Classroom video data and resources for teaching:  
some thoughts on teachers’ professional development 

Dominique Forest & Alain Mercier

Key words 

Didactical situations, milieu, video analysis, photograms, non-verbal communication, proxemic, teacher professional development, teacher action, joint action, decimal numbers.

Abstract

In this chapter, we draw on a case study to examine the way professor teacher uses material objects and symbolic artifacts from the milieu. Here we especially focus on the contributions of pupils memorized on the blackboard, and show how they constitute resources for the teacher’s action. When analyzing classroom videos, we consider the importance of language, body and space positioning as means of supporting pupils’ joint action. We connect non-verbal aspects to linguistic interactions, specifying them to the content knowledge at stake. Then we examine the use of such video data for teachers’ professional development.

We refer to the theory of didactic situations in mathematics. A central support for the development of didactic situations theory in mathematics was the COREM, a school near Bordeaux, France. Lessons have been video recorded during more than twenty years, and some of them are still accessible to education researchers, through ViSA, an online database for videos of learning situations. In this study, we use the theory of teacher and pupils’ joint action in a didactical framework.

Introduction

In this chapter, we show that understanding the way teachers use material and symbolic artifacts when teaching is of major interest when analyzing didactic phenomena. To interpret teachers’ action researchers must identify the conditions and constraints that make these elements useful. That is why we consider from the classroom point of view the question of teacher’s documentation. Here we choose a lesson that was engineered by Brousseau (1980) in the COREM school
 for a fifth form class (pupils aged about 11). It starts a one year teaching sequence organized in fifteen chapters. Four main problems are chronologically met in this fifth form class: 1) to construct the set of rational numbers as measures, 2) to construct the decimal numbers as a subset of fractions able to separate two rationals then 3) to look at problems using these numbers as linear operators from a measure space to another one and 4) to explore how operating operators work. Brousseau worked at creating efficient mathematic situations that were set up by the COREM school teachers called “test teachers”. The lesson we choose is an emblematic one because no teacher in ordinary schools were able to allow pupils to build up the set rational numbers from a situation that makes sense. That makes this lesson particularly fruitful for researchers who want to describe teachers’ work.   

Brousseau, looking firstly at knowledge as a result of pupils’ action constrained by a didactic situation, did not intend to describe the teacher’s work. But as the whole process was videotaped, one can watch the data again, and after Brousseau risk new interpretations of the action of both the teacher and the pupils
. Our analyses are conducted using the theoretical frame of Joint Didactic Action (see Sensevy chapter 16 in this book). Precisely, we consider in the lesson pupils’ actions when measuring the thickness of a paper sheet and coding their results (the action situation according to Brousseau, 1997) to the actions on the various representations they have just elaborated (the formulation-situation to Brousseau, 1997). We link the movement from the action-situation to the formulation-situation with the teacher’s technique to impulse and regulate this movement. We show then how the teacher does this by mobilizing an artifact
 as a resource for her action (Brousseau 1997, pages 195-202): a two-way table of pupils’ coding results (groups) x (types of paper), on the blackboard (Mercier, Rouchier, & Lemoyne, 2001; Adler, Chapter 1). She directs pupils’ attention to the table producing in that way a public account of the pupils’ previous actions. This allows pupils to remember their own action related to the other ones: the artifact supports a new and unique collective memory about multiple personal actions (Matheron & Salin, 2002, Fluckiger & Mercier, 2002) and pupils’ representations, written down in the blackboard’s table, become mathematical codes. From now she can say “What did we do yesterday, and what did you personally do?” and she produces a new situation where mathematization is at stake. 

