum for all learners.

· Offer challenging and engaging activities

· Develop mathematical thinking and problem-solving skills

· Show rich mathematics in meaningful contexts








(http://nrich.maths.org/about)

A selection of problem-solving activities were chosen and used within mathematics lessons. During, and after, these tasks the children's behaviour and feelings were examined in order to measure the effect that these activities had on the motivation, engagement and enjoyment of problem solving. The role of independent and collaborative work was also observed as a means of gaining further insight into the motivational value of each activity.

Literature review

Many studies have investigated the reasons why problem solving remains a problematic area of mathematics in schools. The superficiality of the problems used is claimed by Schoenfeld (1992) to be the issue whilst teachers’ over emphasis on conventions as opposed to logic is the concern raised by Nunes and Bryant (1996). Rogers (2004) discusses the mixed messages and lack of training given to teachers as a major reason why problem solving remains a 'stubbornly hard nut to crack' (p24). Without doubt there are multiple reasons why teaching problem solving successfully is a challenge and much research has focused upon the role that the teacher plays. 

Further studies have chosen to look at the impact that the behaviour of the child, within the problem-solving classroom, has upon success. Schoenfeld (1983, 1992) found that a learner’s beliefs play an important role in problem solving. When examining the strategies and behaviours of primary-aged problem solvers Muir et al (2008) identified a range of skills that were needed in order for success to be achieved. These included interpreting information, planning and working methodically, checking results and trying alternative strategies. With problem solving creating such demands the importance of a child's motivation and engagement is a powerful indication of their overall likelihood to succeed (Leser & Kroll, 1993). 

Motivational theory helps us to further understand why some children fail at problem-solving activities. According to Middleton and Spanais (1999) children who are intrinsically motivated exhibit a range of behaviours, such as risk-taking and persistence, which are considered to be characteristics of efficient problem solvers. When observing a poor problem-solving child, Muir et al (2008) report that the child, having worked out one answer, gave up even though they believe there to be other possible answers. This child also showed signs of limited confidence and engagement which indicate poor intrinsic motivation. Dweck and Repucci (1973) found that after only a few failures children could rapidly lose the persistence that they normally displayed. Over time this led to 'learned helplessness' and a tendency to dwell excessively upon failure rather than trying alternative strategies. 

The development of intrinsic motivation is vital as complex knowledge and skills 'require significant and prolonged effort on the part of the learner' (Lambert & McCombs. 1998: 19)   In order for a learner to build this intrinsic motivation they need to experience appropriately difficult tasks in which they believe success is achievable. There needs to be a balance between challenge and perceived skill (Schweinle. 2006). Yet Rogers (2004) argues that teachers are ill-prepared and inadequately trained in the development of suitable problem-solving tasks. Furthermore in order to develop intrinsic motivation, learning needs to be meaningful and personally relevant (Lambert & McCombs. 1998). If, however, Willoughby's (1985) concerns are to be believed, students are predominantly presented with problems that lack authenticity thereby undermining intrinsic motivation and the development of characteristics so vital to successful problem solving.  

The motivational value of allowing children to develop a sense of ownership has been identified as enhancing the building of personally meaningful mathematical understanding in students taking part in Francisco and Muher's (2005) longitudinal study. Where tasks do not allow for this ownership to develop, the students' confidence in their abilities is negatively affected and their intrinsic motivation is reduced.  Where teachers control behaviours too closely the 'emotional tone' (Schweinle et al. 2006, p273) of the classroom can become negative and children are more likely to become disengaged with their learning.

Our current preoccupation with results (Sarason, 1995) is also negatively impacting upon children's development of intrinsic motivation. If we hope to develop children's motivation to take risks irrespective of the potential for gain or loss we need to ensure that problem-solving activities are suitably open-ended and that motivation can be enhanced by not just a correct outcome but also the creation of a valid process. Emotional theorists (e.g., Carver & Scheier, 1990; Lazarus, 1991) have emphasized the importance of the goal to a learner. By making the process of learning the goal, rather than just the final answer or outcome, Bandura (2001) found that children have a greater incentive throughout the problem-solving task.

Cooperative learning is another factor that has been found to raise motivation. Firstly working with others allows for the sharing of the fear of failure felt by the participants. Secondly it allows each member of the group to feel successful on two fronts: as an individual, and as a group member (Covington, 1998). When evaluating peer-assisted learning, Topping and Ehly (1998) found that confidence as well as motivation is enhanced by collaborative learning. However, Elliot & Bempechat (2002) warn that whilst group success is most beneficial for the least able, if the group fails a significant negative effect on the long-term motivation of these children is likely.

