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Abstract. Calculus is important in today’s mathematics. This paper investigated Taiwanese college stu-

dents’ conceptions of mathematics by permeating mathematical culture in calculus. Forty-three college

students who had a major in management participated in this study. A qualitative belief questionnaire,

students’ in-class reports, and achievement tests were sources used to observe the development of stu-

dents’ conceptions. In the beginning, there were 65.12% of students espousing narrow views, whereas it

decreased to 34.88% at the end. Research shows that students with broad conceptions from 15 students

increased to 28 students (increased to 86.67%). The research concludes that permeating mathematical

culture into calculus teaching will improve students’ conceptions of mathematics towards a broader per-

spective. Based on the 􀅭indings, we can design a curriculum to stimulate students towards the broader con-

ceptions of mathematics in calculus. We suggest that permeatingmathematical culture in calculus teaching

is appropriate for encouraging students to hold broader conceptions.

©2016 The Author(s). Published by TAF Publishing.

INTRODUCTION AND BACKGROUND

Studying calculus is important because it is the base for learning at university level. Cal-

culus is also necessary for the success in several subjects at the undergraduate level (Biza

and Theodossios, 2007; Siti Fatimah et al. 2015). Students’ conceptions of mathematics

have a great effect on calculus learning. Research at the school level indicates that the

learners' previous experiences in􀅭luence the quality of their approaches to learning, atti-

tudes to and outcomes in learning mathematics (Crawford, 1990; Crawford et al. 1994;

U􀂭 lkü Yildiz, and Gökhan, 2015).

Taiwanese students performwell in international studies ofmathematics achievement

(e.g., the Program for International Student Assessment (PISA) and Trends in Interna-

tional Mathematics and Science Study (TIMSS)), but their excellent achievements are not

accompanied by correspondingly positive attitude towards mathematics. Dif􀅭icult, bor-

ing, abstract, inscrutable, dread and tedious are termed “negative emotions” because they

make students lose con􀅭idence and feel miserable about mathematics (Chen, 2014).

Students’ conceptions of the nature ofmathematics have a great effect onmathematics

learning and mathematics plays an important role in many careers. Petocz et al. (2007)

described conceptions of mathematics ranging from narrow views to broad views. Petocz

et al. (2007) actually de􀅭ined a very low level “Number” category: mathematics is a combi-

nation of numbers and calculations. Here, mathematics is just a computing subject. “Com-

ponents”: mathematics is viewed as a problem-solving tool. “Modelling”: mathematics is

used to describe and explain the real world. “Abstract”: mathematics is built based on log-
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ical system to solve complex problems. The broadest view of mathematics was labelled

“Life”: students view mathematics as an approach to life and a way of thinking, and make

a strong personal connection between mathematics and their own lives. Mathematics is

the language of nature.

FIGURE 1 . Relationship between conceptions (Petocz et al. 2007)

In this paper, we denote “narrow” conceptions of mathematics by including labelled

Number and Components. We de􀅭ine “broad” views by containing labelled Modelling, Ab-

stract, and Life. Based on the teaching and researching, this study aims at investigated

Taiwanese college students’ conceptions of mathematics and to analyze if there are dif-

ferences in conceptions by permeating mathematical culture in calculus. The rest of the

paper is organized as follows: In the second section, we describe the methodology of the

study. Then we describe in detail the results of the study in the third section and conclude

our work in the last section.

METHODOLOGY

Participants

In this study, 43 Taiwanese college students (21 females and 22 males) having major in

management were involved. Technological university students in Taiwan are generally

equippedwith the expertise in practical skills that ful􀅭ill industrial and business demands.

Most of these 􀅭irst-year students recently graduated from vocational high schools.

Design

Calculus, a core course preparing the student for advanced mathematics-related courses,

is required for all. The experiment was conducted during two consecutive semesters, the

fall of 2015 and the spring of 2016. In this study, weused a qualitative belief questionnaire,

students’ in-class reports, and the achievement tests in order to survey the development

of students’ views of mathematics. The qualitative belief questionnaire included the im-

portant question: What do you think mathematics is?

Mathematical Culture

Mathematics is not only a science but also a culture that is “mathematical culture”: mathe-

matics is not only some knowledge but also a literacy that is “mathematical literacy”. Bur-

ton (2009, 157) identi􀅭ied “mathematical culture as the set of socio-political attitudes, val-

ues and behaviors that, in situations of communication around mathematics, shape how

mathematics practitioners experience mathematics”. In 2013 International Symposium

on Mathematical Culture and Education, Liu presented mathematical culture in an inter-

esting way as follows:
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Mathematical culture=
∫∞
0

∫ now

past

∫ west

east
K(m, t, u)dmdtdu

K : knowledge,m : mathematician, t : time, u : universe.

Li andHuang (2011) described that “the integrationofmathematical culture intomath-

ematics teaching is of great value inmathematical education, because it helps to stimulate

students’ interests in learning, to form their mathematical thinking, to enhance their con-

􀅭idence in studying and their courage to overcome dif􀅭iculties, to serve as an educational

guide for teachers’ choice of teachingmethods, and to reveal the humanist aspect of math-

ematical knowledge” (Li and He, 2011, 520).

