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Still more studies interpret the teacher’s role for classroom practice in participatory 
terms and deemphasise knowledge and beliefs understood as objectified constructs. 
We also do so in a study of a Greek secondary teacher. In an instructional sequence on 
functions she initially emphasises conceptual issues and student communication, but 
gradually changes the approach. We see this as a result of an emerging relationship 
stemming from the tensions between the immediate interactions and her participation 
in two discourses, one mathematical and one educational. This interpretation of the 
sequence is in contrast to viewing it as e.g. one of increasing incongruity between 
beliefs and practice. We conclude that there is some potential in the participatory 
approach to understanding the role of the teacher for classroom practice. 
Research on and with mathematics teachers increasingly interprets professional 
activity in social and participatory terms (Horn, Nolen, Ward, & Campbell, 2008; 
Potari, 2013; Wagner & Herbel-Eisenmann, 2009; Walshaw, 2010). Doing so, it draws 
especially on socio-cultural theory and social practice theory. This development is in 
line with the social turn in other parts of mathematics education research (cf. Lerman, 
2000, 2006), and challenges the acquisitionist tradition that sees teachers’ knowledge 
and beliefs as objectifications (cf. Sfard, 2008), i.e. as relatively stable reifications of 
previous engagement in social practices that play a role almost independently of the 
processes that initially gave rise to them.  

In the present paper we also adopt a participatory approach to understanding the role 
of the teacher for classroom practice. More specifically we use a 
Patterns-of-Participation framework (PoP) to understand the situated and dynamic 
character of classroom interaction and of the teacher’s contributions to it (Skott, 2010, 
2013; Skott, Larsen, & Østergaard, 2011). PoP draws at least in part on the same 
theoretical imports to mathematics education as the studies mentioned above (e.g. 
Holland & Lave, 2009; Holland, Skinner, Lachicotte Jr, & Cain, 1998; Lave, 1988; Lave & 
Wenger, 1991; Wenger, 1998). Informed also by symbolic interactionism (Blumer, 
1969; Mead, 1934), PoP views the meaning of the objects towards which a teacher acts 
as emerging as she takes the attitude of significant individual and generalized others 
such as colleagues, the reform discourse, and individual or groups of students. As a 
result the act itself develops and changes in the process.   
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It follows that this paper is not premised on the expectation that the teacher’s 
contribution to classroom interaction is an enactment of previously reified knowledge 
and beliefs. Instead we interpret it as a dynamic relationship between her 
participation in different social practices and take it as empirical questions for 
instance if and how she engages in discourses related to mathematics and 
mathematics education as taught in her teacher education or teacher development 
programme and how these discourses are transformed as she relates to more 
immediate social practices that unfold in the interaction with the students.  

THE STUDY – INTENTIONS, CONTEXT, AND METHODS  
In the present paper we use PoP to analyse teaching-learning processes in a Greek 
secondary school. We do so to understand the role of the teacher’s participation in 
different prior practices and discourses for the ones that develop in the classroom. 
Part of the background to this is a perceived set of tensions between the prior 
practices and discourses and the students’ experiences with school mathematics. The 
first questions we address, then, are if and how the teacher (re-)engages in prior 
practices and discourses, such as the reform, during instruction, and if and how these 
practices are transformed in the process. The second question relates to the analysis 
itself and asks if and how this interpretation leads to different understandings of the 
teacher’s contributions to classroom interaction than one that views classroom 
practice as an enactment of her knowledge and beliefs. 

The teacher and the school context   
The study is a case study of Georgia, who teaches at Pythagorion, a public upper 
secondary school in a working-class area in Athens, Greece. Georgia has taught in 
secondary schools for the last four years, but has just returned to full time-teaching 
from a three-year, position in the ministry of education, where she was involved in the 
development of a new school curriculum. Prior to teaching in school, she worked with 
private tuition in mathematics for eighteen years.  

Georgia has a university degree in mathematics. At the time of the study she has just 
completed a master’s course in mathematics education and begun her studies for a 
PhD on university mathematics.  

Like other schools in Greece, Pythagorion follows the national curriculum and uses a 
mandatory textbook. High school teaching is generally oriented towards university 
entrance exams that are very competitive, and it is a main concern for the students and 
their parents that the students do well in these exams. In most cases parents pay for 
private tuition to improve their children’s chance of success. However, the entrance 
exams, as well as most approaches to private tuition, are highly procedural and may 
impose constraints on classroom practices with a different orientation. Based on her 
comprehensive experience with private tuition, Georgia is disturbingly aware of this.  
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Georgia has personal relations with the first two authors of this paper and she happily 
accepted participating in the study. She was selected for the study also because of her 
enthusiasm for mathematics and mathematics teaching as evidenced during her 
master’s studies and her commitment to the reform discourse. This makes the case of 
Georgia a critical one when viewed against the backdrop of the traditions the Greek 
secondary schools, dominated as they are by the entrance exams. 

