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ABSTRACT 
 
National Education (NE) is a reform unique to the Singapore education system. It was first 
introduced in 1997 to engage the pupil’s mind and heart about Singapore through the 
standard school subjects. Since its inception, this has been achieved mainly through lessons 
about Singapore history, geography, and social issues, but the incorporation of NE into 
Mathematics is rare. The stumbling block is the lack of suitable examples that mathematics 
teachers can use, especially for topics in the secondary school mathematics curriculum.  
 
This paper outlines a framework developed in 2003 to extend the scope of NE by including 
personal experiences of the pupils and global issues that are relevant to Singapore. This 
extended framework provides a more holistic conception of NE, and it also highlights how 
mathematics can be used to understand critical issues related to the six NE messages. 
Examples are then created within the framework to encompass standard mathematics 
contents, mathematics processes, and cultural values related to mathematics. Teachers who 
had attended in-service courses about this NE × ME framework became more positive in their 
perceptions about the incorporation of NE into mathematics lessons. 
 

INTRODUCTION: NATIONAL EDUCATION IN THE SINGAPORE CONTEXT 
 
National Education (NE) is a reform unique to the Singapore education system. In the words 
of the then Prime Minister, Mr Goh Chok Tong, delivered at the Teachers Day Rally on 8 
September, 1996, NE means an exercise  
 

to develop instincts that become part of the psyche of every [Singapore] child. It must 
engender a shared sense of nationhood, an understanding of how our past is relevant 
to our present and future 

(http://www3.moe.edu.sg/corporate/contactonline/pre-2005/rally/speech.html) 
 
This sense about Singapore and its values is to be inculcated through the following six NE 
messages; the six keywords in italics are mine for easy reference: 
 

• Homeland. Singapore is our homeland; this is where we belong. We want to keep our 
heritage and our way of life. 

• Harmony. We must preserve racial and religious harmony. Though many races, 
religions, languages and cultures, we pursue one destiny. 

• Meritocracy. We must uphold meritocracy and incorruptibility. This means 
opportunity for all, according to their ability and effort. 

• Survival. No one owes Singapore a living. We must find our own way to survive and 
prosper. 

• Defence. We must ourselves defend Singapore. No one else is responsible for our 
security and well-being. 
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• Confidence. We have confidence in our future. United, determined and well-prepared, 
we shall build a bright future for ourselves. 

 
School teachers are charged with the responsibility to infuse these messages into their lessons, 
irrespective of the subjects, including Mathematics. The Singapore Mathematics Curriculum 
document (2006, p. 12) states:  
 

NE messages can be integrated into instruction by drawing examples from the 
prevailing national and current issues during mathematics lessons. These examples 
can serve as the context for problems or activities to motivate and generate interest. 
For example, a problem comparing the interest rates from several banks can trigger 
discussions on the need to save and spend wisely. Similarly, looking at rates on a 
utilities bill can lead to discussions on the need to conserve water.  
The approach to the infusion of NE messages should be guided by appropriateness of 
the topics and not one that is contrived. 

 
A few countries have also tried to include values and culturally relevant materials into the 
mathematics curriculum (e.g., Jacobs & Jacobs-Spencer, 2001; Taplin, 1998; Watson, 1999). 
The National Curriculum of England, for instance, requires that teachers provide 
opportunities to promote students’ spiritual, moral, social, and cultural development through 
mathematics (cited in Winter, 2001). The ethnomathematics movement, founded around 1985 
through the work of the Brazilian mathematician, Ubiratan D'Ambrosio 
(http://www.rpi.edu/~eglash/isgem.htm), emphasises that mathematics is a culturally 
dependent entity, and that mathematics instruction should examine the roles of cultures and 
values. Hence, NE in Singapore may be viewed, though not consciously by the policy-makers, 
as part of this recent international movement to humanise mathematics, beginning at the 
school level. 
 
The infusion of NE in Singapore lessons is often done through subjects like History, 
Geography, Social Studies, and Languages because these subjects lend themselves readily to 
the discussions of current issues and Singapore history. The incorporation of NE into 
Mathematics is rare because mathematics is often considered to be culture- and value-free 
(see Ernest, 2004), and mathematics teachers have not been trained to design suitable 
examples to implement this reform. To help fill this gap, I developed the following NE × ME 
framework in 2003 to provide a more holistic conception of NE and to highlight how 
mathematics can be used to understand critical issues related to the six NE messages (Wong, 
2003). Since then I have conducted many in-service workshops to introduce it to primary and 
secondary school mathematics teachers. 
 

