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Secondary-tertiary transition 

A very active research field in international mathematics 
education, for more than 25 years. Several surveys on this 
subject (De Guzman 1998, Holton 2001, Gueudet 2008, 
Thomas et al. 2012) 

 

Investigation of students’ difficulties and their origins, 
general (e.g. students’ personal work, students’ note-taking 
strategies ) or  

concerning particular mathematical contents (e.g. linear 
algebra, calculus)  

Proposition of teaching interventions (e.g. bridging courses, 
new pedagogical organisation at university) 

 

 

 

 



3 

 

Students’ difficulties 

An example in linear algebra, year 1 

 

Let u, v, w be three elements of the vector space E, such that 
any two of them are linearly independent. Can we claim that 
the set {u,v,w} is linearly independent? 

 

Student’s answer 

Suppose that au+bv+cw=0. We know that, if au+bv=0, then 
a=b=0. Similarly, if bv+cw=0, then b=c=0.  

Hence a=b=c=0; and the set {u,v,w} is linearly independent. 
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Possible interpretations 

Student’s answer 

Suppose that au+bv+cw=0. We know that, if au+bv=0, then 
a=b=0. Similarly, if bv+cw=0, then b=c=0.  

Hence a=b=c=0; and the set {u,v,w} is linearly independent. 

 

• The reasoning is wrong: au+bv+cw=0 does not permit to 
claim that au+bv=0 and bv+cw=0 . The student does not 
control the correctness of his reasoning. [teach logic?]  

• The text of the exercise is very formal. The student also 
tries to write his answer in a formal way, and fails. [teach 
the formal language?] 

• The student did not think of a geometrical counter-example 
(three vectors in the same plane) [teach changing 
representations?]  
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Different perspectives on secondary-tertiary 

transition in Maths Education research 

1. Epistemological-cognitive perspective: the contents are 
more abstract; they require advanced mathematical 
thinking 

 

2. Organisation of knowledge: students need to build more 
networked knowledge, to be able to recognize familiar 
situations, have a repertoire of tools.  

 

3. Language, proof: Students at university need to learn a 
new language, with new rules  

 

4. Institutional perspective: students enter a new institution, 
with new mathematical practices, a new contract 
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Outline 

1. The French system, upper secondary and tertiary 

 

2. Epistemological/ cognitive  

 

3. Organisation of knowledge 

 

4. Language, proof 

 

5. Institution, didactic contract  

 

 

 



7 

 
1. Mathematics in the French system, upper secondary school 

 
(ICMI database project, http://www.mathunion.org/icmi/other-

activities/database-project/introduction/) 
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1. Scientific section, content of the curriculum in grade 12 

(started in 2012): 

 Common teaching: 

Calculus (half of the program):  

Sequences, limits, induction 

functions, exponential, logarithm, derivative, integrals (no more 

differential equations) 

Complex numbers 

Probabilities and statistics: Continuous laws (including Normal 

distribution; fluctuation; estimation (increased) 

Space geometry: lines and planes, equations, scalar product 

 

Algorithms (new) 

 

 

Mathematics specialty:  

Number theory (Euclidean division, GCD, congruences, prime numbers) 

Matrices through Markov chains (Operations on matrices, Transition 

matirce, powers of a matrice) (new) 
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1. Baccalaureate, succes rates  

Evolution of the success rates from 1995 to 2015  
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1. Baccalaureate 2015 

617 900 laureates: 77,2 % of the whole generation 

      (political objective: 80%) 

 

316 971 laureates of the general Bac  

 

166 781 laureates of Bac S (27% of all kinds of Bac) 

 

Mathematics specialty for Bac S: 33000 (around 5%) 
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1. Mathematics in the French system, tertiary level 

The main possibilities, for scientific studies after the 
baccalaureate 

 

University, general scientific sections (no selection) 

Technological institutes within universities (selection) 

Some engineer schools (selection) 

Scientific preparatory classes, then engineer schools 
(selection) 

 

Evolution of the number of students at University, in the 
general scientific sections : 

From 63720 in 1995 to 33154 in 2011 (- 48%)  
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1. University vs Preparatory classes 

A very different teaching of mathematics in each case... 

