
1 

Institutional perspective  

in Research on Teaching and 

Learning Mathematics 
Anna Sierpinska 

Department of Mathematics & Statistics 

Concordia University 

Montreal, Quebec, Canada 

sierpins@mathstat.concordia.ca 

http://www.asjdomain.ca  

Conference on Research in Undergraduate Mathematics Education 

San Diego, California 

February 28 – March 2, 2008 

mailto:sierpins@mathstat.concordia.ca
http://www.asjdomain.ca/


2 

Educational theory with an 

institutional perspective component 

• Bruner, J.S. 1996. The Culture of 

Education. Cambridge, Massachusetts: 

Harvard University Press.  

• Edwards, D. & Mercer, N. 1987. Common 

Knowledge. The Development of 

Understanding in the Classroom. London: 

Routledge.  
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Institutional perspective in theories 

of mathematics education 

• Bauersfeld, H. 1980. Hidden dimensions in the 
so-called reality of the mathematics classroom. 
Educational Studies in Mathematics 11, 23-41. 

• Cobb, P. & Bauersfeld, H. (Eds.) 1995. The 
Emergence of Mathematical meaning. 
Interaction in Classroom Cultures. Hillsdale, NJ.: 
Erlbaum.  

Classroom routines 

Patterns of interaction (funnel pattern) 

Socio-mathematical norms 
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Institutional perspective in theories 

of mathematics education 

Brousseau, G. 1997. Theory of Didactic 

Situations in Mathematics. Dortrecht: 

Kluwer. 

Milieu  

Contrat didactique 

Situations d‟action, formulation, validation, 

institutionalisation 

validation  proving 
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Institutional perspective in theories 

of mathematics education 
• Chevallard, Y. 1985. La Transposition Didactique du Savoir Savant au Savoir 

Enseigné. Grenoble: La Pensée Sauvage editions. 

• Bosch, M. Chevallard, Y. & Gascón, J. 2005. “Science or magic? The use of models 
and theories in didactics of mathematics”. ERME 2005 paper. Available online at 
http://cerme4.crm.es/Papers%20definitius/11/Bosch%Chevall.pdf 

 

Institutional relativity of knowledge to the tasks of 
an institution, techniques for solving them, 

discourses to justify the techniques 

School mathematics   research mathematics 

Mathematical organizations or praxeologies 

Didactical organizations  

Anthropological theory of didactics 

http://cerme4.crm.es/Papers definitius/11/Bosch%Chevall.pdf
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Institutional perspective in explaining concrete 

phenomena in mathematics education 

• Balacheff, N. 1986. Cognitive vs situational analysis of problem-
solving behaviors. For the Learning of Mathematics 6.3, 10-12.  

• Barbé, J. et al. 2005, „Didactic restrictions on the teacher‟s practice: 
The case of limits of functions in Spanish high schools‟. Educational 
Studies in Mathematics 59, 235-268.  

• Bergé, A. 2007. „The completeness property of the set of real 
numbers in the transition from Calculus to Analysis‟. Educational 
Studies in Mathematics 67: 217-235. DOI 10.1007/s10649-007-
9101-5 

• Castela, C. 2004. Institutions influencing mathematics students‟ 
private work: A factor of academic achievement. A comparative 
study of two French higher education institutions. Educational 
Studies in Mathematics 49: 283-312.  

• Chevallard, Y. 1985. „Le passage de l‟arithmétique à l‟algèbrique 
dans l‟enseignement des mathématiques au college. Première 
partie: L‟évolution de la transposition didactique‟.  
Petit x 5: 51-94.  
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Institutional perspective in explaining concrete 

phenomena in mathematics education 

• Knipping, C. 2003. Beweisprozesse in der Unterrichtspraxis. Vergleichende 
Analysen von Mathematikunterricht in Deutchland une Frankreich. Verlag 
Franzbecker.  

• Patel, J. 2008. Adult Education vs High School Education in mathematics. 
M.T.M. Project in the Department of Mathematics & Statistics, Concordia 
University, Montreal, QC, Canada.   

• Schlöglmann, W. Warum sind Unterrichtsformen so stabil? – Zur 
individuellen wie sozialen Funktion von Routine. Unpublished Manuscript. 

• Seeger, F. & Steinbring, H. 1992. The myth of mathematics. In F. Seeger & 
H. Steinbring (Eds), The Dialogue between Theory and Practice in 
Mathematics Education: Overcoming the Broadcast Metaphor. Proceedings 
of the 4th Conference on Systematic Cooperation between Theory and 
Practice in Mathematics Education, Brakel, Germany, September 16-21, 
1990.  

