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My research itinerary: from
mathematics to mathematics education
• Sierpinska, A. (1973): Radicals of rings of
polynomials in non-commutative indeterminates. Bull.
Acad. Polon. Sci.,21 (9), 805-808.

• Sierpinska, A. (1987): Humanities students and
epistemological obstacles related to limits.
Educational Studies in Mathematics, 18, 371-397

My goals in mathematics
education research
• To understand and explain difficulties of
teaching and learning observed in my
mathematics classes
– difficulties related with teaching and learning
certain basic mathematical concept: limits, infinity,
functions, vector spaces, linear transformations
– difficulties related with students’ lack of motivation
and emotional reactions to mathematics
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Frustration with prerequisite mathematics courses
–
a well-known phenomenon
“Mathematics is so pervasive that most university courses
require, often implicitly, at least basic algebra and often
more. Many students are literally shocked to find that the
degree such as nursing or human resource management
not only assumes pre-requisite mathematics but makes
actual explicit demands in the course…. Students who
may have avoided mathematics in choosing their area of
study are now forced to confront it.”
FitzSimmons & Godden, 2000, in Perspectives on Adults Learning
Mathematics, p. 28

Mathematics perceived as a gatekeeper, rather than a gate-opener,
which is how mathematicians like to advertise it.

How does one go about researching students’ emotional
reactions to institutional decisions about their courses of
study?

- Interviews with instructors
- Interviews with students
- Questionnaire for students: design, administration
- Organization and analysis of the qualitative and
quantitative data
- Deciding what will constitute the results
- Evaluation of the significance of the results
(Bias? Generality? Usefulness? For whom? How?)
- Generating questions for further research

From the interviews with teachers
Teacher CS:
Students want formulas to do everything.
And no thinking at all. ...
'Just give me the formula.
Given this case, I have to apply this formula
and this one
and this one.’
There's no thinking, there's no picturing things.

Teacher SI:
In general, they want easy things.
They do not want a definition
or any discussion.
They want to work with problems,
a problem and a solution,
step by step solution.
And where is this procedure coming from,
they don't want to know.
Some of them.
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From the interviews with students
JesTia (mature student)

the trig… I need to understand it a little bit better.
In the book I'm reading, I follow the examples.
I try to,
but there are some questions
that you really need help with.
Sometimes it's difficult.
It's also the time and the running around,
because, coming back to school,
you have to have a part-time job to survive.
And with the job and the studies,
it's just too much to sit down
and really study the way you want to.
I really like mathematics
and want to learn it
but if I ask the teacher a question
he cannot explain,
I don't know, maybe because of his English.
He takes the phrases from the book,
exactly the examples from the book,
and he just presents the lecture.
So 75% of the students don't come to class.
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Expression of frustration of a mature student in her
response to an item of our questionnaire
76. Complete the sentence “Math is...”
‘Math is extremely discouraging when you are forced to take it as a
prerequisite.
If I were going into an Arts & Science program with a major in mathematics, then I
would understand why the course is necessary.
However, in the Commerce program, there’s nowhere near as much or as difficult
mathematics as I have just taken.
I have also another year of math prerequisites to take in order to get into the
program I want.
If I fail math, I don’t get into Commerce.
I can’t imagine the number of people who have dropped out of their dream just
because of this one subject that got into their way.’
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Expression of frustration of a mature student in her
response to an item of our questionnaire
66. I don’t like math because...

(#38 ms)
I don't like math because I find it very difficult on
exams. I understand the formulas when
studying, but once I get to an exam, the
questions are presented in totally different
ways than in the textbook. Ex. "Find the axis of
symmetry for the given parabola." I had no
idea what to do; however, if the question said:
"Find the vertex", I would have been able to
tell you that the formula was (-b/2a).

Theoretical framework
A notion of frustration

An institutional perspective

Emotion according to psychologists:
increased interaction among
five organismic systems

autonomous nervous system (arousal)
the cognitive system (appraisal)
motor system (expression)
motivation system (action tendency)
monitor system (feelings)
Frustration is not a state of the organism;
it is a mental construct that people use
to communicate their feelings.

