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ABSTRACT 

 

 According to the Ministry of Education of Malaysia, the percentage of students enrolled in science stream is low. The Ministry of 

Education of Malaysia desires 60% of science based is not achieved. To create interest in Science, Technology, Engineering and 
Mathematics (STEM), The Ministry of Education of Malaysia as been implements any program included the introduction of 

robotics.Many research shown that robotics is a suitable platform to use in educations especially in STEM. However, educational robotics 

is still a new approach in Malaysian education system and yet to be explored. This paper provides study on the available robotic education 
system and the results shows that most of the system are either expensive, hard to set up, not robust, required personal computer to use or 

it is not designed for personal use. To circumvent the problem, a new robotic system for early childhood education is proposed. The 

research is targeting to help children in gaining interests towards STEM education by introducing them a low-cost and robust, without a 
computer to interface, and a cascade able personal robotic system.The new tangible blocks for education robot is introduced for early 

childhood and later the children will then be exposed to STEM education through project-based learning (PBL) curriculum. In this paper, 

review on educational robotics system is presented. This paper also proposed a design methodology for programmable tangible blocks for 
early childhood educational robot (ECER). 
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INTRODUCTION 

 

 Robotics is about a combination of mechanical 

engineering, electrical and electronic engineering 

and computer science that deals with the design, 

construction, operation, and application of robot. 

Robots in the industry are often used to assist in 

human‟s activities which are hazardous, dirty and 

dull. Recently, robots have found its niche 

application in entertainment, education and 

application that may benefit the user. Numbers of 

research shows that robotics are a suitable platform 

to be use in education especially in Science, 

Technology, Engineering and Mathematics 

(STEM)[1][2][3][4][5]. However, educational 

robotics is still a new approach in Malaysian 

education system that yet to be explored[6].  

 According to the Ministry of Education of 

Malaysia, the percentage of students enrolled in 

science stream from the year of 1998 to 2012 had 

decreased up to 8%. Therefore, Malaysia Education 

Blueprint 2013-2025 was launched to improve the 

education system and indirectly aiming to increase 

the science graduates based on the 60:40 Science: 

Art policy[7]. In Malaysian secondary school, 

teaching science and mathematics effectively in 

schools is always a big challenge for teachers and it 

had been a concern for a very long time[8][9]. To 

overcome the problem, robotic system for early 

childhood education is proposed. This research is 

targeting to help children in gaining interests 

towards STEM education by introducing them to a 

low-cost, robust, non-computer interface, and 

cascade able personal robotic system for education 

purpose.  
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 In section two, background of the robotic 

implementation in education is discussed. Section 

three discuss the existing educational robotic system 

that had been implemented. Section four described 

the design of the proposed system and section five 

brings out the conclusion.  

 

Background: 

 In technology education, students might very 

well do some arithmetic or recognize a scientific 

principle to completing a design challenge, but those 

design challenges are almost never conceived to 

purposefully teach a desired science or mathematics 

learning[10]. Thus, project-based learning (PBL) 

curriculum was introduced for students so that they 

get to involve in solving problems which involve 

scientific inquiry and application of mathematics in 

the context of technological designing or problem-

solving.  PBL is a comprehensive approach that 

mirror real world projects to engage students in the 

investigation of authentic problems. It could be 

integrated with STEM education to assist students in 

developing their problem-solving skills and 

knowledge integration [11][12][13]. One approach 

of PBL could be the use of robotics as an assistive 

tool to facilitate and enhance learning process[14].    

 Despite many effort had try to enroll students in 

STEM education, The issues of decreasing 

enrolment of science students at secondary school 

level as well as the achievement and literacy of  

secondary students in international assessment 

studies pursuing Malaysian government to improve 

Science, Technology, Engineering and Mathematics 

(STEM) education[15][16]. There are many studies 

had shown that robotics not only can apply for 

secondary school, it is applicable to early childhood.   

 According to Bers et al., a constructionist 

approach can be a model for educating future 

teachers to integrate robotics in the early childhood 

classroom [1][17]. He further presented that how this 

approach is well suited by the present of four tenets 

of constructionism in early childhood education: (a) 

learning by design, (b) manipulating (computational) 

objects to think with, (c) the exploration of powerful 

ideas, (d) and the importance of self-reflection. 