• Sierpinska, A., Bobos, G. & Knipping, Ch. (2008), „Sources of students‟ 
frustration in pre-university level, prerequisite mathematics courses‟, 
Instructional Science. http://dx.doi.org/10.1007/s11251-007-9033-6 

http://dx.doi.org/10.1007/s11251-007-9033-6
http://dx.doi.org/10.1007/s11251-007-9033-6
http://dx.doi.org/10.1007/s11251-007-9033-6
http://dx.doi.org/10.1007/s11251-007-9033-6
http://dx.doi.org/10.1007/s11251-007-9033-6
http://dx.doi.org/10.1007/s11251-007-9033-6
http://dx.doi.org/10.1007/s11251-007-9033-6
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Studies of institutional practices  in mathematics 

education 

• Agudelo-Vadelarrama, C. 2007. The power of Colombian 
mathematics teachers‟ conceptions of social/institutional 
factors of teaching. Educ Stud Math OnlineFirst, 
document  
DOI 0.1007/s10649-007-9107-z 

• Herbst, P. 2002. „Establishing a custom of proving in 
American school geometry: evolution of the two-column 
proof in the early twentieth century.‟ Educational Studies 
in Mathematics 49: 283-312. 

• Morgan, C. 1998. Writing Mathematically. The Discourse 
of Investigation.  London: The Falmer Press.  
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BLINDNESS 
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personal 
BLINDNESS 



11 

systemic 
BLINDNESS 
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Bosch, Marianna; Chevallard, Yves; Gascon, Josep: Science or Magic. CERME 2005 



14 “The Brousseauean Revolution” 
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The “Brousseauean revolution” 

• consisted in putting  

• the institutionalized mathematics 

knowledge  

• at the centre of the mathematics education 

universe,  

• as its fundamental unit of study,  

• with studies of individual cognitive 

processes revolving around it.  
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school 

child 

Plato, „The Republic‟ 

Aristotle, „Politics‟ 
…. 
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The Academy model 

Raffaello Santi, The School of Athens, ca 1510  
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School floor plan 

The classroom model 
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Certification 
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Concern 

for school reputation 



21 American Indian youth studying fractions  
at the Carlisle Indian School, Pennsylvania, 1900 

The Residential School model 



22 

 

 

Daumier, « La leçon d‟histoire » : “How can you, you funny one, not 

know the names of the three sons of Dagobert!  So you know nothing at 

all!  Do you want to be, all your life, a completely useless member of the 

society?!” 

The Public School model 
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German classroom photo contest 2004 – the winning photo 

The National School model 



24 An African village classroom  

The „successful‟ model 



25 A school in an African village 

The Online… Oops! … Onwall education model 
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child 

school 

Child-centered pedagogy and research 
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I was blind  
to the intellectual effervescence 
In sociology, economics and 
political science 
that accompanied  
the development of  
Brousseau’s theory of institutions.  
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Sociology of education 

• Bourdieu, P. & Passeron, J.-C. 1964. Les héritiers, les étudiants et la 
culture. Paris: Les Éditions de Minuit.  

 

• Crozier, M. & Friedberg, E. 1977. L‟Acteur et le système.( English 
translation: 1980. Actors and systems. The politics of collective action. 
Chicago: University of Chicago Press.) 

 

• Bernstein, B. 1975. Class, Codes and Control. Vol. 3: Towards a theory of 
educational transmissions. London: Routledge.  

 

• Bernstein, B. & Diaz, M. 1984. Towards a Theory of Pedagogic Discourse. 
Collected Original Resources in Education 8, 1-212. 

 

• Meyer, J.W. 1977. „The effects of education as an institution.‟ American 
Journal of Sociology 83(1), 55-77. 

 

• Verret, M. 1975. Le temps des études. Paris: Champion. 
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Seeing the existence  
of theories of institutions 
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Theories of institutions 
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Theories differ in their answers  

to questions such as 

• What is an institution? 

• How do institutions come into being 
(institutionalization) and how do they 
disappear (de-institutionalization)? 

• How institutions change? 

• How individuals and institutions interact? 

• Can institutions be designed or are they 
an organic outgrowth of unprogrammable 
human social activity? 
Peters, B.G.: 1999, Institutional Theory in Political Science. The 

„New Institutionalism‟, London, New York: Continuum. 
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but they all share 

• “a common skepticism towards atomistic 

accounts of social processes 

• and a common conviction that institutional 

arrangements and social processes 

matter” 

(Powell & DiMaggio, 1991: 3)  
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Institutional theories in political 

science, sociology, economics 

 

• Rational Choice Institutionalism 

• Normative institutionalism  

• Historical Institutionalism 

• Empirical institutionalism 

• International institutionalism 

• Societal institutionalism …. 

