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Introduction

The NRICH website, launched in 1996, was designed to be an online mathematics club. One of the main objectives of NRICH was to provide an interactive forum to give young people the opportunity to share ideas and engage in enriching mathematical activities similar to the activities provided for the select few, for a limited period, by Royal Institution Masterclasses, and also to make such opportunities available to young people of all ages at all times. From the start children’s work was published on the website to encourage participation and to set standards for clear exposition and well reasoned proofs.
The NRICH mission includes the harnessing of information and communication technology (ICT) to support and promote interest in mathematics and also a commitment to conducting research into the effect of communication technology on the learning of mathematics. This is a report of a pilot study, with reference to the NRICH project, to investigate the question ‘How is the internet impacting on the learning of mathematics amongst school-aged children?’ and to generate insight into how NRICH might plan further research. Accordingly the study undertakes to investigate some methodologies for conducting research using the web and to report on the findings relating to the questions posed.

The report begins with a review of the previous evaluations of the project (Jared, 1997; 1998; Jones and Simons, 1999). There is a closer look at the study by Jones and Simons since it shares a similar focus to the present study. This is followed by an analysis of the methodology used and the findings of this research exercise. The report concludes with a discussion of ways forward both in terms of the methodology and the issues relating to the research question.

Past Research Findings on NRICH

The study takes as its starting point the three previous evaluations investigating different aspects of the NRICH project. By creating links to these earlier studies we seek to build up a view of NRICH’s progress over time. 

The studies conducted by Jared explored the first two years of the development of the NRICH project. Jared documented the ways in which NRICH responded to challenges of providing an online learning environment sufficiently attractive to engage its target audience at a time when there were very few mathematical websites for young learners. The Jared (1998) evaluation provided evidence that NRICH was meeting its fundamental aim of supporting and promoting interest in mathematics and it reported that there were 408 teachers and 251 students registered with NRICH of whom 48 teachers and 68 students had participated in that evaluation exercise. Jared recommended that to continue to improve the service it provided, the NRICH project could benefit from continued concentration on interacting with its target audience and from greater promotion and management of the email mailing lists.

Jones and Simons (1999) focussed on investigating whether NRICH was succeeding in meeting three of its objectives: firstly whether the use of the NRICH website was enhancing the mathematical development of children having the potential to go on to study mathematical subjects at university; secondly how teachers were using the features of the website to help meet the special educational needs of exceptionally able children and thirdly, Jones and Simons sought evidence of the particular contribution of information technology to the two other stated concerns of their study (Jones and Simons, 1999, p. 5).

The report of the study was based on questionnaires completed by 199 students, 450 teachers and 67 others who comprised a group defined as the ‘friends of NRICH’ and on the analysis of five case study schools.  Jones and Simons provided substantial information on the demographic make-up of NRICH users and their patterns of accessing the site.  Accordingly, they reported that most of the NRICH users who completed their questionnaires lived in England. The majority of the teacher-users worked in state schools. Over two-thirds of the student-users were boys and two-thirds of the user-population were also white. 

The majority of the sample population was new to NRICH (users of up to 6 months). Most of them were not registered, and a minority made use of the bulletin board. The majority of teachers accessed NRICH from their homes, and used the website as a source of interesting exercises to support their teaching. Students accessed NRICH from both home and school about equally. They were attracted to NRICH because of the mathematical problems it offered. Many also liked using NRICH because they thought that it was well-designed, made them feel part of a mathematics club, and they valued having their solutions published online.

Jones and Simons reported that all categories of NRICH users evaluated the service positively, and in fact they valued it highly. The askNRICH peer-teaching facility was seen as a good feature amongst those who used it. The researchers stated that there was a steady increase in registration with NRICH and ‘by October 1999, nearly 1400 students and just over that number of teachers had registered’ (Jones and Simons, 1999, p. 49). They also argued that the patterns of access suggested that the NRICH project was succeeding in attracting regular users irrespective of the use they made of the service

or of their status as registered or not.
With respect to the contribution of information technology to the teaching and learning of mathematics, the researchers reported that the NRICH site was valued because of its ‘aesthetic appeal, functionality, ease of navigation, and the quality of the content’ (p. 67). They reported that the teachers preferred the online feature of NRICH to a printed resource as it was more convenient, and that additionally it gave ‘the students the impression that they [were] using a piece of software, which, in some schools, was important’ (p. 67). Jones and Simons also drew attention to what they considered an unexpected outcome, namely, that teachers used NRICH as a resource in their teaching with all students, not only with the most mathematically able. The most able children were reported as maintaining that NRICH increased their appreciation of mathematics. 

Both Jared and Jones and Simon’s studies, therefore, supported the view that NRICH facilitates greater interest in mathematics, that it supports the teaching and learning of the subject, and that it is regarded as a valuable resource by its users. Most of the recommendations offered by Jones and Simons, like Jared, concerned suggestions for the technical and routine operations in the service provided by NRICH. Both studies drew attention to the registration process and, subsequently, the use of NRICH facilities that were dependent on registration like the use of the web-board. Jones and Simons also highlighted that further thought might be given to finding whether certain groups were under-represented amongst those who use the NRICH facilities. These findings and recommendations helped to provide a framework for the present exercise. 
Research Design and Procedures

It was decided to conduct this study using the web to reduce cost, but more importantly, it was thought that this would be a good way to conduct the exercise given the nature of NRICH itself. NRICH has a readily accessible pool of service users who choose to access the site and who could form the sample population for the study. That this would constitute a self-selected group was thought to be a positive factor since we wanted to investigate how NRICH was impacting on student-users’ learning of mathematics. This group would necessarily be users of the internet, and in particular of the NRICH site. It was possible, therefore, to begin to explore by means of their opinions, the impact NRICH, and perhaps the internet more generally, was having on their learning of mathematics.

Research by web-assisted methods was, therefore, chosen.
 A questionnaire was placed as a pop-up feature, centred at the top of the NRICH home page, from the beginning of May to the end of June 2001 (please see Appendix B). This claimed about 1/8th of the screen, along with information that the pop-up was a questionnaire for the evaluation of the NRICH project.  Some questions included links to take the participant to the bulletin board where it was hoped more detailed exploration and discussion of the research question would be elicited. To encourage participation, an email message was sent to registered NRICH users a couple of weeks before the questionnaire was actually mounted.

