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Primary school teachers are the educators responsible for introducing children into the world of
mathematics. In the process of learning mathematics, children may experience negative emotions and
develop negative attitudes or mathematics anxiety. Some authors approach these issues by focusing
on primary teachers’ mathematics anxiety or proficiency in mathematics. In this article, we explore
whether and how certain social and educational practices shape or not the development of mathemati-
cal thinking in prospective primary teachers, from a cultural-historical perspective. The study’s sample
consists of twelve prospective primary teachers in their last year of studies. The participants were
interviewed about their experience with mathematics throughout their educational years. By examin-
ing and contrasting the different developmental trajectories of the participants, we identified their
“imprisonment” in situational thinking and some of the paradoxes that characterise their development.
Adopting a historical perspective in analysing participants’ trajectories was crucial in uncovering the
paradoxical nature of the development of mathematical thinking. We conclude by highlighting the
socially mediated nature of mathematics and the obstacles posed by the competitive and exam-driven
nature of educational practices.
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Yunresns HayaJabHON IIKOJIBI OTBETCTBEHHBI 32 BBeJleHUE JleTelf B MUP MaTeMaTHku. B rporecce us-
YUEHMSI MaTEeMaTHUKH JIeTH MOTYT MCIBITBIBATD HEraTHBHbLIE 9MOIIMK 1 (JOPMHUPOBATH OTPUILIATENBHOE OT-
HOIIIEHNE UJIM MaTeMaTHIeCcKyIo TPeBOKHOCTh. HexoTopsie aBTOPBI paccMaTpUBAIOT 3TH BOTIPOCHI C TOUKHU
3PEeHNs MaTeMaTHIeCKOH TPEeBOKHOCTH YUUTeIel Ha4aIbHOHN IITKOJIBI MJIN UX YPOBHS BIIA/IeHUS MaTeMaTh -
KO#. B 9T0ii cTaTbe Mbl, ¢ TOYKU 3PEHUS KYJIbTYPHO-UCTOPUYECKOH MEPCIEKTUBBI, PACCMOTPUM, (hOPMUPY-
10T JIV OIIPE/IEIEHHBIE COIUAJIbHBIE 1 00PA30BATEbHbIE IPAKTUKU PA3BUTHE MATEMATIHYECKOTO MBIILIEHUS
y Oymymux yuureseil HayaubHbIX KiraccoB. Hamra BbiOOpKa COCTOUT M3 ABEHAMIATH OYAYIIUX yduTeaen
HAYAJIBHBIX KJIACCOB, HAXO/IIMXCSI HA TIOCJAEHEM IOy 0OyUeHst. YYaCTHUKOB MCCIC0OBAHMST OTIPOCHIIH
006 uX ompITe PabOTHI ¢ MATEMATHKON Ha TPOTSKEHUN BCeX JieT 00ydeHus. PaccMaTpuBast U COMOCTABIISIS
pasJinyHble TPAEKTOPUHU PAa3BUTHS YYACTHUKOB, MBI BBISIBUJIN, YTO OHU SBJISTIOTCS <«IIJIEHHUKAMU» CHUTY-
ATUBHOTO MBIIIJIEHUS, OOHAPYKIJIM HEKOTOPbIE TAPaJ0KChI, XapaKTepusyliue ux paspurue. lIpunsrue
MCTOPUYECKON TIePCIIEKTUBBI TIPU AHAJIN3E TPAEKTOPUIl YYACTHUKOB CBITPAJIO PEIIAIONLYIO0 POJb B PACKPbI-
THU NaPaJIOKCAIbHOI TPUPO/IbI PA3BUTHS MATEMATUUECKOTO MBIIIJICHH. B 3aK/II0ueHe Mbl [10/[4€pPKUBaEM
COIMATIBHO OMOCPEZOBAHHYIO TIPUPO/LY MATEMATHKH, AHAJTM3UPYEM IIPENATCTBIS, CO3/laBaeMble COPEBHOBA-
TeJIbHBIM 1 9K3aMEHAIIMOHHBIM XapaKTepOM 00pa30BaTeIbHbIX IIPAKTHUK.

