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Abstract

Information technology has become pervasive in our society and it is playing an
increasingly important role in education. There is a growing expectation that teachers
need to make effective use of IT in all facets of their work in schools. It is therefore
important that teachers learn about information technology in order to achieve potential
effective use of IT in enhancing students’ learning.

In line with this, the National Institute of Education (NIE) is committed to exposing pre-
service trainee teachers to a wide variety of learning experiences via the computer. In
such pre-service training programmes involving IT competencies, it is important that the
trainee teachers learn and practise the use of IT in an educational context, in particular
within their own teaching subjects.

There is a growing recognition that IT applications in mathematics throw up a wide
variety of challenging problems for teachers. The discussion on how IT can be integrated
into the teaching of Mathematics can become increasingly prescriptive. This study seeks
to understand just how much of the use of IT and the accompanying skills demonstrated
by Mathematics teachers are a direct translation of the skills and pedagogies learnt as part
of their pre-service teacher training at NIE. The implications of this study serve to assist
educators in understanding the transferability and practical issues involved in the
teaching of IT skills and pedagogies for Mathematics in classrooms within teacher
training programmes.

Background

Information and Communication Technology (ICT) is affecting curriculum, instruction,
and assessment throughout all of our formal and informal education systems. ICT has
been changing very rapidly in the past, and it will continue to change very rapidly during
the next several decades.

The quality of education that students are receiving would be significantly improved if
there were increased emphasis on students learning to make effective use of
contemporary, readily available ICT tools, and if students spent less time learning to use
"traditional" (by-hand) methods in competition with such tools (Rodgers, 2002).



220

Students today learn better using the new technologies that can provide a dynamic
representation of information and concepts. Technology could significantly enhance the
effectiveness and quality of teaching and learning by providing more independent
learning resources and thus more flexible learning options for its diverse student body;
and maximizing the efficiency and effectiveness of its communication with and between
students.

It has been found that computers can help in the better understanding of engineering
mathematics by students. The following are only some directions where computers can
offer a good help:

(1)Three dimensional objects are usually very difficult to imagine. Computer 3D
facilities can be very helpful.
(2)When time is the independent variable and motion is involved, the imagination of
the behavior becomes quite difficult. Here again computers can offer a lot through
animation facilities and other means.
(3)When numerical solution of a large number of algebraic equations is involved,
numerical solution of ordinary differential equations or partial differential equations,
there is no easy way of understanding results and techniques except by high speed
calculations and programming which the computers can offer easily (Rodgers, 2002).

In Singapore, the government realizes the importance of IT for the survival of the country
and it has implemented the Singapore IT2000 Masterplan to transform the country into an
intelligent island so as to enhance the country’s competitiveness and to enhance the
quality of life for the people through the exploitation of information technology
(Infocomm Development Authority of Singapore, 1997). The education service is one of
the most strategic factors for the success of the Singapore IT2000 Masterplan, as it is
responsible for nurturing the youngsters who will contribute to all aspects of nation
building in the future.

To implement the IT Masterplan, teachers need to be competent in the use of IT for
instruction.  Being the only teacher training institution in Singapore, the National Institute
of Education (NIE) is responsible of preparing trainee teachers in the use of IT in
classroom instruction.  To reach such a goal, NIE has adopted a two-pronged approach:
infusing IT into the teaching and learning of curriculum subjects and providing a core
module for all trainees specifically on the integration of IT in teaching and learning. 

Supporting teachers before they will need to use a particular ICT aspect or skill is
important so that there is the full confidence in understanding the proper use of each of
the different types of Mathematics software. Without adequate professional development
of prospective teachers, little progress is possible. These teachers need to familiarize
themselves with ICT for their Mathematics lessons through experimentation, adoption
and integration.

Though many teachers do make regular use of ICT in the classroom, most feel that they
lack the competence or confidence to do so effectively (Harris, 1999). Teachers may
readily admit that they don not understand ICT fully and there is generally little
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appreciation of the potential of ICT to enhance teaching and learning (Fox, Montague-
Smith & Wilkes, 2000).