NE × ME FRAMEWORK 
 
The framework takes the form of a matrix, as shown below. It divides NE into two 
dimensions (Environment and Values) and Mathematics Education (ME) into three 
dimensions (Content, Process, and Culture). 
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  Mathematics Education (ME) 

  Content Process Culture 

National 
Education  
(NE) 

Environment: 
• Personal 
• National 
• Global 

   

 Values: 
• Personal 
• National 
• Universal 

   

 
The Environment dimension builds on the personal environment of the students and extends 
it to the national and global environments. This sequence is appropriate because schooling 
should be relevant to the students themselves, beginning with their immediate surroundings, 
such as their home and family, school, and the local community. A strong understanding and 
commitment to the personal environment will help the students better make sense of what 
happen in the wider national and global environment. The national environment covers 
Singapore’s geographical, historical, social, cultural, political, and economic contexts, and 
these are the situations frequently considered by teachers to be particularly relevant to NE. 
The global environment is included in the framework because Singapore is one of the most 
globalised cities in the world with foreigners making up one third of its workforce in 2007, 
and its survival is intertwined with events that happen in other parts of the world, for example, 
global warming, deforestation, increase in fuel price, and supply of food. Thus, Singapore 
students need to understand current and past issues from a global perspective. To underscore 
the importance of such international links, Singapore students celebrate the International 
Friendship Day on the third working Friday of school term 2, around early April each year. 
This event can provide meaningful context for NE activities. 
 
From the mathematical perspective, authentic numerical, graphical, and geometrical 
information about these three types of environment should be used to enable students to 
better understand the underlying issues and to apply mathematics for decision making. 
Students should develop critical quantitative literacy to examine whether the information 
provided in various sources, especially advertisements and blogs, are mathematically sensible 
or not. This kind of assessment is crucial for making deductions based on available 
information.  
 
The Values dimension is also divided into personal, national, and universal values. However, 
many desirable values cut across this artificial division, which is used only for heuristic 
purposes. Personal values are those that the students learn from their family and school 
through observation, imitation, and instruction. These will vary depending on the students’ 
ethnic, religious, and cultural backgrounds, but they are likely to include: be friendly and 
helpful, respect the elders, take pride in their work, be honest, and so on. In Singapore, the 
national values are encapsulated in the Singapore Pledge that students recite at the beginning 
of each school day:  
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We, the citizens of Singapore Pledge ourselves as one united people regardless of 
race, language or religion, to build a democratic society based on justice and 
equality, so as to achieve happiness, prosperity & progress for our nation. 

 
The five values of democracy, peace, progress, justice, and equality are symbolised by the 
five stars in the Singapore flag. Universal values include compassion, kindness, open-
mindedness, caring for the weak, and taking responsibility for one’s own actions, and so on. 
These values are rarely dealt with in mathematics teaching, even though in recent years, some 
writers have explored how mathematics might be used to promote social justice (Gutstein & 
Peterson, 2006).  
 
The Mathematics Education (ME) component is divided into three dimensions: Content, 
Process, and Culture. Many students think that mathematics is a collection of facts and skills 
applied to solve standard, routine problems. This aspect is captured under the Content 
dimension. However, mathematics also includes reasoning, discovering, predicting, 
conjecturing, problem solving, and making sense of the world through numbers, 
measurements, geometry, and symbols. These constitute the Process dimension. This 
dimension is aligned with the Process component of the Singapore mathematics framework. 
To develop these mathematical processes, students should engage in extended activities such 
as collect data, explain, justify, and defend conclusions and ideas, make oral presentations to 
the whole class, write reports about their findings, pose problems based on authentic 
information, and study new topics through independent and group learning. Mathematical 
processes must be applied to specific contents. Thus, the Content and Process dimensions 
overlap but are distinct in terms of cognitive complexity and the scope of application of the 
mathematics principles. These two dimensions are shown separately in the framework to 
highlight the emphasis of a particular activity.  
 
The third ME dimension, Culture, refers loosely to things about mathematics, rather than 
mathematics itself. This includes the history of mathematics, life stories of mathematicians, 
mathematics in literature and films, philosophy of mathematics, social impacts of 
mathematics, and perceptions about mathematics instruction. It also includes some of the 
desirable values mentioned above as well as values specific to mathematics, such as respect 
for truth, rational thinking, perseverance to solve difficult problems, hard work, and 
generosity to help those who struggle with mathematics. This Culture dimension is somewhat 
related to the Attitude component of the Singapore mathematics framework; its inclusion in 
the NE × ME framework aims to further prompt teachers to think harder about how to cover 
the social and emotional aspects in their classroom teaching of mathematics.  
 