Kmoueevte cnosa: Pa3BUTHE MAaTEMATUYECCKOIO MbIIIJIEHWA, 6y/:[yLuHe yuuTeJsid HadaJIbHbIX KJ1aCCOB,

CUTYaTUBHOE MbIIJIEHUE, KOHIIENITYa/IbHOE MbIIIJIEHUE, ITapa/IOKChL

Dunancuposanue. /lannoe uccienosanue 6buto huHancuposano Komurerom mo (MHAHCUPOBAHUIO YHUBEPCHUTETA
Kpura (Homep pemenust: 538/15-11-2021).
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KYJIbTYPHO-MCTOPUYECKAsT MepCHeKTuBa Kunomnpeanourennii // Kyiabrypro-ucropudeckas neuxomnorus. 2023. Tom 19.
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Introduction

Many of us have told or heard stories about nega-
tive experiences of mathematics at school; expressions
such as “I hate mathematics” or “I had a really bad math
teacher” are not only common but they actually are quite
older than we think. For example, consider the following
Elizabethan verse:

Multiplication is my vexation

And division is quite as bad

The Golden Rule is my stumbling-stool

And Practice drives me mad .

In this text from the 1570s, the unknown author has
successfully captured the negative emotions that many
21 century students experience when learning mathe-
matics. So, one may reasonably ask: why is this the case?

Why mathematics, despite of the advances in science
and the overall societal changes that have occurred over
the last 500 years, can still elicit such strong emotions?
At the following we discuss representative findings from
two main sources of the scientific discourse; the litera-
ture on mathematics anxiety (MA) and primary teach-
ers’ proficiency in mathematics.

MA is the feeling of fear and tension that a person
experience when manipulating numbers or solving a
mathematical problem [17]. Some authors treat MA as a
personal characteristic pertaining to difficulties with nu-
merical and spatial processing [13], gender [11], general
anxiety [10] or genetic predispositions [22]. For others,
MA is linked to socio-environmental factors such as neg-
ative experiences at home or in the classroom [2; 16]. In
the case of the latter, a lot of attention has been drawn

' “Golden Rule” refers to the rule of three, “practice” refers to financial arithmetic.
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to the role of primary teachers who engage in dogmatic
teaching practices [3; 14], overemphasise rote learning
[20] or instil gender-stereotyped beliefs [4].

Another dimension that has been widely discussed in
the literature pertains to the mathematical competence
of primary teachers. A growing body of research suggests
that a mere proficiency in mathematics alone is not suffi-
cient and that primary teachers need to develop a deeper
understanding of mathematics [9]. One of the most in-
fluential approaches in this area is Shulman’s [18] dis-
tinction between content knowledge (the knowledge
related to a particular subject) and pedagogical content
knowledge (a combination of content and pedagogical
knowledge). Although Shulman’s approach has been
criticised [8], the focus on content is evident in various
policy documents that seek to answer questions such
as “What should future primary teachers know about
mathematics?” [see 5 for some examples]. In our view,
this perspective has created a dichotomy that is reflected
in many teacher preparation courses: the university cur-
riculum is divided between modules that focus on either
mathematics or on how mathematics should be taught.

Furthermore, current views of the affective and the
knowledge domains fail to capture the issues surround-
ing primary teacher education because they do not adopt
an approach that pays attention to the development of
mathematical thinking. Among the few attempts on that
front is Simon’s [19] concept of key developmental un-
derstanding, a construct that highlights significant mile-
stones in a student’s mathematical development and is
based on Piaget’s [ 15] notion of reflective abstraction.

It seems that the issues surrounding the unprepared-
ness of primary teachers in mathematics require a devel-
opmental perspective, which is currently lacking in the
literature. Questions such as “do primary teachers have
MA because of their reduced math abilities?” or “what
kind of knowledge do future primary teachers need?”
miss the point and focus on phenomenological aspects
rather than on the underlying mechanisms that give
rise to such phenomena. In our view, a more meaningful
approach to unravel this issue would be to look at the
development of primary teachers’ mathematical think-
ing. Consequently, in this paper we ask: How does the
nature of mathematics teaching and learning contribute
or not to the development of mathematical thinking in
prospective primary teachers?

Theoretical framework

Vygotsky used the term ‘obuchenie’ which refers to a
two-way process of teaching and learning. The problem
of the relationship between obuchenie and development
was examined by Vygotsky as “the most central and
fundamental question” [21, p. 3]. For Vygotsky, the re-
lationship between ‘obuchenie’ and development is dia-
lectical: on the one hand, learning is based on a certain
level of cognitive development, and on the other, learn-
ing plays a guiding role in development.

The relationship between ‘obuchenie’ and develop-
ment is not static but is influenced by the organisation
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of society and the educational system. It is important to
underline that not all forms of instruction necessarily
lead to meaningful cognitive development. “No one has
ever argued that teaching someone to ride a bicycle, to
swim, or play golf (forms of activity that are much more
complex than the discrimination of the magnitude of
angles) has any significant influence on the general de-
velopment of the child’s mind” [21, p. 200].