To analyse this session we consider language, body and space fittings as means to support pupils’ joint attention. From the video data, we connect non-verbal aspects to linguistic interactions, specifying them with the content knowledge at stake. Our research provides a clinical observation of the classroom’s activity, grounded on a modelling of didactic systems, metaphorically a physiology of didactic systems when mathematical pieces of knowledge are at stake. Then we examine the use of such video data for the teachers’ professional development. We do think that it is much more useful to show the teachers some serialized sequences of test teachers’ action than giving a lecture upon teaching gestures and their efficientness. It is of special interest to make inquiries on teachers’ teaching action, for the teachers’ ingenuity development, in a collaborative interaction with them (Mercier, Lemoyne, & Rouchier, 2001). That is why we grounded our analyses on such series and why we argue for constituting large databases of classroom video in the frame of the ViSA
 project. 

Building a teaching resource from the pupils’ work

Pupils have to describe and distinguish various sheets of paper by their thickness; their description is valid if it allows them to recognize a pile of paper sheets among five piles. But they are not able to distinguish them at a glance, and they cannot measure directly the thickness of one sheet with a calliper
. Then, integers are not efficient and pupils must find a new code. Some of them will propose “A” the thicker, “E” the thinnest, but it is difficult to differentiate more than three thickness. Most groups of pupils propose to measure several sheets together, in order to get a measurable thickness and give such a code: (23 sheets; 3 millimeters). After the pupils worked by themselves on their way to an answer, and after the teacher asked one of each working group to expose this, we will see here how a teaching resource will be then created by the joint action of the teacher and the pupils. 

The first lesson has led to the production of messages by pupils. Then, those messages are communicated to the whole group and are organized by the teacher in a table like this :

	
	A
	B
	C
	D
	E

	Team 1
	Twice thicker than the C, twice as thick as the D


	
	
	
	5 sheets =1/2mm

30 sheets =3mm

25 sheets =2mm1/2

	Team 2
	1mm = 9 sheets
	1mm=3 sheets
	
	2mm = 6 sheets
	

	Team 3
	
	
	16 sheets = 1mm
	7 sheets = 1,5mm

14 sheets=3mm
	

	Team 4
	
	
	
	
	

	Team 5
	20 sheets make 2mm
	
	11 sheets make ½ mm
	10 sheets make 2mm
	27 sheets =
2mm1/2, 
almost 3


Table 1:  messages of pupils are organized in a table which is drawn on the blackboard

To describe such didactic phenomena and to support both verbal and non-verbal aspects of the action, appropriate theoretical frames are needed. So we will refer to the framework of proxemics (Hall, 1963, 1966) applied to didactical situations as developed by Forest (2006, 2009). This approach allows us to report and analyze the proxemic comments and allows the identification of teaching / learning phenomena related to the dynamics of the milieu.
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	P : I’ve put on the blackboard all the messages that you have written, right?


After completing the table the teacher moves away from the blackboard and stands aside while looking at pupils. This displacement is accompanied by a gesture with her both hands. She moves her hands in front of her as we can see on the picture. 

From the perspective of a natural semantic of action (Sensevy, 2001), this gesture can be interpreted as: “I haven’t done anything”, or, in a weaker version as : “As a teacher, I’ve done the part of my work”. The teacher then turns her back to the blackboard and by that way, reinforces the second interpretation when she assesses: “I’ve put on the blackboard all the messages that were written” (implied “by all of you”).  The pupils’ agreement she is asking for is purely formal and aims to remind their previous report to the objects of the milieu. 

We show this by a photogram (see below). Teacher’s corporal behavior is coded in a four dimensional code (Hall 1966, Forest 2009) : the direction of the shoulders line, the pointings of the hands, the direction of the look and the spatial positioning in the classroom, and we cut in the flow  of teacher’s action one shot for each global proxemic state. Then we give a complete transcription of the flow of language action, and associate each utterance to the related shot. Sequences of boxes Bn are then the data for our analyze of relevant didactical episodes.

