RALfie – Remote Access Laboratories for Fun, Innovation and Education
Authors Contact all authors 
1. Dr. Alexander Kist (University of Southern Queensland) Contact this author 
2. Dr. Maxwell Andrew (University of Southern Queensland) Contact this author 
3. Dr. Lindy Orwin (University of Southern Queensland) Contact this author 
4. Prof. Peter Albion (University of Southern Queensland) Contact this author 
5. Mr. Ananda Maiti (University of Southern Queensland) Contact this author 
6. Ms. Ting Wu (University of Southern Queensland) Contact this author 
7. Mr. Ryan Burtenshaw (University of Southern Queensland) Contact this author 
Background or Context
A lack of high school graduates with sufficient Science, Technology, Engineering and Mathematics (STEM) skill has been identified as a challenge for continuing economic development in many countries around the world. No enough children developing an interest in STEM topics. In particular in Australia, student engagement and participation rates in STEM in secondary schools are low. Laboratory activities play an important role in science and engineering education and many projects have made laboratory activities available online. Some of the major initiatives include iLab, Labshare and VISIR. Most activities are developed and hosted by Universities and used for undergraduate teaching. More recently remote laboratories have also been proposed in the context of school education. Traditionally, remote laboratories are hosted in centralized locations and experiments are built by experts and used by students. However, this does not reflect the way experimental learning is traditionally used in schools. Here setting up the experiment and building the apparatus or rig from an important part of the learning activity. An alternative to the traditional, centralized approach are peer-to-peer remote access laboratories were the experiments are designed, build and hosted in a distributed manner by students. In such an environment students are provided with the necessary tools to conceive, design and build experiments. Those are shared with others who run the activities remotely. Both the maker-experience as well as the user-experience are important learning activities. To make a system like this possible a number of challenges need to be addressed. 
Purpose or Goal
Remote Access Laboratories for fun, innovation and education (RALfie) is a collaborative research project between academics from engineering and education with the aim to promote STEM (Science, Technology, Engineering and Mathematics) subjects among young learners. RALfie uses a Peer-to-Peer approach where the users build remotely accessible experiments. This system also allows for collaboration between students and allows them to develop and share their expertise through a quest-based engagement framework. The process of creating and hosting of experiments includes the following activities: assembling a rig, programming experiment control, implementing the user interface and connecting the experiment to the Internet. The experiments that are developed as part of this approach are often improvised in nature and are generally simpler than rigs that are part of traditional remote laboratories. This approach uses a low cost model of building an experiment with microcontroller units, sensors and actuators. Once the experiments are ready, they are put on the Internet as part of the larger quest-based learning methodology to allow easy access. This allows users to build and host their own experiments.
Approach
To realize the aims of the project a number of issues had to be addressed including to enable managed connectivity between experiment and learner sites, provide an engagement and collaboration model, provided a way how the experiments are controlled and how the online user interfaces are designed. 

Micro-controller units are used to control experiments in RALfie. Controllers provide a generic platform for building a variety of experiments and include LEGO Mindstorms EV3, Arduino, BeagleBone Black and Raspberry Pi. Makers can build any kind of rig and connect it easily to the RALfie system. 

To safely access experiments remotely, access control, authentication and mediation are necessary. This is particularly important in the context of working with children. This is addressed by providing each experiment site with an access gateway (“RALfie Box”). Local experiments and cameras are connected to the RALfie Box and accessed via a central server. 

Two aspects require programming skills of the user, writing the control logic for the experiment and the graphical (online) user interface. There are a number of programming languages to teach young learner to programming; for example Scratch and SNAP. This project is SNAP use to interface with the RALfie system. 

Game-based learning environment is used to engage students. Upon completing quests users gains experience points and other incentives. The 
game based approach encourages the users to perform activities and provides support to build the rigs. The RALfie system thus ensures collaboration both actively e.g. building the rigs together and passively by using others creations. 
Discussion
The workshop will introduce the RALfie approach in detail and provide an end-to-end walk through the systems. Participants will have the opportunity to build, program and test simple experiments. The main objectives of the demonstration include: 
• to introduce and contrast the P2P RAL paradigm; 
• to describe the unique RALfie approach form and educational as well as technical perspective; 
• to create a simple experiment rig using an MCU (BeagleBone/ Arduino), LEDs, wires; to design the program logic for the experiment and the user interface; 
• to connect and operationalise the experiment including cameras by joining the RALfie network using a RalfieBoxes ; and 
• to reflect on the approach and to discuss its merits. 
Recommendations/Implications/Conclusion
Remote access laboratories are online platform for performing experiments from remote locations. Usually these systems follow a centralised client-server paradigm. This workshop shows a peer-to-peer remote access laboratory architecture where participants are both users of experiments as well as makers. The system allows direct connections between learner and makers’ experiential rigs. A graphical programming language SNAP is the basis of programming and interfacing with experiments. Apart from experiment and interfaces, quest-based learning strategy is used that presents the experiments as a set of hierarchical groups of activities or quests. This distributed design of RAL allows more hands-on experience to build any experimental setup and provides opportunities to collaborate with fellow students. While RALfie is normally used by children, this workshop allows participants to see how it works first hand.
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