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KEY IMPLICATIONS
• Many A-Level students may not have 

achieved conceptual understanding of 
calculus despite performing well in their 
A-Levels.

• These misconceptions and errors in A-Level 
calculus concepts may carry on to their 
undergraduate days.

• Based on existing education literature, 
there are ways to address these potential 
misconceptions in calculus concepts.

BACKGROUND 
Singapore is among one of the several countries 
in the world which has introduced calculus 
into the secondary and pre-university Math 
curriculum, prior to university Math education. 
The importance of calculus in Math education 
cannot be underestimated – not only is it a 
gateway for higher studies in many disciplines, 
it is also a basis for mathematical modelling 
and problem solving in applications. However, 
currently, little is known about the calculus 
content knowledge of both school students and 

Math teachers in Singapore, as there are very 
few local studies done in this area. Even local 
study conducted by Ng and Toh (2008) is limited 
in its scope of study. The purpose of this project 
is to first provide a baseline study to achieve an 
understanding of pre-university teachers’ and 
students’ understanding of calculus knowledge. 

FOCUS OF STUDY
In this proposal, we aim to examine (1) the types 
of calculus knowledge and “concept images” 
that Singapore students have (and have not) 
acquired at the pre-university level; (2) pre-
university teachers’ calculus content knowledge 
for teaching; (3) how calculus is taught in 
the pre-university level in Singapore; and (4) 
undergraduate students’ knowledge of school 
calculus at the start of their first-year university 
education.

The research finding from our proposed study, 
which identifies at the ground level teachers’ 
mastery of the various aspects of calculus 
knowledge and the formation of concept images 



of various calculus concepts among Singapore pre-
university students, will enable MOE to make an 
informed decision during their regular curriculum 
review. In particular, information on how the enactment 
of the intended curriculum and the efficacy of the 
curriculum content will be useful for policy-making.

KEY FINDINGS
In critically examining the school calculus content 
knowledge, it has been found that the syllabus is 
largely aligned to the overall curriculum design 
principle with sound philosophy under the problem-
solving framework. In particular, calculus utilizes 
the spiral approach to curriculum development, to 
ensure that individual students have sufficient (and 
not excessive and unnecessary) exposure to the 
content knowledge. The content coverage is very much 
pragmatic in that the calculus content is designed 
to prepare students for their career, distinguishing 
between STEM and non-STEM undergraduate 
exposure to students. However, there were substantial 
“gaps” in the syllabus. These “gaps” are identified 
when the students participated in the survey; most 
of the students are not able to answer the questions 
related to those “gaps” in the curriculum. However, 
the questions which are very well answered involved 
those which received much attention at both the 
secondary and the pre-university level. The students 
also demonstrated high proficiency in procedural 
knowledge, while not necessarily in conceptual 
knowledge. 

SIGNIFICANCE OF FINDINGS
The findings from the study provide some clear 
direction in how the revision of the calculus strand in 
the school curriculum could take place. This study 
is not entirely new; it tracks the very early research 
in calculus education in the 1980s, and builds on 
the early and subsequent research in the Singapore 
context. Much of the findings have been reported and 
published in research journals while several papers are 
in the pipeline. 

While our students have performed well in those tasks 
which are procedural and received much attention in 
the syllabus, there are other tasks that the students 
did not do well in, most of which involve concepts of 
calculus that have not been emphasized. However, 
these “gaps” are critical for students’ complete 
understanding of the calculus concepts in their 
undergraduate career.

PARTICIPANTS

One mainstream junior college with 30 students and 1 
teacher participated in study on junior college students.  
A total of 20 undergraduate students from NIE, and 30 
undergraduate students from NTU and NUS participated in 
the calculus survey.

RESEARCH DESIGN
Both quantitative method (analysis of student and 
teacher performance in calculus survey instrument) 
and qualitative method (document analysis and in-
depth interview with a teacher) were used to provide 
corroborative evidence for findings. The researchers 
adapted and developed a calculus survey instrument 
based on that developed in Toh (2009), and selected 
items from the online items developed by the PI 
(http://math.nie.edu.sg/ime2041).  We carried out an 
exploratory study of the teachers’ and students’ content 
knowledge (specifically, their concept image of the 
various calculus concepts found in the secondary and 
pre-university Math calculus curriculum).  

A set of lecture notes from the participating junior 
college was analysed in order for the researcher to 
understand how calculus concepts are taught at the 
junior college level. As textbooks are not available 
for junior colleges, all junior college teachers will 
design and develop their own instructional materials, 
commonly known as lecture notes and tutorial 
worksheets. A study of the lecture notes shows 
sophisticated planning of the tasks in delivering the 
content without existing textbooks (Toh, 2022). It 
could be seen that the design was closely aligned to 



the syllabus document and some “gaps” have been 
addressed while others not handed.

Due to the time constraint, interviews with students 
were not carried out. Only an interview of the 
participating junior college teacher was carried out to 
clarify the principle of their design of their lecture notes.
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