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In South Africa the poor performance of learners in mathematics across the school system is a problem demanding new solutions.  One possible solution is to try to raise standards through the use of open education resources (OER). This paper presents and discusses findings from a a case study of a collaborative OER development project initiated by the South African Institute of Distance Education (SAIDE).  In this project mathematics teacher educators from nine tertiary institutions worked collaboratively in designing OER for mathematics teacher education courses and use in a variety of other contexts.  The study investigated whether the collaborative redesigning of existing materials can enhance quality while containing time and resource costs and whether such collaboration encourages ‘buy-in’ to the use of OER by teacher educators and students. It concludes by offering some suggestions on OER development for policy makers, practitioners and researchers in the field of distance education. 
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Introduction

Danaher and Umar (2010) consider ‘the huge need for teachers in Africa [to be] alarming if viewed in the context of the limited capacity of teacher education institutions to address it while simultaneously upgrading the large proportion of untrained or unqualified teachers already in the system and providing adequate opportunities for teachers’ continuing professional development’ (2010, p. 8). An immediate response to this problem is to suggest using distance education and e-learning to alleviate it. However, Wolfenden (2008) argues that ‘[A]ccess to high quality pedagogically sound learning materials is frequently inhibited by the inability of African educational institutions to afford them’ (2008, p. 6).  Materials development can be a slow and costly process. Bateman suggests that ‘one of the major monetary costs to African educational systems is that of acquiring pedagogically sound educational materials’ (2008, p. 43).  Open Educational Resources (OER) can help to alleviate this problem since they facilitate cost containment and potential for optimal use, through re-versioning in education programmes (Geser, 2007; Hylén, 2007; Joyce, 2006). Hylén (2005) suggests that OER initiatives can take the form of:

1. open courseware and content

2. open software tools (e.g. learning management systems

3. open material for e-learning capacity building of faculty staff

4. repositories of learning objects; and

5. free educational courses.

In the case of the South African Institute of Distance Education (SAIDE)
 Advanced Certificate in Education, Mathematics (ACEMaths) Project
, the aims were to pilot a collaborative process for the selection, adaptation and use of high quality OER materials for teacher education programs in South Africa, employing learning objects which were discoverable, modular, and interoperable (Friesen, 2001) and to contain the development costs. The materials were designed for use in both distance education and face-to-face contexts.  Over a period of two years, they were adapted, piloted and revised and then made freely available for downloading in two formats - for printing (PDF), and for adaptation (Word). They were organized into six Units:
Unit 1: Exploring what it means to ‘do’ mathematics (historical background to mathematics education in South Africa, to outcomes-based education and to the national curriculum statement for mathematics).

Unit 2: Developing understanding in mathematics (exploring constructivism and describing teaching strategies based on constructivist understandings).

Unit 3: Teaching through problem solving (explaining and illustrating the shift from the rule-based teaching by telling approach to a problem-solving approach to mathematics teaching).

Unit 4: Planning in the problem-based classroom (the role of practice, group work and co-operative learning in problem-based mathematics classes).

Unit 5: Building assessment into teaching and learning (outcomes-based assessment of mathematics in terms of five main questions – Why assess? What to assess?  How to assess? How to interpret the results of assessment? How to report on assessment?).
Unit 6: Teaching all children mathematics (expanding on the fundamental assumption in the module – that ALL children can learn mathematics, whatever their background or language or sex, and regardless of learning disabilities).