The questionnaire was designed for ease of use. Participants were required to mark boxes or respond in a few words. There were 34 questions, initially 10 open-ended questions, 9 inviting short responses and 1 inviting a more detailed response, 22 closed questions requiring the choice of 1 answer and a further 2 questions which allowed multiple responses. 

The first 10 questions were designed for registration purposes. The second 10 questions explored patterns of use; the following 10 sought to investigate how NRICH might be impacting on the learning of mathematics. The remaining questions sought to explore additional demographic information on users. Links from the questionnaire to the bulletin board were attached to questions 21 – 31. By this means users were invited to provide more information sharing the reasons for their responses. 

It was hoped that the bulletin board would become an active part of the research design with discussion ensuing between the researchers and users and amongst the users themselves. To this end, online discussions were advertised on the home page a week ahead of specified times. Consideration was given to the time difference inherent in a worldwide population, so sessions were advertised for, and conducted in, the middle afternoon and early evening, on a Tuesday and on a Friday (see, for example, Appendix C). However, by the end of May, all attempts to use the bulletin boards for further information were largely unsuccessful and thus this pilot study indicated that inviting respondents to use an online discussion forum was not a fruitful methodology to pursue. This in itself was a useful lesson to have learnt from this research.
The poor response to the bulletin board triggered a reconsideration of the data collection methods. Since it was vital that we collected users’ explanations for their use of NRICH it was necessary to apply a corrective that would generate more detailed responses. We, therefore, sent out an interim report to those on the email list.
 The message contained statistical results to questions 28 – 31 with the request to recipients to provide their views on the results via a return email or by a link to the bulletin board (please see Appendix D). 

In view of the apparent reluctance to contribute written information we decided to limit additional text boxes to a small number of questions and chose questions 28 – 31 since they were the most important in generating information that would address the research question. This adjustment to the methodology generated the data upon which the interpretive analysis of this report is based.

Research findings

In the final analysis we studied in detail 631 records of the 1179 records in our database having set aside 382 records that had been submitted without any information, together with those records where only the registration section was completed, duplicates, and records with birth dates before 1982. Of the 631 records in this study, it should be noted, that only 185 respondents provided answers to every item on the questionnaire. 

The report analyses the responses to Items 13 – 34. Information in response to Items 11 and 12 has not been analysed because, owing to a technical fault during the data collection phase, respondents could only choose one option instead of multiple ones as the questions invited. The information from Items 13 – 27 has been summarised in tables to give an indication of the level of usage of six sections of the NRICH site. The report on items 28 – 34 gives an interpretative analysis of the students’ responses in addition to some statistical analysis. Interpretive analysis, was conducted by grouping students’ responses to explicate the patterns within the data.

Finally, attention is drawn to the fact that the findings presented here constitute insight that might inform the design and exploration of a larger study. It is important to keep this in mind because responses to items 28 – 34, where students provided their opinions, were usually restricted to short phrases. Responses to each item also included a proportion, up to 25% of the responses, which were regarded as inadmissible text. 
Item 13: 'I have been using the NRICH site for '

Table 1: Length of Time Using NRICH

	Time
	Number of responses to item
	% of 

 response

	less than six months


	407
	78

	more than six months


	34
	7

	more than one year


	25
	5

	more than two years


	14
	3

	more three years


	2
	0

	more than four years


	37
	7


The table above indicates that the vast majority of the respondents to this survey are new to the site. This result is consistent with the finding by Jones and Simons (1999). The second highest percentage of users were of longstanding, having used NRICH for more than four years.
Items 14 - 20: 'I use the following parts of NRICH'


Table 2:

Pattern of Usage of Seven Sections on the NRICH Website

	Webpage
	Completed Responses
	About once
a month
	Less than once a month
	More than once a month
	Never

	15+ Problems
	388
	12%
	18%
	29%
	42%

	Monthly Six
	376
	16%
	19%
	24%
	41%

	Penta Problem
	374
	13%
	19%
	23%
	45%

	AskNRICH
	382
	11%
	20%
	26%
	42%

	Articles
	370
	15%
	18%
	27%
	41%

	Games
	415
	8%
	17%
	44%
	31%

	Logoland
	369
	11%
	17%
	27%
	46%


The responses to these questions reveal that students are making use of all the main sections of the NRICH website. The sections are designed for different age groups which accounts for the apparently high percentage never using each section. So, for example, 15+ Problems is not likely to be visited by younger children and, likewise, students over 15 years old may never go to the Penta Problems which are intended for a younger audience. Amongst those who use the seven sections, there is a strong pattern of doing so at least once per month. Games receive the highest percentage usage, significantly ahead of the other sections, which can be accounted for as they are designed to appeal to a wider age range than the other sections. 

Items 21 - 27: 'I find the following NRICH sections helpful in learning Mathematics'

Table 3: Student Perception of the Helpfulness of Seven NRICH Pages

	Webpage
	Completed Responses
	Strongly Agree
	Agree
	Don't Know
	Disagree
	Strongly Disagree

	15+ Problems


	398
	34%
	19%
	38%
	2%
	7%

	Monthly Six


	389
	28%
	26%
	37%
	3%
	7%

	Penta Problems

	396
	26%
	23%
	41%
	3%
	7%

	AskNRICH
	392
	32%
	21%
	36%
	4%
	7%

	Articles


	380
	28%
	21%
	39%
	5%
	7%

	Games


	407
	36%
	22%
	33%
	4%
	6%

	Logoland


	383
	27%
	19%
	44%
	3%
	7%


These results indicate the popularity of Games with the students. However, Games is not the clear leader it was in the previous table. In this table there is a cluster of sections which the students consider helpful in learning mathematics. Games, 15+ problems and AskNRICH are regarded as particularly helpful.