The transition from situational thinking to the lev-
el of conceptual thinking is an important dimension of
cognitive development. Situational thinking relies pri-
marily on sensory perception focusing on understanding
and responding to the immediate context or situation at
hand. In contrast, conceptual thinking involves the abil-
ity to generalise, and think beyond the immediate con-
text [12]. Theoretical generalisation as an integral part
of conceptual thinking involves the ability to go beyond
superficial observations to understand the deeper prin-
ciples and relationships underlying the phenomena be-
ing studied [6; 7].

The dominance of empiricism and narrow pragma-
tism in the classroom can inhibit the transition from
visual-effective and concrete-pictorial thinking to the-
oretical thinking, thus hindering the development of
higher mental processes. If instructional practices pri-
oritise only empirical observation and practical applica-
tion, students may struggle to engage in theoretical rea-
soning, problem solving and critical thinking, which are
crucial for cognitive development.

Methodology

Context, Participants and Data Collection

In Greece, students are admitted to a university after
passing national qualifying examinations (Panhellenic
Exams). Students wishing to become primary school
teachers can choose a route that may or may not include
mathematics as an examination subject. Therefore, it is
very common for prospective primary teachers to have
a two-to-three-years gap in studying mathematics when
they enter the university.

The study took place in a Department of Primary
Education in Greece and was approved by the uni-
versity’s research ethics committee (decision number:
27/24.02.2022). Our sample consists of 12 undergrad-
uates (prospective primary teachers) who were inter-
viewed during the spring semester of 2022 (average
age: 21.3 years, 91.6% females). Due to COVID-19
related restrictions, all interviews were conducted
via Zoom. The interviews were semi-structured and
each session lasted an average of 40 minutes. No in-
centives or other types of compensation were offered
to participants.

The interview protocol included open-ended ques-
tions focusing on four topics (Table 1). Although the
question “How would you describe your relationship
with mathematics?” was intended to be used as an “ice-
breaker”, it proved to be the one that allowed both the
participants and the authors to unlock a developmental
perspective i.e., the interviews became “life stories”.
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Table 1

The interview protocol questions

Topic

Question

Overall experience with mathematics

How would you describe your relationship with mathematics?

Events and difficulties

What kind of difficulties did you encounter in school/ at the university?
Can you recall any particular event?

Emotions How did you feel when this happened?
Coping Did you try to overcome these difficulties? How?
Analytical approach reported having received low grades throughout their

All the interviews were transcribed verbatim. Ini-
tially, both authors spent time in reading the transcripts
in both literally and interpretatively. They then engaged
independently in an open coding process; the codes were
then brought together and discussed. The main focus
of this process was not to reach agreement but rather
to gain an integrative understanding in terms of both
complementary and conflicting views. The codes were
then combined and organised into thematically related
groups (themes).

During this stage, it became clear that some partici-
pants had serious problems with mathematics while oth-
ers did not; this observation was crucial for the subsequent
analysis, as the approach described above was not suffi-
cient to capture the diversity found in the data; therefore,
the interviews were divided into two groups. A summary
was then written for each case and the themes covered in
each interview were collected. Finally, all the summaries
were tabulated and the two groups were compared.

Findings

In the following sections we first describe the main
characteristics of the two groups and the themes identi-
fied in the interview data. We then compare the themes
between the two groups and finally, we introduce and
present a representative case for each group.

Description of the two groups

Using the participants’ accounts of their experiences
with mathematics as a criterion, we created two groups,
group A and group B. Participants in group A (n=6),

schooling years, having experienced constant serious
difficulties in learning mathematics, and reported having
developed negative attitudes towards mathematics or
even MA. In contrast, participants in group B (n=6) had
an unproblematic experience with mathematics; they re-
ported having good grades throughout their schooling
years and conveyed a positive attitude towards math-
ematics. Extracts from the interviews illustrating these
differences are presented in Table 2.

Themes

The analysis led to the identification of five themes
that were common to all cases (Figure 1): theme 1 cap-
tures participants’ views about the kind of knowledge
that primary teachers should learn at the university in
order to be able to teach mathematics in schools; theme
2 pertains to participants’ opinions about a person’s
ability to learn mathematics; theme 3 expresses partici-
pants’ views on the approach and types of procedures
involved in learning mathematics; theme 4 represents
participants’ views and self-reflections about the devel-
opment of their mathematical thinking at the university
and; theme 5 summarises the social situations that par-
ticipants recall having experienced while learning math-
ematics throughout their formal education.

