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Summary: University studies, among other things, are aimed at enabling primary school
teachers and pre-school teachers to support the development of mathematical competences of young
learners. Although mathematics content knowledge is a major component of the professional body of
knowledge required for teaching mathematics, teachers’ professional beliefs on what mathematics is
and how mathematics is learned have a significant mediating effect on teachers’ success in providing
genuine opportunities for learning meaningful mathematics.

The research goal of the study conducted at the beginning of the second semester, when students
encounter their first mathematics course for teachers, was to analyze the prospective teachers’ beliefs
on the nature of mathematics and on mathematics learning. The student questionnaire consisted
of parts of the questionnaire used in the international study TEDS-M and of a small number of
mathematics items designed to verify the answers given by the questionnaire respondents. The
results revealed a difference between the self-professed beliefs of the students and the approaches
they used to respond to the mathematics items. These findings point to the need for providing specific
learning opportunities within initial teacher education to help future teachers in developing coherent
mathematical knowledge for teaching and consistent professional beliefs.
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Introduction

Learning, in general, and learning mathemat-
ics, in particular, is a complex process. Consequent-
ly, teaching, in general, and teaching mathematics, in
particular, is a complex endeavor. Research literature
on teacher education is abundant with attempts to
define, analyze and characterize the most important
competencies required for teaching mathematics.
However, it “lacks a common theoretical basis, which
prevents a convincing development of instruments
and makes it difficult to connect studies to each other”
(Blomeke, Felbrich, Miiller, Kaiser &Lehmann, 2008,
as cited in Blomeke & Delaney, 2012, p. 223). Based
on a considerable body of knowledge published by
various authors like Blomeke& Paine (2008), Ferrini-
Mundy, Floden, McCrory, Burrill, & Sandow (2005),
Lester (Ed.) (2007), Schoenfeld (2011), Schoenfeld,&
Kilpatrick (2008), Shulman (1985, 1987), Richardson
(1996), Rowland, & Ruthven (Eds.), (2010), Thomp-
son (1992) and others in the last several decades, as
well as on the knowledge accumulated within the
work of several projects:

- “Mathematics Teaching in the 21st Century
(MT21)” (Schmidt, Blomeke,& Tatto, 2011;
Schmidt,Houang, Cogan, Blomeke, Tatto,
Hsieh, et al. 2008; Schmidt, Tatto, Bankov,
Blomeke, Cedillo, Cogan, et al. 2007);

- “Teacher Education and Development
Study in Mathematics (TEDS-M)” (Tatto,

Peck, Schville, Bankov, Senk, Rodriguez,
Ingvarson, Reckase, &Rowley, 2012; Tatto,
Senk, Rowley, & Peck, 2011; Tatto, Schville,
Senk, Ingvarson, Peck, & Rowley, 2008); and

- “Learning mathematics for teaching
(LMT)”(Hill, Ball, & Schilling, 2008; Hill,
Schilling, & Ball, 2004; Hill, Sleep, Lewis, &
Ball, 2007);

Blomeke & Delaney (2012) have presented a
conceptual framework of teacher competencies (Fig-
ure 1) widely accepted in the mathematics education
research community.

As elaborated by Schoenfeld (2010) in his
book “How We Think”, teaching is a “well-practiced,
knowledge-intensive domain” in which teachers’ de-
cision making is “a function of their orientations, re-
sources, and goals” (p. 187), with mathematics knowl-
edge being the most important resource for teachers
of mathematics (which generalist primary teachers
are). Teachers professional beliefs, motivation and
self-regulation have a direct influence on how teach-
ers access this knowledge base in their instructional
practices.

A comprehensive review of the research on
mathematics teachers’ beliefs and affects, present-
ing the commonly accepted definitions of affect, be-
liefs, attitudes, and emotions, is given in Chapter 7
by Phillip (2007) in the Second Handbook of Research
in Mathematics Teaching and Learning (Lester (Ed.),
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Figure 1 — Conceptual framework of teacher competencies
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2007). Affect is“a disposition or tendency or an emo-
tion or feeling attached to an idea or object” (Phillip,
2007, p.259). It is comprised of: beliefs (“psychologi-
cally held understandings, premises, or propositions
about the world that are thought to be true”), attitudes
(“manners of acting, feeling or thinking that show
one’s disposition or opinion”), and emotions (“feel-
ings or states of consciousness, distinguished from
cognition”) (Phillip, 2007, p.259). Beliefs are consid-
ered as lenses which “filter some complexity of a situ-
ation to make it comprehensible, shaping individuals’
interpretations of events” (Grant, Hiebert, & Wearne,
1998, as cited by Phillip, 2007, p.270). Beliefs influ-
ence perception and predispose toward action; they
develop gradually, and cultural factors play a key role
in their development; some beliefs (primary) serve as
the foundation of other beliefs (derivative) in a quasi-
logical structure; central beliefs are held strongly, pe-
ripheral beliefs are more susceptible to change; beliefs
are held in clusters relatively isolated from other clus-
ters; belief systems may appear contradictory or in-
consistent to an observer, as they are context specific
and situated (Phillip, 2007).

Studying teachers’ beliefs and knowledge is
motivated by the notion that teachers’ beliefs and
knowledge shape teachers actions (Lester (Ed.), 2007;
Rowland, & Ruthven (Eds.), 2010; Stipek, Givvin,
Salmon, &MacGyvers, 2001). Research studies dem-
onstrate that teachers’ practices are consistent with
teachers” beliefs about mathematics to a higher de-
gree than with teachers” beliefs about teaching and
learning (Phillip, 2007), and that teachers’ practices
impact students’ development of mathematics profi-
ciency (Darling-Hammond, 2000; Hill, Ball, Blunk,
Goftney, & Rowan, 2007, Hill, Rowan, & Ball, 2005;
Tatto, et al., 2012).

