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Introduction

Renuka Vithal’s paper ‘Re-searching mathematics education from a critical perspective’ engages with the two methodological issues that arise in undertaking such work. The first is concerned with what is researched, and specifically, whether we research existing practice or research instead ‘what might be’. Traditionally the emphasis has been on the former, but more recently, there has been much more emphasis on ‘design experiments’ designed to transform the settings they study, but little attention has been paid to the problems inherent in such studies. The second issue is concerned with how the research is conducted, and in particular how the framing of the research reconciles the conflicting priorities of the production of research findings that transcend the immediate context of the research while also being conducted in ways that are consonant with the precepts of critical mathematics education.

Although it is traditional, and perhaps even expected, in a response to such a paper to engage in a critique of the paper, I find myself so wholly in agreement with Vithal’s paper that to attempt a critique would be an artificial and sterile exercise. Instead I shall simply engage with the issues raised by Vithal and attempt to outline a theoretical framework which I believe might be helpful in developing these debates further.

What is and what might be

 Vithal’s paper illustrates very clearly the associated difficulties of what should be researched and how this should be done. Although these two are at first sight, different questions, a cursory look at the history of research in mathematics education (and in education more broadly) shows very clearly that issues about how research should be carried out have a great influence on (indeed, some would say has largely determined) what gets researched.

In her paper, Vithal distinguishes between various different settings for research. One could research the actual situation—that which we find around us right now—but as Michael Apple also points out in his paper at this conference, the analysis of what is has led to a neglect of what might be. In some cases, no doubt, this stems from a carefully thought-out epistemological position that it is better to start with where we are now, and understand what is going on, before we try to change things. However, in my view it is also the case that the researching of what is rather than what might be is regarded as easier, more straightforward, or more likely to generate research outputs that are acceptable to the academy. Vithal’s engagement with these two questions is therefore timely.

As Vithal points out, any attempt to move from what is to what might be is theoretically driven. It is our theories that tell us what might be an improvement on the current practice. In some cases, these theories are explicit, so that what would count as an improvement is reasonably obvious, if not completely predetermined. In other cases, while there are no explicit theories, the choices about what kinds of changes would be desired are made within a discourse that shapes the possibilities for our thoughts. In this sense, we can think of Vithal’s hypothetical situation as providing a kind of telos for our interventions—in other words a direction for our trajectories of change. However, as well as providing a telos, the hypothetical situation also provides a calibration point in this direction. In other words, as well as showing the direction in which change is sought, the hypothetical situation provides a vision of what it would be like actually to reach the desired point.

Because the hypothetical situation provides both a direction for change (ie a telos) and a marker for how much change is desired (by envisaging the end-point), it becomes important to consider whether, in determining the hypothetical situation, the actual situation is taken into account. Vithal’s answer on this point is clear:

In my research, the actual situation is not considered directly. It is important to the extent that I together with other participants could intervene in an actual situation and arrange a situation for research. Knowing the actual situation is, however, important for the analysis and theorising later to explain what occurs in the arranged situation. My research interest lies in making a concerted effort to introduce prospective teachers to a particular theoretical landscape and its associated practices and then to examine its recontextualisation when facing the reality of classrooms. The focus is not on the existing actual situation per se but rather on some new and different situation that is organised and created with ideas from a particular theoretical landscape.

In other words, where people are starting from is important for analysis of what goes on, but should not be taken into account in determining the goal. In this sense, therefore, it seems to me that the hypothetical situation functions more as a telos than a desired endpoint.

So, we know where we are by observing the actual situation, and the hypothetical situation (driven by our theories) tells us the direction in which we think it would be appropriate to move
. The arranged situation emerges then as an interaction between the current situation and the telos provided by the hypothetical situation, but mediated by the agency of those involved and the structures in which they operate. In this sense, as Vithal implies, both the hypothetical and the arranged stituations are emergent properties of the interactions between researcher and researched.

Now, of course, it may be that the arranged situation approximates the hypothetical situation, but in most cases the arranged situation differs in important respects from the hypothetical situation. Traditionally, this has been regarded as a ‘problem’ of implementation. In other words, the researchers have a clear idea of what needs to be done, if only the teachers would do as they are told, much as medical researchers regard the failure of patients to follow pharmaceutical regimes as a ‘problem’
.

Such notions are at the heart of ‘centre-periphery’ models of dissemination of practice in which it is assumed the knowledge is created at the ‘centre’ (ie by researchers) and then is disseminated to those at the periphery who put the research into practice. Such models may work reasonably well in those situations in which the knowledge being disseminated is explicit, but as is being increasingly realised in ‘high-technology’ industries, such models are simply ineffective for the dissemination of implicit knowledge. Indeed, as Nonaka and Tageuchi (1995) have pointed out, the transfer of implicit knowledge is a quite different process from the transfer of explicit knowledge
.

