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INTRODUCTION
This booklet is the result of extensive classroom trials and discussions with teachers carried out for a project funded by Gatsby Technical Education Projects during 2004-05. The aims of the project were expressed in its verbose title: To develop prompts and a framework for classroom practice that promote student self-regulation of cognition during mathematical problem solving. 
The project has its origins in observations I made in my own lessons of the engagement and expectations of secondary school students. They lacked the ability to monitor, regulate and reflect on their own thinking. Even worse, prescriptive ‘learning objectives’ set at the beginning of lessons militated against just such creative thinking in which metacognitive skills can develop. As a consequence, students seemed to assume that lessons would occur within a strait-jacket of the teacher’s planned structure. Plenary sessions designed to reflect on the way decisions had been taken during mathematical thinking and the reasons for those decisions failed to elicit reliable accounts of intricate mental processes and, more often, resulted in a confused silence. After all, I was expecting students to dissect thinking that had occurred up to 40 minutes before.
The Guided Inquiry approach evolved out of a desire to create a classroom culture that promotes dialogue, negotiation and creativity. In particular, it gives students the space to structure their own learning experience and to make decisions on the tools and scientific concepts they might need to understand a stimulus provided by the teacher. Moreover, Guided Inquiry lessons encourage students to monitor and regulate their own mathematical activity. 
This booklet is divided into two sections. The first presents the theory behind Guided Inquiry and ends with advice on ‘getting started’. The second part looks at the five ‘prompts’ I and other teachers have used to generate rich inquiries during the Gatsby year with mixed-ability and banded classes ranging from Year 6 to Year 11. For each prompt, there are lesson notes and mathematical notes. The lesson notes take on different characteristics depending on how classes have handled the inquiry. Some inquiries tend to be more ‘linear’ with the whole class, perhaps in groups or pairs, working on the same inquiry with regular feedback. Other prompts have led to different, but related, inquiries carried out by separate groups, which typically might conclude with a discussion on how the results fit together. The mathematical notes highlight the potential of the prompts for all students, up to and including higher tier GCSE candidates.
I would like to acknowledge the support I have received from Gatsby, and thank, in particular, Charlie Stripp, Sue Robinson and Lisa Page for the interest they have shown in the work. In my own school, the Mathematics Department and the Cognition and Metacognition Research Group have provided forums for critical reflection on the inquiry approach. In particular, Colm Sweet has used prompts in his own classroom and taken time to evaluate the results and make valuable suggestions. My own inquiry into Guided Inquiry has benefited enormously from the contribution of these people. 
To finish, Guided Inquiry is a process, both for students in the classroom and for those interested in developing the ideas in this booklet further. If you want to discuss the approach or your use of prompts in classrooms, I would be delighted to hear from you.
Andrew Blair
Varndean School, Brighton

May 2005

andrewblair@varndean.co.uk

MATHEMATICS CLASSROOMS OF GUIDED INQUIRY
Guided Inquiry is a whole-class pedagogical model that promotes students’ ability to regulate their thinking when solving mathematics problems. If, as research shows, academic success correlates strongly with the use of metacognitive skills (Schoenfeld, 1987; Goos et al., 2002), then the question for educationalists is to determine how to promote higher-order thinking alongside cognitive development. Guided Inquiry lessons are designed to address this issue. Unlike teacher-directed ‘transmission’ classes, there is no imposed correct path to follow, nor any specific objectives laid down at the start. Instead, the method requires students to make decisions on the approaches the class will follow, the goals it will set itself and on the selection of mathematical tools it will employ. 
Vygotsky’s theory that students learn to regulate their own thinking during social interaction underpins the model. Students develop metacognitive strategies (or ‘reflective consciousness’ in Vygotsky’s work) when their behaviour is regulated by collaborators in social activity and when they regulate the thinking of others (Vygotsky, 1978, 1981 and 1986). The important characteristic of the Guided Inquiry classroom, insofar as it is possible, lies in the students’ regulation of their own activity with the teacher mediating between contending ‘other-regulation’. By becoming aware of peers’ higher-order thinking processes and others’ regulation of her or his activity, an individual student internalises (or ‘appropriates’) the forms of regulation. The student then adapts them in ways dependent on his or her previous mental development for use in regulating thinking during problem solving.
A guided inquiry, which can last up to four or five hours of classroom time, typically follows the four phases of the problem-solving cycle: orientation, exploration and planning, solving, and reflecting and evaluating.
Prompt

Inquiry is initiated with a teacher’s prompt, a written, numerical or algebraic mathematical statement (such as 24 x 21 = 42 x 12), and is generated from students’ queries, speculation and conjectures. The prompt is simultaneously recognisable and unrecognisable to students, challenging them to extend their existing knowledge and to determine whether new concepts are required to understand it fully. Ideally the prompt would suggest different lines of inquiry at concrete and abstract mathematical levels. In the sense that the prompt is open to different levels of inquiry, it can be revisited in successive years to extend it further.