	B1
	B2
	B3
	B4
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	P : So I, I have put it in yellow here // come on, Akim, come on // I have put in yellow what we talked about on Tuesday.
	E : well, it was 27,
P : uh, no, we had discussed it, and it was Cristobal who has come to show that they had found 5 sheets, 
1/2 mm
	P : OK, so actually, it was compatible // it was almost true, we could accept that message.
	P : but here we had met some problems, and Vanessa, you had made a remark here.

	The teacher returns to the blackboard, moves aside and shows the E1 cell.
	She quickly shows the E5, then returns to E1, remaining aside on the left
	She keeps her gaze to the table, indicating alternately E5 and E1.


	With her hands, she maintains the indication on E5, and gazes at the pupils, while standing sideways.


When completely moving aside, the teacher leaves the pupils in front of the resource… but she does not leave them alone. She organizes the discussion, indicates where they should look at in the table (box B1) and brings them to focus on a particular issue (box B2 then B3). Nevertheless, she does not specify this issue herself : “we could have accepted that message but we had met some problems, and Vanessa you had made a remark here.” (box B4).

Then the teacher removes herself from the blackboard area, and joins the pupils among their desks. After re-emphasized the differences between the two types of messages, she gives voice to Vanessa: 

“Vanessa: there are 25 sheets and 27 sheets, there are two sheets as deviation. And we had said that it could... we had found “25 sheets 2mm 1 / 2”, then 27 2mm 1 / 2, almost 3. And so it proves that it is ... we have not finished, need a calliper, uh, a more sophisticated calliper, with more ... um

P: with more...?

E: strokes...

P: Yes Peter? More details? But which details would you have needed?

E: the half-millimeter

P: What?

E: half-millimeter

P: half-millimeter

The spatial positioning of the teacher (among the pupils) helps her to show to pupils the place she leaves them in the didactical transactions. According to Vanessa, the difficulty of the issue lies in the precision of the measuring instrument (“a calliper, uh, a more sophisticated calliper”). The teacher is now close to Vanessa (referring to the blackboard). That encourages Vanessa to take more responsibility and allows the emergence of the issue (that will be resolved by other means: the rising number of sheets). 

The spatial positioning of the teacher (among the pupils) helps her to show to pupils the place she leaves them in the didactical transactions. According to Vanessa, the difficulty of the issue lies in the precision of the measuring instrument (“a calliper, uh, more sophisticated”). The teacher is now close to Vanessa (referring to the blackboard). The teacher's symbolic positioning enables the emergence of the issue (that will have to be resolved by other means: the rising number of sheets). 

Instead of contradicting Vanessa’s assertion, the teacher accepts it, makes it clearer and asks the pupils to precise information that would be useful to solve the problem: "half-millimeter” (the graduations of the calliper). This statement opens controversy about the accuracy of the tool. Pupils can support the controversy, thanks to the table on the blackboard. To help pupils to realize that the table could be a possible resource, she will move to the blackboard. 
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	B10

P : but here, would half-millimeters be helpful?

E : Yes

P : To write this message...

E : because after, there are half-half millimeters, and we can't...

P : We should ...

E : That would still make small strokes

P : and if it is not enough ?

E : still more strokes, and...

P : And then we will never, we'll never cope with it

E : we’ll finish with an all black strip

P : Well, we'll end up as you say with a black stripe, and we won't be able to read anything (the teacher goes back among the pupils). So we've said we'll have to find another solution.


During the discussion, the teacher stands near the blackboard while leaving a distance between her and the part of the table she is currently pointing (27 sheets of paper = 2mm1/2 almost 3, message previously produced by the pupils). This pointing gesture along with her spatial positioning, her posture and her gaze allows both the teacher to be present at the heart of the debate and the pupils to bear the major responsibility. 

She does not rule on the issue about “graduations” but instead, she encourages the pupils to debate on how to practically designate each sheet of paper:  “but here, would half-millimeters be helpful?”[…] “to write this message…”

Finally, a pupil makes the rebuttal: “we’ll finish with an all black strip”. Once this proposal rebutted the teacher may now joint the pupils again. Doing this, she leaves the blackboard area as a free space.  

