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Abstract 
 

This paper discusses the experiences of SEAMEO QITEP in 
Mathematics (QiM) in developing three teaching and learning 

‘models’. The term ‘teaching and learning model’ here means an 
‘ideal’ situation of teaching and learning of mathematics as 

concrete examples that can be used and implemented by 
mathematics teachers in their classes. Two main questions have 
been stated as starting points: (1) What should be done and how 
to help and facilitate students to learn to think, to solve problem, 

to reason, and to communicate? (2) What should be taken into 
account and how to help and facilitate students to learn 

mathematics with understanding or learn mathematics 
meaningfully? Three steps are used: designing the lesson, trying 
out and revising, and trying out and finalizing. The results of this 
activity were three models for Primary School, Junior Secondary 

School, and Senior Secondary School students.  
 

Keywords: teaching and learning ‘models’, mathematics 
learning, learn meaningfully, problem solving approach, and 

contextual problem. 
 

Rationale 
 
The ability to think and to reason is very important to everyone. 
Mathematics could be seen as the language that describes patterns (De 
Lange: 2004:8, NCTM: 2000). Based on that statement, during 
mathematics teaching and learning process, students can learn to think, 
to solve problem, to reason, and to communicate. Therefore, Marquis de 

Condorcet as quoted by Fitzgerald and James (2007: ix) stated: 
“Mathematics … is the best training for our abilities, as it develops both 

the power and the precision of our thinking.” In addition, the National 
Research Council from USA (NRC, 1989:1), reminds us that: 

“Communication has created a world economy in which working smarter is 
more important than merely working harder. … We need workers who can 

absorb new ideas, to adapt to change, to cope with ambiguity, to perceive 
patterns, and to solve unconventional problems.” These two statements 
show the importance and relevancy of mathematics enhance the ability of 
our students thinking. The first question can be raised is: “What should be 

done and how to help and facilitate students to learn to think, to solve 
problem, to reason, and to communicate?”  

 



 2

On the other sides, in reality, some students have difficulties in learning 
mathematics. Therefore, the second question that can be raised is: “What 
should be taken into account and how to help and facilitate students to 
learn mathematics with understanding or learn mathematics 
meaningfully?” Frei (2008:8) stated that a common image of a “typical” 

mathematics classroom has the teacher standing at an overhead projector 
showing the equations and the formulas while the students take notes.  
 
Furthermore, many mathematics educators focus on skills and offer 

mostly procedural practice. This form of instruction focuses on a lot of 
memorization and skill-and-drill practice. Teachers offer lecture type 

instruction and then students complete the pages in the texts during class 
time. The conclusions of the research conducted by Shadiq (2010:56-57) 
stated that most teachers of mathematics in their schools use or 
implement the traditional ways during the learning and teaching process 

of mathematics. They still use the paradigm of transferring knowledge from 
teachers’ brain to students’ brain.  

 
Another type of mathematics program leans more toward exploration of 

mathematical concepts through conceptual investigation. Students use 
concrete materials, such as manipulative, and participate in experiments 

and kinesthetic demonstrations that exhibit mathematical concepts. This 
type of mathematics program matches to constructivism, the current issue 
in mathematics education. Therefore Haylock and Thangata (2007:35), 
stated that constructivism focuses attention on the pupil’s learning rather 
than on the teacher’s teaching.  
 
Constructivism as a theory of learning is more than simply ‘learning by 

doing’ or experiential learning. Children may manipulate mathematical 
materials in the prescribed way but may not be learning, or they might not 

be able to transfer their knowledge to more formal representations or to 
other contexts. Accordingly, the challenge for teachers is to create 

experiences that engage pupils and foster the making of mathematical 
meaning which can be applied or transferred to other situations.  

