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Abstract  
The objective of this article is to illustrate how a simple mathematics-based toy that is used to 
demonstrate Pythagoras Theorem is interpreted by several students in the normal technical 
stream as they set out to fabricate it in a creative manner using several skills that they picked 
up in the subject of Design & Technology (D&T). Along the process of design and 
fabrication, these students were exposed to opportunities that allowed them to use scientific 
principles to add value to the toy. 
 
The results of this study showed that it is not difficult for students in the normal technical 
stream to express their understanding of certain mathematical and science concepts through 
creative designing as well as making variations of a mathematics-based toy.  
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1. INTRODUCTION  
 
1.1 Cause for concern for mathematics education in Singapore 
There is increasing concern in the education system on how to get less-academically inclined 
students (especially, those in the normal technical stream) to perform well in mathematics. A 
possible contributing factor to the under-achievement in mathematics could be the mismatch 
of teaching approaches by teachers and the effective learning styles of these students. These 
students have short attention spans and need to be constantly engaged for effective learning to 
take place. A challenge for teachers is to tap on the preferred learning styles of such students 
and embed these into the mathematics lessons. 
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It has been observed that such students seem to generate interest in learning mathematics and 
science when they are given hands-on design-and-make activities that are fun and which 
challenge their creative thinking skills. They also seem to appreciate learning when they are 
recognised for displaying their creative talents through project work. 
 
The results of the national examinations (GCE N Levels) show a concern in the performance 
of students in mathematics as compared to science and technical studies. Table 1 shows the 
breakdown in the percentage of passes (grades 1 – 5) and distinctions (grades 1 – 2) in the 
GCE N level of students in the normal technical stream in the three subjects for the years 
2005-2007.  
 

2005 results 

Subjects 1-2 1-5 
MATHEMATICS 4.8 52.3 

SCIENCE   17.5 80.0 
TECHNICAL STUDIES 32.7 95.6 

 

2006 results 
Subjects 1-2 1-5 

MATHEMATICS   4.0 51.7 
SCIENCE   16.7 77.3 

TECHNICAL STUDIES 28.6 93.8 
 

2007 results 
Subjects 1-2 1-5 

MATHEMATICS   3.7 50.6 
SCIENCE   14.7 72.0 

TECHNICAL STUDIES 28.7 94.3 
 

Table 1 2005 - 2007 GCE N level results of students in the normal technical stream 
 
A possible contributing factor to the under-achievement in mathematics could be the 
mismatch of teaching approaches by teachers and the effective learning styles of students in 
the normal technical stream. These students are kinaesthetic learners by nature. They have 
short attention spans and need to be constantly engaged for effective learning to take place. 
They learn well when teachers craft lessons to suit their visual-spatial learning styles (through 
graphs, charts, comics, drawings, etc) rather than through visual-linguistic learning styles 
(through words, equations, tables, etc).  
 
A challenge teachers face is on tapping on the preferred learning styles of such students and 
crafting these into mathematics lessons. A didactic approach in teaching mathematics to these 
students may seem to be a mismatch with their learning styles. 
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One move suggested to overcome this challenge would be for teachers to link the learning of 
science and maths through project work during lesson time (Sage and Steeg, 1993). There 
are, however, certain constraints in the use of project work within the maths and science 
curriculum hours: 
 

(i) Project work is not part of the assessment criterion in maths and science in the 
GCE N level examinations. This will affect how teachers dedicate their time in 
crafting lessons through project work. 

(ii) It is challenging to engage students all the time through project work as this would 
reduce the time needed to cover all the topics in the syllabus. Project work 
activities are observed to be normally done as part of post-exam activities and 
outside curriculum hours.  

(iii) Teachers find it difficult to deal with the kinaesthetic nature and hyper-activeness 
of students in the normal technical stream. They may also be reluctant to bring 
these students to the science labs because they may ‘break’ things. 

(iv) Teachers are not solely given classes in the normal technical stream and have to 
also focus on the more academically-inclined students such as those in the special, 
express and normal academic streams.  

 
1.2 Addressing the concern  
Contrary to their performance in mathematics and science, students in the normal technical 
stream perform better in technical studies which fall under the umbrella of Design & 
Technology (D&T) as shown in Table 1. D&T allows students to learn through hands-on 
activities and provide room for them to express their creative talents through their projects. 
Along the way in doing their projects, students pick up skills in using appropriate tools, 
techniques of material processing and incorporation of electronics, structural and mechanical 
technologies that would add value to the functionality of their artefacts. They are immersed in 
the design process and reflect their design thinking and learning of developing technologies 
into their project portfolios (journals) as they go through the process of coming up with their 
artefacts. Students in D&T are assessed on their design thinking as shown through their 
portfolios (journals) and on the workmanship, creativity and inventiveness of the artefacts 
they produce.  
 