First year, mathematics majors 

 

 
University 
(Rennes 1) 

Preparatory 
classes 

Form of the 
teaching 

Large lectures (200 
students) 

Small groups  
(40 students) 

Maths lecture hours 
 

15h per week over 
24 weeks 

16 hours per week 
over 32 weeks 

Assesment 3 exams of 2 hours 
each, twice a year 
(assessing 12 
weeks) 

A 4h written test 
every three weeks 
+ a 1 h oral test 
every week  
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 2. Epistemological – cognitive approach 

Example in France, Linear 
Algebra (Dorier, 2000) 

 

Historical analysis: the emergence 
of linear algebra took several 
centuries. 

  

A central factor was the need to 
unify several problems: on 
functions, on sequences in 
particular.  
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 2. Epistemological – cognitive approach 

Linear algebra (vector spaces, generating set, basis) is a  

 

Formalising – Unifying - Generalising  

 

FUG notion (Robert, 2000)  

 

Consequences: students find it very abstract, possibly useless + it 
cannot be introduced « naturally » through a given problem. The 
definitions and theorems must be presented first (by the teacher, 
or through a video in an inverted class, Talbert 2014) 
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 2. Epistemological – cognitive approach 
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 2. Epistemological – cognitive approach 
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 3. Organisation of knowledge 

Compared with secondary school, students need a more 
organised, networked, connected knowledge. 

  

Ability to combine different representations; different thinking 
modes; different reasonings etc. (alike mathematicians) 

 

Example in calculus (Vandebrouck 2012) 

Three perspectives on functions 

- Point-wise: a correspondance between numbers sets 

- Global: table of variations 

- Local: limit, continuity 
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 3. Organisation of knowledge 

At secondary school, the tasks usually proposed concern a single 
perspective, and functions defined by an algebraic formula 

Test for grade 12 students: 

In the problem, D means the set of derivable functions on R. For each function 
f in D, the function G is defined by, for all x in R 

 

 

 

1a) Show that for each primitive F of f over R, G(x)= ½ [ F(x+1) – F(x-1)]. 
… 
2a) Show that for all f in D, G is also derivable over R, and that for all x in R, 
G’(x) = ½ [ f(x+1) – f(x-1)]. 
2b) Show that the following properties are equivalent: (1) G is constant and (2) 
f is periodic with period 2. 
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 3. Organisation of knowledge 

Example of answer 

The student does not use quantifiers, he does not consider the 

global level (needed here), for him f(x+1) = f(x-1) and 

f(x)=f(x+2) are different. 
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 3. Organisation of knowledge 

The tasks proposed at secondary school often require a single 

perspective (or representation, or reasoning mode etc.) 

Novice students have difficulties with the new requirements 

of flexibility and knowledge organisation 

 

Didactical intervention:  

Propose rich and varied tasks, in class and out-of-class.  
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 4. Language and proof 

New symbols, quantifiers in particular (e.g. Nardi & Ianonne 
2005, Berger 2004, Chellougui 2009) 

 

New rules, for proof in particular (Dreyfus 1999, Weber 
2001, 2009, Weber & Alcock 2004) 

 

Students need enough time to learn this language 

 

Teachers are very familiar with this language; some rules 
remains implicit.  
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 4. Language and proof 

Example (Durand-Guerrier & Arsac 2003) : 

For prooving the extended mean value theorem : 

 

…… There exists d in ]a,b[ such that  

(f(b)-f(a))/(g(b)-g(a))=f’(d)/g’(d) 

 

Students apply the usual mean value theorem to the functions 

f and g : f(b)-f(a)=f’(d)(b-a) ; g(b)-g(a)=g’(d)(b-a) 

Considering that d is the same… The fact that d depends on 

the function remains implicit, when the theorem is taught. 
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 4. Language and proof, teaching interventions 

 

Explicit teaching of the rules for the use of symbols, of 

rigourous proof.  