 
As mentioned above, the conclusions of the research conducted by Shadiq 
(2010:56-57) stated that most teachers of mathematics in their schools 
still use the paradigm of transferring knowledge from teachers’ brain to 

students’ brain. However, to change and to improve the quality of teaching 
and learning process from a “typical” mathematics classroom to the new 

one and more innovative is not easy. The factor that should be taken into 
account is teachers’ view and beliefs. In other words, the process of 
teaching and learning of mathematics in the classroom will be largely 
determined by teachers’ view and beliefs about mathematics and 

mathematics education. Frei (2008:8), for example, stated that often 
teachers feel comfortable teaching the way they were taught. It is what 
they remember and what they know, so it becomes the way they teach, 
regardless of whether they believe it is the correct way to teach.  
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In line with the above statement, the below diagram designed by Goos and 

Vale (2007:5) suggested that some factors that most influence the practice 
of mathematics teaching and learning in the classroom is the teacher's 
beliefs and the classroom situation as indicated by the bold arrow. Goos 
and Vale (2007:4) also stated: "Whether we are aware of it or not, all of us 

have our own beliefs about what mathematics is and why it is important." 
Furthermore, Goos and Vale (2007:4) quoted Barkatsas and Malone 
(2005:71) which stated, “‘Mathematics teachers’ beliefs have an impact on 
their classroom practice, on the ways they perceive teaching, learning, and 
assessment, and on the ways they perceive students’ potential, abilities, 
dispositions, and capabilities.” 
 

 

SEAMEO QITEP in Mathematics’ specialized program areas consist of 
seven areas: (1) Teacher-made Teaching Aids; (2) Joyful Mathematics 
Learning; (3) Differentiated Instructions; (4) Utilization and Development of 
IT-based Mathematics Learning; (5) Clinical Supervision; (6) Lesson Study 

in Mathematics Education; and (7) Southeast Asia Mathematics Realistic 
Education (SEA RME). From those seven training courses, three models 
designed were relating to ‘Joyful Mathematics Learning’ in Primary School, 
‘Utilization and Development of IT-based Mathematics Learning’ in Junior 
Secondary School, and ‘Differentiated Instructions’ in Senior Secondary 
School. In addition, the three models from this program can be used by 
participants of those three courses as example in designing a lesson plan. 

 
To change and improve the quality of teaching and learning process from a 

“typical” or “traditional” mathematics classroom to the new one and more 
innovative is not easy. Teachers need to experience mathematics in ways 
that they will be expected to teach it. Mathematics teachers need concrete 
examples that can be used and implemented in mathematics classes. 

Teachers are more likely to implement the new approaches in their own 
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classes if they have experienced it in their own learning experiences. 
Therefore, in order to help mathematics teachers to use student-centered 
approach or student active learning, SEAMEO QiM conducted a program 
called “The Developments of Three Mathematics Teaching and Learning 
‘Models’”. The output of this program was the lesson plan which use 

student-centered approach or student active learning.  
 
Purpose  
 

In general, this activity was designed to develop three mathematics 
teaching and learning ‘models’ as concrete examples of teaching and 

learning of mathematics that facilitate students to learn to think, to solve 
problem, to reason, and to communicate; facilitate students to learn 
mathematics with understanding or learn mathematics meaningfully. The 
models can be used and implemented operationally in mathematics 

classes. 
 

Methods 
 

Specifically, the steps of the program of this activity are as follow. 
 

1. To develop three lesson plans which use student-centered approach or 
student active learning. 

2. To try out those three lesson plans, observe the teaching and learning 
processes, and revise or improve them based on the try out results. 

3. To try out those revised three lesson plans, edit, lay-out, and finalize 
the three mathematics teaching and learning ‘models’. 

 
As mentioned earlier, three steps were used in developing the lesson. The 
first step, designing three lessons was held on 23 – 26 May 2011; the 
second step, trying out and revising three lessons was held on 15, 16, and 
18 August 2011; and the third step, trying out and finalizing the lessons 
was held on 13 – 15 September 2011. There are three teams to develop the 
three lessons. Each team consists of mathematics educators or 

mathematics education experts from universities or from SEAMEO QITEP 
in Mathematics and practitioner mathematics teachers from Primary, 

Junior Secondary, and Senior Secondary Schools. The diagram of those 
three steps was as follow. 
 