Comparisons between groups

By comparing and contrasting the themes between
the groups, we identified whether and how the partici-
pants’ views converged or diverged (Table 3). With re-
gard to theme 1, both groups expressed the view that the
teaching and learning of mathematics at the university
should replicate the school curriculum. In relation to

Table 2

Participants’ description of their relationship with mathematics

Group A

“My relationship with mathematics was not good” (S01)

“I was always afraid of mathematics” (S04)

“I always felt inadequate in this subject” (S06)

“I started doing again mathematics at the university because I had to” (S07)

“My relationship with mathematics was strange, I always felt anxious” (S08)

“My relationship with mathematics was never good” (S12)

Group B

“I love mathematics since a very young age” (S02)

“In general, I like mathematics” (S03)

“I have a very good relationship with mathematics” (S05)

“I reached a point that I started to love mathematics” (S09)

“I was always a very good student; all subjects were the same for me” (S10)

“I was very good at school and I liked mathematics” (S11)
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Theme 5: Social situations

Themes

Theme 4: Development at the university

Theme 1: Mathematics and the teaching profession

L

Theme 2: The nature of mathematical knowledge

Theme 3: The process of learning mathematics

Fig. 1. The five themes identified in the interview data

theme 2, participants from group A considered math-
ematics to be an innate ability, a process that has an end.
On the contrary, the participants of group B described
mathematics as a way of thinking that is governed by its
own laws, a kind of knowledge that can be cultivated and
should be approached as a developmental process. In re-
lation to theme 3, both groups described their approach-
es to learning mathematics in an exam-driven way, a pro-
cess that requires minimal effort. With regard to theme
4, both groups expressed the view that virtually nothing
significant had been learned at the university. Finally,
regarding theme 5, participants from group A reported
traumatic events (some at an early age), whereas partici-
pants in group B reported insignificant social situations
or no traumatic events at all.

Representative cases

Group A: Penelope

Penelope was in her fourth year at university when
she was interviewed and was currently doing her practi-
cum in a public school. Penelope’s developmental trajec-
tory was characterized by a gradual disengagement from
mathematics that began in primary school and intensi-
fied through secondary school. At the beginning of our
interview, Penelope described her overall experience of
mathematics as follows:

In primary school... my relationship with mathematics was
mediocre... I didn’t do badly it was just... I always felt at a dis-
advantage in mathematics when compared to other subjects... In
Junior high school [Gymnasium ] it got worse, I wasn’t doing well
at all... in senior high school [Lyceum] I had distanced myself, I
didn’t pay attention, I pretended that mathematics didn’t exist
because they caused me anxiety... then at the university math-
ematics was a necessary evil so to speak...

Penelope’s rite of passage into the world of math-
ematics was an unpleasant encounter, an experience
marked by a series of dramatic events involving her pri-
mary school teacher. According to Penelope, the root
cause of her unsuccessful journey could be traced to her

teacher’s general classroom behaviour (e.g., being strict)
and pedagogical approach (e.g., following the book to the
letter), an attitude that caused Penelope to experience a
range of negative emotions that led her to develop MA:

We had a teacher somewhere in fourth/fifth/sixth [grade]
somewhere around there... [...] this is where I kind of lost it, be-
cause she didn’t treat us nicely in mathematics... to anyone who
didn’t understand.... she kept calling the children up to the black-
board and... when I was on the blackboard... that caused me a lot
of anxiety because... I felt that all my classmates were looking
at me, how I would solve the problem... the teacher was quite de-
manding... and since then I think I had... I have had quite a hard
time with mathematics...

During junior high school, Penelope’s relationship
with mathematics deteriorated even further due to a
mathematics teacher who showed no particular interest
in supporting his students. This led Penelope to develop
an apathy towards mathematics, which gradually led her
to totally distance herself in relation to mathematics:

In junior high school we had a completely indifferent teach-
er... he never explained the mathematical concepts or theory to
us.... we just went in and out of the class... and then we did tests...
apparently nobody did well at all, this was reflected in my grades,
then it became bigger and... I gave up at some point...

Although Penelope’s developmental trajectory was
characterized by disruptions and discontinuities, when
asked if and how she was coping with her situation, her
response indicated an intention not to deal with her gaps
properly but to rather “fix” them temporarily, a choice
legitimized by her teacher’s attitude:

I only had private lessons for a while in junior high school...
one summer... and I think it went well but when the schools
opened again and I saw the teacher’s indifference, I automati-
cally became disinterested in the class... and since we only had
15 subjects, I decided to study the rest [and not mathematics] ...