Method

The research reported in this paper is a pre-
liminary study conducted before the start of a larg-
er national project “The Beliefs of Prospective Prima-
ry School Teachers and Pre-School Teachers about the

Nature of Language and of Mathematics and about
Teaching and Learning Language and Mathematics”,
carried out by a multidisciplinary research team
from the Faculty of Pedagogy “St. Kliment Ohrid-
ski” in Skopje and funded by the Cyril & Methodius
University — Skopje. The goal of the national project
was to gather empirical data regarding the broader
belief systems of the future primary school and pre-
school teachers in the final (8") semester of their
university studies (after the completion of all the se-
quences of courses and practical training in schools
and pre-school institutions) about the (native) lan-
guage and literature and about mathematics, as well
as about teaching and learning language, literature,
and mathematics. The sample of respondents in the
national project consisted of students from each of
the four higher education institutions in the coun-
try offering university programs in the primary and
pre-school teacher education.

The sample of the respondents for the prepar-
atory study consisted of 102 first-year students (89
female, 87 % of the sample) enrolled in the first of
a sequence of compulsory mathematics and math-
ematics methodology courses for primary school
teachers (71 respondents) and preschool teachers
(31 respondent); with 87 students following instruc-
tion in Macedonian language, and 15 students in
Turkish language. The survey consisted of the beliefs
scales related to mathematics, mathematics learning
and mathematics achievement developed in TEDS-
M (Tatto, et al., 2012), and incorporated in the sur-
vey questionnaire which was later used in the na-
tional project. The survey was administered during
the first week of the second semester of university
studies (at the beginning of the semester when the
students encounter university mathematics instruc-
tion for the first time). Additionally, a sub-sample of
71 students on a voluntary basis responded to three
mathematical items designed to complement the
survey beliefs scales. The sample in this preliminary
study is a convenience sample and is not representa-
tive of the population of the first-year students of the
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primary school and pre-school teacher education in
the country.

The survey beliefs scales

The survey beliefs scales were taken from the
International Association for the Evaluation of Ed-
ucational Achievement(IEA) “Teacher Education
and Development Study in Mathematics(TEDS-M)”
— “the first cross-national study to provide data on
the knowledge that future primary and lower-sec-
ondary school teachers acquire during their math-
ematics teacher education” - including their beliefs
(Tatto, et al., 2012, p. 18; see also Blomeke, 2012; In-
gvarson, Schville, Tatto, Rowley, Peck, & Senk, 2013;
Tatto, et al., 2008). The Likert-type scales cover three
aspects of teachers’ mathematics related beliefs:

I. Beliefs about the nature of mathematics;
II. Beliefs about learning mathematics;
I11.Beliefs about mathematics achievement.

The entire list of statements included in each
of the scales is given in the Results section (Table 2).
These statements represent two views, not equiva-
lent with, yet related to:

- Conceptual and cognitive-constructivist
orientations;

— Calculational and direct transmission
orientations.

As described by Phillip (2007, p.303-304),
“Actions of a teacher with a conceptual orientation
are driven by an image of a system of ideas and ways
of thinking she intends her students to develop; an
image of how these ideas and ways of thinking can
be developed; ideas about features of materials, ac-
tivities and expositions and the students’ engage-
ment with them that can orient students’ attention
in productive ways; and an expectation and insist-
ence that students will be intellectually engaged in
tasks and activities. Although a teacher with a cal-
culational orientation may share the general view
that solving problems is important, the actions of

such a teacher are driven by a fundamental image of
mathematics as the application of calculations and
procedures for deriving numerical results. Associat-
ed with a calculational orientation is a tendency to
speak exclusively in the language of number and nu-
merical operations, a predisposition to cast problem
solving as producing a numerical solution, and a
tendency to disregard context and to calculate upon
any occasion to do so.”

The mathematics items

The sample of mathematics items is restrict-
ed to only three due to the length of the beliefs sur-
vey and the perception of the author that the re-
spondents would not volunteer to respond to a larg-
er number of mathematics items, which was proved
to be an accurate perception.

Item 1 - Fraction multiplication representa-
tions: Respondents were asked to analyze four pos-
sible pictorial representations of multiplication of
two fractions (3 were correct models, two of which
very similar) and choose if only one of them (which
one), more than one (which ones), or none correctly
modeled the operation.

This item is a modified version of the Special-
ized content knowledge sample item from the Learn-
ing mathematics for teaching database of Mathemat-
ical knowledge for teaching multiple-choice items
(Ball, Thames, & Phelps, 2008). In the original ver-
sion the respondents were asked to mark only one
model which cannot be used to represent the frac-
tion multiplication.

Item 2 - Quadratic equation: Respon-
dents were asked to find the roots to a quadrat-
ic equation ax® + bx + ¢ = 0(for example,
x* — 7x + 12 = 0) by using one of two methods:

e Finding the roots x4 and x,as two whole
numbers whose sumx; +x; = —b is
the negative of the linear coefficient b (the
number 7, in the given example) and whose

productxy - x5 = ¢ is the free termc (the
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number 12, in the example) since the equa-
tion, for @ = 1,is equivalent to the equa-
tionx®— (xy + x,) x+ 2%, =0,
ie. to (x—x,)(x—2x,) = O(the equa-
tion in the example is equivalent to the
equationx2 —(3+4)-x+3-4=0,
i.e. to the equation(x — 3)(x — 4) = 0).
¢ Finding the roots using the Quadratic For-

mula
_ —bhivVb " —dar

Xy

12 2a
A worked example was shown on top of the
same page using each of the methods.

