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Abstract: The paper presents the key elements that characterize collaborative mobile learning systems, an important subject of our knowledge-based society. The formalization of these systems is achieved, considering collaborative mobile learning systems as concrete models of finite state machines. Quality characteristics of collaborative mobile learning systems are identified and analyzed. In this paper is also presented the architecture of a collaborative mobile learning system intended to be used in a higher education institution.
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1. Introduction

Collaboration is one of the most important characteristics of knowledge-based society, being present in all the fields where human-human interaction and human-computer interaction are encountered. In the educational field, the learning process is more powerful and is better achieved through collaboration. 

Collaborative learning systems are applied in the educational field and have the objective to evaluate and increase the performance of the learning process [1]. The use of mobile devices and mobile applications in the learning process improves the educational process by covering inaccessible areas and helping the continuous education by its main characteristics: access from anywhere, anytime. This can be done through collaborative mobile learning systems. The m-learning services are not intended to be used exclusively in the higher education environment. They are intended for all educational processes, at all levels, having a complementary role.

Unlike the collaborative learning systems, where human-computer interaction (HCI) allow to achieve learning objectives of students with the help of computers, in the case of collaborative mobile learning systems we talk about human-device interaction (HDI). When considering the collaborative learning process, current smart-phones can offer to the user all the functionalities that a computer can give, even more.

The most significant advantage offered by mobile systems in the collaborative learning process is that collaboration could also occur outside the classroom, unlimited by geography, space, or time [2].

The main objective of this paper is to analyze the collaborative mobile learning systems through three perspectives: formalization, quality characteristics and architecture. These results are the starting point for the implementation of a collaborative mobile learning system in a higher education institution.

The paper is structured in three sections, except Introduction and Conclusions, as follows:

· the section "Collaborative Learning System Formalization" includes the formalization of collaborative learning systems as finite state machines;
· in the section "Quality Characteristics of Collaborative Mobile Learning Systems" the quality characteristics of these kinds of systems are analyzed;
· in the section "Architecture of Collaborative Mobile Learning System" is analyzed the proposed architecture for such system. 

The paper ends with Conclusions and future work. 

2. Collaborative Learning Systems Formalization
According to [3], collaborative learning is a teaching activity that integrates cooperative learning, collaborative learning and work teams, the work teams being classified as follows: informal learning teams, formal learning teams and study teams. Collaborative learning activities are carried out inside collaborative learning systems. Based on [4], collaborative mobile learning systems are concrete models of finite state machines, having the properties of these automata and being treated accordingly, in order to increase their effectiveness.

A collaborative learning system must be treated as a finite state machine, because the portal of a collaborative system is a finite state machine [5]. A collaborative mobile learning system, CMLS, seen as finite state machine (FSM), is formalized as follows:

CMLS = (CMLS1, CMLS2, CMLS3, CMLS4, CMLS5, CMLS6) (1)

where:

CMLS1 – the input alphabet, containing the set of input messages that determine the conduct of activities and the coverage of process steps;

CMLS2 – the output alphabet, defined as the set of output messages that accompany the services offered by the system;

CMLS3 – a finite and non-empty set of states that require action, consumption of resources, operations, equipment, people;

CMLS4 – the initial state, element of CMLS3;

CMLS5 – the transition function, where CMLS5: CMLS3 x CMLS1 –> CMLS3 x CMLS2;

CMLS6 – the output function.

Figure 1 depicts the interaction between the components of the CMLS.

[image: image1]
Figure 1: CMLS as FSM
The multitude of messages within the system consists of homogeneous subsets of messages in relation to one or more criteria. The message set is composed by followings subsets SM1, SM2, ... SMk. The set of states consists of S1, S2, ..., Sn. The set of outputs contains E1, E2, ... Em.

If the system is in the Si state and receives the message Mi, then it will go to St state. When changing to St state, it will issue the output Er.

In the case of collaborative mobile learning system, seen as a finite state machine, in addition to the set of inputs, outputs and states, there is a set of procedures and regulations that determine certain restrictions. These restrictions prohibit the execution of activities such as: evaluate a student based on the results obtained to other exams or give a good score to a student that does not have necessary knowledge. Based on these conditions, through restrictions imposed by regulations it is prevented any loss caused by the shift of the system in those states that led to the earlier losses. This implies that the collaborative learning system, seen as finite state machine, to be dynamic, evolving and efficient.
3. Quality Characteristics of Collaborative Mobile Learning Systems
Collaborative mobile learning systems have special quality characteristics, according with their field of interest. Some of these characteristics, like reliability, security, stability, are valid also for other types of collaborative systems.

According to [6], learning style is an important quality characteristic of collaborative mobile learning systems, because students with a similar learning style tend to have more interactions with one another during their learning experience. In the collaborative learning process, the learning style helps students to join formal learning groups that have appropriate features with their style.

Another quality characteristic of collaborative mobile learning systems is the learning interest within the context of a learning group. The idea is that students with similar learning interests, in a formal learning group, can facilitate their study when pursuing specific learning objectives. In this case, the motivation plays the main role to achieve learning objectives [6]. 

The sociability of a collaborative mobile learning system is a quality characteristic represented by the extent that the collaborative learning environment is able to give rise to such a social space. Social supplies in collaborative learning systems need to be based upon the concept of tele-proximity, which is used to show the proximity that is brought to a group of people via telecommunication systems and computer networks [7].

The anywhere-anytime quality characteristic and its potential to support interactive group learning have convinced many teachers and students to believe that collaborative mobile learning environments are the promising next generation of educational tools for distance education.