Item 28: ‘Learning Mathematics through NRICH is more enjoyable than learning Mathematics at school’

Table 4

	Total


	Completed Responses
	Strongly Agree
	Agree
	Don’t Know
	Disagree
	Strongly Disagree

	631
	434
	30%
	30%
	25%
	8%
	7%


In the explanations given for agreeing with the statement posed at Item 28, it was possible to discern opinions as to why the experience of ‘learning’ was more enjoyable and on how the ‘computer/internet’
 might be implicated in this. The analysis that follows undertakes to report on these distinctions. It will delineate students’ opinion of how the computer/internet was implicated separately from and in addition to how NRICH in particular was implicated. 

(a)
Online Learning impacting on Learning

The majority of responses to this item were positive. Students indicated that learning mathematics through NRICH was more enjoyable than learning mathematics at school:

BECAUSE IT IS BETTER THAN CLASS WORK (capitals in original)

In fact, they were more likely to suggest that doing mathematics online was not seen as doing ‘class work’; additionally, because it was online, doing mathematics was not regarded as boring. Rather, it was ‘much more fun and interesting! Also more challenging.’  Mathematics as a subject, was perceived as being ‘cool’, ‘fun’ and ‘easy’. Therefore, it could be postulated that the facility of online mathematics engendered a positive attitude to the subject and to learning it.

There was strong indication that students valued learning mathematics by this means because it supported independent learning. This was true for those who considered  themselves to be very able and for those who felt that they were not at all good at mathematics. Learning mathematics via the internet met individual needs and managed to be supportive and challenging at the same time. 

I am at the top of my class in Maths and most of the topics that we cover are just revision for me. I very much enjoy solving the problems on NRICH as it makes me think a lot more.

Maths at school is much too slow.

Because I’m dumb, I don’t understand at school.

Of some importance, students valued the feeling of being in control of their learning. The ability to make decisions about teacher involvement in the learning activity was particularly important to some.

Because I get to do the activity not just listen to my teacher telling me what to do.

I love it because I don’t have to listen to the teacher wittering!

There was appreciation for being able to stop and start when one wanted, to choose what one wanted to do, and to decide on the time one wanted to spend doing each exercise. This was supported by the further finding that students felt that learning mathematics by this means reduced the sense of competition, while also encouraging excellence. Students additionally felt that learning in this way protected them from negative assessment. This was true for those who suggested they were sometimes labelled as being ‘thick’ or ‘stupid’ and those who believed they were good at mathematics. The more able students felt they had the opportunity to be as good as they could be; those less able felt it supported their attempt to work at getting better in the subject.

Students’ ease and familiarity with using computers in general also impacted on the positive reaction to learning mathematics via the internet. Their sense of ease and familiarity in using the internet seemed to be transferred and/or to have sustained the feeling of ease in learning mathematics. That is, their ease and pleasure with being online continued through to the mathematical activities they pursued when they were using  their computing ability. ‘I think it is more enjoyable because it is fun to use and also has games to help you’.

This finding highlighted that learning mathematics online (perhaps, with particular reference to NRICH’s own style of presenting mathematics) had introduced a sense of legitimacy to combining mathematics and fun. It seemed that to the students, games, in particular, ‘computer games’, were seen to have been accepted, and endorsed by teachers, as learning. Being able to learn mathematics online seemed to facilitate the express coupling of mathematics with fun, and, games as learning, even learning through computer games. This suggests the additional effect of giving legitimacy to the students to bring their knowledge and experience developed by means of the internet, including computer games, to the task of learning or into the classroom.

That ‘it is fun to use’ also indicated that learning online was redefining the experience of learning of mathematics because of the context in which learning takes place. There was the indication that learning mathematics by means of a virtual context was experienced differently from learning with the use of ‘pen and paper’. A home-schooled student raised this point: ‘Because I am home-schooled I find doing things on the computer more fun. And I can do the games, where I am learning at the same time as enjoying myself! Just doing it on paper isn’t as good and you can’t do the games!’

 But it was not just the home-schooled student who sought to indicate a sense of difference between learning online and by more traditional means. Statements from other students, though some were almost nebulous, sought to convey a sense of difference. Here is how they attempted to talk about it: ‘The work is interactive instead of out of a book’. An interesting take on this was: ‘It’s mo{o}re interactive, and if you want to take something further you can’. 

The suggestion in all three statements: ‘just doing it on paper isn’t as good’; ‘mo{o}re interactive’; ‘interactive instead of out of a book’ is that learning via the internet is experienced as being different from and/or more interactive than learning with the teacher or from a book. The notion and process of interaction seems to take on new or additional meaning with consequences for learning. The indication of difference could be suggesting the generation or development of (new) cognitive skills, as well as, going back to an earlier point, of new emotive experiences in learning, maybe, even the learning of mathematics in particular. The ways in which students are required to work while learning online, in that virtual context, might very well be generating its own particular cognitive and affective experience. 

It is noteworthy that ‘having fun’ was the single most frequently identified reason why students thought it more enjoyable than more traditional means of learning. 

Maths at school is boring but this is fun!

The notion that online mathematics was ‘fun’ reached beyond just a happy time while working online on mathematical problems. Rather, there seemed a sophisticated awareness of the learning experience as learning takes place online. The statement: ‘Because you can have fun and work at the same time’ suggests that the student is aware s/he is ‘working’ and, of perhaps more significance, that  s/he is having fun while working. 

Drawing on the notion of ‘fun’, a further point raised was that online mathematics seemed to be facilitating the reinterpretation of learning mathematics as a form of relaxation. Teachers may be playing a part in this, as there was some indication that students experienced online mathematics as ‘Friday afternoon’ activity, and sometimes more explicitly as reward. This means that being online may be interpreted as a form of escapism, from ‘learning’, the teacher and the classroom. Therefore, additionally, while being online might entail the pursuit of intellectually demanding activities, and might even be valued because they are challenging, such pursuits do not seem to be approached with reluctance or as imposed learning experiences. 

Consequently, while it is arguable that the fun associated with learning online might be connected with the novelty-factor of the experience, ‘online-fun’, nevertheless, seems capable of making a significant impact on the learning of mathematics. If nothing else, it seems to sustain both interest and practice in mathematical pursuits. Online fun, therefore, may increase the possibility for learning for: 
interest  +  practice = learning

(b)
Learning Online vs Learning at School

That online learning might be generating new ways of learning was suggested by the ways in which the students’ responses brought the role of the computer/internet into their explanations to explain why learning via the internet was more enjoyable than learning at school. Their explanations suggested five discernible categories for analysis. The computer was seen as a tool; an instructor; a reflection of themselves; a social facilitator; and a screen. We will look at each of these in turn since each introduces distinctive ideas. After this we will discuss responses to the use of NRICH in particular. 

