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ABSTRACT
Many different models of virtual environments have been proposed for Physics distance education. In this paper, we discuss this specific literature, and present a hybrid environment, Erimont, composed of a physical apparatus connected to a computer supported collaborative learning (CSCL) application for the teaching of Experimental Physics over the Internet. The design of the application’s GUI (Graphical User Interface) was based on a Participatory Design approach. After the conceiving of low and high fidelity prototypes, we made both qualitative and quantitative evaluations of the impacts obtained with the proposed environment for the students’ motivation towards the learning of Physical concepts. The results indicate the importance of the system for the education of undergraduate students of Physics.

Categories and Subject Descriptors

H.3.1 [Computers and Education]: Computer Uses in Education – Collaborative learning, Computer-assisted instruction (CAI), Computer-managed instruction (CMI), Distance learning H.5.2 [Information Interfaces and Presentation]: User Interfaces – User-centered design H.1.2 [Information Systems]: User/Machine Systems – Human factors D.2.2 [Software Engineering]: Design Tools and Techniques – User interfaces 
General Terms
Design, Experimentation, Human Factors, Verification, Measurement, Performance, Cooperative, Physics.

Keywords
Computer-mediated communication, Cooperative/collaborative learning, Distance Education, Distributed learning environment, Social network analysis, E-learning, Physics.

1. INTRODUCTION

There is a vast literature that recognizes the need for changes in the way Physics is taught nowadays. According to these researches, the changes should take place both in the high-school and college degree levels [1]. In the context of general Sciences education, it becomes more and more notorious that experimental activities are fundamental elements for the process of maintaining students’ curricula up-to-date [2].

Several studies emphasize the legitimacy of adopting collaboration techniques for the improvement of nowadays’ current pedagogical approaches [1] [2] [3]. In this sense, a great variety of computational resources have been designed in order to enable students to develop their scientific skills in a cooperative way [6]. Notwithstanding, notable issues were identified on some of the software analyzed in this work [4] [6].

A computational resource that has gained evidence as a new teaching paradigm is the collaborative synchronous system. In systems like these, the educators are provided with the possibility of embracing different cognitive approaches than those regularly implemented in face-to-face courses. This possibility is justified by the adoption of strategies that use to advantage some of the best characteristics of distance education, not debilitating the synchronism facet of the tasks, nor the quality of the interaction between the students and teachers within the environment. Several authors show that the use of computational environments can promote significant improvements in what concerns to the students comprehension of Physics’ topics [5].

Taking the above into consideration, this work discusses the conception of a synchronous computer-supported collaborative learning (CSCL) environment. The proposed system, Erimont, enables the users to collaboratively observe and discuss the outcome of real experiments happening in a physical hardware apparatus, the experiment’s platform.

This article is organized as follows: in section 2, we introduce some technological approaches for Physics teaching; section 3 presents the methodology utilized for the design of the proposed environment; section 4 discusses the obtained results; at last, section 5 presents the main conclusions obtained at the end of this work.

2. TECHNOLOGIVAL APPROACHES FOR PHYSICS TEACHING 
There is a large number of educational technologies for teaching Physics. Such technologies range from Data Collection Systems to Virtual Labs. Each of the different types of technological tools tries to explore a particular aspect of the students’ cognition skills.

In this section, we intend to discuss some of the approaches currently in use for the teaching of Physics.

2.1 Data Collection Systems 
Data collection systems can be understood as generic environments designed to replace traditional methods of data collection. The adoption of sensors for the gauging of physical quantities virtually eliminates transcription errors that would otherwise impair the measuring accuracy. Besides accuracy, such systems also promote a decreasing man-hour cost, notably simplifying the sampling efforts.

In the computer mediated education context, data collections systems can significantly increase the quality of the theoretically expected results. At the end of the data collection, the common tasks associated to the operating process of such systems are the processing and interpreting of the collected data, and the graphical representation of the results. After these stages, the students and teachers can collaboratively discuss and interpret the learning experience outcome.

2.2 Virtual Labs

Conventional lectures and laboratory courses show limitations in representing complex dynamic experiments. In such situations, examples, methods and tools cannot be sufficiently visualized and tested by the students. Virtual Labs represent a particular category of learning environments in which the science experiments are software emulated. As the difficulty of controlling a software simulation of a certain phenomenon is generally lesser than leading the real and tangible version of such experiment, Virtual Labs are a very inexpensive alternative for teaching some hard to reproduce experiments of Physics.
3. DESIGN METHODOLOGY
A good design is that one which succeeds in understanding the circumstances in which the users should work, as a whole, in a collaborative way. The design methodology must therefore guide the system’s stakeholders towards a system that allows the users to obtain the results which they are actually looking for [6].

