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The NCTM’s Curriculum and Evauation Standards for School Mathematics (NCTM, 1989)
tells us that mathematics education practices have to be informed by avison of what mathematicsis,
that is a conception of mathematics. A mathematics education practitioner, (e.g., a teacher or
curriculum developer), has to have a conception d mathematics. In the mathematics education
literature there are anumber of such visions or conceptions.

Among these visons is a one that looks a mathematics as a dructurd integrated whole
(Coxford, 1995) that encompasses various forms of content (concepts, principles, generdizations,
..., €c.) together with the net of reationships interconnecting them. In other words, such a
conception of mathematics is based on a vison of what-mathematics-is that goes far beyond content
forms to incdlude how such forms are interconnected and interwoven into an integrated structure.
That is, mathematics is both content and structure (Al-Mughirah, 1989 & Hodgson,1995).

In contrast to the above vison, there is the limited modest conception that looks at
mathematics as just a collection of concepts, generdizations, rules and dgorithms (Dean, 1982). In
other words, if the above vison of what-mathematics-is encompasses both content and structure, this
vison reduces mathematics only to the content side of the equetion ignoring the other sde.

In another conception of mathematics, others look at it as a language that has its own
vocabulary and syntax (Rubenstein, 1996, Usiskin, 1996, Vergnaud, 1997 & Krussel, 1998).
Vocabulary here refers to concept names, Ssymbols mathematicians associate with certain
mathematica meanings, and figures that we use to express mathematica ideas. Syntax means rules
that govern the use of such vocabulary.

Available in the literature, there is afourth vison of mathematics thet looks at it from a different
angle. In this vison, mathemdtics is seen as a way of modding redity. A mathematicd modd
modds a physica phenomenon from which it was initidly extracted. However, though such models
were initidly derived from the physca reddm of redity, to it they go back to be gpplied to more red
phenomena similar in their contexts and givens to those from which the models were initidly derived
(Kilmister, 1972, Hawkins, 1973, Skemp, 1977 & Abreu, et al, 1997). Accordingly, mathematica
models model and patternize the red world; mathematics “mathematizes’ redity (Freudenthal,
1971). It may be useful here to give Newton's famous apple as an example. Newton's law of
verticad motion under the effect of gravity came initidly to mode the motion of his apple. However,
thislaw (or modd) iswell gpplicable to any other object moving verticdly under the effect of gravity.
Accordingly, mathemétics is a server of other disciplines. Or, rather, it is a tool whereby other
disciplines can be smplified and sudied. For example, mathematics is used to derive many rules and
lawsin so many other aress like physics, chemidtry, ... €c.

Finaly, among these conceptions dso there is afifth vison that looks a mathemétics as a way
of thinking and inquiry (Shulman, 1970 Dean, 1982, Inder, 1982 & Al-Mughirah, 1989). Thet is
the way a mathematician gpproaches and manipulates phenomena regardless of the mode of thinking
(logicd, inductive, deductive, ..., €tc.) his cognitive activity goes dong.
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Now, It would be reasonable here to question: How are such conceptions being held? For
example, are these conceptions of mathematics necessarily held in ones? That is, does a teacher (or
student-teacher) necessarily espouse only one of these visons or conceptions? Or, might he hold
one, some, or dl of these visons? For example, might someone hold the vison of mathematics as a
language, but, at the same time espouses its conception as a tool for modeing physica phenomena
and studying other disciplines? And, might another person hold avison of mathematics thet 1ooks at
it only asatool of communicating (or alanguage)?

All these possible conceptions of mathematics were in mind as the researcher st off to give a
lecture about the nature of mathematics. The audience was a group of primary mathematics student-
teachers who were then at the fourth year of their teacher education program at Kafr El-Shekh
College of Education. The researcher began his lecture with this question: what is mathematics?
Following that, the researcher stood in front of his audience listening to their responses to that
guestion. Their answers did not go far beyond the limited modest traditiond view of mathematicsasa
collection of rules and dgorithms. One of the student-teachers said that mathematics is “laws and
theorems we use to solve problems’. Another student said that “ mathematicsis rules, laws, problems
and exercises’.  As it was not possble, from the practica point of view, to go on listening to
sudents answers to that question during the lecture, the researcher asked his audience to write their
answers (in about two lines) on a piece of paper each. After the lecture, the researcher read the
sudent-teachers answers to find out that they were dmost smilar to what their colleagues said
during the lecture. Until that point, it was not more than alecturer’s curiogity. | only wanted to know
about my students conceptions of some congtruct related, in some way or another, to the theme of
my lecture; sudents repertoire has to be the starting point both for correcting any misconceptions
they might have and for crystalize more concepts and conceptions.