To design classroom tasks using the NE × ME framework, the teacher may begin with a 
particular cell, say Personal environment and Content, and then add a relevant Singapore 
context. It is not necessary to be rigid about which particular cell a given activity belongs to 
because the intention of the framework is not about classification. Indeed, as the teacher 
begins to trial an activity with the class, that activity can often be extended by including more 
data or different mathematical process, hence moving it to another cell of the framework. The 
discussion of values and the NE messages should be included whenever it is appropriate to do 
so.  
 
The following example, suitable for upper secondary mathematics, illustrates the use of the 
framework.  
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Example: Singapore, the Clean City 

 
NE message: Homeland, Survival, Confidence 
Framework: Environment × Process → Values 
Singapore is well known internationally as a clean and green city. 
(a) What is the fine for first-time offenders of littering? 
(b) In the past two years, 1738 men and 386 women were caught littering.  

(i) How much fine was collected?         
(ii) How many cleaners can this fine support in a month? 
(iii) 64% of these people were below 30 years old. Pose a question.    

(c) For the past 13 years, about 1300 volunteers have taken part annually in the 
International Coastal Cleanup (ICC) event to collect litter from various beaches and 
coastal areas in Singapore. The number of pieces of items collected in the past three 
years is given below (http://coastalcleanup.nus.edu.sg/results/2004/index.html): 

 
Year Number of pieces 
2002 66 000 
2003 74 000 
2004 90 000 

 
(i) Model the amount of litter collected using (i) a quadratic equation; (ii) an 

exponential equation. Plot these functions on the same axes and interpret. 
(ii) Predict the amount of litter for year 2005 using the quadratic and exponential 

equations.  
(iii) In Dec 2005, 108 000 pieces were collected. Which equation is a “better” 

predictor? 
(vi) Discuss actions that can be taken to reduce this amount of litter to keep Singapore 

clean. 
 
(d) Several campaigns have been launched to keep Singapore clean. When were the 

following campaigns first launched? (i) Keep Singapore Clean. (ii) Keep Singapore 
Clean and Mosquito Free. (iii) Keep Singapore Clean and Pollution Free.   

 How do these campaigns affect your daily life? 
 
 
The following table provides several themes for NE activities; details of some of these 
activities can be found in Wong (2003). 
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NE themes Remarks 

Charity  Make a model of the tetrahedron structure found in 
Changi airport and estimate how much money could 
be collected. 

National Flag Dimensions of the flag (length to width is 3:2). Properties of the 
5-pointed star found in the Singapore flag. Use paper-folding to 
make the star. Meanings of the various features of the flag. 

GST and Financial 
Literacy 

Calculation of the goods and service tax. Use of NETS 
(Network For Electronic Transfers) for purchase. 

BMI and Calorie Intake Computations. Determine quadratic equations of BMI curves of 
constant BMI values. Survey of BMI data. Globesity as a global 
issue. Healthy living. 

Noise and Decibels Derivation and interpretation of decibels. Effects of loud noise. 

Singapore Landmarks Develop numerical sense through these landmarks, e.g., the 
Merlion, Jurong Bird Park. 

Are You Fair? Different meanings of “fair”: equal division, direct proportion, 
inverse proportion. 

 
 

TEACHER WORKSHOPS: RESPONSES 
 
The teacher workshops about this framework may last only 3 hours (as introduction) or cover 
four 3-hour sessions. The longer workshops cover more than 40 activities in about 16 themes 
and it requires the teachers to trial one NE activity with some students and to reflect on their 
experience. The feedback from the 2007 group (n = 16 at pre-test and 14 at post-test) of 
teachers who took the four 3-hour workshops is given in the following table. The teachers 
indicated their responses on the 5-point scale: 1 = Strongly disagree; 2 = disagree; 3 = 
Neutral; 4 = Agree; 5 = Strongly agree. Their mean scores are reported and the items are re-
arranged based on the post-pretest mean scores. 
 