The students indicated that the internet facilitates independent learning. There was some indication amongst the responses, nevertheless, that the teacher in the classroom ought not to be replaced in totality. In fact, a small minority argued in favour of teacher-led instruction, and against the internet. The reason for this was mainly an argument for the need, place and retention of inter-personal interaction and dynamics within learning.

I prefer interaction with the class and teacher.

At school you can learn mathematics face to face with a te[a]cher and you can understand it more.

 More is learnt through actually doing maths from books, teachers, etc. than on a screen on the internet.

At school it is in a way easier because you have teachers available, who can explain things to you more clearly than in a discussion board.

School is easier, cos u can ask questions easier etc the site is good but its more of a teaching aid than a teache{e}r.

The last quote fitted with the notion, held by both those in favour of and those against computer-led instruction, that the computer/internet was a tool or a resource.  As such, the computer/internet was regarded as providing the opportunity for practice and as a source for variety in learning: ‘There are more things to do’. In addition, the computer/internet as a tool was seen as supplementary and complementary to the teacher and classroom learning. It was supplementary in providing ‘extra help’; also because ‘I[t] helps us more and gives us more information’. It was complementary in being ‘different’ from the teacher or additional to her/him with the advantage of allowing students to make use of both sources of instruction: ‘Its not better/worse [.] Its just different’; ‘I like my class at school and nrich!’

Notwithstanding, the computer/internet was also seen as an instructor in its own right. In this respect an important feature seemed to be the facility to have access to a great(er) abundance of information and the usefulness of this in scaffolding learning. 

Its amazing{.} I know [I] can have maths all around me.

It is very useful as it covers all of the basics in maths and although it is very complicated, they use very easy and quick methods.

As instructor the computer/internet was also criticised as being less able to negotiate the delicate demands of posing and answering questions, though it was nevertheless also positively valued for being a screen and, as such, providing both literal and metaphorical benefits. As instructor the computer/internet kept the human face out of the learning process and provided the opportunity to enjoy learning as a private activity and further, without the intrusion of teachers’ ‘wittering’. As instructor, the computer/internet afforded a ‘start/stop feature’ which was valuable in allowing the students to pace themselves and control their learning. It could remove the teacher, teacher talk and other interpersonal dynamics, which some students, for different reasons, found more annoying than helpful. 

Some students indicated some distrust, even superstition, of the computer/internet. This was revealed, for example, in simply stating: ‘don’t agree with computers’. Interestingly, however, a few students indicated a strong personal association with the computer/internet. There was some suggestion that oneself or identity could somehow be mirrored by the internet. This was captured rather poignantly in the simple phrase of one respondent: ‘I find it easy to understand, [i] feel at one with the computer’. Based on the overall responses, on could postulate that this oneness seemed to result from the situation within which the computer/internet reflected the individual’s choice, pace, need and ability. 

Certainly, it can be said that the computer/internet is generating new ways of being in the social function that it is providing. Another rather interesting finding was that the lone student sitting in front of her/his computer felt in contact with others. This is a point that is repeated and developed in the analysis of responses to Item 30. We shall see that by ‘contact’ it is not necessarily suggested that students value interacting by email or ‘chat rooms’. Of notable significance, was the feeling that the individual was not alone in the sense of being unlike all other people. The computer/internet, and the existence of the website in particular, provided the reassurance that there were others who visited NRICH, who were as equally passionate about mathematics as the person sitting alone. 

(c)
The NRICH website 

The NRICH website, in particular, seems to be contributing to the changes that are underway. While, for the purposes of analysis it was prudent to investigate the impact of the computer/internet (as opposed to only investigating the possible impact NRICH was having on the students’ learning), the foregoing analysis is necessarily bound up with the NRICH online provision. The analysis, therefore, undertook the further step of investigating those responses where the students indicated that NRICH in particular, (as opposed to the computer/internet, in general) was making an impact on their experience of learning mathematics. The statements below reflect the discussion to this point. 

NRICH has enabled me to understand more fully about how to tackle my problems.

Nrich is a wonderful website with plenty of games and fun stuff to help us learn lots of maths.

There was the declaration by one respondent that: ‘it is still boring woteva fancy paper u rap it up in’. NRICH was ‘maths in fancy paper’. This response, confirming that NRICH’s strategy did not impact on this person’s dislike of mathematics was interpreted to be intended as a slur on the provision. And there were other criticisms of the NRICH site. 

Maths at school can be a lot of fun sometimes but nrich is always the same and can get a bit boring. The games are Ok but you have to download or print them. It would be better if there were lots of games to play on the actual site as I go to a mathematics club and there are not a lot of games online on this site.

However, those who criticised NRICH were in the minority. NRICH as ‘maths in fancy paper’ was regarded positively by the majority. Students felt confident in approaching and using the site; it was regarded as being welcoming and supportive, and yet, free of inter-personal and other dynamics students felt they encountered in classrooms. It was regarded as easy to use as well as fun to use and thought to be as good as or better than other similar sites.

On another level, it is possible to discern that the site was seen as one that maximises the technology of the internet.

‘It is a great way to learn more from the internet’. 

That NRICH’s provision of mathematics online is free, maximises the availability and accessibility of the computer/internet facility in supporting the learning of mathematics. In particular, it was highlighted that a valued part of NRICH’s accessibility was in providing such information as to constitute building blocks in grasping a concept. Students who raised this point thought that this made what they considered complicated ideas less so. The site was seen as a context that encouraged excellence and learning for its own sake. Additionally, NRICH’s ‘maths in fancy paper’ meant that working on mathematical problems was not seen as doing class work. 

NRICH seems to be playing its part in the active redefinition of how the learning of mathematics is being experienced amongst the users of its website. NRICH’s content and presentation seem to be necessarily implicated in the findings described above suggesting how learning mathematics via the computer/internet impacts on the learning of mathematics and why learning online was regarded as being more enjoyable than learning mathematics at school.

