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ABSTRACT
The Intel Teach to the Future programme has been established in over 30 countries worldwide. This paper analyses the South African programme as a case study of the project’s implementation in a developing society. 

 

The project is unique in that it is an Information and Communication Technologies (ICT) integration project and focuses heavily on pedagogical aspects of integrating ICT in the classroom, while at the same time being rigorous and challenging for most teachers in terms of the production of a unit portfolio. 

 

South Africa has experienced great success as well as frustrating disappointment in this project. This paper analyses the project and speculates on the extent to which a developing educational environment contributes to the project’s success. 

This paper includes reflections on the cascade training model, the role of the questioning and thinking in the project, language and other issues affecting the teachers’ success as facilitators, the impact on teaching practice, assessment of ICT integration and telecommunication support and development practice as a quality assurance strategy.

INTRODUCTION
When the Intel ® Teach to the Future programme started in South Africa it seemed as if we were about to design rockets… with instructions in a foreign language. Not only were we inexperienced in project-based learning, had limited experience with ICT and learner-centred methodology but we were also hindered by lack of basic infrastructure (Herselman 2003). To add further woes to over worked and underpaid teachers, the South African education system had been in a state of transformation since 1994 with curriculum change that introduced outcomes based education and moved towards learner-centred teaching. Despite transformation endeavours, many teachers remain under qualified or unqualified (Crouch and Perry, 2003) and lack experience, particularly in project based learning that the Intel® Teach to the Future assumes. In order for teachers to be able to transfer the principles of Intel® Teach to the Future into their classrooms and overcome the practical obstacles they face, there has been a necessity to continually adapt the curriculum and change implementation strategies in order to enable teachers to feel confident to use the programme in their classrooms.
The Intel® Teach to the Future programme was developed and first implemented in the USA, a technologically advanced, well-resourced country with an apparently well qualified teaching fraternity. Subsequently the programme has been implemented in a wide range of different countries. Intel recognizes that each country is unique by allowing localisation of the materials to accommodate specific conditions. However, in South Africa we faced a backlog of educational needs inherited from the apartheid education system. We have had to manage a wide ranging diversity within the country caused by the existence of multiple separate education departments during the apartheid years. 

In 2000, the South African Department of Education published the following data in a Schools Register of Needs Survey: 72.7% of schools have water, 42.9% have electricity and 35.5% have telephones. The White Paper on e-Education (Dept. Education, 2003) outlined the numbers of computers in schools as follows. 
Table One: Provinces and computers in schools (2002).
	Province
	Schools with Computers
	Schools with Computers for Teaching and Learning

	Eastern Cape
	8.8%
	4.5%

	Free State
	25.6%
	12.6%

	Gauteng
	88.5%
	45.4%

	KwaZulu-Natal
	16.6%
	10.4%

	Mpumalanga
	22.9%
	12.4%

	Northern Cape
	76.3%
	43.3%

	Limpopo
	13.3%
	4.9%

	North West
	30.5%
	22.9%

	Western Cape
	82.4%
	56.8%

	NATIONAL
	39.2%
	26.5%


Source: National Department of Education (2003, p. 12). 
The complexities of the South African education landscape, with differences between provinces and schools are important to note when analyzing the implementation of education interventions. “The divisive political past of this country has resulted in the majority of schools being badly under-resourced, under-supplied and over-crowded. Educators themselves have been disadvantaged through the lack of affordability of and accessibility to pre-service training. On the other hand, South Africa boasts of some independent schools that rank amongst the finest in the world. Even in that sector the dichotomy continues, because some of the poorest schools in the country are also independent schools. Some of the finest, most creative teachers in the country will be found in under-resourced township schools and some decidedly ordinary teachers can be found in top independent schools” (Roos 2003, p.1). 