The researcher’s observations during his regular vidts to those student-teechers in  the
mathematics dasses where they have their teaching practice integrate with al that has been pointed
out above. During these vidtsit was noted, for example, that many of the student-teachers were not
keen to use the language of mathematics correctly. And, perhaps accordingly, they accepted such
incorrect use from their pupils not only in the ora communication about mathematics but dso in the
mathematical writing activities. All these observations offered the researcher a reasonable rationade
to question such lack of keenness. Is it an indication that sudent-teachers are not aware of the
conception of mathematics as a language? Or, are they aware of, but do not believe in, such a
conception?

The researcher noted (during the above mentioned visits) aso that, a consderable number of
student-teachers emphasize products not processes, answers not intellectua mechanisms by which
answers were obtained, procedures and agorithms not rationale and logic underlying their steps.
That is to say, content was not taken as a medium for teaching thinking. Rather, content was the
sole end amed a. Again, that was a reasonable reason for the researcher to question these
ingructiond practices on the part of student-teachers. Do such practices have something to do with
a deficient conception of mathematics as away of thinking?

Now, based on al that has been mentioned, noted, questioned or pointed out in the
proceeding paragraphs, the question is. how do such visions or conceptions affect the way student-
teachers teach mathematics in their classes? Does the conception of mathematics a student-teacher
holds coincide with his practices ingde the classroom during the math lessons? And, in what way?
That iswhat the present study is exploring.
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Research Questions:
In the light of what has been pointed out above, the following research questions were
formulated:
1) What conceptions of mathematics do student-teachers hold?
2) How are such conceptions being held?
3) Towhat extent do such conceptions coincide with student-teachers  practices during math lessons?
4) How could the dtate of the art in this regard be a determiner of our future interventions aming a
these conceptions?

Sample:

The sample for this sudy was 71 primary mathematics student-teachers in the find year of
their four-year teacher education program a Kafr El-Sheikh College of Education. Those
prospective teachers had their teaching practice a 16 primary schools in Kafr El-Shelkh
Governorate equaly digtributed between rurd and urban communities. Student-teachers were
amost equaly digributed in terms of sex. Table (1) specifies detalls of the sudy sample of

prospective teachers.
Table (1): ssmple of study
Sex of Number of Number of Total number of
student- teachers schools student-teachers student-teachers
Urban areas Rura areas
Made 8 21 12 33
Femde 8 13 25 38
Total 16 34 37 71

Study Variables:

1) Conception of mathematics:

The word conception here refers to a person’s generd mentd structures that include knowledge,
beliefs, views, preferences and understandings (Wilson, et al, 1998). By conception of mathematics
in this study we mean the vision or view held by a prospective teacher regarding what matheméticsis.
And, it will be quantified by “a conception profile’ presenting the scores a subject gets on the five
components of the CMS.

2) Teaching perfor mance:

By this varidble we here mean how a student-teacher teaches mathematics in the teaching
practice arranged for him during his teacher education program. In this study such performance will
be quantified by a performance profile presenting the scores a subject gets on the five components of
the TPOS.

Procedure:

1) Developing the Research Tools:
Two tools were prepared for the present study. In what follows, the devel opment process for
each of the two tools is described.
a) Conception of Mathematics Scale (CMS):
This scale was developed as follows:



For each of the five conceptions considered in the study five items were written. Each of these items
represented a possible answer to the question: “what is mathematics?’ Subjects

were to respond to these items on a five-levd Likert-type scale extending from O (strongly disagree)
to 4 (strongly agree).