Item 3 — The area of a triangle: Respondents
were asked to choose the method most likely to be
used by grade 5 pupils’ in finding the area of a trian-
gle with vertices on 3 different sides of a grid com-
posed of unit squares (see the Appendix) among the
following ones:

A. Directly using the formula for the area of a
triangle 4 = L.

B. Using Pythagoras’s Theorem a* +6° =y’

to calculate the lengths of the sides a,

b, cof the gray triangle, then using Her-

ons Formula for the area of a trian-

gle A=C-(C-a)-(C-0)-(C—y) ,
a+o+1

i —

3 Since 2007, primary education in the country spans nine
grades, grade 5 being analogous to grade 4 in the previous
eight-year-long basic education. Primary school teachers teach
all school subjects in grades 1-5, except foreign languages (Eng-
lish).

C. Using the Distance formula
q:\/(%—uz)2+(ﬁ1—ﬁz)2 to
calculate the lengths of the sides a, b,
c of the gray triangle, then using Her-
on’s Formulafor the area of a trian-
gle A=,C-(C-a)-(C-0)-(C—y) ,

a+0+y .

D. Findingzthe areas of the three rectangular
triangles outside the gray triangle by halv-
ing the number of unit squares in the three
corresponding rectangles, then subtracting
the sum of these areas from the area of the
whole grid;

E. Other

This item was inspired by TEDS-M multiple-
choice MCK item (Tatto, et al., 2007).

Results

The aggregated results of the survey are ex-
hibited in Table 1 in the percentage of the respons-
es endorsing the various scale statements. Following
the course taken by the TEDS-M researchers (Tat-
to, et al.,, 2012), the responses “agree” or “strongly
agree” are considered to represent unqualified en-
dorsement, while the responses “strongly disagree”,
“disagree”, “slightly disagree” or “slightly agree” as
a non-endorsement or a weak endorsement of the
statements.

Table 1. Beliefs about mathematics and mathematics learning: percentage of endorsed statements

Number Agree-
of valid Strongly
responses Agree
Beliefs about %

. Mathematics as a Process of Inquiry 97 74.2
The Nature of Mathematics Mathematics as a Set of Rules and Procedures 98 77.6
Learnine Mathematics Learning Mathematics through Active Involvement 101 75.2
8 Learning Mathematics through Teacher Direction 93 21.5
Mathematics Achievement Mathematics as a Fixed Ability 95 8.5
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A strong support for the statements express-
ing beliefs consistent with the conceptual orientation
(Mathematics as a process of inquiry) and the cogni-
tive-constructivist orientation (Learning mathemat-
ics through active involvement) emerges from the
responses since approximately 3 in 4 respondents
agreed or strongly agreed with them. At the same
time, 3 in 4 respondents also endorsed the calcula-
tional view of mathematics (Mathematics as a set of

rules and procedures). The direct-transmission ori-
entation (Learning mathematics through teacher di-
rection) received support by only 1 in 5 respondents.
Less than 1 in 10 respondents expressed strong en-
dorsement of views of Mathematics as a fixed ability.
A detailed presentation of each statement endorse-
ment within each scale provides a more thorough
picture (Table 2).

Table 2. Beliefs about mathematics and mathematics learning: percentage of various degrees of endorsement

lightl
Number  Disagree- S 1ghtly Agree-
. disagree-
of valid Strongly . Strongly
. Slightly
responses  disagree Agree
agree

Statements reflecting N % % %
Mathematics as a Process of Inquiry:
Mathematics involves creativity and new ideas. 101 5.0 50.5 44.6
In mathematics many things can be discovered and tried out by 99 6.1 374 56.6
oneself.
If you engage in mathematical tasks, you can discover new things 102 9.8 304 578
(e.g., connections, rules, concepts).
Mathematical problems can be solved correctly in many ways. 102 2.0 17.6 80.4
Many aspects of mathematics have practical relevance. 101 2.0 23.8 74.3
Mathematics helps solve everyday problems and tasks. 102 7.8 36.3 55.9
Mathematics as a Set of Rules and Procedures:
Mathematics is a collection of rules and procedures that prescribe 100 20 350 58.0
how to solve a problem.
Mathematics involves the remembering & application of defini-

. . 101 3.0 13.9 83.2
tions, formulas, mathematical facts, & procedures.
When solving mathematical tasks, you need to know the correct 101 15.8 19.8 64.4
procedure, else you would be lost.
Fundamental to mathematics is its logical rigor and precision. 102 4.9 34.3 60.8
To dp mathematics requires much prz.ictlce, correct application of 102 29 216 755
routines, and problem solving strategies.
Mathematics means learning, remembering, and applying. 101 0.0 15.8 84.2
Learning Mathematics through Active Involvement:
In addition to getting a right answer in mathematics, it is important 102 0.0 0.8 90.2
to understand why the answer is correct.
Teachers sbould allow pupils to figure out their own ways to solve 101 13.9 396 465
mathematical problems.
Time used to investigate why a solution to a mathematical problem 101 0.0 11.9 88.1

works is time well spent.
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Pupils can figure out a way to solve mathematical problems without