Orientation
Pairs of students are expected to make an observation or ask a question about the prompt, perhaps with the teacher modelling the self-question: ‘What could I ask myself about this statement?’ At this point, a great deal of perseverance is required on first using Guided Inquiry lessons. Students are often unused to asking questions about a mathematical stimulus and, especially, to discussing the direction a lesson could take thereafter. Initial efforts often involve long silences, incomprehension, and even embarrassed giggles. Maybe the teacher can elicit only one legitimate question or observation. However, if the teacher treats that seriously and expects other students to respond or develop the comment, classes can be convinced of the genuine intent behind the prompt. It should not be forgotten that the Guided Inquiry lesson attempts a total cultural change within the classroom, and students are perhaps right to be suspicious.*
…………………………………………………………………………………………
* The author has experienced resistance to Guided Inquiry on only two occasions, both involving high achievers. The first student, in demanding to know what she was ‘expected to do’, showed total reliance on teacher regulation; the second, in questioning the ‘point of learning this way’ revealed more sophisticated metacognitive knowledge of ‘learning styles’. Nevertheless, both expressed the dismay of children who had learned to succeed in a ‘traditional’ environment driven by learning objectives, but who had difficulty adapting to a new culture in which responsibility for regulating the lesson is shared. The vast majority of students, it should be stressed, enjoy the creative inquiry process and embrace its liberating features. 
Exploration and Planning

Questions and observations from the students that have arisen in lessons with the prompt 24 x 21 = 42 x 12 include: 
· Is the sum correct?
· An approximation shows the sum is right because 20 x 20 = 40 x 10
· How do you multiply two 2-digit numbers?

· One number on the right is half one on the left and the other is double. 
· Does doubling and halving always give equal amounts in multiplication sums?
· The digits on the left have been reversed to make the numbers on the right.

· Does reversing digits always work to make an ‘equals sum’?

· Are there any other sums like this one?
The class as a whole would be invited to order the questions (and, importantly for metacognitive development, justify their order) and then decide how they would analyse the comments and answer the questions they themselves have generated. With the independence it allows and the responsibility it bestows, the inquiry model of learning often improves motivation within a class.
Solving
By collaborating in small groups, students are then expected to respond to the issues raised in the class discussion. Ground rules for interaction, which emphasise explaining reasoning, questioning that reasoning, justifying methods and decisions, and reacting critically to peers’ comments, aim to create transactive clusters of metacognitive dialogue:

The discussion around, and generated by, individual metacognitive acts is crucial to the success of the mathematical enterprise. (Goos et al., 2002, p. 213)

Even though there are no conventional ‘content’ learning intentions at the start of the lesson, the teacher might expect students to set their own cognitive goals. In the example we are following, some students might decide to remind themselves about multiplying two 2-digit numbers or approximating, although the teacher might call on students to model methods to the class. Other students could look for similar examples that fulfil the conditions identified, or they could test a general statement or find a counter-example. More able students might move on to making algebraic generalisations about the relationship between the digits. 
Reflecting and Evaluating

The final phase sees students decide whether the approach they took as a whole class was efficient and effective. Further questions that have emerged at this stage involve using 3- and 4-digit numbers, and four 2-digit numbers (arranged in 2 pairs). 
The teacher aims to make students’ monitoring and regulation explicit during classroom discourse, not necessarily leaving it to the end when imperfect memories have been shown to distort students’ account of the course of their thinking (Dominowski, 1998). The final session of the inquiry might involve groups feeding back to the rest of the class or to an outside observer (such as a second adult) on the progress they have made. Another successful, although advanced, idea for classes that have split up is to compare the decisions (and the decision-making processes) made by different groups, and evaluate their effectiveness in terms of the depth of their understanding of the prompt. 
The Teacher’s Role
Overall, the teacher acts, on the one hand, as a mediator between students and the prompt (and the knowledge students request to make sense of the prompt). On the other hand, the teacher is a guide who is familiar with the ‘plot’, but is also prepared to improvise by permitting far-reaching digressions. Improvisation is not governed by chance but by the ‘on-the-spot’ skill of discerning a mathematically fruitful outcome to a suggested line of inquiry (Bartolini Bussi, 1998). This flexibility means that, even if the teacher is familiar with the potential of a prompt and has a guiding idea of an anticipated outcome, each inquiry is unique.
Furthermore, the teacher, as a participant in the inquiry, demonstrates the strategy of critically evaluating results from new perspectives (Van Oers, 2001). In this role, the teacher could introduce scientific (conceptual) knowledge necessary for progress in the inquiry. When concepts are used as cognitive tools during activity, they become contextualised and meaningful. Overall, the teacher’s role is to orchestrate the development of a class inquiry, overseeing the inter-linked cognitive and metacognitive processes. 
A Zone of Proximal Development 