Item 29: Using NRICH has made me more interested in mathematics

	Total


	Completed Responses
	Strongly Agree
	Agree
	Dont Know
	Disagree
	Strongly Disagree

	631


	425


	28%
	29%
	22%


	12%


	9%




Responses to this item suggested three distinct patterns. There were students whose responses fitted under: ‘Wasn’t interested to start with’. Others could reasonably be categorised under: ‘Now I think it’s great!!!’  and a third group converged around: ‘Interest established’. Further, in their responses to Item 29 students revealed both their attitudes to mathematics as a subject and their opinions as to whether NRICH increased their interest in learning the subject; each aspect being implicated in what the individual thought about the other aspect.

For example, the response: ‘No way, maths is a crappy su[b]ject that you shouldn’t have to EVER do’ reflects personal dislike of the subject. Using NRICH did nothing for this student’s interest in mathematics because the student does not appear interested in becoming interested. Here there was little indication as to why this dislike existed. One person stated, ‘It sucks’; more revealing, another stated, ‘I don’t particularly enjoy mathematics[;] I prefer subjects such as [E]nglish’. 

It was implied that a dislike of mathematics was associated with having no or little interest in learning the subject; by extension, therefore, this implies a reason why NRICH, did not increase these students’ interest in learning mathematics. However, some students who already liked mathematics indicated that NRICH did not increase their interest in the subject, stating for example: ‘I liked maths before, and using NRICH hasn’t changed that’ and ‘I came to visit NRICH because I was already interested in maths.’  These students did not seem to think that their interest could be increased, rather they seemed to think that using NIRCH was an indication and/or exploration of their interest.

Students in the ‘now I think it’s great group’ suggested that NRICH increased interest in mathematics because, typically: ‘I’m really bad a[t] maths but am trying to get better, and it’s these kinds of sites that have made me more interested in it. Maths was boring, but now maybe it’s starting to be fun…’ The responses within this group indicated that an increase in interest in mathematics was associated with students’ own interest in getting better at mathematics. Furthermore, it seems that NRICH makes a particular contribution by meeting the students’ desire to get better, while, additionally, transforming that wish from a difficult task to something that is pleasurable. It was noticeable, for example, that the change in attitudes to mathematics was even described in terms of dramatic shifts: ‘I used to hate maths but now I think it’s great!!!’. Even more specifically: ‘Before I use NRICH, I hate mathematics. But after I use NRICH I love mathematic{e}’. 

This general pattern remained even when students indicated a critical appraisal: ‘I used to dislike maths, but now I find it ok. Although I like maths better now, I wouldn’t put it all down to NRICH. I mean I suppose some of it was to do with NRICH but my maths lessons have been a lot better this year’. It is suggested that change in attitude towards mathematics, using the NRICH site and increased interest in mathematics were inter-related. It is also suggested that other factors may be correlated with increased interest in mathematics alongside use of NRICH.

As indicated in the quotes, the students’ incentive for visiting the NRICH website was also of some importance. On one level, NRICH engendered increased interest because students felt it provided ‘help’, ‘fun’, ‘challenge’, and ‘motivation’. This corresponded with students’ incentives of ‘trying to get better’ and getting ‘better grades’ in mathematics. On another level, interest increased because students believed they were learning more. By these they indicated a pleasure in finding that: ‘NRICH shows that maths is more th[a]n just doing sums’. There were supporting statements about learning mathematical concepts, gaining awareness of different kinds of problems along with having more exposure to a range of methods for solving these problems. 

It is interesting that this group of students identified these things as increasing their interest in learning mathematics while those visiting NRICH because they already liked mathematics made no such indication. It is certainly noteworthy that the only concession from the responses in this group was that: ‘It [NRICH] has only very slightly made me more interested in maths’. None of these students seemed to get quite as enthusiastic about the site as those who were trying to improve their achievement in the subject. This could be associated with students positively identifying with mathematics, therefore, feeling that their interest is as high as it is going to be. Use of NRICH may be seen more as the pursuit of a hobby than the search for support. 

Instead, the latter group indicated: ‘I sought out NRICH as a resource for math club. My interest is established.’ Here the indication is that the individual, actively sought out NRICH and that his/her interest level cannot be increased because it is already, supposedly, high. The implication is that the interest in NRICH amongst students already interested in mathematics is the opportunity to be occupied in additional mathematical pursuits. NRICH supports their interest in mathematics. It allows them to engage in their interest. 

Item 30: NRICH makes me feel part of a mathematics club/community 
	Total


	Completed Responses
	Strongly Agree
	Agree
	Dont Know
	Disagree
	Strongly Disagree

	631


	413


	24%
	23%
	28%


	13%


	11%




The positive responses to Item 30 were associated with two main themes. There was the feeling that NRICH, or perhaps, more precisely, the NRICH staff, created an atmosphere of friendship: ‘Because they treat you as if they’ve known you for a very long time and that you’re very good friends’. And another: ‘…this task is normally quite hard. {b}ut when you log on to NRICH you feel like you are among friends.’ There was also the belief that NRICH was a site for those with a passion for mathematics. In this sense these students seemed to think they were amongst people similar to themselves. 

Amongst the positive responses, the themes of friendship with the NRICH team and passion for the subject suggested the students responded to NRICH as a ‘community’ rather than as a ‘club’. The word ‘club’ has been re-defined in many UK schools where it is used nowadays to refer to (usually optional) exam preparation or revision classes out of school hours. A ‘maths club’ seems to be regarded as a place to practise mathematics rather than a place to enjoy mathematics as a hobby, a view taken, it seems, by this respondent:

I like maths[,] so I’m more likely to go to a maths club if I’m behind!

NRICH seemed to provide those who responded positively with something more than just practice. It provided a sense of being amongst like-minded people. Compare the following quotes.

In chat rooms I have found people who are as crazy about maths as I am.

It does{,} every member, I believe, has a passion for maths.

It (I suggest, NRICH) is my home.
It was quite noteworthy, nevertheless, that a significant number of the responses were not positive. There were far more ‘rubbish’ responses to Item 30 than the other four items in this section, and there was evidence of some forcefulness amongst those rejecting the notion that NRICH engendered a feeling of a mathematics club/community. Consider, for example: ‘This is not what I think at all!’ Also: ‘Come on people, what planet are you from?’  One particular response gave insight into the possible reasons for this.  