However, when people speak of their frustration,
they refer to something that is very real to them.
It “feels” real
and they appraise it as caused by some real situation.
It is this experience of frustration
that we were interested in
in this research:

What makes PMC students
feel frustrated?
Thus we needed a definition of frustration
that would be closer to its everyday meaning
than to its technical meaning in psychology.

Dictionary definition:
frustration is a feeling of tension or insecurity
caused by encountering an obstacle
to satisfying a need or achieving a goal.

Example:
“I like math and I really want to learn it
but I just need good teachers,
and so far, at this university,
I haven’t experienced that yet
so, right now, I am on the edge of just… forget it!”
(JesTia, ms, interview)

In mathematics education, “frustration”
has been studied by Y. Handa
(2003, article in For the Learning of Mathematics 23/1 )

Latin verb: frustrare : to deceive or to disappoint

I feel deceived when I discover that I was wrong in my expectations.
I feel disappointed when I am unable to complete a plan.

In the research we were looking for reasons of students’
deceptions and disappointments in the context of their
university studies and PMC.

To construct the questionnaire,

it was necessary to think of categories
enabling us to structure the possible sources of frustration.
So we tried to imagine the situation of the respondents
and we saw them
not only as persons experiencing emotions
and learners of mathematics, i.e. cognitive subjects
but also as
students, i.e. subjects of an educational institution

as well as its
clients,
who purchase services and have the right to evaluate their quality.

Each position views the situation in a different way.

Take, for example, mathematics….
For the Person, mathematics is part of the world.
For the Learner, mathematics is a mental activity.

For the Student, mathematics is a course:
the student not only engages in a mental activity
but is called to demonstrate the products of this mental activity
within the formal constraints imposed by the institution.
For the Client, mathematics (in the form of PMC) is the price
to pay for gaining admission into a desired field of study.

Mathematics is but one aspect of the PMC institution.
What other aspects to take into account in imagining
the respondent’s situation?
What is an institution, as opposed to other kinds of social activity?
Four features are common to most theories of institutions in political
science:
– 1) an institution is a structural feature of a society, where the
structure may be formal (as in a legal framework) or informal (as
in networks of organizations or in sets of shared norms);
– 2) an institution has some stability over time;
– 3) an institution constraints the individual behavior of its
members (participants), through more or less explicit and formal
rules and norms;
– 4) members of an institution share certain values and goals and
give common meaning to the basic actions of the institution
(Peters, 1999: 18).

Let’s focus on the assumption that institutions are active bodies
or forms of “collective action” and elaborate on 3) and 4)

– An institution is purposeful collective action
Society organizes itself to achieve certain objectives,
obtain certain outcomes or fulfill certain tasks.

There is a problem if the actual outcomes are not the desired
outcomes (effets pervers)
– An institution is enforced action
There are sanctions for not participating in the action or not
participating in the way prescribed by rules, norms and strategies
that are considered legitimate by the institution.
– Institutions are regularized collective actions

Institutions are regularized collective actions

– Regularization is mediated by
– division of labor (assignment of tasks to positions)
– distribution of power (= control x opportunity)
– coordination of actions
– and a specific discourse which is necessary
– to make the regularization explicit
– to justify it
– to define when a task has been accomplished or an
objective – reached
– and to teach it to others
– Regularization takes the form of
– rules (which category of participants must do X, or else)
– norms (which category of participants will normally do Y)
– strategies (participants of a certain category may do A, B or
C in such and such circumstances)

Let’s now look at the institution from the point of view of its individual
participant
– The participant tries to preserve as much autonomy as possible
within the existing constraints, and feels frustrated when losing
this autonomy (power games)
– The participant may share some of the goals and values of the
institution but may resist others; he or she may consider some of
the constraints as superfluous (e.g. question the necessity of the
PMC rule)
– Rules, norms and strategies of the institution may be ambiguous;
participants may feel deceived in their interpretations of these
– Participants have their individual desired outcomes and tasks
within the institution;
– they may be disappointed with the actual outcomes of their
actions
– they may be disappointed in achieving their goals, if the tasks
are a condition for achieving these goals, but are difficult
– they may be deceived with the strategies they used for
accomplishing the tasks

TABLE 1. The structure of the questionnaire
Positions taken in the items’ statements
Institutional elements
Mathematics