This study seeks to understand just how much of the use of IT and the accompanying
skills demonstrated by Mathematics teachers are a direct translation of the skills and
pedagogies learnt as part of their pre-service teacher training at NIE. The implications of
this study serve to assist educators in understanding the transferability and practical
issues involved in the teaching of IT skills and pedagogies for Mathematics in classrooms
within teacher training programmes.

The Study

The Sample

27 PGDE(Sec) trainee teachers from the January 2003 cohort (prospective secondary
school mathematics teachers)  participated in the study during their practicum [July –
September 2003]. All the trainee teachers had Mathematics as one of their Curriculum
Studies option. They did the modules: PCM 513 - Teaching and Learning of Secondary
School Mathematics I (6AUs) in their first semester and PCM 514 - Teaching and
Learning of  Secondary  School Mathematics II (2AUs) in their second semester.

As part of PCM 513, the trainee teachers were introduced to the use of ICT in
mathematics lessons. A total of 8 hours was spent on this. The schedule for the four two
hours lessons were as follows:

Lesson 1 – Dynamic Mathematics Series
Trainees were introduced to the CD-Rom series: The Dynamic Mathematics Series
produced by Curriculum Development Institute of Singapore (CDIS) and Educational
Technology Division (ETD) of the Ministry of Education. This series comprises of 6 CD-
Roms. They are:
Building a City with Linear Graphs (CDIS, 1994);
Space Trek Through Symmetry (CDIS, 1994);
The Undersea World of Algebra (CDIS, 1995);
Through the Ages with Congruency and Similarity (CDIS, 1995);
Jungle Survival with Quadratic Equations (CDIS, 1996); and
The Business of Graphs (ETD, 1997).
At the end of the two hour lesson trainees were given an assignment to do.

The details of the assignment are as follows:
1) Work in pairs but submit your work separately [one of you have to focus on low

ability pupils while the other on high ability pupils]
2) You are to work on the CDIS Dynamic Mathematics Series CD-Rom given and

topic assigned.



222

3) Design a worksheet to guide the pupils through their investigative journey of the
CD-Rom and to help the pupils consolidate the concepts they are introduced to in
the CD-Rom.

4) Write a lesson plan which includes the following:
- the level and stream for which the lesson is intended
- the purpose of the lesson – introduction to the topic, reinforcement of

concepts, remedial work, enrichment or supplementary activity, review or
revision;

- the objectives of the lesson.

Lesson 2 – Graphmatica
Graphmatica is a friendly equation plotter written by Keith Hertzer, Ksoft, Inc. It can be
downloaded from the following website: http://www8.pair.com/ksoft.
Here is an abstract from the webpage:
Graphmatica is an easy-to-use, powerful equation plotter with numerical and calculus
features. Graph Cartesian functions, relations, and inequalities, plus polar, parametric,
and ordinary differential equations…….In summary, a great tool for students and
teachers of anything from high-school algebra through college calculus.

During the two hour lesson trainees are introduced to the software – graphmatica and
given a few exercises to do to familiarise themselves with the software.

Lesson 3 – The Geometer’s Sketchpad (GSP) (Key Curriculum Press, 1995)
The Geometer’s Sketchpad (or GSP for short) is a tool for drawing / constructing
geometrical figures. It comprises of menus and toolbox. For constructions, geometrical
instruments such as: straight edge and compasses are used. It also has a graph menu and a
calculator.

During the two hour lesson trainees are introduced to the software – GSP and given a few
exercises to do to familiarise themselves with the software.

Lesson 4 – The Internet as a resource for mathematics lessons
During this 2 hour lesson, trainees are shown a few websites on the internet that are
suitable for teaching of some mathematical concepts, like the proof of Pythagoras
theorem or the simulation of a travel graph. At the end of the demonstration by the tutor
trainees are given an assignment to do. The assignment is as follows:

1. You are to work individually.
2. You are to surf the net and download just one teaching idea on any topic suitable

for secondary pupils in Singapore schools.
3. Write a one page brief explaining how you would use the resource in your

teaching.
4. Submit a hard copy of the resource, its website address and your write up

together.
Trainees spend the rest of the lesson time surfing the net for teaching ideas for their
assignment.