Involving teachers as co-researchers in the research process is therefore not just good public relations, or a way of assuaging guilt about the power relations involved in the research process. In complex domains such as education, where knowledge cannot easily be transferred explicitly, involving teachers is essential because the researchers have left something out. The broad principles of, to take the current example, critical mathematics education, provide some insight into the hypothetical situation, but do not provide a model for what to do. And however experienced the researcher is as a teacher—even if the researcher is an exemplary practitioner of critical mathematics education—she or he does not know what it is like to try and ‘do’ critical mathematics education with this class, in this school, at this time. This might be compared to the relationship between science and technology. While a scientist might understand well the principles of the internal combustion engine, and may even be able to produce a working model of such an engine on a laboratory bench, it requires the very different skills of a technologist to produce an engine that is small enough to fit into a car and which will run for over 30 million cycles before needing to be serviced. In the same way, while the researcher can provide strong guiding principles, turning this into an operational pedagogy that functions reliably and effectively in the context of a particular classroom requires considerable skill and development
.

How then, can we deal with these very real dilemmas posed by Vithal. How do we research racist and sexist teachers? To what extent should we involve the researched in the research process? How do we deal with the very real differences in power between the researcher and the researched, especially in situations where the researcher is placed in a dual role of teacher and evaluator. A possible way of engaging with these tensions in the research process lies in addressing the question of what is to count as evidence in research.

Inquiry systems

What is to count as evidence in research was used by Churchman (1971) as the basis of a typology of methods of inquiry. He distinguished five kinds of inquiry systems, each of which he labelled with the name of a philosopher:

	Inquiry system
	primary source of evidence

	Leibniz
	rationality, reason

	Locke
	empirical observation

	Kant
	representations

	Hegel
	dialectic

	Singer
	ethics, morality, values



In a Leibnizian inquiry system, the primary source of data is the logical relation between the elements. Critical mathematics education would be supported or opposed simply in terms of the logic of the situation. For example, if we had a curriculum that required students to be critical of the use of mathematics then it might be regarded as ‘obvious’ (at least to some) that a teaching approach based on critical mathematics education must be better than one that was not.

In a Lockean enquiry system, the principle source of evidence is empirical data. Either a theoretical prediction is made, and validated by reference to empirical data, or empirical data is collected, and a theory is built to account for it. The effects of an attempt to introduce critical mathematics education could, for example, be investigated by defining aims for critical mathematics education, and then evaluating the extent to which the intervention achieved its intended aims. In order to further strengthen the warrant for the claims being made, we might set up a control group, and compare the outcomes for those who had been introduced to critical mathematics education and those who did not.

The major difficulty with a Lockean approach is that, because observations are regarded as evidence, it is necessary for all observers to agree on what they have observed. However, what we observe is dependent on the theories we hold, and in areas which are under-theorised (certainly the case with most educational issues), different theories lead to different results. This is true even in the physical sciences where Werner von Heisenberg observed that “What we learn about is not nature itself, but nature exposed to our methods of questioning” (quoted in Johnson, 1996 p. 147). 

Because those with different theories will observe different things in the same setting, what gets observed cannot be regarded as ‘out there’ in any non-trivial sense, but are the result of the interaction between the brute physical world and the theories held by the observers
. This is recognised in a Kantian inquiry system, which involves the deliberate framing of multiple alternative perspectives, on both theory and data (thus subsuming Leibnizian and Lockean systems). This can be done by building different theories on the basis of the same set of data or by building two theories related to the problem, and then for each theory, generating appropriate data (it might well be that different kinds of data were collected for the two theories). Therefore, what counts in a Kantian enquiry system is the coherence of each of the multiple representations—there is no requirement for the representations themselves to be coherent with each other. Indeed, it is often the case that the representations are not even commensurable—in other words there is no way (without further theory building) of saying whether the representations are saying the same thing or not. However, often this work of investigating the connections and links between representations can lead to fruitful theory building.

In our introduction of critical mathematics education, one researcher might investigate the effects on achievement, whether defined in terms of the traditional mathematics curriculum, or in terms of some more radical aims, such as the ability to think critically in a given classroom situation. Another researcher might evaluate the initiative in terms of the extent to which students feel empowered to mathematize in ‘real-life’ situations outside the mathematics classroom, while a third might evaluate the introduction of critical mathematics education in terms of participation in classroom dialogue. None of these perspectives, with their associated theoretical perspectives and data, can be regarded as ‘better’ than the others. Each provides only a partial account of what is going on.

In an effort to prompt further theory-building, however, we can attempt to reconcile two (or more) rival theories through the development of antithetical and mutually inconsistent theories, which is the defining feature of a Hegelian inquiry system. Not content with building plausible theories, the Hegelian inquirer takes the most plausible theory, and then investigates what would have to be different about the world for the exact opposite of the most plausible theory itself to be plausible. The tension produced by confrontation between conflicting theories forces the assumptions of each theory to be questioned, thus possibly creating a synthesis of the rival theories at a higher level of abstraction.