Vygotsky’s concept of the Zone of Proximal Development (ZPD) focuses on those functions that are not fully formed in an individual child’s mental development but are in the process of maturation. When a child has the possibility to imitate an expert adult or more capable peer carrying out a task that is just above their own capability, Vygotsky (1978) contends, the nascent mental processes can become fully formed. However, for this to happen systematically in schools, instruction must lead development (emotional and motivational, as well as cognitive): 
Instruction is only useful when it moves ahead of development. When it does, it impels or awakens a whole series of functions that are in a stage of maturation lying in the zone of proximal development. (Vygotsky, 1987, p. 212)

Although Vygotsky stated that instruction and development form a unity (but not an identity), he did not go onto specify, beyond general descriptions, any effective form of school instruction. 
Educationalists have interpreted Vygotsky’s ZPD in a one-sided manner, focusing on skills to be learnt through adult scaffolding of an individual’s activity. However, classrooms are not only about the imitation of skills, but also about changes in students’ higher mental processes induced by discussing scientific concepts. Such collaborative meaning-making can lead to greater awareness, if made explicit by the teacher, of metacognitive processes. In this view, the ZPD is created in the interaction and negotiation between co-participants (students and teacher) during activity, and depends as much on the nature and quality of the interaction as on an individual learner’s maturing mental processes (Wells, 1999). 
Even though Guided Inquiry aims to harness this dialogic view of learning, it might seem to an outside observer that instruction, in its ‘transmission’ form, is occasionally a feature of the lesson. However, such episodes result from students’ requests to the ‘expert’ teacher. In this sense, the teacher is participating in the inquiry by contributing knowledge identified as relevant by co-participants.
Getting Started

Guided Inquiry is not an approach to learning that can simply be implemented in classrooms with any hope of immediate success. It requires mental processes that are undeveloped in the thinking of secondary school students. Moreover, dialogic learning overturns the established culture of traditional textbook classrooms. As teaching and learning becomes a collaborative and negotiated enterprise, the teacher no longer has all the answers. Harpaz (2005) reminds us that when teachers in Israel tried to create Communities of Thinking that involved elements of the inquiry method, independent and creative thinking from students took up to two years to develop fully, and that was with the whole school taking the same approach.

With this experience in mind, classroom teachers need resilience and determination to resist pressures to teach for national tests and to follow the constraints of the objective-led National Numeracy Strategy. Perhaps using the prompts in blocks of 20 or 30 minutes is the best way to get started.
(Interactive whiteboards are useful to save notes written by the teacher or students during an inquiry as an ongoing record.) Even though the initial sessions might crawl along with few suggestions forthcoming from students, teachers must avoid ‘filling the void’ with their own ideas. There can be the temptation to revert to a tight structure by introducing seemingly relevant concepts or skills. However, imposing preconceived ideas on the lesson at the cognitive level risks smothering emerging mental processes of self-regulation. If it seems that students genuinely have no comments, the teacher could initiate a discussion at the metacognitive level by asking, for example, ‘What could we do to explain or analyse something we don’t understand?’ Ultimately, even the most disaffected students have responded to genuine attempts by teachers to elicit their views, ideas or comments.
Harpaz (2005) has differentiated the cognitive demands placed on students in classrooms (see Table 1). Most numeracy sessions rarely advance beyond 
	
	Problem
	Means
	Solutions

	Level 1
	given
	given
	given

	Level 2
	given
	given
	to be found

	Level 3
	given
	to be found
	to be found

	Level 4
	to be found
	to be found
	to be found


            Table 1: Levels of student autonomy
level 2. The Guided Inquiry lesson aims at Level 4, with the exploration of the prompt giving students the opportunity to define a problem. As for metacognitive processes, level 1 lessons are characterised by teacher regulation of all phases, from the setting of objectives, to structuring the lesson and providing the tasks and even the answers. Level 4 lessons are regulated predominantly by students who determine their own goals, activities and, most importantly, the structure of the learning experience. In whatever way students, in collaboration with the teacher, decide to work, all participants in the inquiry should aim to become more self-aware of themselves as learners. Such ‘reflective consciousness’ leads to independent, creative and innovative thinking.
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Mathematics Classrooms of Guided Inquiry:


A Lesson Structure to Promote Self-Regulation











Exploration,


Planning





PROMPT


Mathematical statement in written, numerical or algebraic form








Solving





Student collaboration involving co-regulation in ‘transactive clusters’.





TEACHER MEDIATION





Teacher makes students’ metacognitive statements and peers’ responses an explicit part of classroom discourse.








Orientation














Class reflection on and evaluation of the inquiry process.








Reflecting, Evaluating





TEACHER MEDIATION





Teacher mediates between other-regulation and student activity by (1) advising on the course of subsequent phases and (2) negotiating metacognitive and cognitive skills in solving process. 





Student collaboration on exploring prompt (posing questions, defining terms, and making statements)











Class discussion on students’ questions, comments and ideas.





TEACHER MEDIATION





Teacher uses ‘self-questions’ to guide student thinking: ‘How could I …?’
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