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Abstract: Problem-based learning (PBL) has fast been adopted in many fields of education 
including the search of excellence in the field of Science and Mathematics education. As 
expected, diversity in forms has emerged. Whilst the main processes of PBL can commonly 
be found in many of the diversed forms, one question arises in regard to the purpose of 
using the PBL approach in Science and Mathematics education in particular, and in any 
other subjects of learning in general, in solving real life problems – what kind of problems? 
Problem-Based Learning the 4 Core Areas (PBL4C) emerges in trying to provide solutions to 
this pertinent question. The 4 core areas incorporated in this form of PBL are the core areas 
of multidisciplinary content knowledge, appropriate thoughts, multidimensional skills and 
universal harmonious values. The interconnectivity and significance between these core 
areas are illustrated through a PBL activity. This paper further proposes with reasons why 
these 4 core areas could be the holistic goal of education for any nation, beyond Science 
and Mathematics, in meeting the needs of this 21st Century education. 
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Introduction 

Problem-based learning (PBL) comes in various models. Common features and processes, 
however, could be identified in this variety of models. Among them: identifying the problem; 
gathering the information given unique to the problem; procuring extra information in the 
view of finding a solution to the problem; generating possible solutions; communicating, 
accommodating, selecting and executing the best solution, and finally making a presentation 
of the solution. Evaluation and facilitation are among other important features of PBL (Finkle 
& Torp, 1995; Lambros, 2002; Wee, 2004). One feature which we found to be quite unique 
to the PBL approach is the ability to introduce change in student’s learning through the 
provided scenarios (Teoh & Preechaporn, 2009) and thus presenting an opportunity for 
students to learn about change management, a lifelong learning skill. 

In this paper, while still maintaining these important features and processes, the purpose of 
PBL in Science and Mathematics education, or in whatever subjects the approach is used, 
becomes crucial with the asking of the following question: what kind of problems? In our 
search of excellence in education generally and in Science and Mathematics specifically, 
while trying to find some possible answers to this pertinent question, Problem-Based 
Learning the 4 Core Areas (PBL4C) emerged. The four core areas that we are proposing in 
PBL4C are the core areas of learning content knowledge, skills, thinking processes, and 
values (Teoh & Warabhorn, 2009). We will now illustrate the 4 core areas in a student’s 
learning by using the following PBL activity. 
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Illustrating the 4 Core Areas in PBL4C 

This paper posits that the reader is acquainted with the fundamentals in implementing a PBL 
activity in the classroom. 

The PBL4C Activity 

Activity Title: Designing the Prime Minister’s Garden   
 
Synopsis: The Prime Minister (PM) has decided to rebuild the garden of the official guest 
residence. He has invited 3 international renowned companies to design and bid for the 
project tender to make the garden an international icon with local architecture and flavour. 

Problem: The Prime Minister has a garden in his official guest residence where important 
foreign dignitaries stay. He has invited 3 international renowned landscape companies to 
design and bid for the project through tender to make the garden a national icon well known 
internationally incorporating local architecture. Apply for the jobs advertised by the 
companies by giving your resume stating your skills and interests that suit the job you are 
applying for. When you are employed, you will need to work as a team in the company to 
design & draw the garden plan. Local cultural-architectural features need to be incorporated 
in the design. Calculate the cost and decide how much your company will quote the PM for 
the project. You are required to present your team’s design and price quotation to the PM 
and his panel for consideration and selection. Bear in mind that the PM is a science and 
math wizard and any structure and design related to the subjects always excites him and 
may affect the outcome of the selection! By the way, the PM is also sentimental towards 
nature and any design that features sustainability of nature is a definite advantage. 

The Scenarios 

 

Scenario 1: Job Application  
 
The 3 companies invited are:  

1. Majestic Gardens Asia Co.  
2. B Big Landscape Co.  
3. RECreation Themes International Ltd. 

 
Among the jobs advertised on their company websites are: 

1. Project Manager  4. ICT Expert   7. Accountant 
2. Creative Designer  5. Mathematician  8. Culture Expert 
3. Botanist   6. Landscape Specialist 9. Environmentalist 

 
Write your resume indicating your areas of expertise to secure one of the jobs and send it to 
the company that you have selected through email to garden@gmail.com. Application closes 
tomorrow. Your resume should include the following information: 
 