, 102 23.5 42.2 34.3
a teacher’s help.
Teachers should encourage pl.lplls to ﬁn(.l thelr. own solutions to 101 17.8 317 50.5
mathematical problems even if they are inefficient.
It is helpful for pupils to discuss different ways to solve particular 102 0.0 118 88.2
problems.
Learning Mathematics through Teacher Direction:
The best way to do well in mathematics is to memorize all the 101 15.8 40.6 436
formulas.
Pupils need to be taught exact procedures for solving mathemati- 101 20 3.8 743
cal problems.
.It doesn't really ma.tter if you understand a mathematical problem, 102 50.0 314 18.6
if you can get the right answer.
To .be good in mathematics you must be able to solve problems 101 26 337 3.8
quickly: . . . ,
Pupils lefarn mathematics best by paying attention to the teachers 102 L0 10.8 88.2
explanations.
When pupils are working on mathematical problems, more empha-
sis should be put on getting the correct answer than on the process 102 50.0 34.3 15.7
followed.
Non—standérd procgdures should be discouraged because they can 96 13.5 4438 AL7
interfere with learning the correct procedure.
Hands-on mathematics experiences aren’t worth the time and ex- 100 35.0 40.0 25.0
pense.
Mathematics as a Fixed Ability:
Since older pupils can reason abstractly, the use of hands-on 9% 299 465 4.0
models and other visual aids becomes less necessary.
To be goo”d at mathematics, you need to have a kind of “mathemat- 102 38,3 929 196
ical mind”.
Mathematics is a subject in which natural ability matters a lot more 100 36.0 38.0 26.0
than effort.
Only.r the more able pupils can participate in multi-step problem- 101 AL6 376 20.8
solving activities.
zf;ilrigseneral, boys tend to be naturally better at mathematics than 102 67.6 18.6 137
Mathematical ablhty’ is .somethmg that remains relatively fixed 101 10.9 337 554
throughout a personss life.
Some people are good at mathematics and some aren't. 102 18.6 324 49.0
Some ethnic groups are better at mathematics than others. 102 61.8 235 14.7

Among the statements related to Mathematics
as a process of inquiry, the statements which received
strongest support were “Mathematical problems can
be solved correctly in many ways” (by slightly above
4 in 5 respondents), and “Many aspects of mathe-
matics have practical relevance” (by almost 3 in 4
respondents). The percentage of the respondents

expressing slight disagreement or slight agreement
with “Mathematics involves creativity and new ide-
as” (half of the sample) is somewhat higher than the
number of the respondents fully endorsing it (45 %).

Strongest endorsement among statements re-

ferring to Mathematics as a set of rules and procedures
was granted to the statements “Mathematics means
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learning, remembering, and applying”, and “Mathe-
matics involves the remembering and application of
definitions, formulas, mathematical facts, and pro-
cedures” (by more than 8 in 10 respondents), as well
as to “To do mathematics requires much practice,
correct application of routines, and problem solving
strategies” (by more than 3 in 4 respondents). Each
of the statements on this scale (calculational orien-
tation) was fully endorsed by more than half of the
respondents.

Some of the statements most consistent with
Learning mathematics through active involvement re-
ceived the highest support in comparison to state-
ments on the other subscales: “In addition to get-
ting a right answer in mathematics, it is important
to understand why the answer is correct” (by more
than 9 in 10 respondents endorsed it), “It is helpful
for pupils to discuss different ways to solve particu-
lar problems”, and “Time used to investigate why a
solution to a mathematical problem works is time
well spent” (both by almost 9 in 10 respondents).
Among the statements reflecting the cognitive-con-
structionist orientation the least support was grant-
ed to the statement “Pupils can figure out a way to
solve mathematical problems without a teacher’s
help” (approximatelyl in 3 respondents endorsed it
fully, and 1 in 4 respondents rejected it).

The responses to the statements on the scale
of Learning mathematics through teacher direction
differed to various degrees depending on the state-
ment. The strongest support was expressed for “Pu-
pils learn mathematics best by paying attention to
the teacher’s explanations” (by almost 9 in 10 re-
spondents), and for “Pupils need to be taught exact
procedures for solving mathematical problems” (by
almost 3 in 4 respondents). The weakest endorse-
ment for a statement consistent with the learning
mathematics through direct transmission orienta-
tion was afforded to “When pupils are working on
mathematical problems, more emphasis should be
put on getting the correct answer thanon the process
followed” (by less than 1 in 6 respondents slightly
agreeing or slightly disagreeing, andby half of the re-

spondentsfully rejecting it), and to “It doesn’t really
matter if you understand a mathematical problem, if
you can get the right answer” (by less than 1 in 5 re-
spondents endorsing it, and half of the respondents
rejecting it).

Only two of the statements included in Math-
ematics as a fixed ability scale received support by
approximately a half of the respondents, “Mathe-
matical ability is something that remains relatively
fixed throughout a persons life”, and “Some people
are good at mathematics and some aren’t’. In con-
trast, the statement “In general, boys tend to be nat-
urally better at mathematics than girls” was fully re-
jected by more than two thirds of the respondents.
Similarly, approximately 6 in 10 respondents strong-
ly disagreed or disagreed with the statement “Some
ethnic groups are better at mathematics than oth-

»

ers.

Before any deeper analysis is to be under-
taken, several questions immediately arise: What is
the nature of these beliefs? Which beliefs are teach-
ers-students inclined to act upon? Since the survey
was conducted with the first-year students, it was
not possible to gather observational data of their
instructional decisions and their teaching practice,
reserved for the final two years of their universi-
ty studies. The attempt to address the above men-
tioned questions might benefit from a review of the
responses on the mathematics items (Table 3).

On Item 1 (Fraction Multiplication Represen-
tations), more than a half of the respondents chose
only one representation as being the only one which
appropriately models the fraction multiplication, al-
though only one of the given four representations
was incorrect. Since two of the given four represen-
tations were almost identical, the question of how
some of the respondents eliminated one of them
seems quite legitimate.