 Bers et al. after that further carried out a 

TangibleK Robotics Program, which is a 

construction-based robotics activity for four-year-old 

children to learn a range of concepts. The TangibleK 

Robotics Project makes use of commercially 

available robotics construction kits and CHERP 

(Creative Hybrid Environment for Robotics 

Programming) language to give behaviors to the 

robotics construction[18][19][20][21][22]. There are 

six lessons designed for TangibleK program[23]. 

The first lesson in the program is the engineering 

design process which required children to build non-

robotic vehicles to transport toy people on a floor 

map. The second lesson is robotics which required 

them to learn and design a robot. Lesson three will 

required children to program their robots to dance by 

arranging blocks in sequence while lesson four 

required them to program their robot to move 

forward to reach particular location using the same 

programming method. Lesson five let children learn 

how to use light sensors in their robot‟s 

programming. While the last lesson allow the 

children to use conditional condition such as “if” and 

“if not” to program their robot. Overall, the program 

shows that kindergarten teachers being able to 

effectively implement the curriculum and 

kindergartners being interested in and able to learn 

and apply many aspects of robotics, programming, 

and computational thinking. 

 Another study was carried out and it proposed 

that education with a robotic system should include 

interactive, flexible, mobile and joyful features[24]. 

Wei et al. designed a flexible, mobile and joyful 

educational robotic system called JCLS (Joyful 

Classroom Learning System). The developed JCLS 

consist of robot learning companion (RLC), sensing 

input device, mobile computation unit, mobile 

display device, wireless local network and operating 

software. The JCLS was developed to allow children 

to learn mathematical multiplication. The research 

shows that using the robot to design RLC can 

simultaneously increase learners‟ motivations and 

offer a more joyful perception to learners during the 

learning process. Wei et al. mention one of the 

limitations of the system would be the learning 

contents designed were not suitable for adaptive 

learning.   

 There are many other studies applying robotic in 

education. A majority of them were analyzing 

sequencing skills among early childhood in term of 

STEM[21][22][25]. These research studies show that 

if robotic technology is to be used as a model to 

support education for sustainable development, 

specific curriculum, which is adaptable to local 

contexts, need to be readily available. 

 

Related Works: 

 Many kinds of research had been carried out to 

bring a suitable robotic technology for early 

childhood education. One of the research projects is 

about GameBlocks[26]. GameBlocks is a physical 

programming environment developed for young 

children. It uses physical cube form printed with 

syntax elements to construct a programming 

sequence to control a toy car. This is done by placing 

the programming cubes in a linear sequence on a 

programming mat and switching on the associated 

electronic sub-system. The program which formed 

will be sent in term of infrared command to the toy 

car for execution. The research‟s target group for 

this programming environment is children with no or 

limited understand to computer programming. Since 

the system is using syntax to program, no reading or 

writing skills are required to construct the program. 
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 Tern, is a tangible programming language which 

consist of chains of wooden blocks shaped like 

jigsaw puzzle pieces[27]. The wooden blocks consist 

of action commands such as TURN LEFT, control 

flow structures such as WHILE loop, and robot 

sensor value such as infrared light detector. After 

arranging the wooden blocks, the user had to press a 

button to compile the programs into digital 

instructions using low-cost computer vision system. 

The programs created will then transmitted 

wirelessly to the robot through Bluetooth connection. 

Result from the research shows that tangible 

interface are more inviting for children.  

 E-Block is another tangible programming tool 

developed for children aged 5 to 9 years old to 

experience programming by building blocks[28]. 

The tools are a programming blocks with input 

sensors which enable children to create a program to 

complete the task in the computer. Each 

programming block consist of function symbol. The 

programming sequence that had formed will transmit 

wirelessly to the computer and it will be translated 

into semantic information. In E-Block, children are 

required to find an escape path for the character in a 

maze in programming stage. The program is run and 

sensors are triggered to control the character in 

running stage.  The study shows that E-Block is 

attractive to children and easy to learn. 

 

      

      
 

Fig. 1: GameBlocks programming environment on left picture shows motorized toy car and right picture shows 

the GameBlocks system in use with cubes on programming mat in the background and toy car in the 

foreground. 

      
 

Fig. 2: A screen shot from a program created in the tangible condition. 

 

 
 

Fig. 3: Children using E-Block. 