Penelope’s learning philosophy became more evident
when she was asked to reflect on her experience of math-
ematics and her approach in dealing with difficulties
faced during her school years:

Table 3

Theme comparisons between groups

Theme

Group A |

Group B

(1) Mathematics and the teaching profession

The teaching-learning of mathematics at the university should replicate the
school curriculum.

(2) Nature of mathematical knowledge
nate ability

Understanding mathematics is an in-

Understanding mathematics is a devel-
opmental process

(3) The process of learning mathematics

Learning requires minimal effort

(4) Development at the university

Absence of development at the university

(5) Social situations

Traumatic events

No events/minor events
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At first, I was trying to cope with it, [ was trying at home as
much as I could, studying, looking for ways to explain it to myself
so that I could understand mathematics, so that I could move on,
so that I could be good, because... I wanted to be good, I had a
very good course throughout the school years and it annoyed me
that I was behind only in this subject, while I was very good in
everything else... And I tried at first at home to explain it with
my mom many times, especially in primary school, and then in
secondary school on my own, I tried to study mathematics... but I
couldn’t, it was difficult...

By the end of junior high school and at the begin-
ning of senior high school, Penelope had already decided
to choose a direction in her studies that did not include
mathematics as a subject. This choice was further con-
firmed by a self-perception that she was more competent
in the humanities rather than in the natural sciences or
mathematics:

Yes, I had decided on my major from very early on because I
could see that I had an inclination towards most of the theoretical
subjects, that 1 liked them even more... so...

At the university, Penelope studied two types of mod-
ules, one focused on the didactic side of mathematics and
the other on mathematics per se. In discussing her expe-
rience of the latter, Penelope made a clear distinction be-
tween the kind of mathematical knowledge that primary
teachers need and the knowledge that which is actually
taught at the university:

... I think the material he [the lecturer] chooses to teach is
completely alien and unnecessary for us who are going to be pri-
mary teachers... we could focus on parts of the school curriculum,
practice on things, do examples from the school textbook, I don’t
know... I think it’s all a mistake... Why don’t we do the things that
we are going to teach in primary school?

Penelope’s narrative revealed an instrumental, utili-
tarian and pragmatic approach to knowledge and learn-
ing; for her, the teaching and learning of mathematics at
the university should be examined in terms of its narrow
application i.e., as a replication of the school curricu-
lum. This view was further elaborated when Penelope
described having a relatively unproblematic experience
with the mathematics education modules; Penelope felt
motivated because she saw a clear connection between
the material taught and the school curriculum:

...because we were focusing exactly on the things that we are
going to teach later... there was also a motivation to study it be-
cause you know it will come in handy...

Penelope’s exposure to dramatic events at an early
age, had left an important imprint on her; while discussing
about the emotions of fear surrounding her every time she
was involved in activities with mathematical content, she
commented about her experience in her practicum:

I am currently doing my practicum... 've been asked to teach
mathematics both semesters... while it is very easy for me to pre-
pare, study, find activities or alternative ways of teaching in
other subjects... in mathematics I don’t know why, I can’t do it... I
Jeeltoo stressed... especially with fractions... I think I can’t do this
thing to myself, every time I'm confronted with fractions...

Group B: Alexandra
Alexandra was in her third year at university when
she was interviewed. At the beginning of her journey,
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Alexandra had severe difficulties with mathematics due
to the apathy of her primary teacher; as a result, after
finishing primary school, Alexandra had many gaps and
gradually developed a negative attitude. At the begin-
ning of junior high school, Alexandra’s struggle contin-
ued but her aversion to mathematics slowly disappeared:

...during the first and second year of junior high I struggled
a lot, because in primary school 1 had no basis at all... (Why?)
My teacher at the time... he was bored teaching us and he didn’t
do much... so I didn’t get any basis in mathematics and when I
started junior high, I got too stressed... I started too abruptly, too
much knowledge and I got stressed... and at first, I didn’t want
that, I didn’t like it but after a while... I had a very good math
teacher who started to made me love mathematics a bit more...

By the end of junior high, Alexandra had developed
a healthy relationship with mathematics and she began
to enjoy it. During senior high school, Alexandra’s atti-
tude towards mathematics underwent a transformation;
she felt exposed to a world governed by logic, a language
that required from the person practising it to understand
its principles and develop a method for applying them
when solving problems:

...in senior high, I started to love mathematics... I liked that
it was... simple logic that required to develop a method in your
head to make it work out in order to do what you want to do...
our teacher was very nice and he seemed very passionate about
what he was doing and he was happy to teach us and that was
evident... and he showed us a little bit of, let’s say, the magic of
mathematics...