	B11
	B12
	B13
	B14

	[image: image7.png]



	[image: image8.png]



	[image: image9.png]



	[image: image10.png]




	P: Anyway we, on our calipers, we have only millimeters

E : I’ve found how to do it

E : we’ve found it!
	P: So therefore, uh, we stayed on that problem, saying half a millimeter, and then another half of the half, and we’ll never succeed, we must find another solution. 
	 P: So, could not we do differently? Some teams have perhaps met those difficulties… with the half. 
	P: Are there some of you who have had difficulties, .. that it fells on halves, or almost halves .....

	After staying for a while among the students, the teacher goes back to the blackboard
	The teacher indicates the cell E5 while gazing at the pupils
	The teacher goes back among students, looking alternately at them and at the table on the blackboard
	The teacher turns her back to the blackboard, and moves to the back of the classroom


In box B11, we see the teacher going back to the blackboard. Her displacement is accompanied by a statement that refers to the material constraints of the milieu: “Anyway we, on our calipers, we have only millimeters”. The use of the terms "we" and "our" underline the proximity of the teacher and the pupils. 

We note that the teacher, despite the demands of some students ("we’ve found it!"), takes time to institutionalize the rejection of sub-graduations, ensuring that the need to find another solution has circulated in the whole classroom.

Moving to the blackboard (B12) is also an opportunity to engage students in seeking for another solution. 

The B13 box shows the return of the teacher among students. Her movement along with her successive gazes at both the pupils and the table participate in the process of creating and maintaining certain proximity. The teacher does not say: "my" "your", or “their” problem but "our" problem because everybody has worked on it. “Some teams have perhaps met those difficulties… with the half”. 

The teacher’s spatial positioning (close to the students) with her gaze (at the table) enables her to remind to the pupils the presence of the table (where all their messages are written). Even if she makes them understand that the table is available and could be useful, the pupils remain responsible for relying on the relevant information. This process of devolution is supported by the movement of the teacher who moves to the back of the class (B14) turning completely her back to the blackboard.

These comings and goings are accompanied by many gestures and hand movements supporting her activity. The final movement of the teacher leaves room for the pupils to act.

	B 15
	B 16
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	E: I!

P: you, yes? So, what team do you belong to? 
	E: we are team 2

P: You are team 2. Ah, so how have you solved the problem?

	The teacher keeps on fading to the bottom of the classroom.
	She stops at the last rank, next to the pupil who is speaking, while looking ostensibly at the table.


The teacher implements here a real didactical reticence: she helps the pupils in the process of designation of the thickness but the progress of the action remains under their responsibility. Finally the teacher adopts a position of pupil gazing the table as a collective resource, the main object of attention (B 16).

At the same time, her proximity with the pupil who is currently speaking allows the teacher to encourage her  in producing a proposal (including a slight touch of the student in B15). The support of the pupil’s action is better understood if, like the pupils, we have the table in front of us and in particular the boxes with the messages of the team 2 who has solved the problem (Table 1).

Supported by the teacher, the pupil explains the approach of his group, which will be commented later in a collective discussion. Then the teacher will institutionalize the notations invented by the pupils as a mathematical object before starting filling the empty boxes.

Video data: a tool that makes didactical phenomena visible

In the above example we have shown how pupils’ actions change, from measurement to proportional reasoning, through the notations they produce. This process supposes a communication game in which notations are tested through the information they provide) and a validation game (when notations are verified thanks to theory, here, proportionality) so as the pupils take their notations as mathematical notations for measures: the first step towards rational numbers. To support this didactical movement, the teacher must be quite sure that doing so is the right way for teaching mathematics. Not only because it is an inquiry based method, but also because this method requests the related didactical movement (Brousseau, 1997). This comes from Brousseau epistemological point of view on mathematics: numbers are symbolic systems that give a complete report for measurement operations (Lebesgue, 1935/1975). 