The University

Person
Learner
Student
Client
------------------------Items 66, 76--------------------------------------15, 16, 17, 18---------Items 9, 11, 25,
30

The PMC rule

Item 10, 13,
64, 65

Rules, norms, strategies governing the
functioning of the PMC institution as a whole

Items 20, 54

Items 36, 37,
38, 45, 48, 54,
55
Items 5, 19, 35, Item 43, 44, 48, Items 39, 40,
43
49
41, 42, 49, 69

Rules, norms and strategies governing relations
between particular teachers and students in
particular course sections (“didactic contracts”)
Teacher – students rapport

Item 14

Participant’s identity

Items 1, 2, 3

Participant’s desired outcomes, goals
Participant’s actual outcomes

Item 7, 65a

Participant’s task of learning math

Participant’s task of taking math courses
Participant’s tools (knowledge, ways of thinking,
techniques of solving problems, strategies of
learning, studying, problem solving)

Item 68

Items 46, 47, 50

Item 65d

Item 65b,c
Items 12, 32,
67, 68

Item 65e

Items 4, 6, 15,
16, 17, 18, 52,
53, 56, 62, 63,
66, 70, 71, 72,
73, 74, 75
Items 8, 31, 57,
58, 67, 68
Items 5, 20, 21, Items 22, 23,
51, 59, 60, 61 24, 26, 27, 28,
29, 34, 35
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The sample
• Questionnaire sent to 800+ students of
MATH 200, 201, 206 and 209 in years
2003 and 2004.
• 96 students responded
ms

nms

Total students

0

17

0

17

1

17

9

26

6

11

6

17

9

12

15

27

unknown

6

3

9

Total

63

33

96

Course

RETURN

Organization of the quantitative data
Student

Item 9. initial
enthusiasm

…12 not happy w.
results

…66. I don’t like math

1

1

1

0

… 63

1

0

0

….96

0

1

1

Total All

81

41

29

Total ms

60

33

17

Total nms

21

8

12

% All (N=96)

84%

43%

30%

% ms (N=63)

95%

52%

27%

% nms (N=33)

64%

24%

36%

Analysis of the quantitative data: example
Student

A=agreed in Item 9.
initial enthusiasm

A B
Disappointment

81

B = Union of all who
expressed negative
affect
80

Total All
Total ms

60

52

49

Total nms

21

28

18

% All (N=96)

84%

83%

70%

% ms (N=63)

95%

83%

78%

% nms (N=33)

64%

85%

55%

67

Overall level of disappointment
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Associations between positions and emotional coloring
in responses to Item 76. Math is.
Positive

Negative

Ambivalent

Neutral

12% (11)
14% (9)
6% (2)

0% (0)
0% (0)
0% (0)

4% (4)
6% (4)
0% (0)

9% (9)
10% (6)
9% (3)

Learner

12% (11)
11% (7)
12% (4)

7% (7)
6% (4)
9% (3)

15% (14)
12% (8)
18% (6)

3% (3)
5% (3)
0% (0)

Student

7% (7)
6% (4)
9% (3)

8% (8)
8% (5)
9% (3)

7% (7)
6% (4)
9% (3)

0% (0)
0% (0)
0% (0)

Client

0% (0)
0% (0)
0% (0)

7% (7)
8% (5)
6% (2)

2% (2)
3% (2)
0% (0)

2% (2)
0% (0)
6% (2)

Position /
Emotion
Person

Associations between satisfaction with one’s achievement
and feelings about math
and response to
Emotional
item 12. I wasn’t
coloring of
happy with my
response in 76.
results
Math is…

Positive
Positive
Negative
Negative
Ambivalent
Ambivalent
Neutral
Neutral
Totals

and not happy
and not unhappy
and not happy
and not unhappy
and not happy
and not unhappy
and not happy
and not unhappy
Other

% TOTAL
(N=96)

% ms (N=63)

% nms (N=33)

6
24
14
9
16
13
4
10
4
100

10
22
18
5
21
8
3
11
2
100

0
27
6
18
6
21
6
9
7
100
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Description of frustration
Category of the
source of frustration
Deception by one’s
interpretation of a
rule
1