 

 
 
 
 

Before designing the lesson, the three teams met to discuss about two 
biggest issues. The first issue is concerning about what should be done by 

each team in helping and facilitating students to learn to think, to solve 
problem, to reason, and to communicate? The second issue is concerning 
about what should be taken into account by each team in helping and 

Designing 
the Models 

Trying Out and 

Revising the Models 

Trying Out and 

Finalizing the Models 
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facilitating students to learn mathematics with understanding or learn 
mathematics meaningfully? There are some consensuses among the three 
teams as follow.  
 
1. The output of this activity are: 

a. Information of the model, which consists of: 
i. Rationale  
ii. Purpose 
iii. Scope   

b. The Lesson Plan (LP) should be suitable for 2 periods. 
 

2. The lesson can be implemented operationally in mathematics 
classrooms. Therefore the LP may include:  

a. Revision 
b. Motivation at the beginning of the lesson 

c. Problems or tasks (contextual, realistic, or mathematical) at the 
beginning, during, and at the end of the lesson 

d. Key questions, alternative answers, and alternative of its 
successive lower level question,  

e. Media (power point, worksheet, teaching aids, or website 
address) 

f. Evaluation/Assessment 
 

3. The LP can help students to learn to think and to reason. 
 

4. The LP can help students to learn meaningfully. The Learning 
Principle of National Council of Teachers of Mathematics (NCTM, 
2000) stated that to learn meaningfully students must learn 

mathematics with understanding, actively building new knowledge 
from experience and prior knowledge.  

 
5. Focus on problem-solving. According to Indonesian Ministry of 

National Education (MONE, 2006), problem-solving approach should 
be a focus during the teaching and learning of mathematics which 

includes how to help children to learn, to solve a close problem with a 
single solution or an open problem with various solutions. To improve 
the quality of their problem-solving skills, students should learn to: 
(1) understand the problem, (2) create a mathematical model, (3) solve 

mathematical problems, and (4) 
interpret the solution.  

 
6. The Lesson Plan can help students to 

construct their knowledge by 
themselves. Based on the task (please 

see the box), students are expected to 
be able to construct their knowledge 
that: 
 

5 – (–1) = 6 

Find the answers and 
explore 

 
5 – 4 = … 

5 – 3 = … 
5 – 2 = … 
5 – 1 = … 

… 
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5 – (–2) = 7 

 
7. The LP can help students to learn both inductively and deductively. 

The form of 2 + 3 = 3 + 2 (both sides equal to 5) is much easier than 
the general form of a + b = b + a. It means that students should learn 

2 + 3 and 3 + 2 first before they learn that a + b = b + a. George Polya 
(1973: VII) stated: “Yes, mathematics has two faces; it is the rigorous 
science of Euclid but it is also something else. Mathematics presented 
in the Euclidean way appears as a systematic, deductive science; but 
mathematics in the making appears as an experimental, inductive 
science.”  
 

8. In addition, according to Lakatos, quoted by Burton (1992:2), 
“Deductivist style hides the struggle, hides the adventure. The whole 

story vanishes; the successive tentative formulations of the theorem 
in the course of the proof-procedure are doomed to oblivion while the 
end result is exalted into sacred infallibility”.  
 

9. Learning by doing. “How could mathematics teachers help students to 
learn mathematics or learn mathematical problem solving?” To 
answer that question, Polya 
(1981:ix) gave an analogy with 

this statement: “ ... if you wish to 
learn swimming you have to go 
into the water.” This means that 

every student and mathematics 
teacher should learn 

mathematics or mathematical 
problem-solving by doing, 
experiencing, and solving 
different kinds of mathematical 

problems. Therefore, according to 
Polya (1981:xii): “The teacher should develop his students' know-how, 
their ability to reason; he should recognize and encourage creative 
thinking ....” Therefore, the key questions should be written in the LP.  

 
10. Students should be facilitated to write the important things that have 

been learnt. Therefore the use of black/whiteboard during the lesson 
will be very important. A teacher has to plan or design the use of the 
blackboard which consists of: (1) problem should be solved; (2) the 
task; (3) comments from students or teacher, such as: clues, previous 
knowledge, methods to solve problem; (4) student’s idea; and (5) 
summary.  
 