The development process
In 2006, funding from the Royal Netherlands Embassy enabled SAIDE to initiate the ACEMaths Project with collaborative materials’ design and redesign as its focus. The project aimed to produce a mathematics module that tertiary institutions could adopt or adapt for a range of purposes when responding to calls from the Department of Education for large- scale teacher upgrading programmes, the majority of which would be offered through distance education. 
To obtain collaborative partners for the project, SAIDE sent out invitation letters to the heads of the Faculty or School of Education in all South African universities, outlining the proposed project and inviting participation. Fifteen mathematics teacher educators from nine universities formed the initial collaborative group (Sites D and E were at the same university), although the nature of their involvement varied (see Table 1). This case study is based on data obtained from lecturers at the first six sites (housed at five different universities) since they were the lecturers who were involved throughout the design process and the pilot implementation of the ACEMaths materials.
Table 1: Lecturer participation by site

	Site
	Lecturers
	Mode
	Involvement

	A
	Lecturer 1

Lecturer 2
	Distance
	Development

Pilot

Revision

	B
	Lecturer 3

Lecturer 4
	Distance
	Development

Pilot

Revision

	C
	Lecturer 5
	Contact
	Development

Pilot

Revision

	D
	Lecturer 6
	Distance
	Development

Pilot

Revision

	E
	Lecturer 7

Lecturer 8

Lecturer 9
	Distance
	Development

Pilot

Revision

	F
	Lecturer 10
	Distance and Contact
	Development

Pilot

Revision

	G
	Lecturer 11

Lecturer 12
	Distance
	Development

Withdrew from pilot

Revision

	H
	Lecturer 13

Lecturer 14
	Distance
	Development

Revision

	I
	Lecturer 15
	Distance
	Development

	J
	Lecturer 16
Lecturer 17
	First workshop only
	Development


All of the participants were invited by the SAIDE project leader to contribute existing print materials from their institutions for possible inclusion in the new module. These materials varied from complete modules to activity handouts for workshops. As shown in Figure 1, the initial collaborative design and production process took a little over six months to complete. This process involved an activity cycle in which the participants convened and worked at materials design workshops facilitated by experts in Mathematics education and materials design. Between these workshops the participants were assigned tasks to work on in their own institutions and the project leader kept them all in touch with one other and with SAIDE via email. These communications also enabled the dissemination of additional resources and information about organisational arrangements and encouraged on-going collaboration among participants. 
Figure 1: Activities in the first six months of the ACEMaths project

	1st workshop: 11/12 Sept 2006

1. Launch project;

2. Establish pilot team and curriculum for pilot module.
	Materials review

1 Review materials – whole team;

2. Explore technology options – SAIDE.

	Draft and licensing

1. Prepare draft adapted module;

2. Comment on draft;

3. Revise draft;

4. Negotiate licensing of materials.


	2nd workshop: 30 Oct 2006

1. Select materials to be used;

2. Plan adaptation of selected materials.

	3rd workshop: 5/6 May 2007

1. Develop approach and activities for final unit;

2. Obtain commitment to use;

3. Discuss plans for take-up research.


	By mid-April 2007: Pilot version

1. Write final unit;

2. Comment on final unit;

3. Lay out and proofread to create pilot version;

4. Participating academics adapt and print materials from website.


(Sapire & Welch, 2008 in Sapire, 2010, p. 8)
At the conclusion of the design process, the six-unit module totalled 215 A4 pages. An additional 150 pages of readings supported the content of Units 5 and 6. The reading for Unit 5 provided additional teaching on the mathematical content of data handling covered in this Unit as this topic is relatively new to teachers in South Africa. The reading for Unit 6 provided background and support on a topic unfamiliar to most teachers of mathematics: teaching learners with special educational needs. While it was envisaged that these materials would be used in some contact programmes, they were designed primarily for distance education applications. In South Africa most distance education programmes for pre-service or in-service teachers include some contact sessions and as a result are commonly referred to as ‘mixed mode’ programmes. The ACEMaths module was made available electronically as print-ready documents which teacher educators could then download and use in their respective institutions. Hard copy materials were decided upon because only a minority of the students had easy access to a computer. 
Literature review

We restrict this section to summaries of the concepts that informed the OER design, the designing process and this case study.
Constructivism

Lea (2005) argues that the shift in distance education materials design from print to new technologies has been ‘accompanied by increased attention to situated learning and the implementation of constructivist principles in course design and delivery’ (2005, p. 187). With reference to teacher education pedagogy, Loughran (2006) proposes that a constructivist approach should enable students of teaching to become ‘conscious of their own learning so that they overtly develop their understanding of the teaching practices they experience in order to purposefully link the manner in which they learn in a given situation with the nature of the teaching itself’ (2006, p. 4). A constructivist perspective on learning (learning to design materials and learning to teach mathematics) underpinned the ACEMaths project and informed the analysis of the case study data. 