The utilization of software prototyping and design techniques can eliminate the lack of coherency between the final product and the one originally intended by the users. In order to achieve this goal, the designer must dedicate some considerable amount of time of the design process to understand the user’s domain.

The data analysis process and the presentation techniques of the information derived from the design methodology approach depend on different factors. The nature of the data to be analyzed and the available time for the analysis are some of the relevant factors to be taken into consideration by the designers. The process and techniques are chosen in order to help on understanding the users’ needs. The design methodology of this work is based on [7]. A brief introduction to the utilized design methodology is presented in this section.
3.1 Interviewing
The interviewing approach is adopted in order to identify questions which were not obviously answered during the other techniques. In our context, this information mainly concerned to the ways how the physical concepts could be taught, and which information was relevant for the success of the educational activities.
The kind of interview that was used was the non-structured one. The data resulting from the usage of this technique were analyzed through the software QDA NVivo [8].

Teachers and students of high-school and college degree levels were interviewed in order to gather all the information relevant for the designing of the system.
3.2 Observation
During this stage of the design methodology, a contextual investigation approach was adopted. The observation was made in the laboratory of experimental Physics. The proceedings were based on the actions taken by teachers and students, during their utilization of both the hardware and software components of the environment. The class was registered on audio and video. After this, the dialogues were transcribed for an ulterior more detailed analysis.

At the end of the observation, it was possible to identify the key tasks and issues associated to the Physics’ experimental activities. Due to the adoption of this technique, it was also possible to get a picture of what a remote scenario would be like. We emphasized the students’ activities and the way how the teacher passes on ones knowledge so that the students can accomplish the tasks they were supposed to do.
3.3 Task Analysis
The task analysis is a flexible approach even for situations in which several details need to be analyzed and incorporated [9]. Due to the complexity of the inherently natural human factors involved in CSCL projects, even systematical techniques can be tough to be implemented [9].

In the laboratory of Experimental Physics, the main intention was to observe the participation of students and teachers during the class. As previously mentioned, the class was recorded, and the dialogues were transcribed for analysis with the NVivo software [8].
3.4 Competing Software Analysis
The analysis of competing software has as its main purpose to locate and analyze the common requirements for the synchronous collaborative learning environments, which make use of real time collection of data. In this sense, eight technological resources [10] [11] [12] were analyzed. All of them were chosen on the basis of their pedagogical proposals.

Some of the software requirements which were found were: (i) to generate graphs and tables with the collected data; (ii) to develop an interface for the data acquisition; (iii) to represent the physical phenomena which took place via hardware; (iv) to enable the users to discuss the results; (v) to authenticate the users at the software start-up; (vi) to represent the current users present in the environment; (vii) to generate log files containing relevant information on the users chat sessions; (viii) to guide the student toward the setup of the physical hardware needed for a particular experiment.
3.5 Participatory Design
However much is known about the user task, there still will be some questions which were not appropriately understood. Instead of trying to predict which necessities the users have, the designers should always try to regularly get in touch with a representative amount of users, after the beginning of the design stage [13].

Thereby, in our methodology, each developed version was introduced to representative users, as a way of validating the  requirements. 
3.6  Prototyping
Two low fidelity prototypes were developed through paper prototyping techniques, whereas other two high fidelity ones were, de facto, implemented in the JAVA programming language. The experience gained with the development of those prototypes was fundamental for observing the collaboration between teachers and tutors, during the synchronous interactions.

The experience gained with the prototypes was very important for the refinement of the synchronous interaction interfaces and also for the enriching of the metaphors presented by the collaborative environment.
4. ERIMONT: A REAL TIME PHYSICAL QUANTITIES MEASURING AND COLLABORATIVE SYSTEM FOR DISTANCE PHYSICS EDUCATION
Among the various existing types of CSCL, the one which is the center of our interest is the mirroring system kind [6], in which the actions of a certain user, referred to as the session manager, are reflected on the interfaces of the other users within the environment. In order to produce a friendly and usable interface for the system, a Participatory Design approach was utilized [6]. The adoption of such design approach was justified by the necessity of satisfying both the social awareness and Physics’ education requirements of the software.
Erimont is a distributed collaborative environment that collects and manipulates Physics measures using a physical apparatus interface. In this sense, this hybrid system can be used for both local instructional courses and also for distance education. The project’s fundamental objectives were to find solutions which could be able to diminish the barriers between the users of the proposed system and the discipline of Physics. In order to achieve this goal, a series of proceedings were taken.
4.1 Problems addressed
In this specific project, we were challenged with the problem of extending the user experience to beyond digital interfaces. In order to do that, we tried to conceive an interface for a synchronous collaborative environment that would allow the users to control real experiments at distance. The users’ collaborative sessions would be focused at the real time capturing of Physical quantities and the ulterior discussing of the observed results in a shared interface [6].