Based on the consensus above, the guidelines on observing the try out 
were designed as follow. The guidelines were designed to ensure that the 
‘models’ can facilitate students to learn to think, to solve problem, to 
reason, to communicate, to learn mathematics with understanding or learn 

mathematics meaningfully; and the models can be used and implemented 
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operationally in mathematics classes. During the try out, the observer of 
mathematics educators or mathematics education experts from universities 
or from SEAMEO QITEP in Mathematics and practitioner mathematics 
teachers from Primary, Junior Secondary, and Senior Secondary Schools 
evaluated the lesson. In addition, the observer gave suggestion or idea in 

improving the quality of the models. After finishing the observation during 
the try out activity, the models were revised based on the results of the try 
out. 

 

Guidelines on Observing Real Teaching 

Observer :  
Topics : 
Class/School : 

 

No Indicators Exist 
/Not 

Quality Notes 

1.  Motivate students at the beginning 
of the lesson 

E/N 4/3/2/1  

2.  Revise or check the prerequisite of 
the students 

E/N 4/3/2/1  

3.  Start with contextual, realistic, or 
mathematical problems 

E/N 4/3/2/1  

4.  Facilitate students to learn to 

reason (inductive and deductive) 

E/N 4/3/2/1  

5.  Facilitate students to learn to 
explore, elaborate, and confirm the 

result 

E/N 4/3/2/1  

6.  Facilitate students to learn to solve 
problems 

E/N 4/3/2/1  

7.  Facilitate students to learn 

mathematics in ‘unthreatening’ 
situation 

E/N 4/3/2/1  

8.  Use blackboard, OHP, or LCD 

effectively 

E/N 4/3/2/1  

9.  Facilitate students to reflect on the 
lesson that has been learnt 

E/N 4/3/2/1  

10. Facilitate students to take note E/N 4/3/2/1  

11. Facilitate students to think and to 

reason by asking question 

E/N 4/3/2/1  

12. Students’ differences are taken 
into account during the teaching 
and learning processes 

E/N 4/3/2/1  

Total  
Score 

...... out of 44 = ....... (Max 
Score = 44) 

 

Note: 4/3/2/1 = Very Good/Good/Fair/Poor 
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Date: ...............................   
 
Observer: ........................................ Signature: .............................. 
 
 

The Results 
 
The results of this activity were three models: (1) The Use of Joyful 
Learning in Learning Multiplication Topic for Primary School Students, (2) 

The Use of ICT (Information and Communication Technology) in Learning 
Gradient or Slope of a Line for Junior Secondary School Students, (3) The 

Use of Differentiated Instruction in Learning Permutation for Senior 
Secondary School Students. As mentioned earlier, the model implemented 
was the problem-based approach (Westwood, 2008) or the problem solving 
approach (Isoda & Nakamura, 2011:1). The problem solving approach is 

usually described by the following ideal instructional processes: (1) posing 
problems, (2) estimating the ways of solutions, (3) independent solving, (4) 

explanation and comparison, and (5) integration and applications. 
Mathematics teachers might use problem-solving approach in two ways. 

Firstly, using the approach to introduce the topic, and secondly the 
approach to practice strategies to solve a problem. These are two examples 

of the use of the task or problem to introduce the topic.  
 
The first example below can be found on the first model: ‘The Use of Joyful 
Learning in Learning Multiplication Topic for Primary School Students.’ 
 
 
 

 
 

 
 

 
 

 
 
 
 

  
 

 
 

The alternative answers written on ‘Attachment 3B: Exercise (Alternative 

Answer),’ were as follow. 

a. 7 × 4 (There are 7 groups of 4 chairs on each group).  
b. 4 × 7 (There are 4 groups of 7 chairs with the same color on each 

group) 
c. 14 × 2 (There are 14 groups of 2 chairs on each group) 

1. How many chairs in the picture below? Answer : 
 

 

 

 

 

 

 

 

 

 

 

 

Write a multiplication sentence based on the picture above. 
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Through those processes, it is expected that students will be able to 
experience problem solving processes. As stated by Isoda and Nakamura, 
the key ideas of Problem Solving Approach include (1) Enabling students 
to apply and extend the learned ideas to new problem situation by/for 

themselves, and (2) Teacher must accept any ideas of children if it is 
originated from what they already learned but allows them to talk on their 
demand. Students already learn about the addition, such as 4 + 4 + 4 = 
12. The activity above enabled students to apply and extend the learned 

ideas of addition to new problem situation by/for themselves of 
multiplication. All of this will help or facilitate students to learn 

mathematics meaningfully. In addition, teachers should give opportunity 
to their students to communicate among themselves. 
 