The “success” of this workshop is evident from the pattern of the differences in mean scores 
given in the last column: the teachers tended to agree more strongly with the positive items 
and disagree more strongly with the negative items at the end of the workshop compared to 
the beginning. The largest positive change occurred where the teachers rated much higher 
confidence level in teaching NE in mathematics lessons at the end of the workshop compared 
to their initial confidence (#1). The increase in confidence is also reflected in the responses to 
item 13, where the perceived difficulty in designing own NE activities had decreased 
considerably. Similarly, at the end of the workshop, they were aware of a wider scope of 
applying mathematics to NE issues, as evident from much stronger disagreement that NE is 
best taught in non-mathematics subjects (#9) and that NE examples in mathematics are 
artificial (#14). There was also a slightly stronger expectation that every mathematics teacher 
should know how to incorporate NE in mathematics lessons (#4). A marked shift towards 
weaker agreement that mathematics is a value-free subject (#15) shows a change about the 
perception of the nature of mathematics. These responses are very encouraging, indeed. 
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 Items Post Pre Post-Pre 
1 I am confident of teaching NE in mathematics lessons. 4.07 2.63 1.44 
2 Mathematics can help students to better understand NE 

issues. 4.00 3.06 0.94 

6 NE means using authentic data and real events in 
mathematics problems. 4.14 3.50 0.64 

5 Students will be more motivated to study mathematics if the 
teacher talks about NE in mathematics lessons. 3.21 2.63 0.58 

10 Given the reduction in contents, I can cover the syllabus 
and talk about NE in mathematics lessons. 3.36 2.88 0.48 

18 My school is keen to compete in award for NE by extending 
NE into Mathematics and other subjects. 3.50 3.06 0.44 

12 Teachers should test NE together with mathematics items in 
CA and SA. 3.29 3.06 0.23 

16 The best strategy to teach NE is for teachers of different 
subjects to plan integrated projects for the students to 
complete. 

3.86 3.75 0.11 

11 NE is about national issues and not about personal values or 
events that happen outside Singapore. 2.50 2.44 0.06 

19 My school has already compiled or trialed some NE 
activities for mathematics. 3.21 3.31 -0.10 

20 Given a choice, I rather not attend this NE workshop. 2.07 2.38 -0.31 
8 I am keen to learn more about how to incorporate NE in 

mathematics lessons. 3.93 4.38 -0.45 

3 Discussing NE issues in mathematics lessons means there is 
less time for students to do mathematics. 2.79 3.38 -0.59 

17 It is not necessary to test whether or not students know how 
to apply mathematics to NE issues. 2.79 3.44 -0.65 

4 It is not realistic to expect every mathematics teacher to 
know how to incorporate NE in mathematics lessons. 3.07 3.75 -0.68 

15 Mathematics is a value-free subject and so it is not a 
suitable medium to promote NE. 2.29 3.00 -0.71 

13 It is difficult to design on my own suitable NE activities in 
mathematics. 2.86 3.88 -1.02 

7 Students are more interested in knowing how to solve 
examination-type problems than to tackle NE activities. 3.21 4.25 -1.04 

14 Most examples of incorporating NE in mathematics lessons 
are quite artificial or contrived. 2.71 3.81 -1.10 

9 NE is best taught in subjects like English, History, and 
Geography rather than in Mathematics. 2.64 3.94 -1.30 

21 Through the NE activities, teachers must help students to 
acquire new knowledge about the environment. 3.86   

 
An important objective of carrying out NE activities is to help students understand various 
issues through a mathematical lens. That this message had been picked up by the teachers is 
suggested from the responses to items 2 and 21 (#21 added to the post-test only). The use of 
authentic data and real events was also rated highly (#6). Although the teachers had improved 
somewhat in their view that students will be more motivated to study mathematics if the 
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teacher talks about NE in their lessons (#5), the post mean score was in the “neutral” region; 
indeed, the change in this aspect will depend on how much the teachers can learn from 
working through these activities with their own students, and, unfortunately, the workshop 
did not provide adequate time and opportunity for this to happen. On the other hand, the 
framework proposes that the Environment dimension should deal with issues in the personal 
→ national → global sequence. Responses to item 11 suggest that this message has not been 
well received by these teachers.   
 
An initial aim of NE is to change the students’ psyche of being a Singaporean, and the “Head, 
Heart and Hands” framework proposed in March 2007 extends this aim to encompass 
engagement (National Education website, Ministry of Education, Singapore: 
http://www.ne.edu.sg/). This implies that the NE messages need not be tested as in other 
subjects. But some teachers believe that “no test means no learning.” From the responses to 
items 12 and 17, there was slight indication that some teachers wanted to test NE in 
mathematics. For item 7, the teachers initially thought that students were more interested in 
solving examination-type of problems than tackling NE activities. After the workshop, 
however, they disagreed less with this perception about students. This moderate change in 
teachers’ belief could result from observing their students working on the NE activities as 
part of the workshop’s requirement, but more research is needed to differentiate between 
beliefs held by the teachers and by their students. 
 