While there are diverse interpretations of constructivism as a theory of learning there is widespread agreement that in order to construct knowledge, learners (whether teacher educators learning to design, use and redesign teaching materials, pre- or in-service students in teacher education programmes or school-age learners) must both ‘develop their own novel ways of knowing’ and ‘acquire existing human knowledge’ which they reconstruct in developing their own knowledge systems (Gultig, 2001, p. 20). In other words, activity is central to learning.  When learning is activity-based, designers of learning environments ‘seek to create a sequence of learning tasks in which learners are required to engage in unfamiliar activities. They need to reflect upon those activities with support, and ultimately internalize new understandings on the basis of those reflections’ (Moll, forthcoming). The case study clearly needed to investigate the opportunities for the lecturers’ learning afforded by the collaborative design process and the opportunities for redesign and re-application at the individual practice sites. 

Communities of practice

The concept of communities of practice, first developed by Lave and Wenger (1991) and Wenger (1998), has been taken up and used in many different contexts (Barton and Tusting, 2005). Wenger, McDermott and Snyder’s concept of a distributed community is particularly relevant to this study. They define such a community as ‘any community of practice which cannot rely on face-to-face meetings and interactions as its primary vehicle for connecting members’ (2002, p. 115). They caution that distributed communities face particular challenges including those of distance, size, organisational affiliation and cultural differences. Seven principles, which in their view assist in the ‘cultivation’ of communities of practice, informed the design of the ACEMaths project (SAIDE project leader, personal communication):

1. Design for evolution.

2. Open a dialogue between inside and outside perspectives.

3. Invite different levels of participation.

4. Develop both public and private community space.

5. Focus on value.

6. Combine familiarity and excitement.

7. Create a rhythm for the community. (Wenger et al., 2002, p. 51)

OER and learning objects
After reviewing the OER movement Moon (2010, p.127) concluded that much content could and should be:

· Freely accessible for use by anyone;

· presented in a format that users can adapt for their own context; and 
· framed within a licensing system that makes adapters responsible for sharing their use of the resources with the wider community. 

While there are different ways of evaluating OER initiatives, an OECD study, reported in Joyce (2006) is particularly useful for responding to the case study research questions. The OECD study proposed a set of five dimensions: 

· Scope: how focused is the OER project in terms of disciplines covered, levels of education catered for and intended audience? A narrow OER project might focus only on providing physics materials to support in-class, tertiary-level teaching; a broad OER project may aim to share teaching and learning materials for a variety of levels and subjects with both educators and students.

· Authorship: are the resources the product of one content creator working alone, or are they the result of a collaborative effort?

· Licensing: the choice of license will affect the degree to which materials can be mixed with other OER or reused in other contexts and is an important piece of information to capture in any mapping exercise.

· Granularity: this refers to the size of the educational resources produced. The more granular a resource, the smaller the chunk of information it contains.

· Teaching duration: the actual teaching time needed for use of the materials (i.e. from a full course that may take a whole semester or term at one extreme, to a learning object for use in a single class at the other).