To secure a satisfactory level of vaidity for the scae, five referees were asked to give their opinions
regarding the vaidity of each item as an indicator of the conception of mathematics it was intended to
assess. Based on their suggestions, dl the necessary modifications were made.  Reiability of the
scde was established using a pilot sample of 35 student-teachers. The rdiability coefficient for eech
of the five dimensions of the scale was cdculated. A rdiability coefficient mean vaue of 0.72 was
secured.

b) Teaching Performance Observation Sheet (TPOS):

This tool was prepared in the following way:

For each of the five mathematics conceptions under consideration in the present study, five
indructiona behaviors were written to be the teaching skillsimplied by that conception. The student-
teacher’ s performance level on each of these behaviors (skills) was to be rated on a Likert-type five-
level scale ranging from O (very poor) to 4 (very good).

Then, to secure the tool’s validity, the same five referees who participated in establishing vdidity of
the CMS were asked to give their views as to whether the items coincide with the dimensions they
came to assess. Modifications suggested by those referees were made. The sheet’s reliability was
then etablished using the inter-rater agreement coefficient (Fleiss, 1981). Threeraters, including the
researcher, were involved in this process. Based on the data gathered for this purpose a reliability
coefficient of 0.79 was obtained.

2) Data Gathering:

Data were gathered using the research tools, CMS and TPOS, as follows:
At the beginning, the CM S was adminigtered to dl the student-teachersinvolved in the study.

For each of the 71 student-teachers two vists were made by the researcher. In each vist the
researcher observed a mathematics lesson using the TPOS to rate the student-teacher’ s performance
on each of the teaching skills under consderation.

Student-teachers responses on the two tools were then scored yielding two profiles for each
sudent-teacher. One of these profiles was for the student-teacher’ s conception of mathematics and
the other was for histeaching performance. A “conception of mathematics profile’ looked like this:

Conceptions of Mathematics
Math as Math asatool Math as Math as Math
acollection of for modeling away of | alanguage asboth
concepts, reality and thinking content and
generalizations, studying other structure
rulesand algorithms disciplines
| Scores

In the above profile the score under each conception expresses the srength of holding that
conception by the student-teacher for whom the profileiscompiled. A student-teacher’ s“teaching
performance profile’ looked like this:
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Group of teaching skills
implied by the conception of mathematicsas

acollection of atool for away of alanguage | both content and
concepts, modeling reality | thinking structure
generalizations, and studying
rules, and other disciplines
algorithms
| Scores

In the above profile, each score expresses the performance level of a given student-teacher on the
corresponding group of skills. Each of these scores is the mean of the two scores a student-teacher
had on the TOPS for the two lessonsin which he was observed by the researcher.

Results:

This section presents the study results under three headings, each of which corresponds to one
of the firg three research questions. In the last section of this report a discussion of the study results
for the firgt three research questions will follow in an attempt to answer the fourth research question
concerning future implications of these results.

Table(2): Results of using T-Test (for paired samples) to examine differences between student-teachers mean
scor es on the five components of the CM S,

Conceptions of Math as a Math asatool | Mathas | Mathas | Math as
M athematics collection of for modeling | away of a both
concepts, realityand |thinking | language | content
generalizations, studying and
rules, and other structure
algorithms disciplines
Statistics |[MS= 13.746 MS = 7.408 MS =6.254(MS=5.901 ([MS = 4.859
SD =4.335 SD =2.088 SD =3.354 |SD = 2.889 |SD = 3.583
N=71 N=71 N=71 N=71 N=71
Math as MS = 13.746
acollection of |SP =4.335 - _ _ _ _
concepts, N=71
generalization
s, rulesand
algorithms
Math asatool [MS=7.408 ([T =10.81
for modeling SD =2.088 [P =0.000 _ _ _ _
reality and N=71
studying other
disciplines
Math asaway |[MS=6.254 |T =11.20 T=2.60
of thinking ~ |SD=3354 |P=0.000 P=0.011 _ _ B
N =71
Math as MS=5901 |T=11.65 T=343 T=0.70
a language SD =2.889 |P=0.000 P =0.001 P =0.486 _ _
N=71
Math asboth |[MS=4.859 |T=11.84 T =5.07 T=251 |T=245
content and SD =3.385 ([P=0.000 P = 0.000 P=0.014 (P=0.017 _
structure N=71

MS = Mean score; SD = Standard deviation; N = Number of observations; T = T-value; P = 2-tail sig. level of T.