 
Peters, B.G. 1999. Institutional Theory in Political Science. The „New 

Institutionalism‟. New York / London: Continuum.  
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Rational choice institutionalism 

Individuals are the central actors in the political process. 

The individuals act rationally to maximize personal utility. 

Institutions are aggregations of rules, norms and strategies that shape 
individual acts of behavior. 

Individuals will react rationally to the incentives and constraints implied by 
these rules, norms and strategies. 

Most individuals will react in the same way. 

Thus, institutions constrain the variability of individual  reactions.  

Institutions come into being through conscious design 

Institutions can create a „structure induced equilibrium‟, where it is not 
necessary to impose decisions through authority of a single person.  

By analyzing the functioning of interdependent institutions, identifying their 
systems of rules, norms and strategies, and changing them appropriately,  it 
is possible to prevent or solve problems of coordination and control of the 
public bureaucracy.  

Game theory is a useful tool for analyzing institutions.  
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Rational choice institutionalism 

Ostrom, E. 2005. Understanding Institutional 

Diversity. Princeton University Press. 

 

 

 

Crozier, M. & Friedberg. E. 1977. L‟Acteur et le 

système. (English translation: 1980. Actors and 

systems. The politics of collective action. 

Chicago: University of Chicago Press.) 

seeing seeing 
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Brousseau, 1986, 1990, RDM  

• Reference to Crozier & Friedberg, 1977, L‟Acteur et le système. 

• “Approche systémique” 

• Game theoretical model of the “didactic relation”  

Teacher 

Mathematics 

Student 
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Crozier & Friedberg, 1977 

• “If, inside a group of people,  

• we are able to identify some sufficiently stable 
strategies of interaction,  

• and discover the games, and the rules and 
regulations of the games, based on which these 
strategies could be considered as rational,  

• then we have, both 

• an effective proof that this group forms a system, 

• and some precise answers about the way it is 
functioning”  
(my translation) 
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Theory of Didactic Situations 

is based on the assumption that, 

if we can make the mathematical knowledge that we want to teach 

the rational basis of the optimal strategy for students to win their game 
with the “milieu”, 

they will learn this knowledge 

because they will act as rational individuals aiming at maximizing their 
personal utility in this situation.  

 

 

Therefore,  

modeling mathematical knowledge  

in terms of games in which it is the optimal winning strategy  

is a powerful methodology of research in didactics of mathematics.  
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Example: a didactical situation for proving 

Dotted lines are the perpendicular bisectors of 
the sides of the triangle.
The continuous lines are lightly off the directions 
of the bisectors and therefore they do not 
intersect in a single point. 
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Chevallard‟s Anthropological Theory of Didactics 

• Reference to  

• Douglas, Mary: 1986. How institutions 

think. Syracuse, NY: Syracuse University 

Press.  

– An essay on Durkheim‟s sociological ideas 

and a polemic with the Rational Choice 

Theory! 
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Inconsistency in French didactique? 

• How can an institutional theory of 

mathematics education be based on two 

incompatible theories of institutions?  
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Normative institutionalism 

•  Institutions are “collections of interrelated 

rules and routines that define 

appropriate actions in terms of relations 

between roles and situations” (March & 

Olsen, 1989: 21-6).  
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Normative institutionalism 

•  Rather than being “preoccupied with the 

rational, calculative aspect of cognition”, 

Normative Institutionalism focuses “on 

preconscious processes and schema as 

they enter into routine, taken-for-granted 

behavior (practical activity)”  

(Powell & DiMaggio, 1991: 22) 
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Routines 

 Institutions thrive on routines;  

 “routines are means through which individual members of an 
institution can minimize their transaction and decision making 
costs during participation.  

 Further, they are means through which the institution can enhance 
its own efficiency and enable it to cope with the normal demands 
placed upon it….  

 [A]ll organizations develop routines as the means of monitoring 
and reacting to changes within their task environments.  

 In some way the routines define the nature of the organization –  

 police departments will have different routines than fire departments, 
although both are in the „public safety‟ business.” 

(Peters, p. 32).  

 

Normative institutionalism 
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Logic of appropriateness 

 “… institutions tend to have  

 a „logic of appropriateness‟  

 that influences behavior more than  

 a „logic of consequentiality‟  

 that also might influence individual action.  
 