‘Granularity’ and ‘combination’ are terms used extensively in the literature on learning objects.  The former refers to the affordances of a digital resource for separation into small independent units and the latter to its affordances for combining units in various ways or with other resources. Combining and/or sequencing learning objects is one of the most difficult problem facing instructional designers (Wiley, 2000). Granularity refers to size. For example, an entire curriculum could be viewed as a learning object but such a viewpoint diminishes the possibility of learning object reuse which is central to conceptualizations of the learning object. Large learning objects with specific learning pathways built firmly into them may be difficult to adapt and reuse.  They require metadata to enable the quick location of items within them and, as Wiley (2000) explains, inserting such metadata involves additional expense for the designers. On the other hand, objects that are too small may, like atoms, not be combinable with every other object and may only be assembled in certain structures prescribed by their own internal structures.  If designers require training in the optimal use of small learning objects this becomes a further cost. The research therefore also set out to investigate the affordances of the ACEMaths materials for both separation and combination by mathematics teacher educators.
Design of the study

The aim of the study was two-fold. First, to investigate the actual process of collaborative materials designing with a view to informing future projects, particularly those concerned with the design, application and evaluation of OER. Second, to investigate the degree and nature of ‘take up’ by the teacher educators and the impact (if any) of the OER content and methodologies on their classroom practice. Adler & Reed (2002), also working in South Africa, have found that take-up is very largely dependent upon the availability of resources with which to reflect in action, on action and for action so it was considered important to gauge the receptivity of the lecturers and teachers in training to the kinds of changes embodied in the materials. By collecting and analysing data from six sites at five institutions with diverse traditions and characteristics, this study aimed to arrive at  ‘fuzzy generalisations’ (statements that lack the certainty of a scientific generalisation (‘it is true that ...’) but reflect uncertainty and contain qualifiers (‘it is sometimes true that ...’) which Bassey (1999) argues can be a valuable way of bringing educational research findings into professional discourse and by inviting replication, augmentation and modification, can contribute to educational theory and practice. Answers were sought to the following questions:

1. What enables or constrains sustained participation in a materials designing project?
2. What factors contribute to the production of quality materials which lend themselves to further adaptation?

3. How did teacher educators in the six sites intend to use the pilot OER ACEMaths module with their pre-service or in-service teachers?

4. Which parts of the pilot OER did these teacher educators select and what factors influenced this selection?

5. How did the teacher educators use the pilot OER in their programmes and how did students respond to the materials?

6. What were the strengths of the materials development process and of the OER produced?

7. What were the obstacles to the use of the OER and how can these be addressed?  

Observations were made and notes taken at the collaborative design workshops in order to investigate the ‘why’ and the ‘how’ of the discussions and decision making. The notes were circulated among participants for verification. The materials developed in the workshop and adapted and redesigned in the subsequent applications were analyzed in terms of their constructivist characteristics and how they accorded with the National Association of Distance Education Organisations of South Africa (NADEOSA)
 criteria for quality in distance education materials:

The content, assessment, and teaching and learning approaches in the course materials support the aims and learning outcomes; the materials are accessibly presented; they teach in a coherent way that engages learners; there is an identified process of development and evaluation of course materials (Welch & Reed, 2005, p. 28).

Six of the teacher educators’ teaching sessions were observed; 10 of the teacher educators  and 271 of the students (46 in pre-service contact programmes and 225 in in-service distance programs) were invited to complete questionnaires. The lecturers’ questionnaires were designed to establish programme background and information on intended and actual use of the ACEMaths materials. The students’ questionnaires probed for their opinions on the value of the materials and student ownership of or access to computers. Interviews with 9 of the teacher educators were audiotaped and subsequently transcribed and these lecturers also provided examples of their customized materials for analysis by the evaluators. All of these data were then coded thematically in order to facilitate analysis (McMillan & Schumacher, 2006). In the next section we present a summary of the findings in relation to the seven questions set out above.
Findings
What enables or constrains sustained participation in a materials design project?

All of the teacher educators interviewed spoke enthusiastically about the workshops as a space in which to exchange ideas and learn from one another and the workshop leaders about materials designing, mathematics teaching and learning in the, OER and licensing choices. The following comments are representative:

We all have common understandings, but we don’t have shared understandings… We don’t communicate, we don’t have a collegial kind of thing, and this created that opportunity to be able to meet everyone.

