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The author strongly believes that students learn and excel when they find their tasks 
interesting and challenging. Thus, creating a learning culture that is more humane, playful 
and childlike can lead to more motivated students. This paper describes a project where 
students took on an experiment that is of interest to them. The experiment involves 
controlling Lego robots over the Internet. 

  

Introduction 

There are two basic ideas of education; instructionism and constructionism. Educators who 
believe in instructionism look for better ways to teach while those who subscribe to 
constructionism focuses on developing better things for students to do with the hope that 
they learn by doing. The latter is believed to be superior as it generates an innate interest 
within students. Once they are made interested, students can be seen to be more motivated 
and resourceful in their solutions. Students thus take charge of their own learning by doing. 
Learners can then integrate new experiences and interpretations with their prior knowledge, 
constructing their own mental models to explain what they observe. 

 

 Figure 1 Lego Bricks 

  

  



The project began with a discussion of an experiment that is deemed interesting. "Internet 
control of Lego robots" was selected, as both my students were intrigued with the power of 
Internet. Lego was a good choice as the simple colourful plastic bricks as shown in Figure 1 
can be used for building almost everything. This forms an open-ended question where 
students do not have to follow directions. MIT (http://www.mit.edu) is one of the many 
universities, which made use Lego in their course curriculum. 

After the question was selected, students were given very brief instruction on important 
concepts that could be used in their experiments. Students were also directed to useful web 
sites and articles. After a very short briefing, students were left on their own to work on their 
project. Students were monitored during this period of their progress. 

  

Project "CYBOT" 

  

 

This project can be broadly divided into 2 parts: the building of Lego robots and the 
programming for Internet access. As the robots would be controlled over the Internet, the 
students decided to call their inventions "CYBOTS". The aim of this exercise is to create 
Cybots that may be controlled over the Internet. An interesting use of this project would be to 
conduct competitions involving numerous participants from various countries in a third 
country. 

  

Figure 2 The RCX 

 

Framework of project 

The following is the framework for this project: 

a. Students make a plan. Planning requires students to make decisions about the 
major goals of what they should learn, what topics and contents to be included, and 
relationship among the topics. 

b. Access, transform and translate information into knowledge. This is the heart of 
the learning process. This is where students construct their own understanding of the 



content. Students must search, select the most important information and interpret 
them. Experiments may then be carried out with observations studied. 

c. Evaluate the knowledge base. Students must evaluate the results of their 
experiments. They will carry out their experiments and solicit feedback. 

d. Revise the knowledge base. Based on the feedback, students should correct their 
errors and improve on their programs. 

e. Reflect on the activity. Reflection cements the knowledge that learners construct. 

Throughout this project, scaffolding is required to engage students in cognitive processes 
while constructing knowledge that they would not otherwise have been capable. 

Building the Lego Robots 

Lego provides colourful little plastic bricks that may be snapped together to form everything 
from zoo animals to sailing ships, space to medieval castles. These bricks formed the 
physical construction of the Cybots. 

Presently, Lego also sells a Mindstorms kit that includes a programmable "brick" module. 
This brick includes battery power supply and control electronics. The brick or control unit is 
better known as the "RCX". The RCX is a smart controller that receives its programs from 
the computer via an infrared transmitter. Together with the motors and sensors attached to 
the brick, the Cybot is ready to conquer the lab! Figure 2 shows the RCX. 

The Cybots will move according to the codes loaded in the RCX. Thus, under different 
operating conditions, motors can be turned on and off. There are two ways to operate the 
RCX. One method is to download the program from the computer before disconnecting the 
RCX. The RCX then monitors the conditions that it encounters and reacts according to the 
codes within. The other method behaves like a real-time link where new instructions are 
transmitted to the RCX; i.e. the Cybots will maneuver according to the latest instructions 
received by the RCX. 

Figure 3 shows the Cybot built by the students. As can be seen, the robot building process 
provides an avenue for creativity. 

  



 

Figure 3 The Cybot 

Programming Lego using Software Components 

Before the invention of integrated circuits (IC chips), engineers have to design their project 
using resistors, transistors and capacitors. Engineers are required to start from scratch for 
every project involvement. 