It should be noted that despite the vast inequalities in technology and provision of resources in general, experiences of teachers from both ends of this spectrum, when taking part Intel ® Teach to the Future training, did not differ considerably; almost all teachers found it difficult to design projects based on inquiry learning and produce appropriate assessment strategies. Teachers from both wealthy well-resourced schools and teachers from previously disadvantaged backgrounds wrestled with the pedagogy. Almost all teachers struggled with their own creativity when designing projects that were intended to force learners to think but fortunately almost all emerged with a considerable sense of achievement (Case studies, www.intel.co.za/education, 2004). 

The reflections in this paper are based on the authors’ experiences as the Intel® Teach to the Future project manager and evaluator, respectively, of the Intel® Teach to the Future programme for the past two and half years in South Africa.
 The Intel® Teach to the Future programme currently involves almost 1000 schools across all nine provinces. Teachers have been nominated by their schools and then trained by provincial senior trainers to present the course back at their schools to their colleagues. Officials in Provincial Departments of Education are currently undergoing training in order to perform this function when Intel is no longer sponsoring the training of teachers. The programme will be more widely exposed to higher education institutions in July 2005 but it has already been included as part of both pre-service and in-service qualifications in several universities. 
CASCADING MODEL OF IMPLEMENTATION

The cascading model of implementation (sometimes referred to as “Train the trainer”) entails training of a small group of trainers (nationally) who conduct training with other small groups of trainers (provincially) who in turn deliver training to educators in a school who then implement the methodology in their classrooms. This model has integrity in some countries (Sherry et al. 2002), but in South Africa it had developed a poor reputation during the early stages of orientation to the new national curriculum, and resulted in diluted content and dubious methodology(Chisholm 2000). The Intel® Teach to the Future experience, not having a large core of competent facilitators nor having a sufficient number of experienced teachers resulted in random successes and failures, often dependent upon the competence of the “educator turned facilitator” concerned. Of course there were cases that were heartening where inexperienced teachers new to technology took full advantage of the programme and excelled well beyond expectation. 
International research (Sandholtz et al 1997; UNESCO 2002; Sherry et al 2002) and local research (Cohen 2004, Rhodes 2002) have identified stages of development in the adoption of ICT in schools. While studies and countries differ slightly, a three to five year timeframe is considered the norm for teachers to reach an acceptable level of ICT integration. Most South African teachers find themselves at very low levels on these indicators, while the expectations of the Intel® Teach to the Future programme are that they are somewhere in the middle of the spectrum of adoption and innovation (Roos 2003). Further to these considerations, the Intel® Teach to the Future model requires an educator from a school to become a trainer, once they have completed a one week training course. This places an additional requirement on the newly trained teacher: “Train the trainer” programs fail because we expect newly taught teachers to be able to impart their newly developed skills before they have developed their own levels of confidence and expertise” (Roos, G 2002, p25.).
A more stringent screening of applicants was initially suggested as a solution. However, assessing the ICT competence of applicants ignored the necessary pedagogical knowledge. In addition this would not have been practical and would have been elitist and exclusive. Surveys of existing pre-training skills were undertaken while participants were training and scores of as low as 46% of teachers knew how to design their own learning materials on a computer while only 53% had experience of using a spread sheet (Wilson-Strydom 2004). 

In the evaluation of the programme it was found that the most significant factors contributing to the failure of trained facilitators to conduct training in their schools were the facilities and teachers’ lack of confidence in their own competence, both technical and pedagogical (Wilson-Strydom 2004). “Many teachers here have creative ideas about more learner-centred work - but reservations about how it will be done given the limited numbers of computers. Many teachers who do not have the required ICT skills take part in the Intel® Teach to the Future programme because they feel that it is all that is available to them. This puts the trainer under pressure. Educators require more support to find innovative ways of using scarce ICT resources” (Wilson-Strydom 2004, p. 9). The evaluation report all refers to the “general poor quality of educator training in the past” (Wilson-Strydom 2004, p. 9). The shortage of appropriately competent candidates, particularly at senior (provincial) level raised quality assurance questions of how we could improve the probability of positive future impact on learning, as indicated in the following quotation. “When educators lack the required ICT skills they tend to focus on the ICT aspect of the training in order to get through rather than the important pedagogic aspects” (Wilson-Strydom, 200, p. 4).
The Year One evaluation of the Intel® programme documents expectations of participants as being predominantly focused on personal and technical skills development to the exclusion of pedagogical skills. There were 58% of facilitators and 63% of educators in schools who stated they wished to learn computer skills while only 17% indicated that they wished to become better teachers and learn new methods of teaching (Wilson-Strydom 2004). In the Year Two evaluation, interviews with individual teachers revealed a similar lack of confidence particularly with inquiry-based learning. For example, “The facilitator also reported that at the outset of training educators are expecting to learn about computers and not do curricular work. This was given as one reason for why educators did not feel comfortable with the concepts of different types of questions. In addition, the facilitator also noted that explaining these concepts is quite a challenge” (Wilson-Strydom 2005, p. 41). 
PEDAGOGY: QUESTIONS TO STIMULATE THINKING 