To find the root of the given quadratic equa-
tion in Item 2, more than 8 in 10 respondents chose
to use the Quadratic formula, although the other
method is far more intuitive, makes sense in itself,
and is less cumbersome than applying the formula.
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Table 3. Responses to the mathematics items

Frequency  Valid %
Valid  Item 1 - Fraction multiplication representations
There is only one correct representation (the incorrect representation chosen) 3 4.3
There is only one correct representation (a correct representation chosen) 34 48.6
There are more than one correct representations (the incorrect 6 8.6
representationalso chosen) ’
There are more than one correct representations (the correct representations 14 200
chosen) ’
There are no correct representations 13 18.6
Total 70 100
Missing 1
Valid  Item 2 - Quadratic equation
The Quadratic Formula used 58 85.3
Logical solution 10 14.7
Total 68 100
Missing 3
Valid  Item 2 - The area of a triangle (Choose grade 5 pupils’ solution strategy!)
Standard formula 24 33.8
Pythagoras’s formula & Heron’s formula 22 31.0
Distance formula & Heron’s formula 6 8.5
Count squares, take halves of areas of rectangles, add them, subtract the sum 15 21.1
Other (incorrect) solutions 4 5.6
Total 71 100
Missing 0

In choosing the strategy most likely to be
used by grade 5 pupils in finding the area of the giv-
en triangle, only 1 in 5 respondents made a reasona-
ble decision having in mind the non-applicability or
the complexity (the required academic maturity) of
the solving strategies offered, and the grade level of
the pupils expected to solve the problem.

Discussion

The research has many limitations, including
the following: the sample of the respondents is not
representative; the number of mathematics items in-
cluded in the survey is very small; the use of the re-
sults from the Likert-type scales has well-known lim-
itations (Phillip, 2007), especially when such instru-
ments are used for measuring the beliefs isolated
from the knowledge or actual instructional practices.
The results cannot be generalized, yet they open up a
key-hole view of the landscape of beliefs of the teach-
er education undergraduates in the country.

The results from the beliefs survey are not sur-
prising. The self-professed beliefs of the first-year stu-
dents (future primary school and pre-school teach-
ers) in the country are consistent with the beliefs ex-
pressed by the majority of students in their final year
of teacher education studies in most of the countries
in the TEDS-M (Tatto, et al., 2012). It would be in-
teresting to compare the results of the first-year stu-
dents survey with the results of the survey conduct-
ed with the fourth-year students at the end of their
teacher education university studies in the larger na-
tional study. As Philipp (2007) elaborated in his com-
prehensive review of the research on the mathemat-
ics teachers’ beliefs and affects, belief systems are re-
sistant to change and there is no conclusive scientific
evidence that teacher education provides a successful
scaffolding for a permanent change in the pre-exist-
ing beliefs of prospective teachers.

The pattern of beliefs expressed by the re-
spondents in the study strongly endorses the view
of mathematics as a process of enquiry - a pattern
which appears in the responses of the future prima-
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ry teachers in all but one country in TEDS-M (Tatto,
et al,, 2012). An overwhelming majority of the first-
year students of teacher education in our study ful-
ly acknowledged that there was a wide spectrum of
solution strategies when attempting to solve mathe-
matical problems and that mathematics had practi-
cal relevance. A majority of them also endorsed the
beliefs that engagement in mathematical tasks lead
to the discovery of new concepts, patterns and con-
nections, although approximately one in three of the
respondents expressed slight reservations. The same
is the case with the beliefs referring to the possibil-
ity of discovering many things in mathematics by
oneself and the possibility of solving everyday prob-
lems by means of mathematics. Although only a very
small percentage of the respondents disagreed with
the view of mathematics as a creative human activ-
ity which involves new ideas, a half of the respond-
ents had some reservations regarding it as such. These
findings necessitate further inquiry into the nature of
these reservations in order to be able to design the ap-
propriate inquiry based learning mathematical activi-
ties within teacher education courses in which future
teachers will experience the joy of discovering and
creating mathematical knowledge for themselves and
by themselves.

At the same time, a great majority of the re-
spondents in this study fully endorsed the calcula-
tional view of mathematics, i.e. mathematics as a set
of rules and procedures, strongly endorsing beliefs
that mathematics involves the remembering and ap-
plication of definitions, formulas, mathematical facts,
and procedures, and that doing mathematics requires
much practice, correct application of routines, and
problem solving strategies. Again, this pattern was
common across the countries in TEDS-M (Tatto, et
al,, 2012), with few exceptions, and with a consider-
able diversity in the extent to which future teachers
express support for the corresponding statements.
The strong endorsement of this kind of beliefs can be
seen as a consequence of the established tradition of
mathematics instruction in primary and secondary

schools in the country, and in other countries world-
wide.

The cognitive-constructionist orientations, i.e.
the view of learning mathematics through active in-
volvement, received an overwhelming support from
the respondents in the study, again in sync with the
results from TEDS-M (Tatto, et al.,, 2012). Future
teachers recognize the importance of investigat-
ing the solutions to a mathematical problem and the
need for a justification of the answer, as well as how
significant it is for pupils to discuss different solution
strategies. The belief that pupils can find the ways to
solve mathematical problems without their teacher’s
help received the least support among the beliefs on
this scale. These findings could be explained by the
absence of opportunities to observe pupils’ mathe-
matical thinking available to prospective teachers at
the start of their teacher education. A note should
be taken by teacher educators in terms of providing
such opportunities within mathematics methodolo-
gy courses.

The direct transmission view of mathemat-
ics learning was rejected by the majority of the pro-
spective teachers in the sample - a finding consistent
with the findings in TEDS-M (Tatto, et al., 2012). The
statements reflecting beliefs about learning mathe-
matics through teacher instruction were endorsed to
a various degree depending on the statement, with
strongest support for learning mathematics by at-
tending to the teacher’s explanations and for the need
for teachers to teach pupils the exact procedures for
solving mathematical problems. The majority of the
respondents fully rejected the belief that more em-
phasis should be put on getting the correct answer
than on the process of reasoning, and that getting the
right answer trumps understanding the mathemati-
cal problem. This rejection is compatible with the
above-discussed endorsement of the beliefs on learn-
ing mathematics through active involvement.