NRICH is a website and hundreds of different people go on hun[d]reds of different websites, and yet I(‘}m sure they don’t feel part of a “bigger mathematical community”[.] When you are on Nrich it feels as though you{‘re} on your own. If they had a mathematical chat room w[h]ere you could discuss problems with other children/ people then it wouldn’t be so isolated.

The first noticeable reaction is the rejection of the notion that NRICH could provide such a context. This was articulated more forcefully by another student: ‘I am NOT part of any math[e]matics club or community, thank you very much!!!!!’ Closely associated with that was the feeling that one would not want to be part of a such a community/club irrespective of the possibility: ‘Who do you think I am[?] I’m not that sad.’ This latter reaction suggests a link with the public image of being a member of such a club. However, it is not clear whether the reaction is against an online club or a mathematics club that is online.

The second feeling within the reaction under analysis is that it highlights the finding that rather than generating a feeling of community, some students experienced the NRICH site as an isolated place. This was further associated with the third noticeable finding, the suggestion that these students are unaware of, or unable to use, the facility to interact with others. Here is a further example: ‘I don’t have any communication with any [o]ther members so I can get to learn from them and how they solve problem[s].’

Item 31: NRICH gives me an opportunity to be proud of liking mathematics

	Total


	Completed Responses
	Strongly Agree
	Agree
	Dont Know
	Disagree
	Strongly Disagree

	631
	405


	28%
	24%
	24%


	11%


	13%


The responses to Item 31 revealed that there was a pronounced tendency for the students to take issue with the notion of ‘being proud of liking mathematics’. There were many straightforward rejections: ‘Proud? As if’ and even amongst the positive responses, there was a tendency to criticise the statement and/or to qualify the response given to it. So, for example, there were straightforward challenges to the statement itself.

…How can one be proud of liking maths?

Yeah[,] but what doesn’t[?] Posing a statement like that only reinforces the idea that mathematics is something to be talked of in hushed tones in small groups of fellow societal outcasts who have finally found mutual acceptance of their bizarre interest. Encourage the right attitude.

The latter opinion also captures a sense of unease involved in liking mathematics and/or being identified as one who likes mathematics. This is supported by the following example, ‘I am proud of liking maths[,] p.s[,] cows go moo.’ Here there is an attempt to underplay the importance of being proud of liking mathematics. Further, still, there was evidence of separating ‘liking mathematics’ and ‘being proud’ of liking it: ‘I like math but I’m not to the point of being proud of liking it yet. In such instances, being proud of liking maths is replaced with being proud of one’s performance in mathematics.

When I know I have done good I feel good about myself.

 I am proud that I can learn maths.

I feel proud of myself when I can solve a mathematics problem myself

Nevertheless, there were some responses that owned being proud of liking mathematics. There were simple statements like, ‘I am proud’. There were additional responses that suggested that NRICH afforded some students with an opportunity to enjoy liking mathematics and this seemed to be of some significance.

Because you are the odd one out at school who really enjoys mathematics.

By using NRICH I can prove that I am not stupid.

I have been bullied recently for enjoying maths and find it hard to share my knowledge.

There was one positive response of note which highlighted that NRICH only partly fulfils the role.

Not necessarily true. Sure it’s not bad fun[,] but people still take the mick…{….}

Item 32: In terms of race and cultural background, I would describe myself as

The present study sought to follow up on Jones and Simons’ (1999) report that most of NRICH users were English, white and boys. Students were asked about their racial and cultural background, as indicated above, with an accompanying text box. This approach was decided upon to afford students the opportunity to indicate their chosen ways of defining themselves as opposed to having suggestions provided as to how they might define themselves in these terms. 

We anticipated that there would be a variety of responses since we invited personal descriptions. However, the decision to present the question in this way was upheld in a bid to be respectful of, and sensitive to, the tensions around identity that were prevalent both nationally and internationally at the time of the study. Further, given that this was a pilot study, asking the students to suggest their self-descriptions might generate some evidence as to how it might be explored in future research.

With 312 written responses, this item attracted the highest number of responses. Notwithstanding the fact that text boxes were not available to questions 28 – 31 for half the study, this result seemed significant. Not too surprisingly, students emphasised and offered different information about themselves in response to the item. Further, there was a noticeably strong pattern of a challenge on the question itself. Such responses seemed to reject and/or redefine the question posed. Consequently, it was not possible to determine the percentages of white and English respondents with any reliability. The decision to accept the widest possible spread of answers meant that acceptable answers would not necessarily help in forming a profile of the users.

Of the responses, 59% were regarded as answering the question posed, although this was not straightforward. Consider, for example, the following responses: ‘white’, ‘white English’, ‘English’, ‘white English Christian’  ‘white, no religion’, ‘a white atheist’, ‘a racist white’, ‘a white female who is anti-racism’. These responses may be grouped together, but they do not at all reveal such information as could be reliably extracted to inform claims about the racial and cultural background of users. 

However, within that spread of answers was the finding that there was some sensitivity around the question. There were noticeable expressions of being ‘racist’ and ‘anti-racism’. One example was expressed in the following way: ‘I don’t like racism, I think that it is disgusting as we are all humans, just a different shade of white as every colour has got white in it, black people have got a darker shade of white than us.’

Up to 41% of the responses confirmed that the question is a sensitive one, and its sensitivity is not necessarily only to do with race or racism. Some users wanted to contribute their responses but were not entirely clear as to how they might do this. Some responses here were short as in ‘Don’t know’, some expressing, perhaps, genuine indecision as in ‘I have a Japanese background, but my dad was born elsewhere’ or ‘citizen of the world (i.e. quite mixed)’. There was also more detailed engagement with tensions triggered by the question. Take the following, for example, which additionally points to sensitivity around religion.

Don’t know what I’m meant to put here. I’m white and live in a nice village! I’m homeschooled because that[’]s just the way it’s always been for me. I’m not really into God or anything, but I’m not a devil lover either!