Innovative and rigorous pedagogy is the basis and the strength of the Intel® Teach to the Future programme; modules prescribe pedagogical discussions and “pair and share” activities. The pedagogical outcomes of the Teach to the Future programme include using questions to stimulate higher order thinking, project-based learning, cross-curricular planning and educator collaboration. Questioning techniques are central to the success of the teaching approach. Given the current education environment described above, one can understand that this programme is an ambitious undertaking; teachers do not welcome interference in their teaching methods, nor do teachers generally enjoy discussing pedagogy. In fact teachers have joked that they do not know how to pronounce the word let alone what it means (Case studies, www.intel.co.za/education, 2004).

Educator professional development in the use of ICT is critical to education transformation in South Africa (Department of Education, 2003). “Information and Communication Technologies are most effectively applied when viewed as integral to teaching and learning by both learners and teachers. Any ICT integration requires that teachers engage in rethinking and reshaping their curriculum” (Department of Education, 2003, p 4.).
When the initial training of senior provincial trainers was conducted early in 2003, it was evident that ICT integration and particularly a sound understanding of integration methodology was generally viewed as new and novel. Basic project planning concepts such as a unit question were unfamiliar as were the various tools such as assessment rubrics, the portfolio assessment rubric, unit plans, implementation plans and project planning in general. 

Adler and Reed (2002, p.3) warn against making the “assumption that if you merely teach teachers more Maths or English or Science, they will be better teachers. They cite work in progress in which they identify four components of what they call teachers’ ‘conceptual knowledge in practice’:

· A relatively broad and deep knowledge of the subject they are teaching

· Knowledge of the curriculum in their subject area

· Knowledge of how learners come to know their specific subject

· Knowledge of how the teaching and learning of their subject comes to shape and be shaped by specific contextual conditions”. (Cited by, Welch & Siluma, 2003, p.6)
The Intel® Teach to the Future programme attempts to address the last three components (bullets) of “conceptual knowledge in practice” through its emphasis on teaching and learning approaches, specifying step by step project tasks as well as associated assessment against the outcomes and assessment standards for each subject. It is also clear that the programme is closely aligned with the goals of the national department of education as well as serving the authentic needs of educators. A trained facilitator summed up the role of the Intel programme in bringing technology and pedagogy together when he said, “You can give teachers all the computer skills in the world but it won’t help them integrate computers into teaching and learning in the classroom. Intel is the only programme I know that can do this” (De Lange, 2004).