Data collection and analysis   
The data on Georgia include ten audio-taped, transcribed lessons on functions from 
the spring term in a grade 10 classroom. Georgia was interviewed after each lesson 
and two longer interviews were conducted, one before the data collection began, the 
other five months after it ended.   

In the interviews, which were transcribed in full, we discussed general aspects of 
mathematics education, often beginning with critical incidents from Georgia’s 
classroom (cf. Skott, 2001).  

In the analysis of the lessons, two issues emerged. One is the examples of functions 
that the teacher and the students gave; the other is the type of mathematical 
communication that developed when dealing with them. In this paper we focus on the 
relationship between these two issues. In particular we analyse the conflict between, 
on the one hand, Georgia’s participation in two discourses, the reform as promoted by 
the master’s course and a more purely mathematical discourse on the definition and 
characteristics of functions, and on the other the students’ emphasis on finding 
formulas for functions.  

COMMUNICATIVE PRACTICES  
Both in the classroom and in the interviews Georgia emphasizes precise definitions as 
well as the logic involved in the developing mathematics. This concern for 
mathematics per se is supplemented by a reform agenda on mathematical 
communication, and she encourages the students to express their ideas, justify their 
claims, value their classmates’ opinions, and make their own suggestions objects of 
negotiation. These acts often take place in a whole-class format in which Georgia poses 
open questions,  gives examples for the students to consider and discuss, and avoids 
presenting her own suggestions for procedures and answers from the start. The 
examples she gives relate to key aspects of the concepts in question, to the validity of a 
student’s claim, or to the connection between different representations. She also reacts 
to the students’ suggestions by trying to encourage them to think by themselves about 
the validity of their claims or she promotes the participation of the rest of the students 
in the discussion. Typical introductory statements are: “everybody can say anything he 
wants, but all the rest of you must listen to this and respond accordingly stating your 
own opinion” and “you need to justify whatever you say.    
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The openness of this communicative approach is new to both Georgia and the 
students. Also, it differs from dominant types of communication in Greek secondary 
schools, which tend to follow a teacher-led pattern of initiation-response-evaluation 
(IRE) (Mehan, 1979). In the interviews Georgia argues that the new communicative 
practice supports the students’ mathematical, personal, and social development. This 
is grounded in her own experience, as she claims to be unable to understand, if she 
“cannot communicate with others, so I transfer this way to the interaction with the 
students”. Also, she says that this approach is informed by her participation in the 
masters’ program:   

“…in the program I was influenced by teacher educators with whom I could identify in 
terms of the way of thinking. Then I tried to imitate how they build the communication and 
to adapt my own way to this form.” (Interview, after the 7th lesson).   

Initiating student interaction  
The first four lessons of the instructional sequence on functions relate to the concept 
and definition of functions, phrased as a correspondence between the elements of two 
sets. In the first and second lesson Georgia gives different examples of functions, using 
everyday contexts as points of departure. In some of these examples a formula 
connecting the variables can be found, while in others this is not the case.  

One example is the maximum temperature in a particular place for each day of a 
certain week. Georgia gives the students a table with temperatures for three 
successive days (70C, 100C and 150C), and asks them, if there is a formula describing 
the relation. Some students claim that there is a formula, others that there is not. 
Georgia does not offer an answer, but encourages the students to sort out their 
disagreement. This makes a student, Stratos, change the teacher’s example to one with 
an immediately recognizable pattern (50C, 100C and 150C).  Another student, Yiannis, 
considers this example unrealistic: “we cannot control the temperature… it is rather 
impossible for the temperature to follow a pattern”, but Stratos suggested that we can 
control it in a greenhouse.  

As indicated before, the procedures for finding formula for standard functions (e.g. 
linear, quadratic, and exponential) are a main emphasis in Greek secondary schools. 
Georgia’s students appear reluctant to accept that this is not always feasible and also 
not expected. For instance Georgia had asked them as part of their homework to come 
up with their own suggestions for functions and make verbal descriptions of them. 
However, some of the students had not done so, apparently because the idea of making 
verbal descriptions made little sense. Hector, for instance, said: “Well, I just think that 
all this stuff about temperature etc. that we have been talking about the other day is 
without meaning”.  

It seems, then, that Georgia’s actions relate to mathematical and educational discursive 
practices.  For example, she emphasizes the mathematical object of a function, 
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including the formal definition and characteristics of the concept, and distinguishes it 
from a function as a tool for prediction. Also she builds on the discussion of 
mathematical communication in her master’s programme when trying to alleviate the 
difficulties the students may have with the concept. The different examples were to 
allow the students to develop an understanding of critical features of the concept and 
to attach some meaning to the formal definition. This involves moving beyond the idea 
of a function merely as a means of making predictions that can be expressed through a 
formula.  

