
SOME PRINCIPLES AND GUIDELINES FOR 
DESIGNING MATHEMATICAL DISCIPLINARY 

TASKS FOR SINGAPORE SCHOOLS 

ZHAO DONGSHENG, CHEANG WAI KWONG, 

TEO KOK MING, LEE PENG YEE 

Nanyang Technological University, Singapore 

dongsheng.zhao@nie.edu.sg 

This paper is about the methods and process ofdesigning disciplinary tasks, which have the 
distinctive features of their emphasis on contextual aspects. In order to make the 

development of further disciplinary tasks more efficient, it is helpful to have a set ofuseful 

guiding principles based on our first-hand experiences in the Singapore Mathematics 

Assessment and Pedagogy Project. These principles should also be useful for school 

teachers who want to design such tasks for themselves. In this paper, we use concrete 

examples from the completed tasks to illustrate the points delineated in the guidelines. 

Introduction 

Assessment is one of the most important components in education, in particular 
mathematics education. In the past decades, various alternative approaches to 
assessment have been considered for evaluation of learning (see Fan, 2002; Hargreaves, 
Earl, & Schmidt, 2002; Hogan, 2007; Kulm, 1994; Williams, 1998.) 

In the last three years, the Singapore Mathematics Assessment and Pedagogy Project 
(SMAPP) tean1 has successfully designed a number of assessment tasks and has tried 
them in five local schools, Fan et al. (2010) have given a summary of some of the tasks 
designed in the early stage of the project 

These tasks, referred to as 'disciplinary tasks' in SMAPP, are designed to provide a 
new format of mathematics' assessment for Secondary One (grade 7) students. One of 
the distinctive features of these tasks is the emphasis on contextual aspects. The design 
of each task is based on areal-life scenario closely linked to the Singapore context The 
assessment problems are then posed in progression from easier to more difficult ones. 
The initial version of each task is reviewed and refined several times, based on feedback 
from reviewers, schoo1 teachers and students. Schools can use either bard copies or 
online version of finalised tasks. 

This paper is about the methods and process of designing such tasks. In order to 
make the development of further disciplinary tasks more efficient, it is helpful to have a 
set of useful guiding principles based on our first-:hand experiences. These principles 
should also be useful for school teachers who want to design similar tasks on their own. 
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In this paper, we use a few concrete examples from the completed tasks to illustrate th.e

points delineated in the guidelines. . ... 
The paper is organized as follows. In the next section, we list and explain s<>m¢• 

criteria for an ideal disciplinary task that serve as the general foundation for tli¢ 
guidelines. In the following two sections, we use some examples from the designed 
tasks to elaborate on suggestions for initiating and developing an idea into '1 
satisfactory, implementable task. More information can be found from the SMAPJ> 
website (Singapore Mathematics Assessment and Pedagogy Project, 201 I). 

What is a good quality disciplinary task? 

In order to design a good quality disciplinary task, we need to identify some specific 
criteria. We propose that a quality disciplinary task should have the following attributes. 

Links to real life 

A special feature of disciplinary tasks that distinguishes them from the traditional 
assessment problems is their contextualized content. We use local events, places, data or 
commonly encountered names and terms to make a scenario more realistic and relevant 
tci students' daily life. The following �e some examples taken from the introductions of 
designed tasks. 

In the task Malacca Trip, Malacca and Yong Peng are two cities in Malaysia not far 
away from Singapore, and Ang Mo Kio and Bedok are towns in Singapore: 

Aziz and Bryan are planning to drive to Malacca during the June holidays. Aziz lives in 
Ang Mo Kio Avenue I and Bryan in Bedok South Avenue 1. On the way from their 
homes to Malacca, they plan to meet at the Woodlands Checkpoint and again at the rest 
point in Yong Peng. You are to help in the planning of the trip by working through tasks. 

Singapore is a small island country that has shortage of water resources. The task Water

Water Water! is based on Marina Reservoir which :is the most recently built reservoir in 
Singapore: 

The following picture is obtained from Google Maps. It shows the Marina Reservoir near 
the Singapore River and the Kallang River. In this task, you are to estimate the area of the 
Marina Reservoir and make some calculations based on your estimation. 

Real and relevant data 

The data used in the problems should be realistic and obtained from reliable sources. 
Fictitious data should be avoided as far as possible. Real data provide students with a 
realistic sense of how mathematics can be applied in the real world. 

For example, the data 1 262 000 m3 in the following question in the task Water

Water Water! are obtained from a government source (Public Utilities Board webpage): 
According to national statistics, water consumption in Singapore is about 1 262 000 ni3 a 
day in 2008. Assuming Singapore maintains these rates of water consumption, how long 
will the Supply of water (as approximated in B3) from the Marina Reservoir last? 