 

 P-CUBE is another educational tool for 

programming mobile robots[29]. P-CUBE consists 

of cubic blocks and a program mat. Children can 

create a program by arranging blocks on the program 

mat based on the structure of the algorithm. RFID 

readers were attached in the programming mat to 

read the information from the RFID tags in the 

blocks. The information received will be processed 

in a personal computer before transmitting out to 

control a mobile robot. In general, P-CUBE system 

has three advantages. The first advantage is the P-

CUBE system is using tactile information in the 

form of surface gap to program and it can benefit 

visually impaired individuals. Second is the system 

is robust since the system utilizes RFID tags. Third 

is the system is inexpensive.  
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 Thymio II is a small robot consists of wide 

range of sensors and actuators that developed for 

education[30][31][32]. The robot comes with pre-

programmed behaviors such as obstacle avoidance, 

line following, etc for beginners. More advanced, 

users can program it using Visual Programming 

Language (VPL) or through a common scripting 

language. The VPL allows users to program by 

associating cards. The cards can be representing 

events or actions. Results from the studies show that 

programming Thymio II was challenging and 

motivating.  

  CHERP (Creative Hybrid Environment for 

Robotic Programming) is a hybrid tangible computer 

language funded by National Science Foundation 

(NSF) designed to provide an introduction of 

computer programming for young children[33]. With 

CHERP user can create programs for robots like 

LEGO Mindstorms RCX and Lego WeDo, KIWI 

research prototype. CHERP provide two methods of 

programming: Physical and graphical computer 

program. Physical programs can be created by using 

interlocking wooden blocks.  The KIWI robot which 

designed for physical programming has an 

embedded scanner that allow the user to scan the 

barcodes on the CHERP wooden blocks and send a 

program to your robot instantaneously. Another 

programming method, the graphical computer 

program uses the computer‟s embedded camera to 

take a picture of user‟s program which consist of 

digital codes from wooden blocks. The robot will act 

out the program while it is plugged in to the 

computer. With CHERP, syntax error can be avoided 

as interlocking blocks and icons had created a 

physical syntax that prevents the creation of invalid 

programs.  

 

      
 

Fig. 4: System Configuration of P-CUBE. 

 

      
 

Fig. 5: Thymio II robot. 

 

      
 

Fig. 6: CHERP programming. 
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 A study was carried out to examine the 

implementations of an intensive weeklong robotics 

curriculum in three Pre-Kindergarten classrooms at 

an early childhood STEM focused magnet school in 

the Harlem school of New York City[34]. In the 

study, children required spending a week 

participating in computer programming activity 

using developmentally appropriate tangible 

programming language called CHERP. The children 

need to use CHERP to program a “Robot Recyclers” 

which constructed using parts from LEGO Education 

WeDo Robotics Construction Set. Each robotic 

lesson was taught by researchers, with classroom 

present in order to facilitate classroom management 

and assist with small group work. Result from the 

study shows that it is possible to increase the 

sequencing ability of pre-kindergarten and 

kindergarten students participating in a robotics and 

programming curriculum in as little as 1 week. 

 The following are other related research which 

applying robotic to education for children. Magic 

Story Cube using augmented reality (AR) 

technology to tell stories, it makes storytelling 

becomes more interactive and intuitive in the sense 

of human-computer interaction[35].  

 ActiveCube is a device that allows a user to 

construct and interact with 3D environment by using 

cubes, the aims of the research is to train children 

learning how to assemble real and virtual object, 

training to increase assembling‟s speed and skill[36].  

 Electronic Blocks are tangible programming 

blocks that can be physically stacked and arranged to 

form computer program[37].  

 

      

      
 

Fig. 7: Physical setup of Magic Story Cube. 

 

      
 

Fig. 8: ActiveCube system. 

 

      
 

Fig. 9: A touch block attached to a light block causing the light to turn on. 



22                       Muralindran Mariappan et al, 2015 /Journal Of Applied Sciences Research 11(20), Special, Pages: 17-25 

 

 

 Based on the study that had made, we could see 

that applying robotic in education for early 

childhood could help children to develop their 

STEM knowledge. However, the system that had 

been created are either been expensive to be own, or 

inconvenient to setup before using. Besides that, 

some of the systems that had developed contain 

limited function to explore and it is not robust. In 

order to meet all the requirement that had discussed, 

a new educational robotic system is proposed. 