For example, an Hegelian enquiry into our introduction of critical mathematics education in a particular setting might begin by building a coherent account of what was going on from some theoretical perspective, but would then investigate the extent to which the same data could support exactly the opposite conclusion. In this particular instance, we might have collected data that we believe shows that our intervention has been successful, so we would then attempt to use the same data to show that the intervention had not been successful. This could be sharpened by asking what would be the minimum change in our data that would be necessary to provide data consistent with the opposite view that the intervention had been ineffective (or even counterproductive). If only trivial changes in our data were to allow the opposite to be concluded, then this suggests that our interpretations are unlikely to be well-founded.

The differences between Lockean, Kantian and Hegelian inquiry systems were summed up as follows by Churchman:

The Lockean inquirer displays the ‘fundamental’ data that all experts agree are accurate and relevant, and then builds a consistent story out of these. The Kantian inquirer displays the same story from different points of view, emphasising thereby that what is put into the story by the internal mode of representation is not given from the outside. But the Hegelian inquirer, using the same data, tells two stories, one supporting the most prominent policy on one side, the other supporting the most promising story on the other side. (Churchman, 1971 p177)

However, Churchman’s typology also recognises that we can inquire about inquiry systems, questioning the values and ethical assumptions that each inquiry system embodies. Such an inquiry into inquiry systems is itself, of course, an inquiry system, termed Singerian by Churchman after the philosopher E A Singer which entails a constant questioning of the assumptions of inquiry systems. Tenets, no matter how fundamental they appear to be, are themselves to be challenged in order to cast a new light on the situation under investigation. This leads directly and naturally onto examination of the values and ethical considerations inherent in theory building.

In a Singerian inquiry, there is no solid foundation. Instead, everything is provisional; instead of asking what ‘is’, we ask what are the implications and consequences of different assumptions about what ‘is taken to be’:

The ‘is taken to be’ is a self-imposed imperative of the community. Taken in the context of the whole Singerian theory of inquiry and progress, the imperative has the status of an ethical judgment. That is, the community judges that to accept its instruction is to bring about a suitable tactic or strategy [...]. The acceptance may lead to social actions outside of inquiry, or to new kinds of inquiry, or whatever. Part of the community’s judgement is concerned with the appropriateness of these actions from an ethical point of view. Hence the linguistic puzzle which bothered some empiricists—how the inquiring system can pass linguistically from “is” statements to “ought” statements— is no puzzle at all in the Singerian inquirer: the inquiring system speaks exclusively in the “ought,” the “is” being only a convenient façon de parler when one wants to block out the uncertainty in the discourse. (Churchman, 1971 p. 202; my emphasis in fourth sentence).

The important point about adopting a Singerian perspective is that with such an inquiry system, one can never absolve oneself from the consequences of one’s research. Educational research is a process of modelling educational processes, and the models are never right or wrong, merely more or less appropriate, more or less defensible, for a particular purpose.

I suggest that a Singerian enquiry system provides an appropriate framework for the further investigation of the complex issues raised in Vithal’s paper. For example, Vithal raises the issue of democracy in the research process. What does it mean to make (and what are the consequences of making) the ‘researched’ equal participants in the research process? In a Singerian inquiry, the researcher must defend the choice to the research community. In some cases, it will certainly be the case that making the researched equal participants in the process is appropriate (as judged by the community), but in other cases it might not. For example, Colin Lacey’s influential study of ‘Hightown Grammar’ (Lacey, 1970) attended little to the needs of the researched individuals in that school, but arguably its effect on the system of education in the United Kingdom was great enough to compensate for this weakness. In my own research, I am involved in a variety of projects that examine the impact of ability grouping practices on students’ learning and identity (see Boaler, Wiliam and Brown, 2000, and the paper by Boaler, Wiliam and Zevenbergen at this conference). In these projects, neither the students nor the teachers could be regarded as co-participants in the sense envisaged by Vithal. Is this defensible? The search for transcendent meanings that can serve to take forward a political project aimed at reducing the use of ability grouping in mathematics classrooms in England and Wales, can, I believe, justify the lack of impact in those schools in which the research is carried out, although, within a Singerian framework, this would be a matter for the research community.