1. Company applied to 
2. Job applied for 
3. Your own skills & values that you have that you think will get you the job  
4. Other skills & values that you would like to be given training for the job 
5. Other relevant information 

 
 
 

mailto:garden@gmail.com
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Scenario 2: Designing the Garden & Drawing the Plan 
 
Your company that hires you requires you to work as a team on this garden project. The 
PM’s garden is rectangular in shape and is almost the same size as RECSAM Park. Design 
your garden using the park as your guide to visualize your plans. Research the local plants, 
local architecture and the idea on sustainable development, and then design the garden to 
capture the PM’s passions in Science, Mathematics and nature. You will need to draw the 
plan of the garden and it has to be drawn according to scale. Remember you will need the 
drawing to make a presentation to the PM later. The following are the features set by the PM 
that you have to fulfill: 
 

(i) A fountain in the centre of a circular pond. There is a concentric foot path 
surrounding the pond. 

(ii) Some moving structures and they are always moving at equidistance from one 
corner of the rectangular area. 

(iii) Another foot path is built in such a way that when you stand at the centre of the 
foot path you are always the same distance from two of the structures in (ii). 

(iv) Two rows of flower bed which are always at a distance 10 metres from the centre 
of the foot path in (iii). 

(v) You can add in other suitable features to allow your company to stand a higher 
chance of winning the award ! 

 
Equip the garden with appropriate plants and architectural design. 
 

Scenario 3: Calculating the Cost  
 
Your team needs to work out the total cost for the professional design and materials needed 
for your design of the garden. Prepare an itemised list clearly stating their unit cost and the 
number of units needed for the project. Each member in the team should be allotted tasks to 
calculate specific structures in the design. You may also need to include the cost of labour in 
your budget like your own salary, allowances and perks, and bonuses, if any. Work out the 
cost and discuss it among your own team members. Then decide on the profit margin your 
company will make from the total cost. Decide collectively on the price you will quote the PM. 
Submit your tender containing your design, costing and pricing to the PM. 
 

Scenario 4: World Financial Crisis Strikes 
 
The world financial crisis strikes, as always unexpectedly. The PM decides to have a cut in 
the budget allocation for the garden project. There will be a reduction of 40% of the price 
quoted. Review the design and materials used. Recalculate the cost, and finally the new 
price. Reevaluate the feasibility of the project. Resubmit your design, costing and pricing to 
the PM. 
 

Scenario 5: Presenting the Garden Design and The Price Tag  
 
Make a presentation of your garden design and price quotation to the Prime Minister and the 
members of his selection panel. 
You are given 15 minutes to do the presentation. 
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Connecting the Scenarios and the 4 Core Areas 

Scenario 1 provides an opportunity for the students to explore themselves regarding the 
skills that they have and their interests, and explore what skills certain jobs require.  

Scenario 2 not only involves science and mathematics content and skills but also 
appreciation of local cultural architecture and the importance of incorporating sustainability 
issues in the area of values, which the world urgently needs. They will consider the 
appropriateness of the plants & the beauty of application of design based on mathematics in 
the garden. 

In scenario 3, the students practice reasonable profitability while balancing it with a quality 
standard required of a national icon to be famously acclaimed internationally. In costing, the 
quantum of their personal salaries, allowances, perks & bonuses will indicate their worth to 
the company according to their own perception of themselves and at the same time making 
their project pricing competitive. This is a delicate issue which the students and teachers 
need to negotiate.  

Scenario 4 enables students to learn about change management as very often needed in 
real life. When budget cuts are made, the teacher will be able to see what sacrifices the 
students need to make especially in the salaries, allowances, etc besides the other changes 
the students make to accommodate to the change. In real life, values frequently give way to 
changes. Decisions made with due considerations can be discussed.  

And finally in scenario 5, students practice their communication skills, exhibit their thinking 
processes during the Q&A session and exercise good assessment qualities when self- & 
peer-assessments are conducted. The students are themselves members of the PM’s panel 
of selection when assessing the others’ project designs and presentations. Awareness of the 
conflicts resulting from personal considerations and maintaining impartiality can become 
items in the area of values that can make learning meaningful. 

Categorising the Learning Criteria in the 4 Core Areas 

The 4 core areas of content knowledge, skills, thinking processes and values are integrated 
throughout the above PBL activity. Below is a list of the learning criteria categorised under 
these core areas, and the further sub-categorising of these criteria under ‘subject specific’ 
and ‘non-subject specific’ categories in the first 3 core areas. ‘Subject’ here means 
Mathematics since it is a Mathematics lesson. The core area of values will be elaborated 
separately because of its worth. 