However, the students react to the everyday examples in two ways both of which 
appear to be based on the dominant practice of finding a formula to make predictions. 
Some seek to interpret and modify the examples so as to be able to find such a formula; 
others appear reluctant to accept the examples as mathematically relevant at all, as 
finding a formula does not make sense in these cases. Commenting on whether she 
should have capitalized on the students’ orientation towards predictions, Georgia says:  

T: In my opinion, it would not be right […], prediction is used for functions that have a 
formula. With functions that do not have a formula I cannot make a prediction. So, it is like 
leading them to the obstacle that they had from the beginning, that all the functions have a 
formula. 
… 
R: Yes but do they offer us something more [the functions with no formula]? 
T: They do not tell us in the everyday life, but it exists as a mathematical concept. […] [I 
need] to combine the mathematics we need with mathematics as a discipline...  (interview 
after the 3rd lesson) 

The above fine distinctions of the concept of function and the students’ dependence on 
the formula were something that Georgia had discussed in the master’s program:  

“I was not aware before of the large body of research related to the concept of function… I 
did not understand what the students do not understand. From my teaching experience I 
could see that they did not understand. I had the impression that they understand nothing. 
In general, the different aspects of the concept [verbal expression, formulas, 
representations, definitions etc.] is something that I learned in the master’s program.” 
(Interview after the 4th lesson) 

Moreover, Georgia knows from her past experience with private tuition that the 
students mostly solve exercises based on algebraic transformations of formulas. She 
considers this in conflict with her emphasis on mathematical discourse and her 
attempt to introduce the formal definition of the function concept. However, drawing 
on the discourse from the master’s program she, in this instance, decides to challenge 
the procedural emphasis of the mathematics taught to the students in the private 
lessons: “ It is a big problem to talk to students that have already been taught about all 
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these but from a different perspective… The only thing that I can do is to pose doubts 
about their knowledge” (interview after the second lesson) 

Turning to teacher-led communicative practice  
The last few lessons in the sequence on functions are on graphs and the properties of 
functions. In these lessons Georgia adopts an approach more in line with IRE. She talks 
more, she poses questions to the students expecting an immediate answer, and often 
she offers her own response to students’ queries.   

This shift seems based on Georgia’s disappointment with the students’ reaction to the 
communicative approach adopted in the first few lessons. The students did not engage 
in mathematical explorations and communicate mathematically in order to 
understand specific mathematical concepts and their properties. Rather they 
interpreted their task as more in line with the traditions of the school subject as 
represented also by the syllabus. The frustration on Georgia’s part was expressed in 
the interviews and in some cases in the classroom. For example, she reacted when the 
students expected algorithmic exercises on functions even after six lessons on the 
topic:  

“I also got disappointed with how much the students are stuck with this [the algorithmic 
approach]. Maybe they are not interested in this…But I will continue to act in this way. It is 
my choice. I am not sure that this is the best for the students. However, [as] I have told 
them […], if they are not challenged, they will not change their images of functions” 
(interview after the 6th lesson). 

Here Georgia takes a strong position on the students’ mathematical understanding and 
on the necessity that they communicate to develop this understanding. However, the 
classroom and school reality makes it all more complex. In the last interview she was 
asked to justify the more traditional way of teaching that was observed in the last 
lessons:  

R: From the transcriptions, I noticed that in the last lessons you talk a lot. 
T: It is the syllabus that cannot be covered. 
R: Is there any other reason? 
T: I do not know. It is certainly the syllabus. It is also the discussion that does not lead 
always somewhere… We spent a lot of time to learn how to communicate, that we cannot 
all talk in parallel. Another reason [for her to talk more] is that I need to repeat things in 
order to [for the students to] learn. 

CONCLUSIONS  
The dominant modes of interaction change in the course of this ten-lesson sequence. 
The students reject the invitation to engage in concept oriented mathematical 
communication and relate primarily to the practices that dominate the traditions of 
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Greek mathematics education, including private tuition. In the first few lessons 
Georgia continues to relate to a combination of practices stemming from her training 
as a mathematician and from the master’s course, but taking the attitude of the 
students, the parents, and the tradition she adjusts her contribution to classroom 
practice by adopting a more expository style of instruction. The conceptual 
mathematical discourse and the educational one on student communication are 
transformed and gradually lose their significance in the process. 

This may be somewhat surprising in view of Georgia’s strong mathematical 
background and of her commitment to the reform discourse as evidenced during the 
master’s course. In the terms of main-stream belief research it may be interpreted as 
an example of incongruity between beliefs and practice. This interpretation is based on 
the premise that Georgia possesses a set of stable beliefs about mathematics and its 
teaching and learning that are the default explanation for classroom practice, but the 
significance of which may be overruled in a particular situation for instance by a 
dominant school culture.  

According to PoP this interpretation does not do justice to the dynamic character 
Georgia’s meaning-making as she engages with the students in the classroom. As she 
interprets the students’ reactions to her indications about how to communicate she 
increasingly replaces the reform as a generalised other with the tradition of Greek 
school mathematics as represented by her colleagues as well as by the students and 
their parents. The potential contribution of PoP, then, is that it provides a more 
dynamic view on classroom interaction than for instance the one adopted by 
main-stream belief research.  
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