The above demonstrate that Alexandra’s develop-
mental trajectory during primary and secondary edu-
cation was not characterized by dramatic situations or
incidents with irreversible consequences. However, Al-
exandra’s exposure to mathematics in junior and senior
high school seems to have been of significant develop-
mental importance.

Since senior high school, Alexandra has wanted to
study physics and after passing the Panhellenic Exams,
she enrolled as a physics major. However, the demanding
nature of the course and Alexandra’s love of working with
children, led her in taking the decision to change major:

..although I really liked physics and its logic... the study of
physics required people who liked only physics... and I was a bit
more artistic, especially with the children, I had a very big fond-
ness and... I believe very strongly in the educational values... so, [
changed my major...

At university, like all prospective primary teachers
Alexandra took modules with a purely mathematical
content and modules that focused more on the pedagogi-
cal aspects of teaching mathematics. Given her love of
mathematics, she was excited to attend modules from
the first category and chose Geometry, a module that all
of her fellow students avoided. It was at this point that,
Alexandra realized that, unlike her, the majority of un-
dergraduates did not have the necessary mathematical
background. In discussing her overall experience with
these two types of modules, Alexandra made a distinc-
tion in terms of their usefulness:

The truth is that the two compulsory modules in mathematics
education... I don’t think they will help me very much in teaching
mathematics to children, the content was a bit... it wasn’t for me...
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(Was it boring?) quite... we were taught games which... I under-
stand their use... that it is important to learn how to use these
games too but... it was not something... to show children how to
love mathematics, why mathematics is needed in everyday life
and... a little bit more complicated things, the module’s content
was very basic... and 1 understand that even for these modules, I
saw... my fellow students straining too much...

While discussing her experience with these modules,
Alexandra described them as “boring” and admitted that
she only attended lectures to have access to the exercises
solved by the lecturer:

.there were times when... I put my headphones on [listening
to music | and just noted down what he was writing on the board
which was... very basic... I didn’t even have to listen... in the end,
the only reason I went to the class was because he [the lecturer]
was solving problems that he didn’t upload them somewhere else
afterwards... and I couldn’t get them from anybody else...

Although Alexandra saw mathematics as a way of
thinking that is cultivated, at a later stage of the inter-
view she saw her ability to formulate her thoughts in
writing as having an innate character and contrasted
this with her background in physics and mathematics:

I see in myself a difficulty in writing long texts in assign-
ments, because... while I have done a report like we all did in high
school, I don’t know, maybe it’s because I have a science back-
ground and I've learned to think like that? That I too have not
cultivated it enough? eh... it’s not so easy for me to write long
texts, that is, I have a problem with written expression not oral,
it’s a bit dif ficult for me to write...

Discussion

Four out of the five themes identified in the data are
manifestations of the main mechanism that has caused
disruptions and discontinuities in the participants’ de-
velopment: situational thinking. Views about mathemat-
ics and its relationship to the teaching profession (theme
1), the nature of mathematical knowledge (theme 2), and
the process of learning mathematics (theme 3), reveal
participants’ exposure to and internalisation of forms
that promote narrow and dualistic views of mathemat-
ics. At the university, the consequences of situational
thinking are observed, as well as its ongoing work in fur-
ther corroding and damaging the development of under-
graduates who will eventually become primary teachers
(theme 4). Although our data could not support further
analysis and interpretation, the traumatic experiences
reported by some participants (theme 5) suggest that
additional, non-cognitive mechanisms are also in play
and highlight the significant role of emotions in the de-
velopment of mathematical thinking. Below we unpack
the role of situational thinking and further emphasise
the complex, dynamic and dialectical nature of develop-
ment by presenting paradoxes revealed by the juxtaposi-
tion of conventional views about “success” and conflict-
ing views of the mediating role of educators.