Expecting the pace of the courses to be the same as
that of secondary school or college level courses and
being overwhelmed by the fast pace of PMC
(interpretation of the rule: the content of PMC is
secondary level or college mathematics)
Disappointment with Expecting to be able to learn by following
a strategy
teacher’s examples and instructions and not finding
2
support for this strategy in the instructor’s teaching
approach (frustration of a strategy)
Deception by one’s Expecting not to have to change previously
interpretation of a acquired ways of thinking and being deceived
rule
(interpretation of the rule: the content of PMC is
3
secondary level or college mathematics)
Disappointment with Being enthusiastic about coming back to school but
the nature of the task frustrated with the study of mathematics: disliking
4
or disregarding the concern with truth in
mathematics (frustration with the nature of the task)
Disappointment with Being enthusiastic about coming back to school but
the nature of the task frustrated with the study of mathematics: disliking,
5
disregarding or having difficulty coping with
reasoning in mathematics (frustration with the
nature of the task)
Disappointment with Being enthusiastic about coming back to school but
the PMC rule
frustrated with having to take prerequisite courses
6
Deception by one’s Expecting that there will be feedback on one’s
interpretation of a performance or solutions whenever needed and
norm
being deceived (expecting too much from the norm:
7
academic support will be provided)

% All, N=96
Positions,
Institutional
% Ms, N=63
and Quest. items
elements
% Nms, N=33 taken into account
92% (88)
Client
PMC syllabi
94% (59)
Student Learner Achievement
88% (29)
(items 20, 37, 54, Learning strategies[1]
68)
71% (68)
70% (44)
73% (24)
66% (63)
65% (41)
67% (22)
54% (52)
56% (35)
52% (17)
50% (48)
51% (32)
48% (16)
49% (47)
51% (32)
46% (15)
48% (46)
38% (53)
67% (22)

Client
Student
(items 39, 41,42,
48, 49)
Learner
Student
(items 43, 44, 60,
63)
Person
Learner
(items 9, 66, 75)

Didactic contract
common in PMC[2]

Person
Client
(items 9, 13)
Client
Student
Learner
(items 38, 45, 55,
56)

Becoming a member
of The University
PMC rule
PMC rules on
assessment
Actual outcomes:
achievement
Task of learning
math

Learning strategies
Didactic contracts

Becoming a member
of The University
Task of learning
math
Person
Becoming a member
Learner
of The University
(items 9, 66, 74, Task of learning
75, 76)
math

Ranking of institutional elements starting from those
that appeared to be associated with the highest level of
frustration among the respondents to the lowest
Participants learning, studying strategies
Achievement
The way PMC as a whole is run
Teacher - students “didactic contracts”
The task of learning mathematics
The University
The PMC rule
The task of taking math courses.

Analogous ranking
of positions:
Learner
Student
Client
Person
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Further research
• Quite a few students repeat the common beliefs that
mathematics teaches them logical thinking and
analytical skills.
• But their responses to the Questionnaire and the
interviews with instructors and students imply that the
way they are taught and the way they study
mathematics in PMC does not help them in developing
either.
• They loathe theory, generality, mathematical modeling
and mathematical reasoning

• and couldn’t care less about mathematical truth.

Further research…
According to psychological theory, based on laboratory research:
• The more alternative strategies are available
immediately following the interruption that causes frustration,
the greater the chances of relaxation of stress.

A conjecture:
• Technical knowledge of a mathematical method,
without its theoretical justification,
is not sufficient
to provide “alternative strategies”
at the time of being stuck on a problem.

• Thus, frustration remains unresolved and may lead to
abandoning the task.

Some details about the actual outcomes

Item 13. I’d rather not take this course if I had a choice

I'd rather not take the
course
70
60
50
40
30
20
10
0

All
ms
nms
category of
students

• Sample:
– 96 respondents
– 63 mature
– 33 non-mature

• 60% (59) All
• 54% (34) ms
• 70% (23) nms

The course, the
study of math is..