There were also the responses that redefined or rejected the question outright. Consider, for example, the following that have been analysed as a redefinition of the question:

‘GOOD PERSON TO WORK WITH’, ‘being godly, meticulous, easy going and African’, ‘a bad boy’,  ‘a maths fan’, ‘having a hard time at maths’, ‘A VERY SMART PERSON’, ‘brainy and sporty’, ‘not thick but not brainy’, ‘crazy but normal at times’, ‘human race, very cultured – like yog{u}rt’. Here there were attempts to offer some personal oinformation by mentioning characteristics other than those asked for in the question. 

The responses that appeared to be an outright rejection of the question included those where the students had opted out completely by typing in question marks or a string of letters such as ‘gjktyk’. Others seemed somewhat offended by the question and provided responses that revealed this: ‘superior dalit (why do u want my race dammit[?])’ and ‘what sort of question is this and what has I[t] got to do with maths[?]’

Investigations were made into students' gender and country of residence based on the information they provided in the registration section of the questionnaire.
 When compared with the Jones and Simons (1999) study, such investigations suggest a change in usage by gender, but continuity in terms of usage by country of residence. Completed questionnaires had more responses from girls than from boys, and most of those who completed the questionnaire live in Europe. Further, within Britain – and Europe, the greatest numbers appear to live in England. 
Table 4: 
Gender Usage

	Gender
	Number of Responses
	% of Responses

	Female
	288
	51

	Male
	279
	49


Table 5 :
Usage by Country of Residence

	Geographic Areas
	Number of Responses
	% of Responses

	Africa
	10
	2

	Asia
	52
	10

	Australia
	21
	4

	Caribbean
	1
	0

	Europe
	357
	72

	N. America
	42
	8

	S. America
	2
	0

	Oceanic
	10
	2


Table 6 :
Usage within Britain

	Region
	Number of responses
	% of responses

	England
	253
	91

	N. Ireland
	1
	0

	Scotland
	18
	6

	Wales
	5
	2


Item 34…what interferes with your wish to use NRICH more often

We asked the students to indicate reasons why they were sometimes unable to use the NRICH site when they might want to do so. With 215 responses to Item 34, it recorded the second highest number of responses to items with text boxes provided for additional information. Some 32% of the responses were not admitted for analysis because they either provided unrelated information or were clearly intended to be non-informative. The remaining 68% suggested six main categories of reasons why students were sometimes unable to use the site more often. These were issues to do with lack of computing facility; time; running cost of being online; having other commitments; being new to NRICH and issues to do specifically with the NRICH site. The chart below shows the percentages.

Table 7:
Factors Impacting on Use of NRICH Website

	Facility
	Time 
	Cost 
	New 
	Web Site
	Other

	25%
	20%
	4%
	14%
	14%
	22%


The lack of computing facility was the reason given by the highest percentage for not being able to access the site. The reasons here were varied. Some students could only access the computing facilities at school. Those who had access to computers at home had to share the facility with other members of the family. Parents were implicated both in having preference over students or stipulating that students’ time online be supervised, therefore, limited. Only 4% explicitly identified the cost of being online as an inhibiting factor. While it may be the case that students are not immediately concerned with the running costs since they are not responsible for meeting these, it could be that actually acquiring the facility is of more significance in determining computer use amongst students.

Interestingly, these results suggested that using NRICH was not seen as school work, but as something they wanted to do during their free time and 20% explicitly said they did not have the time. Amongst those who listed ‘Other’ some mentioned time but also suggested that they had to fulfil obligations to do with ‘homework, projects, housework, studies’. ‘Too much school work’ was a strong theme, but there was also mention of sporting, club and personal interest activities that occupy students’ time. 

Amongst those who identified the NRICH website itself as the reason that inhibited more frequent use of the site, there seemed a lack of knowledge about the full services that NRICH provides. In particular, these responses indicated that the possibility for interaction between the students and members of the NRICH team was perhaps less well known or understood. This was reflected in, for instance, claims of not knowing how to use the site, and the feeling that there was inadequate sharing of solutions to the problems posed as well as the process used in arriving at the solutions. Though it was also noted that ‘the AskNrich facility gives the NRICH fans opportunities to discuss their problems and give their views about NRICH’. 

The fact that the site is updated once per month was also cited as inhibiting, along with the feeling that it was not well suited for teen-age interests. There were requests for more ‘games’, ‘difficult puzzle[s] and problems for age 16+’, and a request for more questions on the Monthly Questions. Of note, there was mention of, perhaps, more technical problems of ‘forgetting the address’, and that ‘the internet doesn’t always work’. A minority thought the site was ‘boring’, ‘rubbish’ or ‘stupid’.

Conclusion

The facility of online mathematics engendered a positive attitude to mathematics and to learning the subject. Students’ sense of ease and familiarity in using the internet, for example, seemed to be transferred and/or to have sustained the feeling of ease in learning mathematics. This seemed to engender a feeling a confidence in undertaking specific mathematical tasks. Further, there was strong indication that students valued learning mathematics online because it allowed independent learning and, additionally, enabled them to be in control of their learning. Learning mathematics via the internet allowed them to set the pace of their learning, adjust it to meet individual needs, and enjoy learning as a private activity. 

Being able to learn mathematics online also seemed to facilitate the coupling of mathematics with fun. This is an important finding since the strongest pattern within the data was that the computer/internet had a positive impact because it caused learning to be experienced as a pleasurable activity. This was implicated in the finding that the ways in which students are required to work while learning online, that virtual context, may be generating or developing (new) cognitive and affective experiences in learning, in general, and, possibly in the learning of mathematics, in particular. Of note, it is possible that some individuals may regard the computer/internet as a graphic display of their thinking. This, in particular, suggests exciting territory for further exploration.

Many of the most able students did not seem to regard NRICH as a resource that increased their interest in mathematics but rather because their interest was already high it would not be increased by using the NRICH website, or possibly, any other website. There was, instead, a strong indication that those who considered that NRICH increased their interest thought so because they thought NRICH supported their desire to get better at mathematics. This is consistent with the findings from Jones and Simons (1999) study that NRICH is actively used in the learning of those who are not the most able. NRICH may usefully give attention to this finding especially in keeping with their focus on the most able students. Use of NRICH by more able students may be seen more as the pursuit of a hobby than the search for support. 