1) Conceptions Held by Student-Teachers:

This research question is concerned with identifying the conceptions of mathematics thet are
being espoused by the primary mathematics student-teachers. The question dates that: “What
conceptions of mathemeatics do student-teachers hold?’

To answer this question, mean score for each of the math conceptions was caculated using the
conception profiles compiled from student-teachers scores on the CMS. Table (2) shows these
mean scores together with the results of usang T-Test for paired samples to examine the sgnificance
of differences between them.

Reaultsin table (2) indicate that though al the five conceptions under consderation in this study
are being espoused by the student-teachers involved, these conceptions are not equaly strongly held.
The most strongly held conception is the narrow view about the nature of mathematics as a collection
of concepts, generdizations, rules and dgorithms. The most weakly held conception s that of
mathematics as both content and structure. However, it seems that the two conceptions of
mathematics as away of thinking and as a language are equdly strongly held by the study sample of
sudent-teachers; the difference between the mean scores for these two conceptions is not sgnificant
(T = 0.70 with P = 0.484). The conceptions are arranged, in descending order according to the
srength of holding, as shown in both the first row and the first column in table (2).

2) How Conceptions Are Being Held:
The second research question of the present study is concerned with how the conceptions of
mathematics are being held by the student-teachers involved in the sudy. The question as Specified
earlier in the research questions states that: “How are such conceptions being held?”.

To answer this question usng the data gathered, the student-teachers conceptions of
mathematics profiles were andyzed. A count of the numbers of student-teachers holding only one,
two, three, four and dl five conceptions of mathematics was undertaken. Table (3) presents the
results of that count and the corresponding percentages.

Table (3): Numbersand per centages of student-teacher swith the associated number s of conceptions held

Classes Numbers Per centages

Student-teacher s holding no conception at all 0 00
Student-teacher s holding only one conception 7 10
Student-teacher sholding only two conceptions 9 13
Student-teacher s holding only three conceptions 26 36
Student-teacher sholding only four conceptions 17 24
Student-teachers holding all five conceptions at the same 12 17
time

Total 71 100

* |n thistable a student-teacher is considered to be holding a given conception if his score on that conception is larger
than 0.

The results in table (3) indicate that dl student-teachers do have a conception of mathematics.
And, such conceptions are not necessarily held in ones; a student-teacher might espouse more than
one conception at the same time though a smal proportion of student-teachers (7 out of 71) hold
only ore conception. In fact, the largest percentage of the student teachers involved (36%, i.e. 26
out of 71) held three conceptions a the same time. The percentage of students holding dl five
conceptions a the same time is 17% (12 out of 71). However, as the results of the first research
question presented earlier show, these conceptions are not equally strongly held.
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3) Consistency Between Conceptions and Instructional Performance:

This is the main research question informing this study. It is concerned with consistency
between student-teachers conceptions of mathematics and their ingructiond performance. The
question as specified earlier dates that: “To what extent do such conceptions coincide with the
Sudent-teachers practices during math lessons?”’

To answer this question, the student-teachers conceptions of mathematics profiles were
matched to their teaching performance profiles. Then, the correation coefficients between scores on
the dimensons of the CMS and scores on their corresponding dimensions of the TPOS were
cdculated. Table (4) presents the correlation coefficients matrix. Each correation vaue in the matrix
is accompanied by its Sgnificance levd.

Table (4): Correlation coefficients between student-teachers scores on dimensions of the CMS and on the
corresponding dimensions of the TPOS.

Dimensions of the] Mathas a Math as Math as | Math as Math as
CM S| collection of atool for | away of [alanguage| both
concepts, , modeling |thinking content
. . generalization | reality and and
([))fl ?p]%n_ﬁ'ggs’s s, rules, and studying structure
(teaching skillsimplied by | agorithms discc’f'gﬁrnes
the conception of math as...)
acollection of concepts, r=0.430 r=-0.046 r=0.036 |r=0.067 r=-0.085
generalizations, rulesand | P = 0.000 p=0.703 p=765 |p=0575 [p=0.479
algorithms
atool for modeling reality r=0.299 r=0.541 r=0.145 [r=-0.128 r=-0.065
and studying other p=0.011 p = 0.000 p=0.226 |p=0.286 |p=0.590
disciplines
away of thinking r=-0.169 r=0.089 r=0.940 [r=0.072 r=0.122
p =0.159 p = 0.457 p =0.000 |p =0.546 p=0.311
alanguage r=-0.204 r=-0.034 r=0231 [r=0750 |r=0.270
p = 0.086 p=0.773 p =0.052 | p =0.000 p =0.022
both content and structure r=0.042 r=-0.117 r=0.110 |r=0.161 r = 0.447
p=0.725 p=0.333 p=0.362 |[p=0.182 |p=0.000