I just think that the process of collaboration, from the very beginning and the way that it was filtered in and the way that it was structured…  The product was exceptionally well brought together, it flows, and I like that it can be adapted to fit in with the layout of another programme.
What factors contribute to the production of quality materials which lend themselves to further adaptation?
SAIDE works within a constructivist framework of learning and has developed the idea of a learning spiral’ to describe the learning process. This spiral involves learners engaging in learning activities which they reflect on (guided by mediation provided by a teacher or designed into the materials). This active reflection builds on learners’ existing knowledge and draws them towards understanding (learning) of new knowledge as they progress along a pathway through a series of activities (Moll & Drew, 2008). The content, activities and learning pathways in the materials contributed by the nine participating institutions were compared with those in the redesigned materials which became the ACEMaths module. The comparison revealed that the collaborative redesigning process resulted in a module which had the following characteristics: 

· A more coherently constructivist orientation to learning than had been evident in many of the materials originally contributed by the institutions. Some of the original material gave direct instruction and activities called for direct responses involving recall of given information. The revised version called for greater creativity and variation in interpretations and responses. Activities were altered or new activities inserted to provide for more application and critical interpretation of given information and to encourage students to reflect and build their own knowledge. Short case studies were inserted to introduce each unit and to thread a storyline through the entire module.
· More careful attention to the scaffolding of activities which enabled students to build on prior knowledge, internalize new information and helped them to move on to the next stage of their learning. The layout and questions contained in such activities were changed to lead the students through the material, while actively engaging them with the theory presented. Questions were added to existing activities where necessary.
· A stronger focus on inclusive education than was apparent in the institutions’ earlier materials. This was a direct outcome of a workshop decision to address diversity in the classroom.

· Core mathematics content which could not only meet the needs of students of mathematics teaching but those whose studies focused on special needs learners.  
The highly experienced materials developer from SAIDE who led the collaborative design process had emphasised the importance of clear learning pathways through the materials, clear instruction and guidance for the teachers and the learners, examples and activities that consolidated knowledge and skills and instructional design that would still allow for adaptability, flexibility and multi-use. In the subsequent take-up of the ACEMaths module in varied ways it was shown that the teacher educators were well able to utilise the learning pathways within and across these units and reshape material for particular users. 
How did the teacher educators intend to use the pilot OER ACEMaths module with their pre-service or in-service teachers?
Teacher educators at seven sites originally volunteered to use the new materials in their courses. At three of these sites they used them exactly as they had indicated they would at the start of the project. At another three sites, the teacher educators used some of the materials as initially planned but then reported that they would include the rest in subsequent versions of particular courses. Teacher educators at one site were unable to use the module because the university had delayed the introduction of the courses in which they had hoped to include selections from the module.

Which parts of the pilot OER did these teacher educators select and what factors influenced this selection?
The materials were used in both pre-service and in-service Mathematics teacher education courses and also in courses which focused on learners with special education needs. Lecturers selected the parts of the OER that suited their institutional needs and the requirements of the curriculum they were teaching. The use of single units varied across the research sites: Units 1, 3 and 6 were used at two sites and Units 2 and 4 at another. These single units were used without adaptation (but in combination with other materials) at three sites and modified (and again used in combination with other materials) at two sites. Overall, this varied usage demonstrated the flexibility of the OER for inclusion in a range of courses which differed in overall design.

How did the teacher educators use the pilot OER in their programmes and how did students respond to the materials?

In the interviews, lecturers at several of the sites expressed their appreciation of the freedom they were given to adapt the module to specific needs and circumstances. One lecturer changed the layout to conform to that of other modules in a programme in order to meet the ‘face validity expectations’ of student readers. Several lecturers adapted tasks within the module to make them more appropriate to the grade levels for which student teachers were being prepared to teach. Most of these and other adaptations have now been made available to the mathematics teacher education community for lecturers to evaluate, learn from and use.