Joiner et al (2000) describe humans as having a natural disposition towards collaborative action. When observing group members working together their findings strongly suggested that engagement with others can have 'an affective and motivational potency in and of itself' (p 164). They describe groups as having a strong intent to achieve shared meaning and this motivates group members to increase effort. With perseverance being a key element in problem solving success, factors increasing this are surely of value to the learner and as such increases in collaborative working could potentially lead to improved problem solving behaviours. 

In contrast, concerns have been raised about the effects of working independently, namely that this encourages increased competitive focus where children are either seen as successful or unsuccessful (Elliot & Bempechat, 2002). For children who are successful this clearly enhances motivation but this is at the expense of those who are labeled as unsuccessful. The impact of this on the least able is particularly damaging and reinforces the negative self-worth that can lead to learned helplessness or disengagement with learning (Smiley & Dweck, 1994).

There is strong evidence to support the positive outcome that motivating problem-solving activities have on the quality of children's learning yet research in classrooms suggests that frequently the activities given to children do little to support the development of children's intrinsic motivation. By identifying problem-solving tasks that increase learner's motivation it is hoped that the quality of mathematical understanding and skills will similarly increase.  

Methodology

The following research methods were chosen with the intention of generating data to answer two questions:

1) Do NRICH activities significantly raise the enjoyment and motivation of children in mathematical problem solving?

2) Does the ability level of the child alter this effect?

This research was conducted in a mixed gender and ability class of 25 during their final term in year three. The class was predominantly made up of children from white middle-class families and the number of children with free school meals was extremely low (one child). The class was one of two year three classes within a large city primary school.

Over the course of the term the children took part in two control activities (lessons based on traditional worded problem solving) and a series of five activities taken from the resources on the NRICH website.  Whilst the lessons have been numbered 1-7 they were not delivered in this order and the worded problem lessons were given between those based on NRICH materials. All seven lessons followed the same pattern (Appendix 1) and the children were given total freedom with regard to who they worked with and the equipment they used.

After each activity the opinions of all class members were sought by means of a simple rating scale as discussed in Cohen et al (2007). The children were asked to rate the enjoyment  that they experienced as a mark out of ten with 0 being very un-enjoyable and 10 being extremely enjoyable. The purpose of this was to broadly gauge the motivational value of each NRICH activity. This process was similarly implemented after the control lessons so that comparisons of data could be made.

Further research was carried out upon a group of four participants for whom permission had been given by the individual and their parents (Cohen et al, 2007). To achieve a representative sample; Child A: a gifted and talented mathematician (working at a level expected from children three years their senior), Child B: a high achiever, Child C: a high-average achiever and Child D: a low-average achiever were chosen; and there was an equal mixture of boys and girls. All of the participants had at least an average reading age so that they would be able to access the materials. Due to the make-up of the class, children who were low achieving in mathematics also had significantly below average reading ability. This may have seriously impaired their access to the materials and so, for this reason, a low achieving child was not used in the sample group.

During the activities, a systematic time sample of pupil behaviour was undertaken by means of a structured observation (Dyer 1995). Each participant's behaviour was reflectively coded after being observed by a researcher for a ten second period at five minute intervals. The aim of this process was to collate evidence of each child's engagement with the task in order to discover if, and how, this changed over time. These observations also enabled a closer examination of how the children's use of independent and collaborative learning changed from task to task. 

Analysis

Table 1 and Figure 1 display the overall means and standard deviations for the enjoyment rating given by the 25 class members for each of the two types of lessons. These results were calculated by combining each child's sets of ratings made after each lesson and then finding the mean of these results. Finally the complete set of data was combined and means for the two lesson types found.

Table 1. Means and standard deviations of the average enjoyment ratings for the two lesson types  
(n = 25)

	Variables
	Mean enjoyment rating
	SD

	Average for worded problem lessons (2 lessons)

Average for NRICH lessons (5 lessons)


	4.14

8.2
	1.41

1.14




Maximum score = 10
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Figure 1.