223

In the IT Masterplan 1 (http://www1.moe.edu.sg/iteducation/Welcome.htm,1997),
expected IT competence for teachers include being able to  evaluate software and adapt
available software resources to their needs and to prepare lesson plans via ICT. In
addition to this, because a perfect fit between software and curricula requirements is
rarely possible, teachers will also have to be trained to design & create IT-based materials
for effective instruction.

In line with these exepectations, the core instructional technology module that all trainees
need to cover in their first semester at NIE assists trainee teachers in identifying and
evaluating existing IT resources; adapting and integrating IT resources in instruction for
effective learning; designing and creating IT-based materials for effective instruction;
implementing IT-based lessons with basic IT skills; and evaluating the effectiveness of
IT-based instruction. Trainee teachers are required to participate in face-to-face tutorial
sessions as well as online activity and discussion sessions with the objective of
combining IT competency skills with pedagogy so that IT can be used to assist in
redefining and enriching existing models of teaching (Kent & McNergney, 1999). Thus,
teachers are now encouraged to become instructional designers to ensure that the
materials that they are using benefit their pupils optimally.

Methodology

The 27 trainee teachers were contacted by their Mathematics tutor via email during their
first week of practicum. All of them agreed to participate in the study. They were
subsequently briefed via e-mail about recording the use of ICT as part of the mathematics
lessons they taught on a Log sheet provided, during the next 8 weeks of their practicum.
Practicum is 9 weeks in duration and usually the trainee teachers only observe lessons
during the first week. When the trainee teachers returned to the NIE campus after their
teaching practicum, their tutor collected their Log sheets. The data was collated and
trainee teachers were contacted via the telephone and e-mail to clarify ambiguous entries
in their Log sheets. Trainees who did not have any entries on their Log sheets were asked
to explain the reasons for it.

Data Analysis

19 of the trainees did use some form of ICT during their mathematics lessons.

Types of ICT used

There were 5 types of ICT that the 19 trainees used. These were Internet websites,
Geometer’s Sketchpad (GSP), Microsoft Powerpoint, CD-Roms and Microsoft Excel.
Table 1 shows the frequency of usage of these 5 types of ICT and where the trainees
acquired the skills and knowledge to utilize these types of ICT.
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Table 1: Frequency of the usage of the various ICT and the source from where they got
the idea

Idea from ……Type of ICT Frequency
NIE

Tutor/course
School

Textbook
School

Cooperating
Teacher

Self Other

Internet
Website 13 13 1 - - -
CD-ROMs 13 8 - 13 - -
GSP 7 3 3 7 - -
Microsoft
PowerPoint 19 8 5 1 5 1
Microsoft
Excel 3 2 1 - - -
Total 55 34 10 21 5 1

NB At times trainees obtained an idea to use ICT for a specific lesson from more than
one source

Specific ICT and purpose of its use and frequency

Tables 2, 3, 4, 5and 6 show in detail the topic and purpose for which the various forms of
ICT were used.

Table 2: The topic and purpose for which Internet Websites were used

Topic Purpose
Pythagoras
Theorem

Student centred activities involving:
- exploration of  the proof of  Pythagoras theorem using Java applets

Travel Graphs Teacher centred activities involving :
- computer simulation to emphasise and reinforce the factors that
determine the shape of distance-time graphs
- exploring the concepts related to distance – time graphs
- explaining the factors affecting the shape of travel graphs

Trigonometry Pupil centred activities involving :
- exploring trigonometrical ratios
- simulation of the proof of Sine and Cosine rules

Mensuration Internet simulation to demonstrate how the volume of a pyramid is
derived
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Statistics Teacher centred demonstration on the usefulness of data classification
and the different graphical representations of data

Symmetry To show pupils symmetry of plane figures

Quadrilaterals Applets used to demonstrate angle properties of polygons

Table 3: The topic and purpose for which CD-Roms were used

Topic Purpose
Coordinate
Geometry

To introduce the pupils to the idea of coordinates and cartesian plane –
Pupils worked in pairs through the exercises in the CD during lab based
Maths lesson

Straight Lines Teacher centred demonstration - to introduce pupils the significance of
m and c for equations of the type: y= mx + c