The biggest challenge has been to establish sound questioning skills among facilitators and educators. When one analyses samples of project questions devised by participants it becomes clear that open-ended questioning techniques and a clear understanding of a typical taxonomy, such as Bloom’s Taxonomy, is not common among the majority of our teachers. The Intel programme explains that good project questions can also be used to counteract plagiarism. During training, participants are encouraged to design units of work for upcoming lessons based on open-ended unit questions. Initially teachers were also required to frame their projects with overarching questions, questions that would make learners think, ponder diverse answers and engage in higher order thinking skills. In the USA these were called “essential questions” and in South Africa we called them “critical questions” in line with national curriculum terminology that includes cross-curricular “critical” outcomes. These were described in the programme as questions that philosophers may have been debating about for centuries. At first some surprisingly poor examples often resulted, such as “When is it proper and improper for one to use pronouns in everyday life written or spoken?’ and “Describe the different forms of energy? The latter is not even a question. It must be recognized that language is one of the factors in effecting good questioning techniques. “The impact of language and the ability of non-English speakers to comprehend difficult pedagogical concepts – most teachers speak several African languages and many would not even consider English a second language” (Roos 2003, p. 9).
As one would expect, teachers have not found the pedagogical aspects easy to assimilate, “at most schools visited, the use of questions to develop high-level thinking skills and other pedagogical aspects of the course was found to be difficult as many of the concepts were new to participating educators, and even some of the facilitators” (Wilson-Strydom 2004, p. 20). In the 2005 case study report, a more promising picture was painted although challenges with respect to posing questions were still evident “several of the participants had some difficulty with formulating critical questions. Whilst a consideration of critical questions only might seem to indicate that certain pedagogical outcomes were not achieved, talking to the educators and looking at their portfolios shows that even if question formulation is somewhat problematic, some of the key concepts are indeed taken on board and reflected in the participants’ work” (Wilson-Strydom 2005, p. 41). 
The critical questions were intended to accommodate cross-curricular projects but these were not commonly being planned by our teachers; in fact the critical questions were often forgotten as the unit of work was being developed. An additional factor was that critical questions were not having the intended impact on learners to engage in thinking because they were not directly answering the critical question. They were answering the questions relating to the unit of work. In view of these difficulties and the fact that teachers were designing units of work in one subject rather than cross-curricular units, the South African programme was adapted to concentrate on developing open and thought-provoking questions related to the individual unit of work, the unit question, rather than the critical question. 

When asked about the difference between the various types of questions, some facilitators’ responses were quite lacking in understanding. Consider the following example,
“Critical questions…this is the big question covering a variety of things, it cannot be tackled in one or two lessons only. Unit questions…these are more curriculum based, more focused and the learners will more specific answers.

Content questions…these require specific answers, similar to the unit question and based on the curriculum.

Open questions require a person to think broadly and not just answer yes or no or true or false. These questions pick up on a person’s knowledge of a subject.” (Wilson-Strydom, 2005, p. 41-42).
These responses clearly indicated some gaps in the basic knowledge of questioning. However, some educators who had completed training displayed a much clearer understanding of sound questioning concepts, and shown below.
“Critical questions…global, umbrella type questions. These questions help to encourage critical thinking for both the teacher and the learners. Unit questions are a sub-topic of the bigger question and can be used to divide broad topics into lessons, based on the unit questions.

Content questions have only one answer and they are usually closed questions. 

Open-ended questions are useful because the child can explain more and not just say yes or no. It accommodates many answers. 

Critical questions make learners think deeply about the parts of the question – it is not just about one word answers. You should not use who and where, but rather use why in these questions” (Wilson-Strydom 2005, p. 42). 

On the basis of the case study research conducted in 2004, it was concluded that “… in many cases, the more complex pedagogic components of the Intel® Teach to the Future training are not yet adequately understood nor implemented” (Wilson-Strydom 2005, p 42). 
ONLINE SUPPORT AS A QUALITY ASSURANCE STRATEGY

In order to address the lack of confidence of educators in their own pedagogical knowledge, a strategy was devised to support facilitators. This needed to focus specifically on more deeply understanding the methods of facilitating the posing of more open-ended, thought-provoking unit questions. A refresher course was devised to be offered online with support and interaction from a mentor via email, in order to scaffold the learning process (see http://teach.schoolnet.org.za/support/facilitator/index.htm).