The questionnaire also dealt with three management issues: time to cover the syllabus (#3, 
#10), compilation of NE activities (#19), and work with teachers of other subjects (#16, #18). 
The responses indicate some moderate, positive changes in these areas. However, a few 
written comments still mentioned the pressure of time. Perhaps, the teachers, through gaining 
new ideas about how to design NE activities and a short trial, had stronger awareness of this 
reform, and as a consequence these management issues were perceived to be not too 
overwhelming. 
 
Finally, in terms of professional development, the responses to item 8 show a drop in the 
teachers’ keenness to learn more about how to incorporate NE into mathematics lessons. 
Could this be the result of the “success” of this workshop, at least to satisfy their immediate 
needs for the time being? It would be unfortunate if the teachers do not feel the need to learn 
more about how they can implement this reform. 
 
Written reflection by the teachers was also positive in general. A particularly enthusiastic 
teacher tried seven activities with her students. Her experience with the BMI activity was of 
interest:  
 

As for the “BMI” worksheet, the girls were especially enthusiastic in solving the 
questions. They were curious to know the amount of calories intake in maintaining a 
healthy lifestyle and stunning figure. The boys were a bit unfazed though as the class 
consisted quite a handful of overweight boys who are under TAF (Trim and Fitness) 
club. 

 
A different teacher carried out the GST activity and asked his students to find out how much 
the government spends to run the country. He reported a change in students’ perceptions: 
 

Most of my students made some comments on how the government is unfair to tax 
“people’s money”… Some complained that they have to fork out so much more 
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money just to pay for any item they purchased. After they surf the government 
website, they discover that it is very expensive to run a country. They begin to 
understand that just like every family having its own expenditure to keep it running, 
the country needs its own expenditure too. They also found out that in fact their 
school fees costs [sic] so much and that education is the 2nd highest government 
expenditure. 

 
Hence, reflecting on changes to students’ understanding and beliefs, however minor, might 
motivate the teachers to include small innovations into their teaching practice to fulfil the 
aims of the NE reform. 
 

CONCLUSION 
 
The NE × ME framework is proposed to help mathematics teachers develop activities to 
infuse NE into their lessons. The workshop to introduce this framework to secondary school 
teachers seems to have positive effects on their beliefs about how to implement this reform. 
The suggested activities can be used to supplement standard mathematics problems that have 
only neutral contexts. However, research is required to study the actual implementation of 
NE in the classrooms and students’ responses to this form of culturally relevant teaching. 
Sound teaching practice must not only satisfy a national policy but also help to promote a 
more humane image of mathematics, thereby motivating more students to want to master this 
very important subject for survival in the 21st century. 
 

REFERENCES 
 
Ernest, P. (2004). Images of mathematics, values and gender: A philosophical perspective. In 

B. Allen & S. Johnston-Wilder (Eds.), Mathematics education: Exploring the culture of 
learning (pp. 11-25). London: RoutledgeFalmer. 

Gutstein, E., & Peterson, B. (Eds.). (2006). Rethinking mathematics: Teaching social justice 
by the numbers. Wilwaukee, WI: Rethinking Schools Ltd. 

Jacobs, D. T., & Jacobs-Spencer, J. (with Jones, R. M., & Dawson, E. J.). (2001). Teaching 
virtues: Building character across the curriculum. Lanham, MD: Scarecrow Press. 

Ministry of Education, Singapore (2006). A guide to teaching and learning of O-level 
mathematics 2007. Singapore: Author. 

Taplin, M. (1998). Education in human values through mathematics, mathematics through 
education in human values. Hong Kong: Sathy Sai Baba Center. 

Watson, A. (1999). Working on wonder and wondering: Making sense of the spiritual in 
mathematics teaching. Mathematics Education Review, 11, 25-34. 

Winter, J. (2001). Personal, spiritual, moral, social and cultural issues in teaching 
mathematics. In P. Gates (Ed.), Issues in mathematics teaching (pp. 197-213). London: 
RoutledgeFalmer. 

Wong, K. Y. (2003). Mathematics-based National Education: A framework for instruction. In 
S. K. S. Tan & C. B. Goh (Eds.), Securing our future: Sourcebook for infusing National 
Education into the primary school curriculum (pp. 117-130). Singapore: Pearson 
Education Asia. 