Quadratic
Equations

Introduce pupils to Quadratic graphs
Show pupils how solutions to quadratic equations are obtained
graphically

Mensuration Teacher demonstration on:
- how to find the volume of cones and pyramids
- the relationship between the volumes of pyramids, cubes and cylinders

Motion
Geometry

To demonstrate to pupils transformations

Symmetry Pupil centred activities on:
- symmetry of 3-D objects
- rotational symmetry
- the discovery of the concept of symmetry

Congruency Pupils worked in pairs through the CD-Rom and explored the concept of
congruency

Table 4: Topic and purpose for which Geometer’s Sketchpad (GSP) was used

Topic Purpose
Circle
Geometry

To illustrate and reinforce :
- the properties of angles in circles
- the angle properties of cyclic quadrilaterals
- the parts of a circle – chord, sector, segment & tangent
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Table 5: Topic and purpose for which Microsoft Powerpoint slides were used

Topic Purpose
Trigonometry To demonstrate :

- trigonometric ratios of angles
- how to find the trig ratios of angles in different types of triangles
- how a clinometer is made and used
- examples of angles of elevation and depression

Statistics To introduce statistics to the pupils and guide them through an activity

3-D Geometry To show angles between lines and planes

Kinematics To show different types of distance-time and speed-time graphs and
calculate distance, speed and acceleration from graphs

Symmetry To show common symmetrical objects

Triangles To illustrate different types of triangles and angle property of triangles
Quadrilaterals To show different types of quadrilaterals and angle properties of

quadrilaterals
Polygons To illustrate angle properties of polygons
Line Symmetry To show examples of figures with line symmetry
Bearings To show  how the bearings of one place from another is found

Table 6: The topic and purpose for which Microsoft Excel spreadsheets were used

Topic Purpose
Statistics - To demonstrate the concept of mean

- Student centred activities to find mean, mode and median of a data
set
- Teacher centred activities to demonstrate different graphical
representations for a data set

There were 8 trainees who did not use any form of ICT during their mathematics lessons
and Table 7 shows the reasons why they were not able to do so.

Table 7: Reasons as to why trainees did not use any form of ICT during Mathematics
Lessons

Reason Frequency
IT hardware was out of order / limited IT hardware available / no IT
hardware provided in the classroom

4

Tight teaching schedule / CT did not suggest using IT / Topics taught
were not suitable for infusion of IT

4
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Findings and Discussion

The results of this study show that the trainee teachers who participated in this study were
using ICT skills and knowledge, specific to the teaching of mathematics in their lessons
during their practicum. In addition to ideas from their tutor and course at NIE, they also
drew ideas from other sources, such as textbooks and their cooperating teacher, to use
ICT in their mathematics lessons.

From Table 1, it can be seen that the formal pre-service teacher training courses at NIE
serve as the starting point for beginning teachers to build up on their pedagogical
computer knowledge. Between the 19 trainees a total of 55 times ICT was used during
their mathematics lessons. 62% of the time (i.e. 34 times) ICT was used because the
trainees had been exposed to the idea during their pre-service training at NIE prior to
their teaching practice. 56% of the time (i.e. 31 times) ICT was used as a result of an idea
or suggestion from the textbooks they were using and/or their cooperating teachers in the
school. At times, ideas trainees had been exposed to in NIE overlapped those that were
given by their cooperating teachers and textbooks. It appears that the training that these
trainee teachers received prior to their teaching practice was sufficient to encourage them
to use ICT in their classrooms, with the support of the schools, both in terms of hardware
and ICT resources. .

Undergraduate experience also contributes to a teacher’s pedagogical computer
knowledge. In this study, one teacher noted that her undergraduate computer
qualifications in higher-end computer programming software helped her in the
development of an ICT teaching resource that she used with her students (Table 1, Idea
from “Other”). This particular teacher had CAD/CAM engineering software background
and so she was able to develop an effective teaching slide show in PowerPoint to visually
illustrate the concept of surface area of a cylinder to her students. In addition to this, it
can be seen from the results that on five occasions, the trainees claimed that the use of
ICT in their classes was not prompted either by NIE or the school but resulted from their
own ideas.