This section explains how this interaction unfolded and how effective the refresher course was. The senior provincial facilitators were the first to experience the course. The first activity introduced the basic concept of open and closed questions. In the first part the facilitator is asked to decide whether questions are open or closed. Senior Provincial facilitators mostly did not manage to identify questions correctly but after email interaction with an email mentor which included feedback and some dialogue, they were able to progress to the second stage, in which they had to convert the closed questions into good unit questions. The sample questions used were extracted from actual portfolios, created by South African teachers. The openness of questions was debated and a few principles emerged through this process. In summary, open questions usually include one or more of the following characteristics:
•
require an opinion

•
require interpretation

•
require higher order thinking

•
generate other questions

•
generate discussion

•
have many possible answers that may vary

•
do not have pure facts as answers, but facts are used to influence the opinion, decision and discussion. 

At first, insufficient thought was given to the nature of thinking that a typical learner response would include. Inevitably the suggested questions would lead to explanatory answers rather than forcing the learner to have an opinion or make a choice. The major lesson learnt in this part of the refresher course was that an open question is not necessarily a good unit question. The third activity gave the trainer the opportunity to provide feedback to imaginary participants on the unit questions presented in actual unit plans. This proved more challenging than expected, but it did provide a good opportunity for some feedback and dialogue and facilitators did improve the quality of their feedback as a result. A good unit question was found to have some of the following additional attributes:

•
It has a focus on a learning area or specific topic 

•
It makes reference to the local contexts of the learner (e.g. a specific type of pollution in a specific local river)

•
It is short and “punchy”. Five to six words was recommended, although this is not always possible.

e.g. “ How do animal and plant species react over time to threats within their habitat to ensure the survival of the species?” received the suggested re-wordings of “Can proteas survive in Johannesburg?” “Why do pine trees grow so easily?” “Why is Bloemfontein the Rose city?” “Why do lilies die in the school garden?” 

One facilitator improved considerably and provided this feedback in a later case study. The sample question was “How can ICT bring about better communication in the global community so that there is better understanding amongst individuals and nations?” and his feedback was, “The question is open-ended which is good. We can, however, shorten the question to make it more interesting and at the same time a higher order question. Your question is a bit leading. What if we ask: “What does ICT mean to the world?” Can you think of another way to put it?

Other findings from the interactions included the following principles:

· Words such as “influence of…”, “importance of …”, “impact of…” should be avoided simply because they allow for weak and descriptive responses.

· Phrasing that forces the learner into evaluation, analysis and synthesis is preferred. This could often be achieved with short questions that, at face value, ask for a simple yes/no response e.g. “Were the Portuguese good for Africa?” Questions that have apparent yes/no answers often make good unit questions if they clearly require higher order thinking for a considered response.

· “How does…” often leads to a weak and explanatory kind of response. These are often associated with concepts. Similarly, questions starting with “why…” often lead to weak questions. In almost all cases the questions were considerably strengthened by the dropping of these prefixed words e.g. the question quoted above (How can ICT bring about better communications?) would be better phrased as “Can ICT improve global communications?”
· Good open-ended examination questions are not the same as good unit questions, e.g. “Outline three economic factors that influenced the outbreak of war in …”
This online support activity was powerful because it not only helped identify the areas where facilitators needed more support but it was also effective in strengthening their ability to, in turn, support others. Only in a few cases were facilitators unable to improve their skills, including their feedback style.

Workshop Two reviewed sample learner presentations and interrogated whether they remained focused on the unit question. This proved to be a good implementation exercise of what was learnt in Workshop 1 and facilitators proved much more adept at spotting whether the unit question had been answered (if it was a good unit question) or if the unit question was the root of a presentation that showed no evidence of thinking (in the case of a bad unit question) e.g. in a case where the unit question was a content question (How does light travel through water or glass?), the facilitator wrote:

“I would suggest that the unit question be changed to: How does light travel? That would leave the students open to explore more, thus, more learning can take place. The sentence structure is not suitable for a presentation, too long and not to the point. There is a balance between graphics and educational content. The unit question was answered, but not very clear-cut, maybe because of the long explanations.”
The mentor responded thus:
“[Mentor] Excellent, you identified the weakness in the unit question - hence a simple explanation in the presentation (which was a good presentation from that perspective). I like that your first option was to shorten the question and leave more for discovery. These concept type questions do bother me though because they inevitably end up being explanations. I think that a possible solution is to state them as problems or challenges. “How can we bend light?” as a discovery challenge or “Why does the spear fisherman keep missing the fish?” etc”.
Although the trainer has made the fundamental error of asking for an explanation of a concept, he tried to include the principle of engaging the learner in more thinking. This does highlight the problem of posing unit questions when a teaching activity is dominated by the explanation of concepts (as it tends to be in maths and science). The advice of the mentor is to make the concept the topic of enquiry and/or problem-solving activities.