Wedemonstrated the context ofmathematical culture by showing the history ofmathe-

matics. Lockhart (2009) complainedabout the fact that conventionalmathematics courses

usually lack a historical perspective or thematic coherence. Liu (2003) proposed 􀅭ive rea-

sons for comprising the history of mathematic. Besides textbook, we demonstrated the

context of mathematical culture by showing the history of mathematics. Just like Kool’s

suggestion (Kool, 1992): “Do not talk about the history of mathematics in your classroom,

but do it, use it!” We used historical problems and encouraged students to discover analo-

gies between the old and the modern problems.

FIGURE 2 . Design a cylindrical can

We also designed some exercises that model thewaymathematicians work in industry

and academia in order to give students an idea of the way mathematics is used in their

future professions. For instance, a standard can of soda holds 355ml. Find the dimensions

of a cylindrical can that will use the least amount of aluminum.

Somematerials have been used in the paper (Chen and Po-Hung, 2015). Mathematical

thinking is important as a way of learning mathematics. When we taught the slope of the

tangent line to the graph of the function, we used 􀅭igure 3 to emphasize the importance of

mathematical thinking. In 􀅭igure 3, the upper triangle ismade of four pieces. And the same

pieces have been arranged in the triangle below. Where did the hole come from? That’s

because the slopes of medium and small triangles are different.

FIGURE 3 .Mathematical thinking: where did the hole come from?
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When teaching the topic “sequences”, we showedmathematical beauty. The sun􀅭lower

seed pattern contains many spirals (Figure 4). The number of spirals within a sun􀅭lower

follows the Fibonacci sequence Fn+2= Fn+ Fn+1, F0=0, F1=1or 0, 1, 1+1=2, 1+2=3, 2+3=5,

3+5=8, 5+8=13, 8+13=21, 13+21=34, 21+34=55, 34+55=89, 55+89=144...

FIGURE 4 .Mathematical beauty: the sun􀅭lower seed pattern

FIGURE 5 . Student’s homework: Use GeoGebra to draw a face

GeoGebra is a free andmulti-platform dynamicmathematics application for those who

study or work with arithmetic, geometry, algebra and calculus. Students were asked to

use GeoGebra to study calculus. At the beginning, we designed learning tasks to down-

load GeoGebra and use it to draw a face (Figure 5). Students can learn calculus from the

visualization tool GeoGebra (Figure 6).

FIGURE 6 . The visualization tool GeoGebra
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Conceptions of mathematics may be explored, motivated, and enlarged through liter-

ary art. Mathematical literature homework is designed for using the elements of mathe-

matics to write literature. We also demonstrated the context of mathematical culture by

showing mathematical methods, mathematical theorems, mathematical beauty, the phi-

losophy of mathematics, mathematical literature, mathematical movie and mathematical

extensions.

RESULTS AND DISCUSSION

Students’ answers to the question “What is mathematics?” are really different. According

to these answers, we divided students’ conceptions of mathematics into two parts: broad

conceptions and narrow conceptions of mathematics. Table 1 shows the changes in stu-

dents’ conceptions of mathematics from the beginning to the end. In the beginning, there

were 28 students espousing narrow views, whereas it decreased to 15 at the end.

On the other hand, there were only 15 students with broad views at the outset and

as high as 28 students articulating their broad conceptions of mathematics at the end.

The upper triangular number 13 in Table 1 refers to the number of students who are to-

wards broader conceptions of mathematics. The lower triangular number 0 in Table 1

means no students are towards narrower conceptions of mathematics. And the differ-

ences of students changing their conceptions are statistically signi􀅭icant (F-test p-value =

0.000<0.001) through this study.

TABLE 1

Conceptions of mathematics

Stage Conceptions of mathematics At the end

Narrow Broad Total

In the beginning Narrow 15 13 28

Broad 0 15 15

Total 15 28 43

The diagonal numbers with underline indicate the number of students showing no

changes in students’ conceptions of mathematics. It is a pity that 15 students always pos-

sessed narrow conceptions of mathematics during this study. We should design better

curriculum and individual learning tasks that encourage the next generation of students

towards the broader conceptions. There are 15 students (6 females and 9 males) with

broad conceptions through this study. The best student in calculus showed narrow view

in the beginning and held broad conception at the end. In the beginning of questionnaire,

she thought mathematics is a lot of numbers to calculate. She indicated the full range of

conception of mathematics in this year, from “Number” to “Life”.

CONCLUSION AND RECOMMENDATIONS

The results from this study had been positive by permeating mathematical culture in cal-

culus. In the beginning, there were 65.12% of students espousing narrow views, whereas

it decreased to 34.88% at the end. On the other hand, there were only 34.88% of students

with broad views at the outset and 65.12% of students articulating their broad concep-

tions ofmathematics at the end. No studentswere towards narrower conceptions ofmath-

ematics in this study. Research shows that the number of studentswith broad conceptions

from 15 students increased to 28 students (increased to 86.67%). The differences of stu-

dents changing their conceptions of mathematics are statistically signi􀅭icant through this

study.

Based on our 􀅭indings, we can design curriculum to stimulate students towards the
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broader conceptions of mathematics in calculus. We suggest that permeating mathemat-

ical culture in calculus teaching is appropriate for encouraging students to hold broader

conceptions.
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