During practicum, these trainee teachers also built up on their pedagogical computer
knowledge informally through peers and textbooks in school. Figure 1 shows a
breakdown of the sources of ideas that trainee teachers acquired during their practicum
for the teaching of mathematics. It is evident that the cooperating teachers are the main
source of knowledge for trainee teachers to learn more about ICT in the schools.
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  Figure 1: Source of ICT knowledge in schools
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Cooperating Teacher Textbook

The use of ICT in mathematics lessons is only valid if its use enhances the learning of
mathematics. Tables 2, 3, 4, 5 and 6 show the purposes for which specific ICT was used.
Computer simulations, such as, motion “to emphasise and reinforce the factors that
determine the shape of distance-time graphs”, “the volume of a pyramid and derivation of
an algorithm to find its volume” that made possible what may otherwise be not possible
to carry out in a classroom definitely made pupils’ learning meaningful. Professionally
prepared CD-Roms, the Dynamic Series and others, appeared to be a common source for
both teacher demonstration of certain concepts as well as exploratory activities for pupils
to discover specific mathematical concepts. The software, Geometer’s Sketchpad,
appeared to be limited to the topic Circle geometry and  open tools such as Microsoft
Excel appeared to be limited to the topic statistics.

It is often argued that powerpoint slides are mere overhead transparencies. In the
mathematics classroom the use of powerpoint slides can greatly enhance the learning of
mathematics. The use of powerpoint slides to project three dimensional visuals and
demonstrate concepts like angles of elevation and depression make possible an
experience for the pupil that would otherwise be not possible in a classroom.

With regards to the core technology module that engages trainees as instructional
designers to create teaching resources that fit their teaching needs, this study shows a
very strong indication that these trainee teachers received sufficient training in this area.
For example, Table 1 shows that all trainee teachers acquired the idea of using Internet
websites in their lessons from NIE. This would include tapping on two skills taught in the
core technology module, ie. the selection of appropriate Internet websites and the
designing of relevant learning activities to support this choice of ICT used in the lesson.

In the IT Masterplan 2, engaged learning is emphasized to encourage active learning
(http://www.moe.gov.sg/edumall/mp2/mp2_overview.htm, 2003).  In this study, all types
of IT tools used by the trainee teachers, with the exception of the GSP, included student
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centred activities. For example, CD-ROMs were used to engage pupils in class activities
for topics like Symmetry and Congruency (Table 3).

However, while this study also shows that whilst trainee teachers may have the necessary
ICT skills, the use of computers in schools are limited due to various factors such as the
lack of lesson time, a tight curriculum that teachers have little control over and lack of
accessibility to computer hardware. As reflected in Table 7, it can be noted that about
15% of the respondents in this study were not able to use ICT in their lessons as a result
of limited hardware availability. In cases like this, it is imperative that schools look into
the adequate provision of IT equipment to teachers in classrooms and computer
laboratories.

As outlined earlier in this paper, the Mathematics ICT modules and the core technology
module in NIE discuss basic concepts of various software and introduce how the software
can be adapted to match different topics and levels of achievement for students. This
study shows that teachers are able to apply what they have learnt and customise their
teaching materials for their own classroom needs.

Conclusion

This is a case study which is limited in its generality. However, this study begins to give
teacher trainers and educators some insight into how teachers are able to transfer their
pedagogical ICT skills and knowledge to their teaching practicum in their classrooms.
Suggestions for future research in this area include:

• extending the research to a larger sample for more realistic and statistically
reliable data,

• including classroom observations and interviews to better understand how these
trainee teachers were able to apply their knowledge learnt in NIE with classroom
practice and

• asking trainees to specify from whom or where they acquired the specific ICT
skills

• talk to cooperating teachers to gain a better understanding of the situation in
schools.

Research on Mathematics’ teachers’ pedagogical computer knowledge is important to
teacher education. Teacher education needs to focus on the educating beginning teachers
with the right teaching strategies to cater to each individual’s student’s learning needs to
maximize the student’s learning opportunities. The potential benefits of using ICT for
Mathematics teaching must be made explicit to trainee teachers while at the same time
broadening their awareness of the wide range of ICT facilities resources.
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