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Abstract

This paper presents the results of past collaborations and potential for future collaborations between and among multiple schools in multiple countries.  Universities in USA, Spain and Canada have real laboratory systems on-line that other countries’ schools have used remotely for education and research. These on-line laboratory systems are used (remotely) for experiments variously in system identification and controller design and in transient and steady-state testing as well as other purposes. These collaborations have led to and will lead to more cases where schools on both ends of the Internet are developing the hardware, software and infrastructure to establish real on-line experiments to be shared beneficially with others in the group and beyond.
1.
Introduction
Remote Laboratories are a tool to support students in performing experiments as laboratories do in hands-on labs, but through the Internet. Remote Labs are becoming a significant learning tool in engineering education. Remote Laboratories offer a number of advantages to students:
· by in large, students can work from anywhere at anytime as long as they have Internet or smart-phone capabilities; 
· students can work with teams including students at other locations; 
· students can do experimentation on equipment that is unique, larger, smaller, more expensive, more available or other potential learning systems. 
Remote Laboratories also offer a number of advantages to universities and colleges: 
· for schools that have more students than laboratory facilities, they can provide alternative methods of learning

· they can be used as a adjunct to the established local laboratories at any institution

· remotely run experiments can be demonstrated during regular classes or in any other situation with students
· for schools with budgetary shortages, the remote lab experiments may present outstanding monetary savings

Properly designed Remote Laboratories can be designed to be available to nearly any Internet-connected device: computers and smart phones and anything in between, and particularly without regard to operating system.

1.1
Some attributes of Remote Experimentation

Remotely operated laboratories can be shared among multiple universities. Shared laboratories have several financial and pedagogical advantages: avoiding the duplication of equipment, and hence, enabling the more efficient use of resources; increasing the exposure of students to the multidisciplinary nature of engineering activities; encouraging interaction of faculty and students across disciplines and locations. Among the main advantages of such laboratories are: differing experiments--access to experiments located at different universities; flexible time-schedules--some experiments can be accessed 24 hours a day; saving travel time and cost--student’s presence at the experiment location is not necessary (the case that is particularly important for disabled students); not endangering a remote user--any equipment malfunction will not be a danger; saving equipment costs--expensive experiments are shared among universities.
A collaborative project between USA and Armenia is being carried out now with the main objectives being: creation of a shared control laboratory and networking infrastructure for implementation of the WEB-based remote laboratory experiments at Armenia’s Cybernetics, Mechanical Engineering, and Chemical Engineering Departments based on the innovative solutions developed in the USA; creating the necessary premises for further replicating similar networking infrastructures at the regional Armenian towns of Gyumri, Vanadzor, Hapan; familiarizing the educators and experts from Armenia with new trends, approaches, and technologies in the field of WEB-based laboratory experimentation. More details are available  in the paper by Henry and Gasparyan, 2009. Many other universities are exploring such kinds of collaboration.
1.2
Characteristics of the Communication between the Student and the Laboratory Equipment
The characteristics of the platform determine its usability from different points of view: students, teachers, laboratories, IT-services, etc. The main characteristics are:  universality, security, interoperability, deployability, scalability and scheduling. An open-source system has been developed in Spain that has demonstrated attention to these characteristics and is robust from the laboratory hardware and IT-services point of view. This system is described with more detail in a paper by Zubia, 2011.
2.
Student Response and Student Learning
One important aspect of remote experiments is the response of the student and the quality and quantity of learning that the student experiences. Several surveys among the authors have shown that students generally think the remote labs are useful (Zubia, 2011; Henry, 2010).  The sense of "presence" in the laboratory appears to be quite significant.  One of us (Henry) took a survey in his class this year, asking, "What are the benefits and advantages of doing experiments with equipment and taking data?" A majority of the students included "doing hands-on" experiments in their responses, even though the experiments were done remotely.  It may be true that for the generation of students we have now, "hands on" has different meaning than that to which many of us are accustomed. 
Surveys of students using remote laboratories in Spain have shown correlations between items related to "usefulness" and the students' “sense of immersion”. It has been observed in Spain and in the USA that “as much immersive experience in a remote experiment the much better it will be for the user” (Zubia, 2011; Corter, 2007; DiBiasio, 2010; Ma and Nickerson, 2006). There is, of course, to be expected the same phenomena to be demonstrated across various countries.
3.
Examples of Collaboration
Remote connection was used to do remote experiments by a student in Mexico working on a thesis, using the laboratories in the USA, specifically a system of two non interacting tanks. An example of the experimental results is shown in Figure 1, showing a dynamic response to a step input change (Henry, 2010). The student conducted the experiments remotely, completed the modeling and completed a thesis describing his work (Guerrero, et al, 2010). 
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Figure 1: Response of the level of tank 2 to a step perturbation.
Students in Romania have used local and remote experimentation in the experimental identification of the induction motor; the determination of the technical performances of the dynamic and stationary regime of automatic control systems with controllers of the proportional, "P," and proportional-integral, "PI," type; and the optimal adjustment of the P and PI type controllers. There is an increased interest of the students who participate in these works as compared to other students (Ruja, 2011). Also, the students’ trust increases towards the subjects under study, especially when they find out that in the USA, for example, they study the same technical problems and they use similar equipment and instruments. The unique behavior regarding the practical remote control experiments is shared among students, including other specializations, and there are discussions among the students referring to the performance of computers, programming languages, connecting protocols to the Internet, the rapidity of data transmission, the way of registering the data, the reliability of the fact experienced, measuring units, etc.  All of these latter items are good indicators that student learning is occurring.
Canadian workers are helping the Francophone countries of Africa to engage in remote experimentation.  They have clearly described the infrastructure in setting up remote experiments (Saliah-Hassan, 2005). They are working to develop tools and methods to develop course materials suited to mobile phones, smart-phones and Personal Digital Assistants. Some regions in Africa have highly developed cellular phone communication networks.
4.
Future Work
Further analysis of student learning and attitudes must be continued.  This analysis is, of course, the raison d'être of all of our teaching activities. Further progress is being made to make remote laboratory experimentation available that meet the criteria mentioned in Section 1, above.
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