It would seem that the nature of D&T is such that it is an ideal vehicle for students to harness 
ideas gained in mathematics and science and apply it into their projects. The subject provides 
room for students to link knowledge from mathematics and science to the 
design-and-fabrication skills they learn in D&T. They can come up with artefacts that have 
mathematical and scientific attributes that are deliberately infused into them. D&T could 
further enhance the understanding of mathematics and scientific concepts through getting 
students to be more aware of how mathematics and science contribute to their 
problem-solving strategies in the course of coming up with their artefacts (Allison, 1986). 
This could in turn create a positive impact in their attitudes towards the study of mathematics 
and science. 
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Norman (1983) suggested that it is possible for science to be incorporated into design work. 
Recently, we have shown how teachers can foster creativity in science by allowing students 
to come up with variations of a physics-based toy within the D&T curricula (Amir and 
Subramaniam, 2006). However, the use of mathematics in a D&T setting has not attracted 
attention, if any, in the literature.  
 
2. METHODOLOGY 
 
This objective of this article is to illustrate how a simple mathematics-based toy is interpreted 
by a group of three Secondary two normal technical stream students as they set out to 
fabricate it in a creative manner in the D&T lab. A group endeavour was selected for two 
reasons: to capitalise on the synergies arising from the joint interactions during 
brain-storming sessions and to harness the innate technical skills of these students. 
 
2.1 Motivation and Challenge 
The three students were brought to the Singapore Science Centre where they were inspired by 
a demonstration exhibit that shows a visual proof of the Pythagoras theorem. The exhibit 
(illustrated in Figure 1) shows that by turning the prototype around by 180o, the blue liquid 
from the biggest square (hypotenuse) would flow through the holes on each side of the 
right-angled triangle and flow into the two smaller squares, thus proving that: 
 
“for a right-angled triangle, the square of the hypotenuse (C) is equal to the sum of the 
squares of the other two sides (A and B)  A2 + B2  = C2” 
 
 

  
 

Figure 1. Demonstration of the Pythagoras theorem exhibit in the Singapore Science Centre 
 
We challenged the students to use their ingenuity and practical skills gained in D&T to 
transform the demonstration model that they saw into a mini hand-held version that could be 
used as a teaching aid for mathematics teachers to use in their classrooms. They were given 
access to materials and machinery in the school’s D&T lab. At the end of the project, the 
students were required to submit a short portfolio and poster describing their fabrication 
process and their learning of mathematics through the making of this toy. 
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2.2 Design of the hand-held Pythagoras demo kit 
The three students first did a study on the anthropometric dimensions of an average human 
palm and an ergonomics study of comfort in holding their proposed design of the Pythagoras 
demo kit. They then applied their skills learnt in plastic processing to fabricate the prototype. 
  
The hand-held Pythagoras demo kit is made up of four parts of clear acrylic plus tiny 
styrofoam beads that are circular in shape. Clear acrylic (10mm thick) was chosen since it 
gives a pleasant appearance for the toy and also because the demonstration can be viewed 
from both sides (in view of the teacher using the toy in front of a classroom). An exploded 
view of the design is shown in Figure 2. A more detailed line diagram of how piece B is 
mounted onto the slot in piece C is shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Disassembled view of the hand-held Pythagoras demo kit design 
 
The right-angled triangle on piece B has been designed to be of dimensions, 30mm x 40mm x 
50mm – a Pythagoras triplet combination as this would suit best for the hand-held 
demonstration kit (Figure 3). The students tried out on paper other combinations such as 
50mm x 120mm x 130mm but felt that these combinations would be rather large to be held 
on the hand.  
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machine in the 
D&T lab. 

Piece A 
(Height 10mm) 

Piece B 
(Height 10mm) 
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(Height 10mm) 
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(Height 10mm) 
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Figure 3. Design of piece B using a Pythagoras triplet combination 

 
Fine accuracy and careful workmanship skills were ensured in the cutting of the right-angled 
triangle and the slot on piece B such that the combined volume of the two smaller square 
compartments in piece B is equal to the volume of the largest square compartment. Figure 4 
shows that the students have left a gap on the two hypotenuse edges of the right-angled 
triangle (piece B) to allow the tiny styrofoam beads to flow from the largest square 
compartment to the two smaller square compartments and vice versa.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 4. Design of slots to allow the tiny styrofoam beads to flow 
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A summary of the fabrication of the plastic portion is shown in Figure 5. 
 