Table 1  
Learning criteria in the 4 core areas 

1. Content: 
Mathematics 

- Measurement 
- Scale drawing 
- Geometrical construction 
- Loci  
- Cost and price 
- Percentage 
- Lines & curves 
- Transformation 

2. Skills: 
Mathematics 

- Accuracy in Geometrical drawing  
- Calculatoring  
- MS Excel computing 
- 2D and 3D relationship 
- Visualisation 
- Representation 

Science 
- Accuracy of classification of plants 
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The learning criteria listed in Table 1 above cannot possibly be exhaustively written. 
Furthermore we would like to point out that the line separating some criteria e.g. problem 
solving skills into the ‘correct’ core area is vague. This is because problem solving skills also 
involve mental processes and can only be recognised when exhibited physically or verbally. 
As a result, separating them rigidly between the core areas of skills and thinking processes 
may not be possible. There can also be contentions regarding sub-categorisation within a 
core area e.g. visualisation which can also be placed under both subject and non-subject 
specific. Let us take for example, visualizing the garden in 3-D, which can be Mathematical 
in terms of geometrical objects or non-Mathematical if visualising trees in natural 
surroundings. There will always be contentions in separation resulting from categorisation, 
however we found that all these core areas will ultimately become one and whole if we 
consider the mind as the forerunner of all we do (Varela, Thompson, & Rosch, 1996) or 
learn.  

All the 4 core areas will merge in the mental side because content knowledge, skills, 
thoughts and values will all come as one in the mind. It is the mind that knows, even without 
the core areas being exhibited as verbal or physical actions. To explain this further, a 
student who may have already acquired the desired content knowledge, the momentary 
positive thoughts, real values and even skills, may not necessarily exhibit them noticeably in 
speech or in physical actions. If this explanation is found acceptable, then we may have to 
relook at its implication on assessment. A student may have appeared passive or silent in a 
group activity but that student may have already fulfilled the learning criteria set. Current 
assessments call for evidence in verbal and/or physical observables, placing very little 
attention on the mental happenings. This is acceptable generally because almost all of us do 

Science 
- Diversity of plants 
- Interdependence among & interaction 

of living organisms 
Other subjects  

- English Language 
- Environmental Studies 
- Accounting  
- Local Culture 
- Careers - recognizing skills needed in 

specific jobs / tasks 

- Application of vegetative in flowering 
plants 
Generic Skills 

- Communication skills  
- Interpersonal skills  
- Observation skills 
- Listening skills 
- Presentation skills  
- Problem solving skills 
- ICT skills 

 

3. Thinking process (Appropriate thoughts): 
Mathematics 

- Number sense 
- Suitability of geometrical solids in 

gardens 
 
Non-subject specific 

- Thoroughness in accounting 
- Task priority 
- Decision making 
- Real life problem of planning and 

designing a garden 
- Analytical thinking 
- Creative thinking 
- Critical thinking 

4. Universal Harmonious Values: 
- Sustainable development 
- Change management  
- Emotion management  
- Ego management 
- Conflict management - acceptance of 

opposing views, managing losing and 
winning  

- Reasonable profit 
- Harmlessness 
- Wise considerations  
- Honesty 
- Patience 
- Team accountability 
- Cooperative team spirit 
- Diligence 
- Appreciation of local culture & arts  
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not have the ability to assess mental happenings like thoughts. Even if one could, it is 
impossible to know all the students’ thoughts at the same time. And because of the fleeting 
nature of learning that we are now beginning to understand more as a result of this 
discussion, we are able to understand that the best real assessments are done real time and 
individually. But this is indeed very difficult to practise knowing the constraints. 

Universal Harmonious Values as the Foundational Core Area 

Allow us to elaborate further about the core area of values. All the content knowledge, 
thinking processes and skills that we usually place increasing importance in education 
nowadays will become questionable when all these 3 core areas are used and applied for 
the wrong reasons. We will illustrate what we mean by the following newspaper cuttings. 