Similarly to the findings in TEDS-M (Tatto, et
al., 2012), mathematics as a fixed ability is the view
which was not endorsed by most of the respondents
in the study. A great majority of the future primary
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and pre-school teachers in the sample had strong-
est objections to gender and ethnic bias regarding
achievement in mathematics. Still, almost half of
them agreed that mathematical ability was something
that remained relatively constant throughout a per-
sons life and that some individuals are naturally bet-
ter at mathematics than others. Less than a half of the
respondents also had slight hesitations in agreeing or
disagreeing with the belief that having a “mathemat-
ical mind” was a prerequisite for the success in do-
ing mathematics, as well with the belief that a natural
ability matters a lot more than effort; a quarter of the
respondents endorsed these beliefs. Supporting the
view of mathematics as a fixed ability carries a danger
for teachers when designing and implementing chal-
lenging instructional activities to address the needs
of only a selected few pupils perceived as being good
in mathematics, and not properly supporting the de-
velopment of mathematical thinking of every child in
their classroom.

The results on the mathematical items used
in the study are quite surprising. Although the vast
majority of the respondents unequivocally supported
the belief that mathematical problems can be solved
in many ways, when asked to choose whether one
or more pictorial representations accurately model
a given example of the fraction multiplication, more
than a half of them focused on finding only one rep-
resentation, although three of the four representa-
tions were correct and two of them were almost in-
distinguishable. It is possible that primary and sec-
ondary mathematics education succeeded in ena-
bling students to recognize and profess the desirable
“mantra of the day” when it comes to learning and
doing mathematics, yet failed to equip them with the
knowledge required to act in consistence with what
they so readily acknowledge.

Since the vast majority of the respondents fully
endorsed the statements which describe mathemat-
ics as involving remembering and correct application
of formulas, mathematical facts, and routine proce-
dures, the choice to use the Quadratic formula over a
much simpler method for finding the roots of a quad-

ratic equation does not seem surprising. Not surpris-
ing, yet disturbing! This established mode of doing
mathematics by universally applying formulas when-
ever possible, or not possible, and when applying
simple logic would be much more productive, has to
be brought to the attention of future teachers. The de-
sign of mathematical activities in which solving prob-
lems using reason instead of senseless application of
formal procedures, as well as enabling future teachers
to carefully select when it is most appropriate to apply
formulas, has to be one of the primary tasks of teach-
er education mathematics courses, and as such it has
to be explicitly defined as an educational goal.

This last argument also refers to the results ob-
tained on the last mathematics item when first-year
students of teacher education were asked to make an
educated guess regarding the choice of a strategy an
11-year old pupil would be expected to use when find-
ing the area of a triangle. An overwhelming majority
of the respondents could not resist the urge to choose
a formula, any formula, even when it was impossible
to use it, or even when it required certain higher level
of mathematics knowledge, not accessible to an aver-
age pupil in primary grades. It can be argued that the
knowledge of primary mathematics curriculum is to
be acquired by future teachers by the end of the teach-
er education studies. Yet, the fact remains that for the
time being, the university-level mathematics educa-
tion of future teachers has to counteract the negative
consequences of bad education in primary and sec-
ondary grades, namely the deeply rooted habits of the
mind to disregard common sense and logic in favor
of an unselective use of formal procedures.

In order to observe these findings from a prop-
er perspective, it is informative to look at the findings
in TEDS-M. Teachers’ mathematics content knowl-
edge (MCK) and teachers’ mathematics pedagogy
content knowledge (MPCK) are positively related to
teachers’ conceptual and cognitive-constructionist
orientation, and negatively related to teachers’ calcu-
lational and direct transmission orientation, i.e. ..
within countries there was a general tendency for fu-
ture teachers who endorsed the beliefs that mathe-
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matics is a process of inquiry and that learning math-
ematics requires active involvement to have relatively
greater knowledge of mathematics content and ped-
agogy than those who rejected those beliefs. Simi-
larly, there was a general tendency within countries
for those future teachers endorsing the beliefs that
mathematics is a set of rules and procedures, learn-
ing mathematics requires following teacher direction,
and mathematics is a fixed ability to have relatively
lesser knowledge of mathematics content and peda-
gogy than those who rejected those beliefs” (Tatto, et
al., 2012, p.169). This issue calls for further research
on teachers’ beliefs to be conducted inseparably from
the research on teachers’ knowledge of mathematics
content and of mathematics pedagogy, as well as on
teachers’ instructional practices.

If beliefs serve as lenses which filter how an in-
dividual sees the world, how can they be changed? As
noted by Thompson (1992, as cited by Phillip, 2007,
p.260-261) “teachers often assimilate new ideas to
fit their existing schemata instead of accommodat-
ing their existing schemata to internalize new ideas”.
Many researchers attempted to develop the mecha-
nisms for influencing practicing and prospective
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Appendix

IT. Bpemnmrrs 58 yusmmeTs 03 T2TT0 0ATSNSHES TSESTTOIMNHO OCHOERD 0OpEI0EIHES EO

JESSCSTHHS JPOEEEM J0OHTS 337398 COMYHS HI COSIHSES I5T898. /,-

IMnomrTeEET: HE C2E02 03 FEAIPETIHESTAEO Mp=saTas L om”.
Ipscu=TajTs ja MIOMTHHEATS HI CHEMOT TDHAT OIIHHE. L""""----.._L__

Coopza Bac, Ha E0j HS9HH c2 042EVES 01 VHSHHINTS 14 j4 PSIISE3ST s8739aTa’
Oatepere ETEH oa moEyleHHTe NpHOJH 33 PEIIABamEe, I3 K0j BEpPYEATE JeKa ce
09eKYEa Ja 0 NPHMEHAT YIEHHIHTE, H 3M0KPY4eTe ja GyKBaTa mpex Hero.

a-h,
.