It is clear from this data, and even more so when looking at Figure 1, that the NRICH lessons were generally given higher ratings for enjoyment than the worded problem lessons. Using Cohen's (1988) effect size rules; where the effect size is small if d=0.20, moderate if d=0.50 and great if d=0.80; we can say that the effect size was extremely high (d=3.1666). This data strongly suggests that the use of NRICH materials significantly raised the children's reported levels of enjoyment.

Table 2 shows the means and standard deviations for each individual task. The enjoyment ratings for all NRICH activities were higher than those for the worded problem task. 

Table 2. Means and standard deviations of the enjoyment ratings  

(n = 25)

	Variables
	Mean enjoyment rating
	SD

	Lesson 1 (Standard worded problems)

Lesson 2  (Standard worded problems)

Lesson 3 (NRICH – Presenting the Project)

Lesson 4 (NRICH – Cubes Here and There)

Lesson 5 (NRICH – Repeating Patterns)

Lesson 6 (NRICH – Lawn Border)

Lesson 7 (NRICH – Sweets in a Box)


	4

4.28

6.58

8.44

8.84

7.36

9.76
	1.76

1.51

3.47

1.85

1.97

2.2

0.44


Maximum score = 10

We learn from this table that lesson 3 created the widest spread of opinion amongst the children with a SD of 3.47. Of the NRICH activities this lesson also generated the least mean enjoyment rating, but, it is important to note, was still over two points higher than either worded problem task.

The charts in figure 2 and Figure 3 show the mean frequency (as a %) for each possible rating score given after the two lesson types. Children could rate their enjoyment of each lesson giving a score between 0 and 10. The frequency of each result was then found and in turn a percentage calculated.

Figure 2.







Figure 3.
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Figure 2 shows that the vast majority of ratings awarded after the worded problem lessons were in the mid-scale between 3-7. No enjoyment ratings of 8 or above were given whilst nearly 19% of ratings were found in the 0-3 range. This suggests that the children failed to experience great enjoyment during these tasks but a significant number experienced strong negative feelings.

The NRICH results shown in Figure 3 contrast strongly to those for the worded problems. In the NRICH lessons there was a marked skew towards strong feelings of enjoyment, with nearly 47% of ratings being given as a 10. In the mid-range between 3-7, nearly 15% of ratings were found. Almost 6% of ratings were given as 2 on the ratings or lower suggesting that, although a minority, some children had strongly negative feelings during some of the tasks. Having looked back at the results given task by task all but 0.4% of these <3 results were given by lower-ability children after lesson 3 which, as mentioned previously, showed the greatest SD. As such, lesson 3 is arguably unrepresentative of the NRICH activities as a whole.

Figure 4 shows a comparison of enjoyment ratings given by three sub-groups: less-able, average and more-able learners. The terms higher, average and lower attainers, or achievers, might also be used to describe these groupings. The children were sorted according to their most recent QCA test scores and through ongoing teacher assessment. 

Figure 4.
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Of the three groups, the more able enjoyed both types of task the most with the NRICH  lessons gaining an average of 3.3 points more than the worded problem lessons. Although the less able enjoyed both activities least, they rated the NRICH activities an average of 4.9 points more positively. The difference in enjoyment ratings for the average ability children was 4.1 points in favour of the NRICH lessons. The most significant change in enjoyment was experienced by the less able children.

Table 3 also shows the enjoyment ratings sub-divided into ability groupings but breaks down the ratings into the averages given to each lesson. The results in blue show that for the average and less able, lesson three received significantly lower enjoyment ratings that the other NRICH activities. For the less able particularly, this result more closely resembled those given to the worded problem lessons (shown in red) rather than those given to the other NRICH activities.

Table 3. Enjoyment ratings sorted by ability  

(n = 25)

	Variables
	More able
	Average ability
	Less able

	Lesson 1 (Standard worded problems)

Lesson 2  (Standard worded problems)

Lesson 3 (NRICH – Presenting the Project)

Lesson 4 (NRICH – Cubes Here and There)

Lesson 5 (NRICH – Repeating Patterns)

Lesson 6 (NRICH – Lawn Border)

Lesson 7 (NRICH – Sweets in a Box)


	5.38

5.13

9.38

8.13

9

6.38

10
	4.18

4.27

6.27

8.64

8.55

8.36

9.73
	1.83

3.17

2.8

8.5

9.17

6.83

9.5




 Higher achievers = 8 children, average ability = 11 children, lower achievers = 6 children.