While the uses to which lecturers at five sites put the ACEMaths module (e.g. for course content and assignments) were not dissimilar to the conventional uses of a textbook, the difference was that lecturers were able to downloaded the materials as they wished, present and print them in any combination and integrate them with their other course materials in a manner that would be impossible with a textbook. At one site, the module was used more as additional reference material for lectures and for assignment purposes than as a central course text. At this site, the mathematics teacher educators felt that the materials which they had refined over several years offered students a coherent learning experience. Perhaps more significantly, while some individual lecturers had been open to including parts of the module in their courses, their senior colleagues did not encourage them to do so.

The adaptations and combinations outlined here suggest that in terms of reusability, generativity, adaptability, and scalability (Wiley, op cit), the design of the ACEMaths OER, was adaptable to a wide variety of needs and applications. The varied uses at the different sites indicated that larger learning objects were in fact re-usable in spite of their size and could even be used in domains other than those for which they were originally intended. Granularity was not seen to be a constraining factor.
What were the strengths of the materials development process and the OER produced?

Several lecturers indicated that they had increased both their content knowledge and pedagogical understanding through their engagement in the design process. As one lecturer said, ‘Through the meetings and discussions you could confirm that you were on the right track and you could also learn new ideas to use in your lectures’. The lecturers also reported that they had also learned how to make informed choices about uses of software, licensing and distribution methods that suited and extended their own and the project’s aims.
Three main strengths of the design process and of the OER emerged from the data. 

Achievement of consensus on the ACEMaths OER initiative

To enable and sustain participation in OER design and take-up, it was important to have a common goal. After lengthy discussions at the first design workshop consensus was reached on the nature of the ACEMaths OER initiative. What was agreed is summarised in terms of Joyce’s (2006) five dimensions: 

· Scope  To develop one module, consisting of six units, which could have multiple applications in courses with a focus on learning and teaching mathematics in diverse classrooms.

· Authorship To employ collaborative authorship by a team of experts in mathematics education and materials design, based on existing core material from one institution but including materials contributed by all of the participating institutions. 

· Licencing To agree on a Creative Commons-Attribution-Non-Commercial-ShareAlike 2.5 Licence. Agreement on this was reached after research into various licencing options and substantive negotiation among the participating institutions. 

· Granularity To develop and provide materials as Microsoft Word documents in two forms – one consecutively numbered six-unit module and six individual units.

· Teaching duration To develop a module which could be used in contact or distance education programmes, varying in duration from four months to one year, with the duration reduced where lecturers opted to use only parts of the module.

Arriving at consensus on these issues contributed not only to the ‘buy in’ of the initial participants in the project but also to the development of materials which are judged by lecturers and student teachers to have quality. The total number of student users of the materials increased from 266 in 2007, the year in which the ACEMaths module was first piloted, to 1841 in 2008 and 2233 in 2009 (the data for 2010 are not yet available). All of the institutions that piloted the materials in 2007 used them again in 2008 and 2009 – some in the same ways and in the same courses, others in new ways. There were also new users in 2008 and 2009 who adopted or adapted the materials after learning about them from colleagues or on the ‘grapevine’.

Quality of the OER

Analysis of the responses of the lecturers on the strengths of the OER showed that they observed these to be:

· The clarity of the learning pathway(s) through the materials 

· The combination of a focus on pedagogy for mathematics and focus on mathematical content knowledge
· The focus on diversity and the notion that all children can learn mathematics, coupled with strategies for achieving this
· The opportunities the OER afforded for independent study
· The opportunities for lecturer learning.
· .

Across the sites, the students’ responses to the materials were largely positive. For the majority, the most highly valued feature of the material was the practical ideas presented for teaching.  Their comments included the following:

· ‘All the materials were useful as they explain what to do when it comes to your learners with similar problems’.  

· ‘Problem solving is given in a way that can work with a diverse learner group’.
·  ‘The material is so useful to me, especially the constructivist approach’. 
· ‘The materials help us to understand the different types of learners and to cater for them all’. 
· ‘The materials are better than a textbook’. 
However many students indicated that they would like to have spent far more time actively engaging with the materials during the lecturer-mediated contact sessions One student complained, ‘[The module] has many ideas but the time we took to go through that during contact sessions was so little’. 