A Co thoparynats 38 ITOIITHES BY TPHEATOMHAE, F=

E. Co MpsoesTVESR:S HI  NHENOTEHVIETS B IDEECSTOMENTE  TOESTONEAIE 00 DOMOID B

IhmsropoEsts Teopans, a —b° =%, ® oo mpmesms ma Xeapomosars OpMYIE I3 ONMOIITHES B3

a+b+e

T (F-a)-(F-F)-(f-¢),EE MR DT I

E. Co mowom =3 DopaymaTs I3 pACTOjEEHME MSTY RS TOMEHM OO OSTSHM  EOODTHESTE

=

T. Co mpeousTyESS: EI MNOMTHHSTE HI TIDEEQETONESTE MPESES H 00 OOISMES:s BEi 10HpOT B3
ITOLTHHEATE HI JPEECEICMHEHT2  TPHAIOMHHEIE EC  MPEEITE OUCTEHH HAIEQD O COHEHCOT
TOHETONTHEE, 2 HHEEESTE TITOIITHES O2 TDSCMSTYER 00 MDSNOMOEVESSS HI INMOMTHEHETE B3

COOIESTHATE [IDEECEl OITHHIIH.

H. HazpiT Bomm:
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Caarjana JakumMoBHuK
Yuusepsurert “cBern hupuio u Meronuje”,
Henaromxku ¢gakyarer “ceeru Knument Oxpuackn”, Crombe

YBEPEILA BYAAYRUX YUUTEJ/bA 1 BACITMTAYA
O IPUPOIU MATEMATHUKE U O YYEIBY MATEMATHUKE

Pesume: Ynusepsuitieiticke citiyguje, usmehy ociianoi, umajy 3a yusm ga omoiyhe yuuitierouma
u saciuiiauuma ga uogprce pa3eoj MaleMailluuKux KomieieHuja yHeHuka Ha paLom y3paciiy.
HMaxo je snare o mattiemattiuuxum cagpircajuma i1a6Ha KOMIUOHEHILA CIUPYHHOT 3HAHA HEOUX0GHOT
3a tipegasarve mailiemailiuxe, CUipyuHa yeeperba HACIABHUKA O THOMe WA je MallleMaiuka u
KAKo ce OHA y4U umajy 3Ha4ajan nocpegHu4KU epekaiil Ha ycilex HACTABHUKA Y UPYHarby CIBaAp-
HUX MOTYRHOCTHU yueHUUUMA ga y1e MatteMatiuKy Ha CMUCTIEH HAYUH.

Hcmpaxcusauxku yum ciiiyguje je Suo ga ce ananusupajy yeepera dygyhux HacitiasHuxa o
dpupogu maiiemattiuke u yuewy mailiemaiiuke. IIpoyuasarve yseperva (u 3Harwa) HACTHABHUKA
MOIMIUBUCAHO je ciliaéom ga yeeperba (U 3Hare) yuuitiesod 00NUKYjy wUX06 pag, Kao u ga upaxca
HACIABHUKA Y YHUOHUYU YIlUYe HA PA360] MATHEMATLUMKUX 3HAMA YHeHUKA.

Hctapanusarwe odjasmweno y pagy geo je tupenumunapre ciiiyguje ypahene y cknoity eehei
HayuoHanwol tpojexiia (,Yseperwa Sygyhux yuuitierra u eactiuilia4a o Upupogu jesuxa u maie-
MailiuKe U 0 HACTAABY U ydervy je3uka u mailiemaitiuxe ) xoju gunancupa Ynueepuitieii Kupun u
Meinioguje y Croiimy. Y3opkom cy oSyxseahena citio gea ciliygeniiia tpse iogume (ocamgeceiii geseii
ciiygenitikuroa, 87% y3opka), ca cmepa 3a yuuiliesve (cegamgeceiil jegan UCTUTAAHUK) U ca cMmepa 3a
sactiuttiaye (Tpugeceii jegan UCHUMAHUK). YAuillHuk ce cacifiojao og ckase yseperoa 6e3aHux 3a
MmaitieMatmiuxy, yuere mattieMaiiuke u matiemaimiuuxa iociiuinyha, paseujere y okeupy citiyguje
TEOC-M (,Ciniyguja o opasosarvy u paseojy Haciiasnuka y mattiemamiuyu”). Vsjase tipegcitia-
8/bajy g6a ciliasa Koja HUCY eKeUBaneHiinag, anu cy 106e3ana ca: KOHUeUilyarHum U Koi HUlU6Ho-
KOHCTUPYKMAUBUCTHUMKUM OpUjeHillauujama, Kao u ca KankynayuoHuM KOHUeRiom 1 opujeHiia-
Uujom Ka gupexiliHom tpeHouiersy 3Hara. Ankeilia je ciposegena y iipeoj Hegebu cemeciipa, Kaga
ce ciilygentiu tipeu Wyil cycpehy ca naciiasom matilematiuke Ha yHueep3uitieily. Ilogysopax og
cegamgeceitl jegHol ciliygeHitia 0giosapao je, Ha godposowHOj OCHOBU, HA THPU HUAA Y 6e3U ca
MaileMatiuKkom Koja cy Kpeupana ga goiiyHe citiasose ucKkazaxe Ha ckanu yeepetrva. VM3 ogiosopa
ce sugu ga HoCiloju CHAXCHA TIOgPUIKA U3jasama Koje u3paxasajy ysepera y cknagy ca KoHuyei-
iwyanHom opujenitiayujom (mattlemMamiuka Kao tpoyec UCUpaiuearoa) u KoTHUTUEHO-KOHCIPY-
KiiusUCiuuKom opujentiauujom (yuere mailiemailiuke Kpo3 akiiueHo yKmwyuusare); oko 75%
UCAUTAHUKA Ce CAIONCUNO UAU TOMITYHO CIoKUo ¢ wuma. Viciiospemerno, 75% uciuiianuxa je
wakohe HOGpHano KanKyniauoHu KoHuelini matilemainiuke (MatlleMamiuka Kao ckyil upasuna u
upouegypa). Opujenitiayuja ka gupekiiHom tpeHoulervy 3Harba (yuerve maieMatiuke iy ilem UH-
citipykyuja godujenux og Haciiasruka) goduna je iogpuiky camo jegHoi og teil uciuitianuxa. Tex
ceaxu geceiliy UCHUMAHUK U3PA3UO je CHAXNHY UOgPuIKy ciliasy o ,Maitiemaiuyy Kao OUKcHoj
citlocodHocTu "