 That is, if an institution is effective in influencing the 
behavior of its members, those members will think more 
about whether an action conforms to the norms of 
the organization than about what the consequences will 
be for him- or herself.”  
(Peters, 1999: 32)  

 

Normative institutionalism 
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Explanation of students‟ focus on 

“typical problems” 

• Most undergraduate students want to 
know what are the typical problems in a 
course. 

• They need it to become participants in the 
institution as students whose job is to pass 
exams and obtain certificates.  

• They can get good grades only by 
producing appropriate solutions, conform 
to the expectations of the teacher. 
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Explanation of students‟ focus on “typical problems” 

• If students cared about their personal growth as 
cognitive subjects, they would be more 
interested in “phenomenal” mathematical 
investigations, arising unexpectedly as they use 
elevators or drink canned soft drinks during flight 
turbulence. 

• But they seem to care more about social order 
and the economical costs of providing welfare 
for jobless people.  

• They choose to finish their studies in time.  
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Example: Students seeking conformity  

to teacher‟s expectations, not to mathematical truth  

• MAST 217, Introduction to mathematical 
thinking 

• Test question:  

   A 3-digit number, multiplied by 7,  
gives an integer 
whose three rightmost digits are 638.  
Find the number.  
Explain your procedure.  
Trial and error solutions shall not be 
accepted. 



50 

Example 

     A 3-digit number, multiplied by 7, gives an integer whose three rightmost 

digits are 638. Find the number. Explain your procedure.  

Trial and error solutions shall not be accepted. 

 

One student produced a trial and error solution  

 

638/7 is not an integer 

1638/7=234 

So 234 is the number 
and failed the test.  
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Example 

     A 3-digit number, multiplied by 7, gives an integer whose three rightmost 
digits are 638. Find the number. Explain your procedure.  
Trial and error solutions shall not be accepted. 

 

Another student wrote this solution and passed the test:  

7n  638 (mod 1000)  with  99 < n < 1000  

1000x + 7n = 638 

Gcd(1000, 7) = 1  so the Diophantine 
equation has a solution. 

We now use the Extended Euclidean 
Algorithm: 
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1000x    +   7y  = r Dividing the previous r by the next r; getting 

quotient q; then calculating previous row minus q 

times the next row   

x y r 

1 0 1000 

0 1 7 1000=7*142+6 

1 -142 6 7=6*1+1 

-1 143 1 6=1*6+0 

7 -1000 0 

From the second before last row we get: 

1000*(-1) + 7*(143) = 1 

Multiplying this equation by 638, we get 

1000*(-638) +7*91234= 638  (*) 

From the last row, we get (multiplying by k)  

1000*(7k) + 7*(-1000k) = 0  (**) 

Adding the two equations (*) and (**) side by side: 

1000*(7k-638) + 7*(-1000k+91234) = 638 

So n = 1000(91-k) + 234 ,  

99 < n < 1000   90 < k < 91.135   k = 91  n = 234  
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“didactic contract” 

• This activity is superfluous for finding the 

number, but necessary to satisfy the implicit 

“rules of the didactic contract” in the course:  

• this course is about “mathematical thinking”, 

“proving”, “divisibility theory”,  

• and the week before the test was given the 

teacher lectured on the Extended Euclid‟s 

Algorithm for solving Diophantine Equations. 
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“I need the teacher to tell me if I am right or wrong” 

• So it‟s no wonder the majority of students 

feel “they need the teacher to tell them if 

they are right or wrong”.  
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seeing 

general institutional phenomena  

that might help 

explaining  

some problems  

encountered in mathematics education 
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Institutional phenomena 

• Institutionalization is necessary for the survival 
of an organization 

• Isomorphism 

• Institutional activity must be structured 

• Resistance to change; inertia 

• Ritual order 

• Allocative power of education 

• Logic of appropriateness (institutional rationality) 

• Babbling equilibrium 

• Decoupling 
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Institutional activity  

must be structured 
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Institutionalized teaching and 

learning is structured by 
• Government policies 

• Types of schools 

• Curriculum committees 

• Trimesters, semesters, academic years  

• Courses 

• Classes, lectures, tutorials 

• Classrooms 

• Course examiners, instructors,  

• Textbooks 

• Examinations 

• Academic degrees 

                                              etc. 
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Restrictions on knowledge that can be taught in a school 

institution 

(“savoir scolarisables”) 

According to Verret (1975: 146-147) such 
knowledge must be 

• Public (not tacit) 

• Divisible into small chunks of theory that can be associated with 
learning practices and exercises 