 

Teaching of mathematical logic.  

 

The teacher must be very careful in his/her own language use: 

for written language or « colloquial » oral language.  
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 5. New institution, new didactic contract 

Mathematics as a human practice, and humans live in 

institutions (socially recognised groups, Douglas 1986) 

Teaching institutions have explicit and implicit rules, defining 

the responsibilities of the students and the teachers towards 

mathematical knowledge:  

The didactic contract 

Secondary school and University are two different 

institutions, with different didactic contracts (Praslon 2000, 

De Vleeschouwer & Gueudet  2011, Pepin 2014) 

 

The transition is a transition between these two different 

contracts.  
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 5. New institution, new didactic contract 

The rules of the didactic contract can be more or less general. 

 

Three levels (Gueudet & Pepin 2015) 

- Institutional level (general, does not depend on the content 

taught). « At secondary school, students’ personal work is 

the homework given by the teacher. At university, students 

manage themselves their personal work. »  

- Discipline level: rules that hold for every mathematical 

content 

- Content level: specific rules for a given content  
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 5. New institution, new didactic contract 

Example of a first year number theory course in France 

(Euclidean algorithm, Prime numbers, Congruencies, Greatest 

Common Divisor, Bézout and Gauss theorems…)  

Questionnaire for students (85); interview with students (3); 

interview with the teacher. 

Expectations of the teacher: 

-Students work on the text of the lecture, on the proofs in 

particular 

- Students work on the exercises done in the tutorial, and try 

to solve by themselves new exercises 

Rules of the contract at the discipline level, for mathematics.  
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 5. New institution, new didactic contract 

Actual personal work of the students: 

48% of the students do not often use the text of the lecture 

In the text of the lecture, they use definitions, properties, and 

worked examples- not the proofs of the theorems.  

They would like to have more worked examples.  

 

Rule of the contract: Mathematics means solving exercises by 

applying learned techniques 

 

The intermediate exams (30 min) and the final exam (2 hours) 

propose exercises similar to the exercises done in the tutorial.  
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 5. New institution, new didactic contract 

November 2015, exercise given as homework 

Let n be a positive integer, prove that 2n+3 and n2+3n+2 are 

coprime 

Teacher’s expectations 

- Students use their lecture notes, definition of coprime : 

common divisors are 1 and -1 

- Students use exercises done in previous tutorials with a 

similar method: use a linear combination to suppress n. The 

common divisor is a divisor of the linear combination.  

(2n+3)(2n+3) – 4(n2+3n+2)=1  (E) 
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 5. New institution, new didactic contract 

10 students over 16 find the result, 6 fail.  

Amongst students who failed: 

Brian: Searches in a grade 12 book, finds the linear 

combination method. He finds (E) but thinks “it is not 

allowed to have n in the factors of the combination”. In 

grade 12 the factors are given numbers.  

Peter: Tries a proof by contradiction. Supposes that a 

common divisor k>1 exists. Then n2+3n+2=k(2n+3). He 

takes n=1, 6=5k, and considers it is a counter example, 

hence the result is wrong. Peter has learned rules of the 

contract: “a counter example is enough to prove that a 

result is wrong”.  

 

 

 

 

 

 

 

 



30 

 
 5. New institution, new didactic contract 

Didactical interventions:  

 

Identify the rules of the didactic contract in both institutions 

 

The content of the assessment shapes the contract rules 

 

Teacher education, at university 
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Conclusion 

Did the research in math education about transition contribute 

to improve the situation (in France)?  

- Some interesting local experiments 

- Production of resources, online resources in particular  

But: 

- Very few University teacher education; 

- The online resources are not much used, more 

« traditional » resources are more popular; 

- Evolution of the students arriving at University, new 

difficulties… 

A lively but challenging research domain! 
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Thank you for your 

attention! 
 

 

 

 

 

 