This is connected with the finding that the majority of those who responded to this survey  have been using the site for less than six months. Jones and Simons also reported this finding. If the finding that the majority of users are users for less than six months is an accurate reflection of student usage, this may be something that NRICH might want to investigate further. It is of particular significance since the other strong finding of the study was that NRICH users valued using the website because it made learning mathematics fun. The games section was the most popular of the seven sections evaluated in this study, and there were requests for more games in responses to the investigation into factors that inhibit greater use of the site. Nevertheless, there were also requests for more ‘difficult puzzles and problems for age 16+’. The NRICH team may, therefore, investigate how they may best capitalise on the perception amongst its users that online learning with them is fun. 

That students may respond to NRICH as ‘community’ rather than as a ‘maths club’ may prove a useful starting point. It captures the complexity of the issue with which NRICH is faced, for students suggest that they regard NRICH as a space, which is more greatly valued because it reassures them that they are not alone in their passion for mathematics than it is valued for providing a place where they practise mathematics. The existence of the NRICH site is seen as providing proof of this. This may be the benefit to those who are more able, for those who are the most enthusiastic about NRICH are those who visit the site to practise mathematics. Additionally, there is the feeling that the NRICH staff do a good job of creating an atmosphere of friendship that makes NRICH a welcoming space to inhabit. However, there is strong resistance to the notion that NRICH, or possibly any online ‘community’, can or should provide this reassurance for the individual. 

Further, this sense of ambivalence seems associated with the individual needing to be reassured in this way and his/her ambivalence about being associated with mathematics. This study suggests that further investigation into the service that NRICH provides should take account of this ambivalence. It suggests a sensitivity that needs to be approached in a thoughtful manner. This is also true of further investigation into students’ racial or cultural background. Responses to items 28 and 34 suggest that these issues constitute sensitive areas of investigation.

Finally, it should also be taken on board that some students experience the NRICH site as an isolated place. Consideration might be given to the suggestion that this feeling of isolation may be associated with a lack of awareness of, and an inability to use, the askNRICH facilities to interact with others. This is a salient finding that previous evaluations have highlighted. Certainly, the response to the attempt to advertise and make use of such facilities in the present exercise would support the suggestion that bringing these facilities into (greater) use is an issue that demands further investigation in its own right.
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Appendix A: Aims of the NRICH service as set down in 1996

1. To pave the way for the establishment of a permanent national UK Mathematics Enrichment Centre. 

2. To raise the standards of achievement in school mathematics, to promote the mathematical development of children who have the potential to go on to study mathematical subjects at university, and to support the special educational needs of exceptionally able children. 

3. To extend the provision of the Royal Institution Mathematics Masterclasses by providing continuous and sustained support for children so that they can participate wherever they live or go to school as individuals or as members of a school mathematics club. 

4. To develop the use of Information Communication Technology to provide interactive links to the centre and to facilitate links between schools and also between individual children. 

5. To extend peer assisted learning into a distance learning mode and so to contribute to the personal and cognitive development of both the students and the peer teachers. 

6. To promote and support the setting up of locally organised user groups and mathematics clubs by providing resources on the Internet, and offering advice and inservice training for teachers. 

7. To conduct research into the effect of communication technology and peer assistance on the quality of learning for very able students, on the quality of teaching offered by schools, on the cognitive gains for peer teachers and learners, and on the development of increased usage of IT in mathematics teaching. 

Method

1. The project advances the development of mathematical thinking and language, and emphasise the importance of proof, through monthly Internet Newsletters providing a regular fresh supply of mathematical challenges and problems, together with solutions contributed by the children. 

2. The NRICH Maths Centre provides an electronic answering service whereby young people are able to ask mathematical questions which are answered personally by students from the University of Cambridge. Quality control is exercised through rigorous selection and training of volunteers, and through checking samples of question and answer exchanges. 

All services of the NRICH project are freely available to all schools and young people everywhere. 

 Appendix C: Email Sent to Registered NRICH Users May 4, 01

Hello,

Just a quick reminder about the NRICH evaluation which is being conducted

throughout May and June. 

We have a questionniare online which we hope you will fill in, and on

Tuesday May 8 we will be online live for a chat between 

12:45 - 1: 45  GMT

17:00 - 18:00 GMT

We really are interested in what you think, so do please let us have your

views.

Looking forward to your company and comments

jacqui

APPENDIX D:Email Sent to Registered NRICH Users June 19, 01

Hello,

As you know, last month we placed a questionnaire online in order to evaluate the service we provide for you. Many THANKS to everyone who has particiapted. Half-way through , and we have some interesting results to share.

We know from those who have participated that:

More than half, 64%, think that learning Maths through NRICH is more enjoyable than learning Maths at school.

More than half, 60%, think that using NRICH has made you more interested in Maths

Just over half, 54%, think that NRICH makes you feel part of a club or community

And again, over a half, 59%, think that NRICH gives you the opportunity to be proud of  liking Maths.

We are pleased that we are making a difference and are committed to continue doing so. You can point us in the right direction by telling us the reasons behind the results I have reported in this email. We are interested in everyone’s views; opinions from those who agree and disagree with statements I have presented above, are both welcome and valued.

Please tell us more by replying to this email or using the webboard at http://nrich.org/discus/messages/board-topics.html
Thanks again

Jacqui

� Since registration with NRICH and use of its facilities for interaction between the NRICH team and its audience were recurring concerns in previous studies we decided to build in the registration process into the research design, and to use data collection also as a means by which the emailing and bulletin board facilities may be advertised and brought into use.


� Other emails soliciting increased participation were targeted at persons who were teacher-contacts in schools and  the previous school users of NRICH who were now university students acting as peer-teachers with NRICH (see, for example, Appendix E).


� I use the term ‘computer/internet’ to reflect the ways in which these were used interchangeably and often synonymously in the responses analysed.


� We highlight, therefore, that we report on information gathered on those whose completed the questionnaire constitute the data in this study. We cannot claim that such data constitute information on ‘NRICH users’ since all NRICH users cannot be said to have participated in the research exercise. 








49
44