The collaborative learning system reliability is determined by analyzing the number of problems solved by the system and the total number of specified problems. Reliability assumes permanent operation of the collaborative learning system, knowledge presented in the courses to be topical and, at the same input, the system to have the same behavior.

The complexity is a measure for the interdependencies between system components and their links and also for the diversity of different types of input and output constructions. This quality characteristic describes the density of fluxes between the system components. The complexity of the collaborative learning system generates a large number of various components. Based on that, a proper approach of the system quality is to analyze every component separately [8].

Maintainability is the characteristic that measures the effort needed to make modifications on the collaborative mobile learning system, in order to make it suited for current needs. This effort can be described as consumed time, number of components modified, number of components added and number of components deleted. 

Starting from the general construction of a collaborative system, the stability of collaborative mobile learning system is defined as a relationship between the elements that describe this kind of systems. 

Scalability is a quality characteristic, which supposes that increasing number of users, and addition of a resource should conduct to the system’s performance, enhancement and efficiency increase.

Another quality characteristic of collaborative mobile learning systems is the automation. Many collaborative processes are developed without human intervention. For example, it automates the measurement of the tests quality in relation to the way in which the students responded. If the correct answer of a question is b and all students choose the answer e, then it will analyze the cause.

The security is another quality characteristic of collaborative mobile learning systems, which require the existence of the followings: confidentiality, that means protecting data leaking to unauthorized parties (like personal information, marks, credit card data), integrity, meaning to avoid data corruption and availability, which suppose ensuring that data and applications are always available to authorized entities with no interferences.

The quality of a collaborative mobile learning system is defined as all features and characteristics, having the ability to meet the needs specified or implied, according to [8]. This quality is achieved at the end of the developing process of collaborative learning systems, if, during the development, are built those internal properties that determine the level of quality characteristics. 
Table 1 Specific quality metrics related to CMLS

	Component
	Quality Metric

	Content
	Content complexity

	
	Compression rate

	
	Multimedia complexity

	
	Content source

	Application
	Lines of code

	
	Application complexity

	
	User interface learning curve

	
	Degree of portability

	
	Number of features

	
	Multimedia support

	User
	Level of education

	
	Learning curve (speed)

	
	User age

	
	The degree of satisfaction

	Collaborative environment
	Number of users

	
	Number of devices

	
	Number of teams

	
	Degree of homogeneity

	
	Number of system components


Based on these quality characteristics, the specific quality metrics are presented in Table 1, as an extension to [10]. 

The analysis of these quality metrics is very important for CMLS development in order to obtain high quality solutions. 
4. Architecture of Collaborative Mobile Learning System
The implementation of the collaborative mobile learning system architecture is a long term project, which needs the solution of many research problems, both in the educational and technological fields.

From mobile learning perspective, it is very important to use the mobile phone’s characteristics and functionalities to implement the right architecture in order to facilitate the learning process [6].

According to [9], the architecture of collaborative learning system includes the followings components: course authoring system, learning management system and learning content management system. These components are presented in Figure 2, adapted for mobile learning systems.
The functional model of collaborative learning system provides a visual representation of components integrated and the flows between them. 
Mobile Learning Content Management System (MLCMS) includes the functionality for create, read, update and delete the mobile learning content. 

Course Authoring System (CAS) helps in content development and it should be adapted for mobile content having in mind the limitations of such devices. The trainer or a specialist uses the CAS to create mobile content for the learning system. If the learning content does not require a specific format (like multimedia, animation etc.) the MLCMS can be used.

Mobile Learning Management System (MLMS) has the role to manage the user interaction with the mobile learning system: courses, tests, quizzes and other activities.
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Figure 2: The functional model of collaborative mobile learning system
Mobile Learning Client Software (MLCS) runs on a mobile device and is usually adapted for a specific operating system (Android, Bada, iOS, Symbian, Windows Mobile, Windows Phone etc.), and/or platform (Java ME, .NET CF, Qt etc.). MLCS connects to a MLMS and, depending on the implementation, includes or not logic. If the content on the mobile device is loaded from a mobile web browser, the entire logic exists on the MLMS.
The integration of these components of a collaborative mobile learning system is depicted in Figure 3, based on [12].
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Figure 3: The integration of collaborative mobile learning system components

The architecture of a collaborative learning system, which supports the development of a learning community, must be based on the educational requirements of the community. Since the main activity of collaborative learning is the interaction, the places that support this activity must be central to the overall system environment. 
Other peripheral locations should also be used to support the social and academic needs of this activity [11].

One possible implementation is using Web Services and consuming them from the mobile device. In this way, the MLCS will be developed easier, almost any mobile platform allowing access to Web Services. 

Another option is to use Web-based application, and to implement entire user interface and logic on the server side. The main disadvantage is the existence of many mobile browsers, screen resolutions and operating systems.
5. Conclusions 

The field of collaborative learning systems has many published papers in recent years and has acquired in the last period a great volume of theoretical and practical knowledge. This provides the methods and techniques necessary to analyze the problem, to identify the resulting variables, the influence factors and, in the end, to define the architecture of collaborative mobile learning systems. 
In designing an architecture of collaborative mobile learning systems should be taken into account the context in which the systems will be used and the views of the social group that will use them.
Also, there should be taken in consideration the large number of combinations of existing platforms, software and hardware configurations.
There are several approaches related to identifying ways in which is realized the aggregation of collaborative systems, so that the outcome of the aggregation process to be accepted by many people.
The next step is to implement collaborative mobile learning system in a higher education institution in order to improve the educational process.
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