Situational thinking
The participants’ situational thinking was captured
by themes 1—4 in the form of (a) an avoidance of com-
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plex ways of thinking; (b) a nativist view of mathemat-
ics and; (¢) an emphasis on operations and procedural
knowledge. The limited view of the nature, function and
value of the mathematical knowledge that is necessary
for primary teachers (theme 1) was expressed by both
groups and displays an avoidance of more complex, theo-
retical ways of thinking. All participants saw the content
of mathematics taught at the university as an advanced
and unnecessary kind of knowledge, whereas those in
group B regarded the didactic side of mathematics as a
body of knowledge that is separated and irrelevant to
the teaching and learning of mathematics. Regarding the
epistemological nature of mathematics (theme 2), par-
ticipants from group A saw mathematics as an innate en-
dowment, a capacity that only some of us are born with.
On the contrary, participants from group B regarded
mathematics as a way of thinking that can be nurtured, a
process that takes time.

With regard to the learning process (theme 3), all
participants adopted an exam-driven approach and re-
ported employing strategies such as memorising theo-
rems and proofs or attending lectures just to have ac-
cess to problems solved by a lecturer. They described
a learning culture that demands immediacy and rejects
the effort required to engage meaningfully with math-
ematics. This approach to learning emphasises opera-
tions and procedural knowledge because it shows that
participants’ focus on the steps required to achieve a goal
(either at a micro or a macro level) rather than on a deep
understanding of the abstract and general principles of
mathematics.

The development of mathematical thinking at the
university (theme 4) was a task that remained unrealised
for the majority of participants. This was the result of
a curriculum that reinforced participants’ situational
thinking and failed to introduce them to more advanced,
theoretical forms of thinking. The participants of group
A felt motivated by the practical orientation of some
modules’” and were repelled by modules that dealt with
mathematical content that goes beyond the school cur-
riculum. On the contrary, all participants of group B felt
bored and demotivated by modules focusing on “simple”
mathematics and most of them preferred to focus on
modules with advanced mathematical content.

Given that the transition from situational to concep-
tual thinking requires fundamental changes in the types
of activities with which subjects are engaged [12], it can
be argued that throughout their education (primary,
secondary, tertiary) the participants were not exposed
to activities that could facilitate this transition. This re-
veals not only the participants’ current “imprisonment”
in ways of thinking internalised at earlier stages of their
development stage but also their continued “imprison-
ment” in mandatory teaching and learning activities
that have been proved to be detrimental to their devel-
opment. As a result, many participants view knowledge
in a static way: they hold the erroneous view that knowl-
edge acquired at an earlier developmental stage (e.g.,
mathematics learned at secondary school) has the same
potential at a present time (e.g., mathematics needed at
the university and to become a primary teacher).
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Paradoxes

When success becomes a failure

and failure becomes a success

As mentioned above, participants in group A have
had experienced severe issues and a constant failure with
mathematics whereas, participants from group B had en-
countered minimum or no difficulties at all and have had
progressed successfully throughout their education. In
this sense, one might expect that the same pattern would
continue at the university; however, a closer look at two
cases demonstrates the exact opposite, i.e., that students
who have always struggled with mathematics may ac-
tually make qualitative leaps and transformations dur-
ing their time at university whereas, students who have
done well may not develop at all.

Daphne (participant S07, group A) had a problem-
atic trajectory with mathematics since primary school
and was obliged to study mathematics again at the uni-
versity. When Daphne began to describe her experiences
during the first year of her studies, she referred to a cri-
sis: becoming a teacher requires the ability to transform
mathematical knowledge into meaningful activities and
exercises that would support the teaching and learning
of mathematics in a class. For Daphne, this change was
more challenging than revising the mathematics behind
each exercise because it involved a shift from consuming
knowledge to applying knowledge and producing new
knowledge in the form of a new exercise or activity.

It was... a bit strange because for me mathematics was equa-
tions, it was geometry, it was exercises... at the university it was a
bit more about the methodology of mathematics and how to learn
to think about the reasoning behind each exercise... because we
wouldn’t solve them, the children at school would... and it was a
bit difficult to learn to think like that... (Which was more diffi-
cult?) It was more difficult to prepare something for the students.
Knowing how to solve the exercises was dif ficult at first, but after
a while it went well...

Christos (participant S10, group B) described him-
self as an “excellent student” and mentioned that he had
consistently high grades in all subjects throughout his
schooling years. At the university, Christos mentioned
on two occasions that he had problems with mathemat-
ics. The first relates to a module in Geometry; Christos
solved the exam paper by relying on the mathematical
knowledge he had acquired in secondary school and was
expecting his grade to be 10 but he was instead marked
with a 7.5 (on a scale of 10). When Christos asked the
lecturer about his grade, the lecturer replied that he
should have used the methods and tools demonstrated
in the lectures:

It was unfair... as long as the problems were solved correctly,
there is no reason to be selective when marking, I mean, personal-
ly I don’t think it’s right to... it’s unfair in my opinion to a student,
although I don’t mind if... I got 7.5 or 10, I'm examining this...
from a philosophical point of view, I don’t think it was fair...