Pesynitiattiu cy yxasanu Ha pasnuxy usmehy camoupokniamosanux yeepera CilygeHaiia u
Apuciiiyiia Koje cy KOpUciiiunu y peuiasary mailiemattiuukux sagammaxa. Maxo je eenuka sehuna
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UCAUTHAHUKA HEgEOCMUCTIEHO HOgPHana yeeperve ga ce MaltleMamiuuky upodnemu moiy peuuiiu
HA 8ule HAYUHA, KAGa ce 0g MUX WPANUNo ga 0giosope ga i jegHa unu suule CIUKOSHUX tpeg-
ciiasa WavHo Mogenupajy gail upumep mMHoxcerbd Pasnomara, suuie 0g wono8uHe UCUUMAHUKA
dokycupano ce Ha TipoHanaxerve camo jegHe 6usyente upegcitiase, UaKo cy Wipu 0g Yemiupu ciuxe
dune wiaune, a usmehy geejy iomioso ga Huje duno pasnuke. Ogiosopu Ha gpyiu matieMalu4Ky
3agamak yKasanu cy Ha yepeieHu Ha4uH peuiasarea MameMatiuyKux 3agamaxa upumeHom ¢op-
myna kaqg iog je o moiyhe unu Huje moiyhe, u io onga kaga Su tpumena Gpociie 10iuKe gana
mHoio Somwe pesyniniaitie. Ociiocodmasarve Sygyhux HaciliasHuka ga ymejy uaxmueo ga ogadepy
Kaga je HajiioiogHuje UpumeHuitiu opmyne wako witio he kpeupailiu maiiemamiuuke aKkilueHOC-
iy y kojuma he ce pewasaitiu tipodnemu y3 iiomoh 3gpaeol pasyma, a He SecMUCTIEHOM UPUMEHOM
popmannux upouegypa, mopa ga Syge jegan 0g UPUMApHUX 3agaiiaka Haciiaee mailieMaltiuke
Ha ¢axyniemiuma koju odpasyjy dygyhe yuuitierve u eacuuitiave. O8aj apiymeniii 0gHOCU ce U HA
pesynitiaiiie godujete y 8e3u ca Hocnegroum MAmeMaliudKuM 3agaiikom, Kaga je 0g UCHUanuxa
fipaseHo ga ugeHmupuxyjy ciipaiieiujy kojy du jeganaecitiologuiiroy yueHUK KOPUCHiuo ga og-
pegu pasmepe twpoyina. Benuka eehuna ucuuiianuxa je ogadpana gopmymny, duno xojy gopmyny,
uax u kaga je o duno Hemoiyhe unu uak xkaga Su o 3axiie6an0 UMY HUBO MATHEMATHUUKOT
3Hara, KOju HUje goCIyUuan UpoceuHoM YUeHUKY 0CHO8He uikone. YuHu ce ga yHUBep3uitieiticko
odpasosare Sygyhux nacitiaeHuka mopa ga ce io3adasu gydoko yKopereHoM MeHIIATHOM HA-
BUKOM ga ce 3aHemapyjy 3gpae pasym u n0iuka y Kopucii HecenekiiueHe yiotipede Popmantux
matiematiuukux upovegypa.

Hanasu uciipaxcusearba ykasyjy Ha uoitipedy 3a upyxcarem ciieyuduunux moiyhHocitiu
3a yuerve y uHUKUjanHom odpasosarvy HaciliasHuka Kako ou ce Sygyhum HaciiasHuyuma nomo-
170 ga paseujy KoxepeHiina MAeMAU1KA 3HAWA U KOH3UCTHeHTHHA TpodecuoHanta yseperva.
Ysoherve HoBUX, pepopmMUCAHUX MATAEMATAUUKUX KYPUKYIyma (U MatlieMatliuuKux Meilioga) Huje
gosomHo. Yeeperoa u 3HAra HACHIABHUKA PA36UJAjy ce KAo Pe3yNitiaili hUX08UX UCKYCHiaéa cilie-
ueHUX yuerem 0g pauoi yspacia (,ioguHe tputipemHol paga“), a upouec yueroa maiemattiuxe
(u ciiuyarea 36arwa HAClA6HUKA MatlieMailiuKe) jecitie Upouyec ,Kynimypusayuje’; wokom Kojel ce
ilocitiaje geo 3ajegHuue bygu Koju yue MaleMatimiuxy.

Kmyune peuu: mattiemaitiuuko odpasosatrve, yuuiiient, 6aciuiiia4u, Cilipy4Ho 3Harwe, yee-
perva.