By observing four learners during each lesson, data was collected describing their on- and off-task behaviour. Figure 5 and Figure 6 show the average proportions of observed lesson time spent on and off-task by the children and the types of interactions they took part in during those times.
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Figure 5.
During the worded problem activities, the majority of lesson time was spent on task but a significant proportion was also spent off task. Of the on-task behaviour observed, independent work was prevalent and group work rare.  Off-task behaviour showed more variety of behaviour with either children disengaging with the task on their own or choosing to converse with another student. There was little evidence of groups of children being off-task together.
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The children observed during the NRICH activities spent an even greater proportion of their time on-task. Interactively working with others was far more prevalent with group work being the most often observed behaviour. Of the off-task behaviour noted, the researchers found that this often came about as a result of conversations deviating from originally on-task activity. This might account for the significantly small proportion of independently off-task behaviour observed.

Table 4. Average observed behaviours of four research participants (as %)

	
	Child A
	Child B
	Child C
	Child D

	On-task 

On-task: independent 

On-task: student to student 

On-task: student to students 

Off-task 

Off-task: independent 

Off-task: student to student 

Off-task: student to students
	WP
	NRICH
	WP
	NRICH
	WP
	NRICH
	WP
	NRICH

	
	66.67

66.67

0

0

33.33

25

8.33

0
	93.33

46.67

26.67

20

6.67

0

6.67

0
	75

58.33

8.33

8.33

25

16.67

8.33

0


	100

23.33

6.67

70

0

0

0

0
	50

41.67

8.33

0

50

8.33

25

16.67
	73.33

13.33

46.67

13.33

26.67

3.33

10

13.33
	41.67

25

16.67

0

58.33

41.67

16.67

0
	96.67

13.33

33.33

50

3.33

0

0

3.33


Child A: gifted and talented mathematician (working at a level expected from children three years their senior), Child B: high achiever, Child C: high-average achiever and Child D: low average achiever.

Of the children participating the more able were most likely to be working independently, particularly during the worded problem lessons. The least able child's engagement between the tasks varied most, with only 41.67% of the worded problem lessons being spent on-task as opposed to 96.67 % of the NRICH lesson time. With the exception of child B, engagement with the worded problem task decreased in line with mathematical ability.

When examining the changes in the children's behaviour over time, off-task behaviour was more prevalent during the second half of the lessons. This was particularly the case during the worded problem lessons. Whilst this trend was found in the results of all four of the children, researchers observed that it was the average ability children who tended to give up towards the end of these lessons more frequently than their more able peers. This was particularly apparent for child D who spent 100% of the second half of the worded problem lessons off-task compared with 20% during the NRICH activities (Appendix 3). 

Discussion

Problem-solving activities, particularly worded problem tasks, often de-motivate children in the mathematics classroom. This study sought to discover if using NRICH activities in the classroom enhanced the enjoyment and engagement of learners.

The study showed that motivation during worded problem lessons was significantly lower than during NRICH lessons. Both children's ratings of enjoyment and observed behaviours support this finding, with a greater level of engagement and on-task behaviour being noted during the NRICH activities. The children's average enjoyment ratings for the NRICH lessons were almost double that of the worded lessons. Whilst it is fair to say that the use of ordinal rather than interval scales makes the exact value of this increase hard to define, the statistics nevertheless show a marked increase in the perceived level of enjoyment felt by the children. 

The reliability of these findings is supported by enjoyment data which shows that, whilst there was a spread of opinion for each task, all five of the NRICH lessons had a higher average enjoyment rating than either of the worded problem lessons. The average ratings for four of the NRICH lessons were much greater than for the worded problem lessons. The results for lesson 3, although slightly higher than the worded problem lessons, more closely mirrored them.

The study showed that in almost all cases the children experienced increased motivation during the NRICH lessons irrespective of their ability level. The greatest gains were experienced by the least able. The nature of the NRICH tasks meant that there was less reading, more open-ended activity and less focus on a single correct answer which is perhaps why it was the enjoyment of the least able that particularly increased. These tasks also tended to be based upon a rule or concept that was developed rather than chopping and changing from concept to concept as could be found in the worded problem activities.

The more able experienced increased enjoyment during the NRICH activities but not as significantly as other groups. They experienced the greatest enjoyment in both types of activity and appeared to be least affected by changes in task type. The more able were most likely to work independently and were able to maintain independent work for greater periods of time. These findings might be explained by the Covington's (1998) view that, as high achievers, their intrinsic motivation for maths is likely to be greater.

