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Advances in technology have made possible new educational methodologies, including those involved in distance learning. However, these new methodologies need new assessment tools, and these may also take advantage of the new technologies.  The techniques of data mining can use these potential technologies to improve assessment.  We suggest a software architecture combining data mining and commodity technologies in an educational environment.  In this paper, we discuss the technical and architectural issues of data mining to analyze the usage of web-based course materials and how to combine this information with education-specific data collections such as course registrations and quizzes. 
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1. Introduction

Recent technological innovations have had a tremendous impact on educational systems. Distance learning has become a more common technique in education. In distance learning courses, collaboration tools, mailing lists, bulletin boards are used, and a rich set of online materials and reference links to the World Wide Web, WWW, are presented to students.  Distance learning paradigms may involve both synchronous (such as distance lectures) and asynchronous (such as independent learning from web materials) techniques. 

The computational science education group at the Northeast Parallel Architectures Center (NPAC) has developed a huge repository of online course material, which includes lectures, tutorials, and programming examples in various languages. To provide synchronous interaction with students involving teachers and other learners, in addition to asynchronous learning materials, the TANGO Interactive collaborative system is used to deliver classes over the Internet. [1] One major use of this system has been to deliver Syracuse University academic courses with instructors in Syracuse, New York to Jackson State University students in Jackson, Mississippi.  

All these improvements in technology based education methods bring new needs. Our educational experiences show that the new face of learning has a lack of assessment tools to help perform assessments that were done by human interactions in traditional systems. The recent hot topic in Computer Science, Data Mining, has opened the way to construct atomized assessment tools for technology based education. 

Many types of distance education involve the student's remote access of on-line course materials asynchronously. Basically, using the online resources asynchronously reflects the students learning abilities. This opens up additional possibilities for assessment that use access patterns to the materials. Analysis of how students are using a site is critical for assessing both the students and the course materials. Current education experiences do not have the ability to evaluate the students’ informal responses to the given materials. A new architecture of assessment over the WWW is necessary for today's innovative distance education technologies. This architecture should involve the collection of students access data to web resources, transformation of the collected data to assessment information, integration of personal registration information of students and continued performance data collected from surveys, quizzes, and assignments in the final evaluations, and the processing of all the data and information available with the recent data mining techniques. We designed this architecture involving data mining tools and commodity technologies for the assessment of distance education. 

2. Related projects 

2.1 Student Records Database  

Our Student Record Database has useful information about the users of the Web resources. It stores all the user registration information and the student's performance records. The system also keeps access logs of the students. Since the proposed system involves the same users, the combination of the two data group will provide opportunities to make new kind of analyzes and assessment opportunities.

2.2 Related World Projects

The accelerated usage of the Web has led many organizations to analyze web users' surfing behavior. Huge investments are made to operate sites on the Web. The immediate benefits provided by an organization's online site need to be explored by collecting the valuable customer visiting data. While improvement of the effectiveness of such investments is one concern, discovering of new ways to extract potential opportunities becomes another concern. As a consequence, understanding and using user surfing behavior, i.e., Web Usage Mining, is important today for every organization running a web site.

There are a number of log analysis tools available for what appeared as an immediate need. However, many of these tools do not care about individual user behavior, or relationships among the accessed pages. They are mainly useful to view the raw Web server statistics, including total number of visits to specific site, locations of the visitors, the peak times of visits, etc. Some examples of these kind of tools can be wwwstat, Analog, SuperStats, Open market web reporter, Webtrends.

More sophisticated data mining tools begin with clarifying user sessions. In well known tools one of the following three techniques is favored to identify user sessions; login-ids, cookies, heuristics on the host addresses. Some examples are WEBMINER, IBM's SpeedTracer, SILK, SurfReport and NetTracker Usage Analyst by Microsoft Corporation. [3] After user sessions are identified, most of the analysis tools behave similarly. Straightforward statistics based on the counts of visits and/or visitors are always popular at first glance. Data mining algorithms can be applied to further investigate user behaviors, to discover the navigation patterns including the most common traversal paths and groups of pages frequently visited together. The analysis tools need to be further improved in specific areas like already done to discover customer-buying patterns.

3. Design Issues and Architecture
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3.1 Data Analysis 

Web Usage Analysis can be divided into several steps. The data for mining is collected through first three components. Our web resources includes home pages for specified courses, which contains links to a rich set of foil world presented in the class time, other useful information resources and references. The current web server stores the following data from the users' browsing home pages: IP address, time stamp, method, first line of client request, page content-type, URL address of the request, HTTP version, user identifier, return code, bytes transferred, referrer page URL, and agent.

The collected data is subject to filtering for proper analysis.  Students’ personal and performance data from other components should be merged in one center, or made available to access globally. Before combining the data in a warehouse, several pre-processing of data may be necessary, for example, finding user sessions on the web access logs correlated with other data sources.

3.1 Information Analysis

The combined data is ready for processing to get useful informational statistics. The most popular results produced by various data mining algorithms are association rules, sequential patterns and clustering. Available Data Mining techniques provides us the following kind of information; most frequently visited foils, set of foils, or sequence of foils acquired in the combination of success of the students, exam results, topics of interests by students, etc. The correlation between students’ grades and the web resources study can be checked in both assessment and resource improvement perspective. For an example that can be easily reach through the current data: 70% percent of the students who have visited Java-JDBC foils numbered 5 to 27 in the month of May got grades 90 or above from the JDBC assignment. If we have enough support, the number of the cases, for such a result in our database, then we have a useful information. We are not presenting further fine tuned assessments in our architecture but it is always possible situations like in the following sample scenario. A student who copied the JDBC assignment is caught by being informed about his missing JDBC resource usage in the system and further personal investigation of the student.

 Clustering allows us to group together similar characteristics of both students and Web resources. For example, students with similar work efforts, or foils useful through the semester. Such results open up the door towards a rich variety of technology enhanced strategies both in student-course assessment and course preparation in a general educational view. Combined with online quizzes and surveys, performance records, the usage of online course material gives us the effectiveness of the course as well as improving the course. Continuous data provides us to measure gradual learning process of the students.

The final part of the project consists of presentation of the acquired knowledge. Presenting results are related with a number of fields including statistics, graphics and visualization, usability analysis, database querying and OLAP. Since the whole project aimed an distributed education environment, various educators are thought in different locations. A Web interface is essential in the presentation. 

5. Conclusions 

This paper presented a general architecture of assessment in Web Education, and course material presentation, involved with recent technologies in commodity development, data mining and knowledge discovery. Our work has significant differences than the existing ones. Although the broadly accepted data mining techniques at Web usage mining are used, technical and application level differences still exists between our architecture and others. Both the online course resources and student interests are dynamic. In the perspective of education, our architecture is rather new one, and contains a more comprehensible set of tools in it, Web resources, student records, student evaluations, and quizzes Resulting data mining process is useful in various perspectives, i.e., course resource representation, course assessment, and students’ assessment. 
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