 

  
Chemists with undisputed content knowledge 
using their higher order thinking processes 
and acquired skills for the wrong reasons by 
unwise considerations 

Highly intelligent professor with obvious  
professional and academic knowledge, with 
thoughts of solving his problem by 
exercising his forging skills in an unwise 
decision 

Figure 1. Newspaper cuttings illustrating the interconnectivity of the 4 core areas 

We hope these newspaper cuttings have helped us make our point to convince the readers 
on the importance of these 3 core areas and their interconnectivity, and their cumulative 
importance founded on and guided by values in the search of excellence in Mathematics 
education and education as a whole, by trying to answer the question: “what kind of 
problems?” There are many aspects to values, and their many interpretations. We would like 
to propose some of the main characteristics of values as we see them, within the constraint 
of this paper. 

Some of the values listed in the activity are real values while others we found to be pseudo 
values. Real values are universal in nature. Examples of real values comprise all deeds, 
speech and thoughts which incline towards harmlessness, belief in the sanctity of life, 
respect for one’s and others’ possessions both human and non-human, truthfulness, 
avoidance of intoxicants like drugs, just to mention a few. Universal here means that when 
they are practised they are good for all. For example, harmlessness is good for the one who 
practises it and also for others. Harmlessness does not bring harm to oneself as well as 
others. Furthermore when others practise harmlessness, it is always welcomed to oneself. 
Universal values do not bite back. So is the value of respect for one’s or other’s 
possessions. Universal security is felt. In other words, they are universally good. One takes 
care of other’s possession as if one would with one’s own.  
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Pseudo values at first glance may look like values but they are not. Take for example 
cooperative team spirit and diligence can be observably practised to excellence by members 
of certain political factions but can cause untold disharmony and misery to the citizens, 
factional and neutral alike, taking the political events in Bangkok for instance. 

Values have a goal, that is, to nurture citizens who are wise, who are able to use wise 
considerations, for universal good. This is the essence of universal harmonious values. If 
one advocates a policy of no child left behind, one advocates nurturing a wise child 
irrespective of whether one has grasped a particular subject content or otherwise. Only then 
can such a policy work because if the emphasis is only on academic excellence or 
“intelligence” then sadly many children are going to be left behind! However achieving the 
understanding and grasping of the subject matters by these children would be an icing on 
the cake.  

Proposing the 4 Core Areas for National Education Framework 

If we are convincing enough so far, then it is our fervent hope that whoever is reading this 
paper and who is able to make the difference, may make these 4 core areas as the areas 
where all learning criteria in all subjects taught in schools and institutions can be 
categorised. Each subject has its own unique subject specific content, subject specific 
thoughts and subject specific skills but each subject also has its non-subject specific content, 
non-subject specific thoughts, non-subject specific skills to interlink and intertwine the whole 
learning experience, all guided by the universal peace values across the curriculum. These 
universal peace values, when taught and practised together with the multi curricular content, 
appropriate thoughts and useful skills, are crucial for the well being of a nation and 
collectively the world. This paper intends to let educators and policy makers see clearly the 
reasons why real values are crucial in education and as such make appropriate emphasis to 
the education system and produce world citizens who can make wise considerations with 
regard to the use of any subject content and skills, together with appropriate thoughts guided 
by values so that we are able to live more happily and harmoniously as humans. The goal of 
education we believe is simply for making humans humane, simple basic values much 
needed in a world constantly in conflict and disharmony, jiving in direct harmony with 
UNESCO slogan: building peace in the minds of people. 

Conclusion 

Education can be holistic and lifelong. Problem-based learning the 4 core areas (PBL4C) 
provides an excellent approach whereby a student’s excellence in education as a whole can 
be better achieved. It is an education that excellently caters to the unique individual students 
based on their needs and inclinations towards certain content areas, personal abilities and 
skills, and proper healthy thoughts guided by and founded on values for the peace and 
harmony of a nation, and collectively as united nations globally. We will notice that these 4 
core areas can be the focus of all teaching and learning approaches and strategies, not only 
confined to PBL. In order to realize this vision, first and foremost, the assessment system of 
a nation has to be in harmony with the curriculum that adopts and integrate these core 
areas. We should find a system where we can provide multi subject lessons. The 
assessment system must allow the assessment of the learning criteria based on these 4 
core areas not only as isolated subject content assessment. Real assessment must assess 
how learners use these subject contents and skills. An assessment system that emphasises 
academic excellence has a tendency to emphasise only on one core area, the content area. 
Lifelong learning is beyond that. 
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