All (N=96)

Ms (N=63)

Nms (N=33)

Labor-intensive

67% (64)

67% (42)

67% (22)

Hard

54% (52)

56% (35)

52% (17)

Stressful

45% (43)

41% (26)

52% (17)

Boring

28% (27)

32% (20)

21% (7)

Time-consuming

24% (23)

24% (15)

24% (8)

At least one of the
above

92% (88)

92% (58)

91% (30)

Item 74. Given a problem: Solve |2x - 1| < 5 and
given solutions a and b.
Which solution do you like better and why:

Solution b

Solution a

We use the theorem : |a| < b <=> -b < a < b

|2x - 1| < 5

2x - 1 = 5
x=3

|2x - 1| < 5 <=> -5 < 2x - 1 < 5 <=>

neg. 2x - 1 = -5

2x - 1 > -5 and 2x - 1 < 5 <=>

x = -2

x > -2 and x < 3

Answer: -2 < x < 3

Answer: -2 < x < 3

69% All, 65% ms, 76% nms
19% All, 21% ms, 15% nms

Item 74. |2x - 1| < 5

Item 74. Preference of
solution
80
70
60
50
40
30
20
10
0

All
ms
nms
Sol Sol
a b

Chose solution a:
• 69% All
• 65% ms
• 76% nms
Chose solution b:
• 19% All
• 21% ms
• 15% nms

Item 75. Given a problem: Solve |2x - 1| > 5 and
given solutions a and b.
Which solution do you like better and why:

Solution b

Solution a

We use the theorem : |a| > b <=> a < -b or a > b

|2x - 1| > 5

2x - 1 = 5
x=3

|2x - 1| > 5 <=> 2x - 1 < - 5 or 2x - 1 > 5 <=> x
< -2 or x > 3

neg. 2x - 1 = -5
x = -2

Answer: x < -2 or x > 3

Answer: 3 > x > -2

62% All, 52% ms, 79% nms
20% All, 24% ms, 12% nms

Items 74 and 75
Chose solution a in item 74 (the
solution is correct)
90
80

• 69% All
• 65% ms
• 76% nms

70
60
50
40

74a
75a

Chose solution a in item 75 (the
solution is incorrect)

• 62% All
• 52% ms
• 79% nms

30
20
10
0
All

nms

Reasons for choosing solution a in item 74
Reason

All

ms

nms

Simpler

15

12

3

Easier to understand

8

4

4

We don’t need the
theorem (it’s logical)

5

3

2

Clearer

4

3

1

Less confusing

4

2

2

More efficient (fast,
accurate)

2

1

1

That’s how I always
solved it

1

1

0

I like top to bottom
more than left to right

1

1

0

TOTALS

40

27

13

74a was chosen by 66 All, 41 ms, 25 nms

Reasons for choosing solution a in item 75
Reason

All

ms

nms

Simpler

10

9

1

Easier to understand

8

1

7

We don’t need the
theorem (it’s logical)

5

3

2

Less confusing

4

3

1

Clearer

1

0

1

More efficient (fast,
accurate)

1

0

1

That’s how I always
solved it

1

1

0

More unitary

1

1

0

b is false

1

1

0

TOTALS

32

19

13

74a was chosen by 66 All, 41 ms, 25 nms

Students chose 75b not always because 75a was

incorrect
•
•

Students who noticed that the solutions aren't the same
#13 not applicable. One includes the AND operator and the other includes the
OR operator. Both of these indicate sets that aren't equal to each other

•

•

Student who claimed that solutions a in both items are "wrong", meaning that
they are not what they should be, and therefore chose (b)
# 76 In 74, student chose b because: "|2x-1|< 5, thus, 2x-1 < 5 and 2x-1 > -5 and
not 2x-1=5 and 2x-1 = -5"; in 75, chose b "because (a) is wrong (same as in
question 74)"

•
•
•
•

Students who noticed that solution b is correct and a isn't, and therefore chose b
#22 I like b better in this case because it is correct
#44 it's clear, simple, easy and the only correct answer
#54 because it's right; solution a is wrong

Item 56. I need the teacher to tell me if I’m right or wrong

• 67% (64) All
• 65% (41) ms
• 70% (23) nms

The game of “right or wrong”

• 67% (64) All
• 65% (41) ms
• 70% (23) nms
The winner in the game played by students and teachers
is one who is declared to be “right” by the teacher
and not one who “says the truth”, or produces true
mathematical statements and sensible reasonings