One NRICH lesson stood out from the others due the similarity of its results with those found for the worded problem lessons. The activity in lesson 3 (Appendix 1) used a series of closed questions that required the children to read and interpret a range of data. The other NRICH tasks were far more open-ended and tended to develop a single skill or rule. The observations showed that there was some evidence of disengagement but considering the low ratings it was surprising that there was not more off-task behaviour. Further analysis of data shows that it was the less-able children who rated this lesson so poorly and none of these children were represented in the observed group. Indeed child A and B particularly enjoyed the challenge that this activity presented. It would have been interesting to see if the least-able children in this task mirrored the behaviour of Child D during the worded problem lessons by becoming stuck and then giving up.

There was strong evidence that the NRICH activities led to an increase in collaborative work both student to student but more often student to students. Research supports the opinion that increased interaction leads to increased learner motivation which may go some way to explaining why the NRICH lessons enhanced enjoyment. Although the children were allowed to freely choose the type and quantity of interaction they had in all seven lessons, during the worded problem lessons all four participants worked independently for much of the time. For the more able, who found the task itself less challenging, this did not tend to impede their success and progress through the problems. For the average children the lack of a partner or group with whom to discuss their difficulties seemed to lead to a high level of disengagement as they got stuck. 

Conclusion

Firstly this research has illustrated just how much of a negative effect worded problem activities have on the enjoyment of children within this class. This is particularly the case for the average and less-able children and as such I need to be aware of the way in which I use these activities in my day-to-day practice. For the more able it is possibly the intrinsic motivation that they feel towards maths that makes the gains in enjoyment between the two activities less pronounced.

Secondly this research has supported NRICH's claim that children find the activities to be enjoyable and as such are motivated to engage in their learning. The findings for lesson 3, however, show that care is needed when choosing NRICH activities. This is especially the case with the less-able children for whom intrinsic motivation is reduced. Where the challenge in lesson 3 was too great, these children, as Lambert & McCombs (1998) found in similar studies, were unable to maintain the level of effort required to succeed. 

The findings suggest that the NRICH activities encourage children to work collaboratively with others. As such, it would be prudent to look towards these activities when hoping to promote group work. There is a considerable body of research (eg. Topping and Ehly, 1998. & Covington, 1998) linking increased collaboration with increased motivation. Whilst it is important to point out that this study provided no direct evidence linking collaborative work and motivation it is fair to say that the activities in which children interacted with their peers most were the activities in which the highest enjoyment ratings were given.

The study showed that children of average ability can become off-task during worded problem lessons. Dweck and Repucci (1973) warned that where the challenge of activities was too great, and failures had been encountered, children gave up. This was certainly the case here.  There was further evidence to show that left to their own devices, these children remained off-task and disrupted the learning of others. It is therefore important that these children are monitored during worded problem tasks and are given support to enable them to continue with these tasks. 

The limitations of this study are clear. The sample of children was small, there was a single setting and the number of episodes researched was minimal. The findings however support the use of the NRICH materials in the classroom. Furthermore the results suggest that reported research into the poor motivational effects of traditional problem-solving activities is indeed true. The emphasis for motivational mathematical problem-solving experiences particularly for the less able is also highlighted. This study has focused on increasing motivation in the belief that this in turn will lead to increased learning. Researching the effect that NRICH activities directly have on children's learning would therefore seem a natural next step.

Finally, whilst the study did not aim to find the reasons for the changes in motivation experienced by the children, several possibilities for them were raised during the data collection. Further qualitative research, and in particular individual and group interviews, would be useful in order for these reasons to be more specifically defined. By knowing exactly what the motivating factors were, we can seek to replicate them in all lessons and potentially enhance the success of all learners. 
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Appendices
Appendix 1:  Lesson outline

10 minutes: Mental/oral starter connected to whole-school layered curricular targets.

5 minutes: Read through the task and answer any questions asked by the children.

5 minutes: Pair and small-group discussion about the task focusing on possible ways to answer the first question/section of the problem/s.

5 minutes: Feedback of shared discussion followed by final clarification of tasks.

30 minutes: Independent/shared work on task. Children given free choice of groupings and equipment. 

Observation schedules to be completed during this period.

10 minutes: Sharing answers and possible ways of finding them. 
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