• Impersonal (not a particular instructor‟s subjective experiences, 

however interesting they might be) 

• Programmable into sequences of teaching, study and 
assessment periods 

• Testable (to authorize certification of the acquired expertise) 
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Institutional myth underlying  

the “programmable” condition of school 

knowledge 

time of learning = time of teaching 
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The myth is a consequence  

of a general law of institutional functioning 

Blindness of the agents of an institution  

to the actual conditions  
of the development of a process for which 

they are responsible  
is the very condition of this process 

 
« Nous sommes là devant un cas où la méconnaissance des conditions réelles du 

développement d‟un processus par ses agents (les enseignants) est elle-
même une condition de ce processus: l‟enseignant doit croire, d‟une certaine 
manière, à la fiction de la durée didactique dont il est l‟ordonnateur. » 
(Chevallard, 1985: 81) 
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The allocative power of education 
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Meyer, J.W. 1977. „The effects of education as an institution.‟ American 

Journal of Sociology 83(1), 55-77. 

 

.  

“…the most powerful socializing property of a school is its 

external institutional authority, derived from the rules of 

educational allocation, rather than its network of internal 

socializing experiences. Educators, who attend with great 

vigor to the accreditation of their schools, seem more aware of 

this process than do socialization researchers.”  

 

Curriculum, when distinctively chartered, may have more 

impact on the future of students than what they actually learn. 

For example, “being in a college preparatory curriculum (in 

contrast to a vocational one) makes a considerable difference 

in the aspirations and expectations of American high school 

students” (p. 61). 
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A citation from P. Bourdieu,  

Raisons Pratiques. Sur la theorie de l’action. 
 

• “By establishing a distinction between „les Grandes Ecoles‟ students and 

university students, the school institution imposes social boundaries 

analogous to those that once upon a time separated the high nobility from 

the low nobility and the latter from the commoners.  

• This separation is marked by the entrance examination [compulsory only for 

les Grandes Ecoles] which constitutes a ritual cut, a real magical frontier 

between the last accepted candidate and the first rejected one. The 

difference between them is essential and natural, signaled by the right of 

the former but not of the latter, to wear a name, a title,…, and to belong to a 

higher social rank (“ancien élève de…”) and to be, by this virtue, legitimately 

predestined to dominate in the society.” [p. 41, my translation] 
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Decoupling 
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An institution is made of 

• “a technical core”  (e.g., production of car elements, classroom 

teaching…) 

• “an institutional environment” (administration, 

accreditation, legislation, recruitment of participants to different roles and positions…) 
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“Decoupling from the technical core” 

• Schools exist in environments that are highly elaborated in their 
institutional structures but relatively poorly developed in their 
technical systems. The absence of clearly understood and 
efficacious technical processes for obtaining desired outcomes has 
been frequently noted…. 

• In many respects conformity to wider institutional rules is 
incompatible with detailed control over technical work activity.  

• Such control reveals inconsistencies and conflicts among 
institutional rules, raises questions about the effectiveness of the 
programs, exposes vague and vacuous goals and procedures, and 
makes explicit the difficulties and programs of implementation.  

• Under such circumstances, tight coupling of the organizational 
structure with the technical activities can only lower the 
legitimacy and threaten the survival of the organization.” 
(Meyer, 1977: 61)     
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“Decoupling from the technical core” 

• If we didn‟t turn a blind eye on the fact that what students 
learn in our Algebra and Calculus classes may be 
useless for students and practitioners of Psychology, 
Computer Engineering and Business, we wouldn‟t force 
candidates to take these courses. 

• But then the number of faculty members in the 
Department of Mathematics would have to be cut by half.   

• If Community College administrators didn‟t choose to 
ignore the reality of Online courses, they would save the 
money spent on their development and try to actually 
fulfill their mission, which would, however, lead to their 
closing for failing to be isomorphic with the more 
respected institutions of higher learning. (Cox, 2005) 

• Etcetera. 
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Blindness 
of educational institutions 
to how classes are taught 
and what students learn 

is the very condition of their survival.  
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seeing 

normative institutionalization processes  

and Rational Choice processes  

as  

an orthogonal basis of eigenvectors  

of institutional transformations 
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Network of organizations Technical core Negotiations  Transactions  

Institutional environment 

Institutional discourses 

Central Administration 

Rules & regulations 

Norms 

Strategies  

Coercion 

Institutional myths 

Routines Emergent rules  

Tasks  Techniques Contagion of legitimacy 

Ideology 
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Institutional transformations 