Considering the educational software literature [6], Erimont can be classified as a synchronous learning object which uses middleware services to extend the collaborative user experience. During the cooperative work sections, the users are able to interact with each other, and remotely control a tangible experiments platform.
4.2 Experiments Platform
One of the fundamental integrating parts of the Erimont software-hardware architecture is the experiments platform. This platform is a tangible apparatus where the experiments take place. It is endowed with sensors and effectors responsible for collecting data and controlling the experiments, respectively. This hardware infrastructure communicates with the environment’s software application through the computer’s parallel port interface. The data collection consists of real time measuring of physical quantities. At the end of the experiments, students and lecturers are able to work on the resulting information, and discuss the observed results in a collaborative context over the Internet.
The effectors should be able to receive input information coming from the graphical user interface of the learning object. This input information should be used as the parameters needed for the accurate controlling of the physical experiments. On the other hand, the sensors should promote the reciprocal flow of the information, capturing relevant information from the on-going physical experiment and sending it to the learning object. This is considered the real time data collection stage of the Physics’ experimental activities.
4.3 Software Architecture
Since the first implemented prototypes of the proposed environment, the adopted programming language was Java. Java is an object-oriented programming language distributed by Sun Microsystems. Among its main characteristics, Java comes with a vast and well documented open source library. This is a factor of extensive impact to the Software Reuse possibilities program implementation.

The application development was based on the software engineering’s MVC (Model-View-Controller) architectural design pattern. In this pattern, business logic is isolated from user interface considerations. Successful use of this pattern enables easier modifiable visual appearance and business logic for the software.
A requirement of fundamental importance for the appropriate functioning of the Erimont is its capability of communicating with the physical apparatus through the Parallel Port data interface of the computer in which the application resides. This requirement was solved after the release of the 1.5 version of the Java SDK (Software Development Kit).
Two physical experiments were implemented, Simple Gravity Pendulum and Standing Waves on Vibrating Strings. Nevertheless, the software engineering practices adopted during the implementation of Erimont enables the software to be easily improved with the addition of a large number of other experiments.

5.  IMPLEMENTATION ISSUES, EXPERIMENTS AND RESULTS
A great difficulty commonly associated to computer-mediated communication systems is the lack of information that each particular user has of the past and present activities conducted by the others. This difficulty is even harder to deal with when there are no mechanisms of social awareness to increase the level of understanding that each user has of the state in which each other currently is. Taking all this key ideas into consideration, the proposed system was endowed with a user interface component responsible for the social awareness capabilities of the system: chat panel, list of environment users, level of satisfaction of each user, etc. The Figure 1 depicts a screen capture of the graphical interface resulting from the integration of the experiments panel and the social awareness support component, which is L-shaped.
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Figure 1. Erimont’s screenshot
With the chat panel, the users can interact with each other, discuss the results observed on the shared interface, and cooperatively face the learning difficulties of each one. The list of users shows which of the users are currently logged-on or off. It also exhibits icons representing the mood of each user. The possible moods are – from lower to greater level of satisfaction - Very Dissatisfied, Dissatisfied, Satisfied and Very Satisfied. This mechanism helps on identifying the users that are probably facing more difficulties on the learning experience. The list also displays icons that tell if a user is Busy, On The Telephone, Away or Available. At any given time, the user who is currently holding the control of the experiment’s shared interface can cede this control. When it happens, the token is transferred to the first user on the control queue. As an identification mechanism, the interface also allows the users to select personal photographs, which are displayed when the mouse cursor is over a username on the list.
6. CONCLUSIONS
This article presented the state of the art in what concerns to technological devices for teaching Physics. After this initial discussion, we introduced Erimont, a synchronous collaborative software for distance education of Physics, conceived with a user-centered design approach. The system implementation took into consideration the necessity of satisfying the social awareness requirements of the software.
Some of the project's contributions include: (i) the design and implementation of a synchronous interaction environment for distance education of Physics; (ii) the implementation of two different experiments: Simple Gravity Pendulum and Standing Waves on Vibrating Strings; (iii) the development of techniques for performing real time data collection in a multitask operating system; (iv) the design of interfaces for graphical representation and collaborative discussion of the Phenomena results.
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