r = Correlation coefficient
p = Significance level of r

Results presented in table (4) indicate that the correation vaue laying in each of the diagond
cdlsis the largest both in its row and column. And, dl these diagona correlations are positive and
datidticaly dgnificant a the 0.000 leve; other corrdations in that table are either weak or
indgnificant. These results imply that scores on a given conception of mathematics increase as scores
on the corresponding group of teaching skills increase and vice versa. Accordingly, one can deduce
that the stronger a student-teacher holds a given conception of mathematics, the more competently
he will perform the ingructiond skills implied by that conception. Within these limits, to conclude, a
Sudent-teacher’ singructiona performance coincides with his conception of mathematics.

Possible I mplications - Looking Ahead:

The present study explored a number of issues concerning student-teachers' conceptions of
mathematics. One of these issues was the question of future implications results of this sudy may
have regarding our possible future interventions aming a such conceptions. To this question we no
tun, but before that let us first have a quick look at the results. The study results, to sum up,
indicated that:



Every student-teacher does have a conception of mathematics.  Such conceptions range from a
narrow limited modest view of mathematics as a collection of concepts, generdizations rules and
agorithms, to a more eaborate conception such as the one that 1ooks at mathematics as a language.
However, these conceptions are not equaly strongly held.

Such conceptions are not being held on a single bass, a sudent-teacher might hold more than one
single conception a the same time. In fact, only 10% of the student teachers hold a single
conception and, accordingly, 90% hold more than one conception at the same time. And, about
17% of the student-teacher hold dl the five conceptions under consderation.

A dudent-teacher’s conception of “what-mathematics-is’, is genedly consgent with his
ingructiond performance. That is, the stronger a student-teacher adheres to a specific conception of
mathematics, the more competent he will be in the teaching skills implied by that conception.

These results corroborate those of previous studies (Thompson, A., 1992, Benken, et al,
1996 & Sein, et al, 1990) to suggest that teachers conceptions of mathematics have a
consderable impact on how they teach. Moreover, findings of the present study elaborate and
extend previous findings by providing specific examples of the conceptions being held and how they
might influence indruction. For example, in this sudy, student-teachers who hold a conception of
mathematics as a language emphasized their sudents mathematical communication skills. Not only
this, but also that those student-teachers were more competent in the teaching skills that may
contribute to the promotion of such communication kills.

Now, based on these results and assuming that such conceptions could be modified through
convenient sgnificant interventions (appan, , et al, 1988 & Benken, , et al, 1996), it seems
reasonable to suggest that programs should be developed to revea and enrich student-teachers
conceptions of mathematics.  Enrichment of the espoused conceptions and modification of
misconceptions may result inimproved ingructiona performance. This seems understandable in view
of what the present study results indicated concerning the consstency that exists between such
conceptions and ingructiona performance. A reasonable rationale for this may be that, an
environment dominated by eaborate broad rich views of mathematics may broaden the range of
mathematical outcomes as recommended in recent cdls for reform in mathematics education
(Cooney, et al, 1998). And, accordingly, activities would be provided in mathematics teaching to
promote such outcomes. Such enrichment programs may be arranged as part of the teacher
education programs within the methods courses. However, this may need some more studies aming
at planning such programs and a examining their effectiveness.

As far as teachers in service are concerned, there seemsto be a need for more sudiesin this
regard. Such studies should be undertaken to:
reved the conceptions of mathematics espoused by those teachers and how such conceptions are
being espoused.
explore how to broaden and enrich their existing conceptions.
examine the influence of such enrichment on teachers ingtructiond performance.
The reaults of dl such studies may, then, be trandated into in-service teacher education programs
aming at such conceptions.
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