The last workshop concerned scaffolding and how to facilitate the development of good scaffold learning documents of participant educators. The Intel manual contains a considerable amount of theory on the scaffolding of learning but the refresher course just included the note that, ‘the scaffold support must make the task more structured and achievable for the learner’. Facilitators were requested to suggest appropriate scaffold documents for the unit plans that had already been discussed. This activity was generally well-done. Facilitators on the Intel training are encouraged to become familiar with a wide range of scaffold ideas and to draw on these when training, rather than sticking to a few common scaffold types (e.g. templates and storyboards). The facilitators reported that this online course had really made them think and wrestle with decisions about questions; those who were familiar with project-based learning fared better than those who were not. 
CONCLUSIONS 

The researchers studying the Intel® Teach to the Future programme in South Africa adopted a largely formative approach to evaluation, allowing annual review of lessons learnt and thus accommodating revisions to implementation. The focus on improving the questioning techniques of facilitators was a direct result of such a review after the first year of evaluation.

“Is there evidence that ICT supports changes in pedagogical practice?” is one of the Year Three evaluation questions that engages with the pedagogical aspects of the programme in South Africa. The researchers hope to answer this question by the end of 2005. In the interim, one would not argue that the use of ICT per se improves teaching or produces change – teachers do that. However, if we were to ask, “What does a teacher need to do with ICT to bring about change - and will that change enhance learning?”, then we are closer to probing the real issue of the influence of ICT on teaching and learning. When evaluating the Teach to the Future programme in the United Kingdom, Exeter University concluded that impact on learning was a factor-complex problem (Tearle and Dillon 2003). The case study evaluation approach in South Africa revealed this to be true and proved that the diverse contexts of schools in the country make generalizations inadvisable. The Year Two Evaluation report concludes thus:

“While the training may not yet have produced the desired impacts, with respect to quality of portfolios, learner activities that support higher-order thinking, and implementation of technology-integrated lessons, clear changes in the use of computers to support teaching and learning can be noted. Several teachers now make use of PowerPoint presentations which allow for more engagement with learners than writing notes on the blackboard. Some teachers are also beginning to use websites as a revision tool, and learners have used computers to search for information for projects across a range of subjects. Perhaps the best evidence in support of the positive impact of the Intel® Teach to the Future training comes from the learners themselves as reflected in their comments about how computers support learning” (Wilson-Strydom 2005, p. 61). 

Consider the following learner comments from the Year Two Evaluation (Wilson-Strydom 2005, p. 59):
“Grade 12 learners when asked if they think computers help them to learn:

Yes! They are fast so we can cover more. We also don’t have lots of papers that can get lost. We can see things graphically on screen and we can also find information that we were not able to find before.”
“Grade 12 Economics learners:

We did a project on the budget speech and we could find lots of information about this on the internet. It was very interesting and we learnt so much. There was much more information than what is in the newspapers.” 

“Grade 11 learners following a lesson when educator was using PowerPoint:

We are not drowsy, the blackboard makes us drowsy. We concentrate more when we use computers.”
Transformation in education through programmes such as Intel® Teach to the Future cannot be assured by merely presenting the programme. Action research, ongoing evaluation and continual curriculum revisions are an essential element of professional development. We expect this growth to continue as the programme continues and that the focus on improved questioning techniques will play its part in enhancing learning with ICT. 
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� The evaluation research has used quantitative survey methods (quarterly post training survey and annual impact survey) and qualitative case studies in project schools. The surveys are administered in all countries implementing the programme. 


� Note: All examples presented in this section have been taken from email exchanges during the Refresher Course. 
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