 

 

   
Marking out on acrylic Cutting and alignment of parts 

  

  
Ensuring gaps available on the  

sides of the right-angled triangle 
Sticking the parts together with 

chloroform 
 

Figure 5. Fabrication of plastic portion of the project in the D&T laboratory 
 
Much testing was carried out with the use of sand, liquid and styrofoam beads of various 
sizes before the students finally managed to find tiny beads that would suit the prototype best. 
These tiny beads are commonly available inside squashed-toys (somewhat like ‘bean bag’ 
toys) that can be found in toy stores. Figure 6 shows where these students managed to find 
the tiny styrofoam beads.  
 

  
  

Figure 6. Students obtained their tiny styrofoam beads from one of their ‘bean bag’ dolls 
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2.3 Putting the pieces together 
In putting all the pieces together, piece C is first mounted onto piece D through the use of 
chloroform adhesive. Next, piece B (the right-angled triangle) is mounted onto piece D 
through the use of a small piece of double sided sticky tape to the arrangement shown in 
Figure 4. The tiny beads are then placed into the largest square compartment and filled up to 
the brim (estimated dimensions: 50mm x 50mm x 10mm). Once this is done, piece A is 
carefully mounted onto piece C also through the use of small pieces of double-sided sticky 
tape. Care needs to be taken to ensure that the tiny beads do not spill out of the square 
compartment during the process. The sandwich combination of pieces A, C and D are then 
firmly secured with the use of scotch tape that goes around the perimeter (30mm thick) of the 
toy.  
 
2.4 Demonstration of Pythagoras theorem through the toy 
The fabricated hand-held Pythagoras demo kit that the students came up with is shown in 
Figure 7. In order to demonstrate Pythagoras theorem, the teacher first holds the toy in front 
of the class (in the figure, the tiny beads occupy the biggest square compartment). The 
teacher then rotates the toy 180o , thus causing gravity to pull the tiny beads from the biggest 
square compartment down to flow through the edges of the hypotenuse of the right-angled 
triangle and into the two smaller square compartments. As the tiny beads flow into the two 
smaller compartments, they create an attractive ‘inverse’ fountain effect that seems to attract 
both teachers and students to the toy.  
 

  
Figure 7. The hand-held Pythagoras theorem demo kit invented by the three students.  

 
2.5 Reaction of mathematic teachers in using the toy 
The prototype attracted the attention of several maths teachers as they found it to be a simple 
and good demonstration tool to teach the concept of Pythagoras theorem in the classroom. 
They also found the hand-held size to be portable and convenient to use. A key feature of this 
toy is that teachers can show the demonstration by simply holding the toy in front of the class 
and turning it by 180o. This is possible since the acrylic pieces are clear and the toy looks the 
same when viewed from both the teacher’s and student’s viewpoints in the classroom. The 
maths teachers also believed that the prototype will increase students understanding of the 
concept since they can see it visually and ‘play’ with it.  
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3. DISCUSSION 
 
In the present study, a context has been presented for integrating mathematics, science and 
D&T in a fun way, and which affords scope for fostering creativity. Such an integrative 
approach results in blended learning and allows students to appreciate the study of D&T, 
science and mathematics. The students performed well when they were able to fuse their 
design-and-technical skills together with science and mathematical knowledge into their 
invention. They were also exposed to tasks that mirrored the creative process.  
  
In particular, the study shows that a way of getting students to get their creative juices 
flowing would be to get them to come up with variations of a demonstration model. Just 
asking students to create something from scratch can be a formidable exercise – they may not 
know where to start as they are not equipped for the task. On the other hand, if they are asked 
to create a variation of something that they have been shown (such as the Pythagoras 
demonstration model in the Singapore Science Centre) and with instructions on embedding 
play elements, the creative effort needed does not appear to be overwhelming.  
 
This approach to foster creativity seems to cater very well to the learning styles of students in 
the normal technical stream and may provide a way to address the concerns of 
under-performance in mathematics (and even science) for such students. Such an approach 
provides an authentic context for these students to translate ideas learned in mathematics and 
science lessons into practice. 
 
This study also shows that it is not difficult for students in the normal technical stream to 
express their creativity in science by inventing mathematics-based toys within the D&T 
curriculum. At the school level, such an approach will also allow an avenue for coordination 
between the maths, science and D&T departments. Linking the learning of the three subjects 
within the school curriculum hours can increase the motivation of students.  
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