Every day, the test teacher in Brousseau’s COREM asks herself about the pedagogical content knowledge at stake: « What is the future of this symbolic code that the pupils have proposed as an account for their action? » and « From now, using this code, what could they compute? » « What reasoning is then made possible? ». She has now to find a way for helping the pupils in their work on the codes: testing their usefulness and validating their theoretical consistency. Those two dimensions of the pupils’ action rely on the teacher’s ability to organize and regulate specific situations (Brousseau, 1997). For those reasons the teacher’s game is a very difficult game to play. Playing this game is a subtle action, out of the reach of an inexperienced teacher. Nevertheless we think that this is the only means to succeed in teaching inquiry-based lessons. For us, the question is now this one: how can we show and teach this for young teachers training? 

From video data to a tool for teachers training

Training teachers to set up such inquiry based lessons is for the teachers’ professional trainer a challenge. Our video data give part of the answer to this challenge.

1) Interpretations of teachers’ choices (made visible thanks to the videos) suppose an inquiry about the teacher’s content knowledge (Ma, 1999). That is one of the teachers’ professional training goals that cannot be reached by a frontal lecture. 

2) Teacher’s proxemic behavior and pragmatical use of language cannot be taught during training periods: they look like individual and personal properties whereas they are teaching techniques. That is why the only way to make them visible is to digitalize the videotaped action flow into sequences of shots.

As Remillard (chapter 5) recalls it, there are many institutional attempts to modify practices by providing teachers with written materials. Such an idea can be grounded in Shannon (1948), or  Jakobson (1963) models, which suggest that communication could be viewed as a transmission of information. Video data demonstrates that such models cannot account what happens in classrooms.  We argue that  a written description of this engineering is not enough for  teachers to set up such a lesson. Only a video documentary could show and demonstrate at the same time. The dynamics of the didactical action cannot be fully reported and we think that the video data and the photograms we used here may constitute a powerful tool and an efficient resource for the teacher professional training. Our work consists in displaying useful and relevant elements for thinking teachers’ action (natural or technical language, video shots, photograms, etc.) and must be conducted at distance of the world of objects and actions. So it cannot rely on the natural language and needs some editing of various elements. This may produce, thanks to a collective work, formal systems that can guide the action (Fleck, 1935/1979; Sensevy, Chap. 8).

All activities which aim at understanding the world, are made possible thanks to the production of a system of symbolic representations which serves as a ground for the work of de-psychologization and rationalization of our primitive knowledge (Bachelard, 1965): that is to say the construction of a model and the experimentation of its operational properties. 

Video shots can show this movement, from the pupils’ action in the world of objects (playing a real game) to their actions in a world of symbolic objects that allow them to understand the world of objects (playing with symbols in order to master the rules of the real game, if not the game). And videos can show the teacher’s choices in accompanying pupils in this movement related to umbilical questions such as the one we choose as emblematic for this issue: « How can we measure objects which are much smaller than a measuring unit? », for which an universal answer is such an object as « a rational number ». Every didactical realisation constitutes an interpretation of the knowledge to be studied. If this interpretation is worth to be studied, only the video can provide the researchers with the material, physical and language elements that are part of each joint didactical action. 

Freeing the observation from temporal movement can allow the emergence and the organization of elements to analyze this action. Video is central in this process because video shots can show objects and their functioning, human gestures and enunciations. As a consequence, our observation is liberated from the first empathetic movement produced by the rhythm of the sequence. The trivialization of those recording processes allows us to consider more systematically this way of creating distance. It seems that the analyses produced need to think recordings in renewed paradigm (Bateson, 1972; Winkin, 2000). With the discretization of datas and the resulting photoshots it becomes possible to make visible some phenomena and to connect semiotic constructions to the didactial functions they fulfill. Those photograms that allow creating distance can become powerful tools for the teacher professional training. 

Conclusion : video as ressources for professionnal development?