The following question is about the areas of different sizes sheets of papers. These are 
the actual sizes of the papers students are using daily. After doing this task, students will 
have a better understanding of the standard sizes of paper in daily use: 

Given that the size of an AO sheet of paper is 0.841 m by 1.189 m, find the area of an AO 
sheet of paper. 
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Curriculum connection 

As developed tasks will be used by schools for embedded assessment, it is important 
that the tasks are connected to the school curriculum. It is also necessary to consider 
when the tasks in the semester will be implemented and make sure the students have all 
the core prerequisite content knowledge. It is thus necessary to list the prerequisite 
knowledge for doing the tasks. Furthermore, the terms and definitions used in the tasks 
must be the same as those given in the relevant national syllabus. 

For example, the following is part of the teaching notes describing the prerequisite 
for the task Malacca Trip: 

Pre-requisite/Content are: Concept of average speed; knowledge of computation and 
conversion involving distance, speed and time. 

In the following question, originally students were asked to solve the inequality, but 
later they are just required to form an inequality, as they still have not learned the 
solution of inequality at that stage. 

If Bryan wants to reach Yong Peng before 09 55, what should his average speed be? 
Write down an inequality in v using your answer from part (a). 

Also, in denoting times, we changed from the original "09:55" into the current "09 55" 
to keep the notation consistent with the school text book being used. 

Multiple competencies and content knowledge assessment 

One advantage of disciplinary tasks (especially complex ones) is for assessing the 
multiple mathematical competencies of students and their comprehensive abilities to 
apply what they learn in the classroom. The task problems should then be designed to 
serve these purposes. The competencies we usually focus on include (i) understanding 
problems and extracting information from them; (ii) constructing mathematical models 
of real life problems; (iii) computation and reasoning; (iv) communication using 
appropriate representations and means such as graphs, tables, algebraic expressions and 
functions. 

For example, the following are the competencies assessed in Malacca Trip: (i) basic 
skills involving speed, distance and time; (ii) ability to represent a situation (x minutes 
before 07 30) mathematically using algebra; (iii) ability in calculations and solving 
algebraic equations; (iii} ability to translate scenerio-based situation into algebraic 
expressions; (iv) ability to use the correct inequaliy sign to formulate linear inequalit

i

es; 
(v) ability to formulate linear equations and linear inequalities.

Another task, Up Down, Up Down, can be used to assess whether students can
• make a simple prediction based on the information provided by graphs;
• make reasonablejudgements about solutions.

As an illustration, the following are some questions in Up Down, Up Down: 

The percentage increases in population for the two periods shown below are 
approximately the same. .. . Do you think that the actual population increases for these 
two periods are approximately the same? Give a reason for your answer. 

Based on the graph from question B3, mark the following statements with True or False 
with regard to the population of Singapore. 
(1) There are fewer residents of working age supporting each r'esid�nt above 65 years old
now compared to 10 years ago.
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(2) The percentage of elderly (65 and above) in the population (15 and above) has
decreased over the years.
(3) There will, likely be more elderly residents than working age residents in 10 years
time.

Enriching student experience 

Besides practicing and learning mathematics skills and knowledge, attempting a. '' 
disciplinary task may also provide chances for students, to gain some social experiences 
and learn more about the environment and society� The enriching experience will also 
increase the students' motivation and interest for attempting such task. 

For instance, by going through the task Water Water Water!, students will have a 
better understanding .of how· precious water is to Singapore; which are the seven 
reservoirs and their locations in Singapore; and their sizes and roles in supplyingwater. 

In the task Up Down, Up Down, questions are posed based on data including ethnic 
composition of residents, population growth rates and old age support ratio in 
Singapore. By doing this task, students will also learn many terms such as demography, 
ethnic, old"age support rat

i

o, total fertilityrate. 
While in the task Paper Recycling, students will find detailed information of the 

actual sizes of different types of sheets ofpaper and their weights, as well as the number 
of trees and the. amount of water needed to produce a given quantity of papers. 

The actual Google map is used in the task Malacca Trip, so that students will have an 
accurate idea about the locations and distances between some of the places in Malaysia. 

Scaled levels of difficulties 

Assessment based on disciplinary tasks is very different from traditional forms of 
assessment. Most of the students are not familiar with it and need practice to get used to 
it. It is therefore necessary to arrange the questions in order of increasing difficulty. In 
our design, the first part usually consists of warm up questions, giving a chance for 
students to familiarize themselves with the scenario involved and to recall assqciated 
basic skills and knowledge. The parts that follow will usually consist of more difficult 
and challenging questions. Sometimes, open"ended questions are also included. 

Getting started with designing a topic 

From our experience, the. crucial and difficult part is the initial stage. There are two 
suggested approaches: (i) sta,rt with a topic and then make up a suitable and interesting 
scenario; (ii) start with a rich scenario and then pose the relevant mathematics questions, 

Start with a topic 

Suppose we want to assess students' ability to solve speed and related problems. After 
considering a few possible scenarios, we found that the one concerning a trip to 
Malaysia is the ideal one. For many Singaporeans, travelling to the neighbouring 
country Malaysia is a favourite way to spend their holidays. So, planning a trip to a 
Malaysian city such as Malacca provides us with a real life scenario to pose 
mathematics questions. The scenario is rich in the variables that we need to consider in 
planning a trip; departing and arriving times, resting time, etc. 
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Aziz wants to meet up with Bryan at 07 50 at Woodlands Checkpoint, 20 km away from 
Ang Mo Kio Ave 1. If he travels at an average speed of 60 km/h, find his departure time 
from Ang Mo K.to Ave l. 