The second example can be found on ‘PowerPoint of Slope of a Line,’ of the 

second model: ‘The Use of ICT (Information and Communication 
Technology) in Learning Gradient or Slope of a Line for Junior Secondary 

School Students,’ 
 

 
 

 
 
 
 
 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 

 

Based on the problem posed by teachers above, students were facilitated to 
estimate the ways of solutions in their groups or individually, to solve the 

problem independently, to explain and compare the results, and to 
integrate and apply their new knowledge. The alternative answers for the 

questions above were as follow. 
 

Learning the Gradient or Slope of a Line 

 
Look at the three cars running on three different roads.  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
a. What do you think about the road?  

b. Do they have different slant, gradient, or slope? 
c. If you imagine a road as a line, what factors affect the slant of the 

line?  
 

A B K 

L 

P 

Q 

M R 
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a. AB is horizontal road. PQ is the steepest roads. KL is steeper than 
AB. 

b. Yes. They have different slant, gradient, or slope. The gradient or the 
slope of AB is 0, because AB is horizontal. The gradient of KM is 
bigger than AB. The gradient of PQ is the biggest one. 

c. The factors affect the gradient or slant of the line are: (1) the 
measure of the angle between the line and the horizontal line, (2) the 
ratio of the measure of the vertical line to the measure of its 
horizontal part, and (3) the ratio of the ML to KM. 

 
It was clear that the task or contextual, realistic, or mathematical problem 

posed by teacher at beginning of lesson were very important in helping 
students to learn to think, to reason, and to communicate. In addition, 
that task or problem can facilitate students to connect, to relate, and to 
extend their pre-existing knowledge with the new experience and new 

knowledge. The teams also learned that the activity of the proposed model 
cannot be completed in time. Therefore, the three teams revised and 

modified the activities to match the 2 × 35 minutes for Primary School 
students, 2 × 40 minutes for Junior Secondary School students, and 2 × 

45 minutes for Senior Secondary School students. 
 

Conclusion and Recommendation 
 
Two main questions have been stated as starting points in designing the 
models. Firstly, how to facilitate students to learn to think and to reason? 
Secondly, how to facilitate students to learn mathematics with 
understanding or learn mathematics meaningfully? The teams learned that 
the answers to those most important questions as conclusion was that the 

learning mathematics processes should begin with an introduction to the 
problems in accordance with the situation (contextual problem). The new 

task or problems present a challenge that cannot be resolved by some 
routine procedure known to the student. Therefore students should strive 

and have to learn to think and to reason during the problem solving 
processes. In other words they have to use and learn high order thinking 

skills. In addition, that task or problem can facilitate students to connect, 
to relate, and to extend their pre-existing knowledge with the new 
experience and new knowledge. In designing the lesson, mathematics 
teacher should plan the lesson carefully and should be well planned, 

especially about the time. 
 

Based on that conclusion, there were two recommendations. Firstly, 
mathematics teachers should start the teaching and learning processes by 
posing the task or problem. It was not easy to find the good task or 
problem in which students can construct their knowledge by themselves. 

Therefore SEAMEO QITEP in Mathematics, PPPPTK Matematika, LPMP, 
Universities, or other institutes can help mathematics teachers by 
designing other models. Secondly, in designing the lesson, mathematics 
teachers were recommended to use or apply Kyouzai Kenkyuu or Lesson 
Study. According to Isoda (2010) Lesson Study is careful study (research) 



 11

of the teaching materials focused on both the mathematics and the 
pedagogy. This approach uses ‘plan–do–see’ steps. 
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