Flexibility of the OER
Across the various sites the module was used predominantly in mixed-mode (self-study, combined with short periods on campus). Lecturer mediation at the contact sessions varied. Sometimes selections from the module were used as a catalyst for discussions. Sometimes problem-solving tasks in the materials were experienced and reflected on by students. Sometimes summaries of some of the more challenging theoretical content were distributed and discussed. 

The appropriateness of content and methods for working with diverse classroom populations was rated highly by both lecturers and students. One of the lecturers interviewed said, ‘The materials have helped teachers to realise the richness of their own classes, with the different kinds of learners’. Another observed, ‘In the modules that we teach, we have become more aware of the diverse needs of students’. 
What were the obstacles to the use of the OER and how can these be addressed?  

The question about obstacles to the use of OER was included in the study so that if any were identified they could be addressed to maximise take-up. The following obstacles were identified from the data gathered:

Communication breakdowns

Some institutions failed to respond to the invitation to participate in the project. It was subsequently established that this was because the invitations had not been passed on to the relevant teacher educators. This finding points to the need for careful targeting and follow-up of invitations to participate in collaborative development processes.

Limited student access to computers

Responses to the questionnaire revealed that only 23% of the student teachers owned a computer, 19% had easy access to a computer while 57% neither owned nor had easy access to a computer. This finding confirmed that the right decision had been made in offering the OER digitally but in print-ready form in order to reach the widest possible audience.

Logistical constraints

Logistical constraints varied across institutions. At one institution, which withdrew from the pilot implementation, the mathematics lecturers with an interest in teacher education had no existing maths teacher education programme in which to use the ACEMaths materials. They had hoped that SAIDE could offer them OER to fill an entire programme rather than a single module within a programme, but this was not possible. At another, the six-month lead time between the materials design and materials production made use of the module impossible in the first year although it was used in two courses in subsequent years.

Time constraints and text density

At all of the participating sites lecturers and students expressed some reservations about reading and responding to the materials in the time allocated to their particular courses. This applied particularly to the extensive readings that as noted earlier, were provided in regard to Units 5 and 6.

Limited understanding of the affordances of OER

Since the Creative Commons licences were new to some users, the ‘restrictions’ on use were not well understood by some of the participants or senior managers in their institutions. In writing about the UK Open University’s Open Learn project, McAndrew et al (2009) state that ‘[I]t has proven surprisingly hard to convince people that Open Learn material is free, and that it can be re-used’ (2009, p. 61). Lack of understanding of the affordances of OER was evident in the responses of some participants in the pilot project and in the further take up of the materials both in the pilot project sites and at other sites in subsequent years. Even though the licence clearly indicates that the materials are freely available on an attribution, non-commercial share-alike basis, SAIDE received requests for permission to use the ACEMaths materials. 
Discussion
The birth of an inter- and intra-institutional community of practice 

The ACEMaths project initiated the creation of a community of practice. It brought together teacher educators who might not otherwise have had an opportunity to collaborate in developing and using OER. The project provided a setting within which participants could identify common problems, express ideas, share experiences, explore new possibilities, build understandings and insight and create new mutually-beneficial educational products and approaches. The workshops and the trialled applications helped to deliver tangible results and create awareness of ‘the bigger picture’.

The teacher educators interviewed stated that they valued the inclusion in the design team of colleagues from a range of institutions as this diversity facilitated both lively debate and the setting of common ‘standards’ for mathematics teacher education across South Africa. As one of them observed, ‘[It] it is nice to know that there are so many of us . . . there is sort of a generic message, although we don’t even realise it’. 
However, by 2009 the community had become much less active and communication between its members had decreased. This decrease could be attributed to the project’s failure to create and maintain the ‘rhythm’ that Wenger et al (2002) argued is so important. The ACEMaths module development project was conceived as a project of limited duration. However, given that the inter- and intra-institutional collaborations at its core were so highly valued by the participants, it is to be hoped that this augurs well for the 2011 launch of the Maths Teacher Education Theme on OER Africa’s Teacher Education Space (www.oerafrica.org/Default.aspx?alias=www.oerafrica.org/teachered) and that this will revitalise the community of practice to which the ACEMaths project gave birth.