Start with a scenario 

Sometimes we can start with a scenario leading to good questions. In line with the 
special feature of linkage to real life described in the previous section, current affairs 
and local events provide a rich source of rich scenarios. With a local scenario, National 
Education elements can also be incorporated into the task. Below are some examples. 

In the arithmetic task Water Water Water!, the idea of approximating the irregular 
shape of Marina Reservoir (Figure 7) using geometrical shapes was inspired by the 
completion of the Marina Barrage in Singapore. This task illustrates an interesting 
application of the mathematical technique of estimation. 

In the statistics task Up Down, Up Down concerning Singapore's aging population, 
the National Day Rally 2008 by Singapore's Prime Minister provided a backdrop. This 
lead to questions on Singapore demographic issues. For example, the declining birth 
rate motivated questions based on the line graph of total fertility rate (TFR) shown in 
Figure 1, such as: 

There is a sharp decline in the TFR from 1972 to 197 5. Search the web for possible 
reason(s) to explain this decline. 

Notice that this sharp decline in TFR from 1972 to 197 5 also allows National Education 
elements and the use of IT (searching the internet) to be incorporated into the task. The 
'spike' feature of TFR in the Chinese 'dragon' years (e.g., 1988 and 2000) also inspired 
the following question: 

In 1976, there is a "spike' in the TFR. Identify the other years in the line graph where 
there are spikes in the TFR. By observing the graph, can you predict the year for the next 
possible spike? 

To deal with the aging population, one aspect is the adjustment of immigration policies. 
The associated immigrant issues then motivated question on the interpretation of the bar 
chart shown in Figure 2. This bar chart, a comparison of populations of citizens, 
permanent residents and non-"residents, is a further illustration about how a rich scenario 
can generate good questions. As this chart is not commonly seen in school textbooks, it 
also serves the purpose of assessment as learning. 

Singapore TFRfrom 1970s to.2008 

Figure 1. Singapore total fertilityrate, 1970-2008. Figure 2. Singapore population, 2007-2008. 
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Posing warm-up questions 

A typical disciplinary task is often divided into sub-tasks: Task A, Task B, and so on, 
The first questions in each sub-task should have straightforward solutions. These 
warm-up questions that allow students to recall the required concepts, and get familiar 
with the scenario concerned. Below are some examples. 

In the task Malacca trip, a natural setting for the warm-up questions is the journey 
from home to the Woodlands Checkpoint. In doing these questions, students would 
need to recall basic formulae like "speed= distance/time'. After some practice with the 
basic skills, more challenging questions are then set for the journey from the 
Checkpoint to Yong Peng and eventually to Malacca. 

The pie chart is one of the basic graphical representations taught in the early 
secondary curriculum. In the. task Up Down, Up Down, an understanding of a pie chart 
showing ethnic composition of Singapore residents is used as the starting point: 

The pie chart below shows the ethnic composition of residents for 2008. The total number 
of residents was. 3,642,700. Estimate the number of Chinese residents in 2008, correct to 
the neatest hundred thousand. 

J 

Figure 3. Ethnic composition of Singapore residents, 

Notice that the pie chart utilizes the fact that about 75% oftbe Singapore residents are 
Chinese, thus infusing National Education into the question. 

In the task Water Water Water!, we want students to get familiarwith the scenario, 
and the idea of approximating the irregular shape of Marina Reservoir (Figures 7 and 8) 
using polygons. To this end; properties of triangles and quadrilaterals are recalled in the 
wanning-up questions: 

The figures below shows the pieces used to approximate the area of the Marina Reservoir. 
Name the shapes of those figures. 

Developing the task 

As discussed in the previous section, the problem/topic or scenario for a task is often 
selected for its richness in the sense that it allows mathematical questions of different 
levels of difficulty to be asked to assess students' multiple competencies and content 
knowledge. After the first few warm-up questions, the next few questions are usually 
less straightforward. 

Consider the following question from Task A in the task Water Water Water! 
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started to review and revise them, there were a lot of disagreements and arguments, and 

we needed several rounds of revision and modification before reaching an agreement. 
Having agreed criteria and guidelines helps to reduce the work of correction and 
revision of the tasks. In addition, more schools may choose to implement this type of 
assessment and consequently need to design new tasks by themselves. The criteria and 
illustrations shown in this paper could help with this work in the future. In one recent 
training workshop, some teachers already tried out these guidelines and used these to 
help with the design of some tasks. 

Of course, our list of criteria is still incomplete and imperfect, so will need further 
refining and improvement. We hope this can serve as a good starting point for readers to 
use to frame the creation of their own tasks, based on tp.e special needs and backgrounds 
of their students and cuniculum. 
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