 

Design Methodology: 

 The proposed educational robotic system 

consists of three parts: Blocks that carry instructions, 

programming mat that allows blocks to be arranging 

in sequence to create programs, and a robot that 

control by the programming mat wirelessly using the 

constructed program. The electronic circuit of the 

system and hardware construction of the system will 

be designed and simulated carefully using 

computer‟s software. 

       
 

Fig. 10: System configuration of the programmable tangible blocks for educational robotic system. 

 

4.1. Blocks: 

 Each of the blocks for the system will be 

carrying special instruction for programming 

purpose. Switches and potentiometers or rotary 

switches will be installed in the blocks to minimize 

the numbers of the blocks required for the system, as 

user can control the data such as delay timing, 

function block, etc by just adjusting the switches of 

the functional blocks.  When the blocks are 

arranging on the programming mat, the instruction 

from each of the blocks will transmit to the 

programming mat through conductors. Box header 

connector will be used as the connecting point 

between programming mat and blocks. The blocks 

will be painted in different colors to allow user 

differentiate them easily. Figure 11 shown the blocks 

used to program the robot. The „Go to‟ block is 

function blocks which allow program go to function 

„A‟, „B‟, „C‟ or „D‟ depending on the setting. The 

time delay blocks allow the program to delay for a 

few seconds. The count blocks allow the program to 

count and it will skip the next block‟s command if 

the count match the count that had set. The sensor 

blocks allow the program to skip the next block's 

command if an obstacle is detected or not detected 

depends on the setting. The navigation blocks allow 

the movement of the robot. The start and stop blocks 

are used to identify where the program start and stop.  
      

      
\ 

Fig. 11: Blocks which applying switches and potentiometer. 

 

4.2. Programming Mat: 

 The programming mat consists of two parts 

which are the main controller box and the mat. The 

mat will designs in such a way that it can be 

cascaded with another mat (as shown in figure 10). 

The cascade mat allows user have more space to do 

programming. The mat will read the instruction 

signal from the blocks in a sequence way and the 

Switches 

Potentiometer 

Rotary 

Switch 

Programming 

Mat Blocks 

Robot 

Can be cascaded 
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data will be transmitted to the main controller box. 

The data received will then being processing by the 

microcontroller inside the main controller box. After 

successfully programming, the program will then 

transmitted wirelessly using radio frequency to the 

robot with a single programming button is pressed. 

Another button is allocated to allow the user to stop 

all of the robot‟s activities.  

 

4.3. Education Robot: 

 The robot consists of two wheels attached with 

motors and encoders, line tracking sensor, object 

sensor, speaker, and LEDs. The encoder is installed 

as it can enable wheels robot to detect the distance 

that had been traveled. The line tracking sensor 

allows the robot to navigate by following a line. 

Speaker and LEDs were attached to allow the user to 

control the sound and light whenever they need. 

Expected Outcome: 

 In the end of the research, the programmable 

tangible blocks for educational robotic system will 

introduce for early childhood education through PBL 

approach curriculum. By using this system, it is 

expected that children can develop their creativity 

and innovative by solving specials problem that 

designed for them through programming.Figure 12 

and 13 shown the simple projects that can be 

designed for the children. Besides that, since the 

system is a low-cost system, it is affordable to be 

owned by the family and hence it can provide more 

time for children to involve in programming. By 

having children exploring enough in robotic 

education, this research aims to help them in gaining 

interest towards STEM education.  

 

      
 

Fig. 12: An example of programming using only time delay and navigation block to control the robot to  

  traveling a square path. 

      
 

Fig. 13: An example of programming using call function, sensor block, counter and navigation block to control 

  robot‟s movement: the robot will turn right when it detect obstacle in front of it and it last for 8 counts. 

 

Conclusion: 

 The review shows that most of the educational 

robotic system that had been used are either 

expensive, or inconvenient to initialize before using. 

Besides that, some of the systems that had been 

developed contain limited function to be explored 

and it is not robust. To overcome the problem that is 

faced by other educational robotic system, a low cost 

and robust, non-computer interface, and cascade-

able robotic system for education purpose is 

proposed and targeting to help children to gain 

interests towards STEM education.  
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