Contribution of the OER to educational change

The ACEMaths module not only enabled new and arguably better ways of teaching mathematics but fostered openness to change in regard to approaches to teaching and learning (e.g. constructivist pedagogy; responsiveness to diversity). All of the teacher educators changed at least one set of course materials to incorporate material from the module and as a result offered new learning experiences to their students. The OER enabled knowledge construction among mathematics teacher educators and the sharing of this new knowledge with  their colleagues at the various institutions. One outcome of this process was the production of situated learning materials relevant to the ‘life worlds’ (Moletsane, 2003) of diverse pre-service and in-service teacher constituencies. The varied forms of take-up in both pre- and in-service programmes across the sites also suggest that the initial collaboratively designed material was responsive to local contexts, as advocated by critics of ‘pedagogy from the centre’ such as Canagarajah (1999), but not so context bound that it could not be versioned for use in culturally and educationally diverse contexts. 
Observations of the teaching sessions and analysis of responses to the student questionnaire indicate that the module enabled both the lecturers and pre- and in-service teachers to reflect more widely on their learning about teaching, particularly in regard to children who experience various difficulties in learning. 
Affordances of the design process
The invitation to all participants in the design process to contribute their existing materials for redesigning not only made for savings in time and costs but contributed to their ‘buy in’ to the project at both the design and implementation stages. At the workshops, hands-on experience with new technologies and their affordances helped the teacher educators to conceptualise and enact changes to curricula and materials as advocated by Bateman (2008) in his discussion of the potential of OER.

Support within institutions 

Where there was institutional support (both at senior management and departmental level) for using OER for reasons of both quality improvement and cost containment, this was likely to lead to higher levels of take-up. Conversely, another important finding was that institutions where lecturers were enabled to work more autonomously were more likely both to use the OER in their courses and to make adaptations to the materials. In institutions where staff had to conform, confronted with colleagues who favoured their own methods and materials or were otherwise loathe to change, the lecturers who had engaged in the design process needed more time and had to go to greater lengths to convince these colleagues to use the OER. 
Conclusion

At the start of this paper we included three quotations about the challenges of access to high quality, cost-effective, pedagogically sound learning materials and of addressing the huge backlog in the provision of quality pre-service and in-service teacher education. We argue that collaborative redesigning of existing materials from a range of institutions offers one solution to these challenges. If materials are evaluated as being of high quality, and then made available as OER in an easily adaptable format, it is likely that they can and will be used in a wide range of contexts.
In the light of this study, the writers offer the following observations for consideration by policy-makers, practitioners and researchers in distance education: 

· Expert-led collaborative materials design, drawing on the subject and pedagogical knowledge and existing materials developed at institutional sites, has potential for achieving quality, cost effective and multiple use resources.
· Materials designed with clear learning pathways, which are local but not too local and which are made available as OER under a share-alike licence, encourage use, redesign and repurposing.
· The formation of inter- and intra-institutional communities of practice can extend the knowledge and skills of all the participants and attract new ‘players’ into the field. However, skilful and on-going facilitation is necessary to avoid the marginalisation or withdrawal of participants.
· Institutional support at senior management and department level is necessary to encourage on-going teacher educator participation in the development and use of OER.
Notes on contributors

Ingrid Sapire is a mathematics teacher educator and researcher at the University of the Witwatersrand. 
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Case studies of ACEMaths materials being used in contact, mixed mode and special needs programs may be retrieved from http://www.oerafrica.org/acemaths/CaseStudies/tabid/270/Default.aspx
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