Software components are similar in concept to hardware integrated circuits. To illustrate, 
once a spell checker component is developed, it can subsequently be used for all projects. 

Tremendous amount of time is saved in re-developing this feature. Two of such components 
were used in this project. The first component is the Datasocket for communication over the 
Internet while the SPIRIT.ocx was used to control the RCX. This is illustrated by Figure 4. 
Visual Basic is used as the programming language for this project. 

  

  

  

  

  

  

Figure 4 Overall program for Internet control of Cybots 



Data Sockets. Datasocket is a software component that enables a user to read, write and 
share data between applications and/or different data sources and targets. Datasockets may 
be used to access data in local files and data on HTTP and FTP servers. If general-purpose 
file input/output functions, TCP/IP functions and FTP/HTTP requests are used to transfer 
data, separate code for each protocol is required. Datasocket provides a unified API for 
these low-level communications protocol. 

As can be seen in Figure 4, Datasocket server broadcasts live data across the Internet to 
remote clients. These client applications use Datasocket to subscribe to the data. As the 
Datasocket Server is a stand-alone component, it simplifies network TCP/IP programming 
by automatically managing connections to clients and automatically sending data across the 
network. 

All the user needs to specify is a URL address while accessing and sending data to/from 
another remote location. Thus, instructions to move the robot forward, reverse, turn right and 
left would be transmitted to the host computer by Datasockets. Figure 5 shows the 
Datasocket Server Manager. 

 

Figure 5 Datasocket Server Manager 

  

SPIRIT.OCX. Spirix.ocx as shown in Figure 6 is used for writing to Lego Mindstorms RCX. 
There are four properties associated with the RCX. They are the Name, RCX, Linktype and 
Com port. These properties must be assigned before programming the RCX further. For 



programming purpose, 14 groups of commands are available. Output commands are the 
ones used for activating the motors. 

For this project, the Cybots were able to move forward, backward, turn right and left. On, Off, 
SetFwd, SetRwd, SetPower commands were used. 

To control the Cybots over the Internet, we have to ensure that the following communication 
are established: 

a. Between client and host computers 
b. Between host computer and RCX 

The communication between the computers was established by the Datasockets while 
between the host and RCX is by means of Spirit.ocx. Figure 7 shows the program developed 
using Visual Basic. 

Figure 6 Spirix.ocx 

  

Discussions 

Constructivist approaches to learning strive to create environments in which learners actively 
construct their own knowledge, rather than recapitulating the teacher's interpretation of the 
world. Active, constructive learning combats the occurrence of inert knowledge that can be 
remembered but not used. If learners actively build their own interpretation of the world, they 
have more ownership of those thoughts, so those thoughts are less likely to degenerate over 
time. Besides gaining new knowledge, this project had also provided an invaluable 
opportunity for students to exercise the following skills: 

Project management skills. Students are required to create a time line for completion of 
project; allocating resources and time to various segments of the project. 

Research skills. Students are required to determine the nature of the problem and how the 
research should be organized; searching for information; analyzing and interpreting all of the 
information collected. 

Organisation skills. Students have to organize the collected information and derive the 
required knowledge. 

Programming skills. Students are required to program and troubleshoot their programs. 

Reflection skills. Programs have to be evaluated and revised after seeking feedback. 

 

 

 

 

 



Conclusion 

It can be seen that constructionism offers the following advantages. Firstly, students are 
much more mentally engaged than by merely studying lecture materials. Students are also 
highly motivated by the activity because of their ownership of their programs. They are 
normally very proud of their achievements. Besides, constructionism orientates the lecturers 
and students away from the notion that knowledge is information and the teacher's role as 
transmitter of it. Furthermore, designing knowledge in this form promotes the development of 
critical theories of knowledge and critical thinking; such as defining the problem and 
executing a program to solve it. While constructionism offers many advantages, time 
consumption is a major disadvantage. 

Figure 7 Visual Basic program for Internet Control of Cybots 
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