There is a huge gap
 between the way mathematics are usually taught in French schools and what the videos from the COREM show. Those data provide us with the opportunity to watch again such inquiry-based teaching as Brousseau imagined it. That is why we are currently trying to experimentally provoke the phenomena observed in the COREM school, and to produce video shots for mathematic teachers’ professional training. In various French schools we attempt to teach pieces of knowledge strongly linked to the problems they may tool up, following Brousseau’s way. This goes on when the teacher institutes suitable collaborative interactions for a mathematical activity: the teacher can use the representations produced by the pupils, constituting them into resources for the learning process that pupils must succeed in. 

From now we can imagine how to produce a video document for the teachers’ professional training. This is much more ambitious than producing the photogrammes of a single episode and we did not crossed the Rubicon. However, we have an hesitation in producing such a resource: the documentary shows and fixes some categories that the researcher wants to explore more than to share. A better solution could consist in teachers’ collective use of such an editorialisation of their work.  That could provide the teachers with opportunities to study the original didactical situations they created in order to impulse professional development.

But we claim that a simple visioning of the classroom videos does not allow the teachers to fully and finely elucidate the teacher’s and pupils’ didactical joint action. To create distance while watching body gestures and positioning we need a system of description which allows “to recognize the hallmarks of a didactical phenomenon” (Leutenegger 2000, p. 245, our translation), a semiology of didactical facts and acts such as clinicians invented for medicine, during the XIXth century (Foucault, 1973).  And the semiology that we need must take into consideration both the teachers’ pedagogical content knowledge and the pupils’ content knowledge and its changes.

Our work illustrates how physical processes and language phenomena participate to the dynamics of the milieu in which the teacher’s action rely on a very elaborated epistemology visible through the preparation of the lesson (Brousseau & Brousseau, 1987) but also while teaching. The use of the video for the teachers’ professional training and development heavily depends on the progress of researches in didactics and requires studying didactic systems within the classrooms. To do so, the use of the video as documentary resources would need to be thought in a collective even cooperative device like the « lesson studies » (Winslow, Chap. 6).
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�	 COREM : Center for Observation and Research on Mathematics Teaching was the research team in Jules Michelet School, Talence (France). Brousseau worked in the school for many years (1972-1999) and we got more than 400 video records of COREM lessons, from 1982 to 1999, as numerized archives in the VISA project (INRP & ENS Lyon)


�	Notwithstanding we don’t follow the rules of french ergonomic research on teachers activity, using video in order to show, to a teacher A, how does she/he teaches a lesson a, and to a teacher B, how does she/he teaches the lesson b then show b to A and B and a and b to B and A, in order to got a video of the whole as a testimony on working problems that both A and B solve each of them for himself, which conduces both of them to share a part of their work’s tiresome and some of their teaching ingeniosity and feel more proximity with each other’s works.


�	 We share Tomasello’s position (1999): “The evidence that human beings do indeed have species-unique modes of cultural transmission is overwhelming. Most importantly, the cultural traditions and artifacts of human beings accumulate modifications over time in a way that those of other animal species do not-so-called cumulative cultural evolution” (p. 4-5), including in these artifacts “tool industries, symbolic communication, and social institutions”, this process requiring “faithful social transmission that can work as a ratchet to prevent slippage backward” (p.5).


�	ViSA : Vidéos de Situations d’Apprentissage (videos of learning situations). This provision is supported by the INRP and the ENS lyon, in the VISA project (� HYPERLINK "http://visa.inrp.fr/"��http://visa.inrp.fr� ).


�	 The calliper for scholars is a rubber one, whose ruler is millimeter graduated. It makes impossible the direct measure of any submillimetric thickness.


�	 There is a gap of 30 years, and from now it seems possible to train young teachers in inquiry based teaching, in a coopérative work using this kind of editorialization tool as a mean for designate what is evidence based from a didactical point of view. 