In other research work, however, (see, for example, Wiliam, 2000) my focus is different. I and other colleagues are working with mathematics and science teachers to develop the role of formative assessment in classrooms. In this project, the requirements of producing data that could in some sense be regarded as generalisable has been given less emphasis than the need to allow the teachers to develop their practice in whatever ways they feel is appropriate. In this context, it is interesting to note that the original research design (perhaps somewhat naively) called for teachers to develop these skills in one or two of their classes, so that the progress of students in these classes could be compared with that of other students taught by the same teacher. As might have been predicted, because the teachers are finding the skills that they are developing lead to more effective learning, they are inevitably (and in some cases unconsciously) using these skills with all their classes. The meanings of the research data are compromised, but this is compensated by the consequences for these teachers’ practice (though again whether the compensation is enough to justify this course of action would need to be subjected to the ethical and moral scrutiny of the community).

The framework of Singerian enquiry also illuminates the politically charged question of whether (and if so, how) to research racist and sexist teachers. Vithal describes how she maintained a dialogue with these teachers in which she challenged their views. The purpose of these challenges was not, of course, to help them develop more coherent defences of their racist and sexist positions (which is always a danger in such situations) but rather to produce change. Implicit in such an approach is the assumption that the existing positions and views held by these teachers are unacceptable and need changing. In other words, the researcher seeks to impose her or his views on the researched. Within a Singerian framework, such an approach is neither right or wrong, but simply more or less justifiable to the community.

In the same vein, the question of the ‘emancipatory possibilities’ of the research is an inevitable element for the Singerian enquirer which arises naturally. In research with the oppressed, traditional methodologies may require a consideration of the extent to which the research is emancipatory, but this is generally left to the whims of the researcher. For a Singerian enquirer, such questions are always present, even though, in a particular study, the emancipatory potential may be limited, because of the pressure from competing priorities.

Conclusion

Most research in mathematics education can be characterised as a process of assembling evidence that a particular chosen interpretation of data is warranted on the basis of the available evidence and the primary concern is with establishing the extent to which such interpretations can be generalised beyond the immediate context in which the data arose. However, in addition we should also be concerned to investigate plausible rival interpretations of the data and be prepared to marshal evidence that our preferred interpretation is more justifiable. Stopping at this point entails, in effect, adopting a rationalist position on the nature of research in mathematics education (which includes both positivist and interpretivist paradigms). It is also generally held, within such a perspective, that critiques should not question what is researched, but only how well it has been carried out.

However the issues raised by Vithal in her paper cannot be effectively addressed within such a rationalist programme. The decision to engage in critical mathematics education arises from a set of values that cannot be separated from the research process itself, which entails, in effect, adopting a Singerian mode of inquiry.

In such a mode, we are held accountable for all the decisions we make, both as to what we research and how we research it. Most people who carry out research from their jobs in universities, whether on fixed-term or permanent contracts, are privileged, given the luxury of time and facilities to carry out research. Our decisions about what to research, as much as our resolutions of the questions around negotiation, reciprocity, reflexivity, objectivity, instability and emancipation raised by Vithal, are, at root value-based decisions which we should expect to have to defend.
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�	Of course, it is also important to note that the theory-dependent nature of observation means that what we observe about the actual situation is also driven by our theories.


�	Originally, medical researchers described the match between instructions given to participants in (say) drug trials as an issue of ‘compliance’, and more recently as one of ‘adherence’. However, the realisation that both these metaphors canonise a particular ‘correct’ method of behaviour has led to describing the question of the match between the actions of the participants and the wishes of the researchers, as one of ‘concordance’. That this is a real issue is illustrated by Collins and Pinch (1998) who cite the example of individuals involved in trials of drugs for the treatment of HIV/AIDS. The trials are double blind randomised controlled trials, so that neither those administering, nor those receiving the medication know whether they are receiving a drug believed to be effective in delaying the onset of AIDS or a placebo. Because being in the placebo group is effectively a death sentence, individuals with HIV/AIDS seek out others in the same trial and share medication, to increase the probability of getting some of the drug believed to be effective.


�	The importance of rapid dissemination of findings is demonstrated by studies of product development reported by Gleick (1999) which show that projects which deliver products 50% over budget, but on time, generate greater profits than those that deliver products on budget but six months late (p48).


�	The use of ‘technologist’ as a metaphorical counterpart for the role of the teacher in the teacher-researcher relation should not be taken as endorsing a view of teaching as a ‘technical’ profession. On the contrary, it seems to me that the fact that technologists have to make substantial use of implicit knowledge makes their work more professional than that of scientists, who are able to depend more on explicit knowledge. Accessing high-level explicit knowledge may require intellectual skills that are not widely-shared, but does not seem to me require the application of professional judgement to the same extent as is required in responding effectively to relatively unstructured situations.


�	Too often ontological discussions become polarised into whether the objects of discourse really exist, or are created. In almost all cases, the answer is both. For example, many languages do not distinguish between green and blue. This does not, of course mean that the speakers of this language see grass as the same colour as the sky, but rather that the need to distinguish these colours with different labels has not arisen. Conversely, it appears that Newton distinguished between indigo and violet simply because it was felt to be more auspicious to have 7 colours in the spectrum than  6. 