The second occasion relates to a module on probability
and statistics. This was the first time Christos had been
taught statistics at the university and he found it very
difficult to understand this part of the curriculum. He
described the module as challenging and questioned the
value of statistics in relation to the teacher profession.
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I'm doing statistics for the first time; we did not have this
subject at school... but... I don’t know... in what way this kind
of knowledge would be useful to me... this kind of mathematics
makes me say, “I'm a teacher, do I really need this?”

Nature or nurture?

In the interviews, we became aware of the echoes that
characterise the everlasting nature-nurture controversy:
participants in group A took a nativist position on the
nature of mathematical knowledge, whereas those from
group B regarded mathematics as a developmental pro-
cess. However, a closer examination of some of the cases
draws our attention to an oxymoron: although partici-
pants from group A saw mathematics as an innate abil-
ity, they simultaneously considered teachers as the most
crucial resource in understanding or not mathematics;
similarly, while participants from group B regarded
mathematical knowledge as a way of thinking that could
be cultivated, they also rejected the mediating role of
educators by negating any kind of knowledge associated
with the teaching praxis. We illustrate the above by pre-
senting extracts from two cases.

Thalia (participant S08, group A) described math-
ematics as a subject that always caused her anxiety
and fear; she attributed her problematic experiences to
teachers who were never able to properly support her
learning in mathematics. Thalia recalled a dramatic
event that happened in junior high school involving her
maths teacher:

in the third grade’s exams, I did badly in mathematics, al-
though in all the other subjects my grades were perfect... I had
studied so much... and I accidentally came across my teacher on
the street and he told me... “you know, I didn’t expect this from
you” and he added “you’ll have to work on it, now that you’re en-
tering senior high, especially if you want to follow this direction
in your studies”... after that, I knew that no matter how well pre-
pared I am in mathematics, I would always have this insecurity...

Thalia attributed this insecurity to her inability to
work independently; as she elaborated on this, she indi-
rectly highlighted the fundamental role of an educator in
extending her current stage of development to autono-
mous forms of learning:

..it was stressful for me to solve problems without someone
telling me “This is right” and “keep going”... when my teachers
were present and I could show them my solution... if there was a
mistake somewhere they could tell me “Oops that’s wrong” and I
would correct it... However, when I solved exercises on my own... I
got stuck... while in the other subjects I had no issues at all...

When she was asked to reflect on the root of her
insecurity in mathematics, Thalia rejected the role of
teachers, dramatic events or other mechanisms that had
potentially shaped her development and plainly invoked
her innate inclination towards other kinds of knowledge:

No, I just think I'm more of a theoretical mind... that is, I like
talking and writing reports more than solving exercises...

Alcestis (participant S02, group B) described math-
ematics as a way of thinking and expressed her love and
deep affection for this subject. Alcestis’ relationship
with mathematics was mediated by her parents who in-
troduced her into a new world by playing mathematical
games since preschool:
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I love math from a very young age... before I went to school,
my parents and I used to play math games... I really like the fact
that I am now at an age where I can easily solve everyday prob-
lems, not just math problems... so... there’s a way of thinking be-
hind maths that I really like...

Alcestis described her experience at the university
with modules focusing on the didactic side of mathemat-
ics as boring and monotonous. According to Alcestis,
this was a result of the weak mathematical background
of her fellow undergraduates, a problem that forced the
lecturer to spend time on “basic” mathematics instead of
focusing on the module’s content. Alcestis felt that these
lectures were a waste of time and began to skip classes,
causing her grades to drop:

The only motivation I had was to get marks... that made me
say “stop, I have to attend the lectures in order to pass the mod-
ule with a good grade” otherwise nothing, I mean I didn’t learn
anything new...

This lack of interest was the only obstacle Alcestis
faced with mathematics at the university. Ironically,
although she used the undergraduate population’s lack
of mathematical background and grades as a vehicle to
justify her exam-driven approach, she acknowledged the
mediating role of the lecturer:

I didn’t attend the lectures because I knew from the beginning
that I was going to be bored... so, I had to study by using only the
textbook... it was dif ficult forme... it wasn’t hard it just wasn’t the
same as being in the lecture and “getting it” from the lecturer...

Conclusion

Far from being an isolated, purely individual en-
deavour, mathematical thinking is deeply embedded in
the wider socio-educational context. At the micro lev-
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